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INTRODUCTION

Arsenic ‘s a metalloid which has useiully served markind beglnnlng at )
least as early as 400 B.C. Hippocrates is reported to have recommended °
a paste of the sulfide for the treatment of ulcers (Buchanan, 1962).
Arsenic was also one of the most common homicidal apents of the Middle
Ages. It was so successful for this use that arseniic was soon suggested
for the. eradication of four-legged and six-legged pests. Roark (1935)
noted that arsenical baits were recommended for ant control as early as
1669. Frost (1967) records the development of Paris green (copper \
acetoarsenite) in 1867 as the first pesticide to be used against the
Colorado potato beetle.

Fowler's solution or 'ague drops' (1% potassium arsmite) and other
inorganic arsenical preparations have been used for the treatment of
anorexia, neuralgia, rheumatism, arthritis, tubercullosis, and skin
diseases. Fowler's solution is still used in the tneatment of myelogenous
leukemia. However, in most of these disorders, arsmic has fallen into
disrepute or has been replaced by specific therapy (Vallee, et al., 1960).

" Following Erlich's discovery of the chemotherapeutir action of arsenicals

against trypanosomes in 1905, more than 8000 organix arsenicals were .in
use as chemotherapeutic agents by 1937. These agertts, including
arsphenamine, neoarsephenamine, and mapharsen were tfie most important

~. therapeutic weapons against syphilis and trypanosomiasis until the

introduction of the antibiotics about 1940. On the oather hand, because

of the great toxicity of some arsenlcals to man, arzenic has been considered

.as synonymous with poison. N . -

arsenic is a ubiquitous element present in all so.'ﬂ]s, in amounts varying

. from less than 10 to 500 ppm. It is found in metal ores, chiefly in

Canada, Saxony, and Sweden, combined with other mimsals such as realgar
(AsS3), orpiment (As9S3), and arsenolite (Asy03). Arsenic is not usually

- mined separately, but is recovered as a byproduct fumm the treatment of

copper, lead, zinc, and gold ores. When ores or camentrates containing
these metals are smelted, the arsenic which does ndt melt at atmospheric
pressure, but suhlimes at 2189C, is liberated fromifle flue dusé and
separated by filters or electrostatlc precipitators as an oxide, chiefly
as the trioxide (Brownine, 1969). :

-Arsenic has been detected and measured in practicallly every area of man's

énvironment; in the earth's crust, the biosphere, soil, water vegetation,
marine forms and food and cosmetics. Man in his tedinological advances,
has added to his exposure through different industries, such as mining,
and smelting of industrial ores, farming and vineyaxt activities where
arsenical pesticides are used, the herbicidal use of arsenic, in the
formulation of pesticides, and in medicated animal ‘food production.

.



Although there is mo evidence that there is biomagnification of arsenic
in the food chain, marine Yife is capable of biocuncentration of arseni-.
McBride and VWolfe hrve demunstrated thac microorganisms in szdiments that
conzain arsenic convert arsenic into the highly toxic dimethylarsine
(Anonymous, 1971). Therefore, a pollution hazard exists for aquatic and
terrestrial environments that have large amounts of arsenic 1ntroduced
fwhere anaerobic organisms are grow1ng
.}'
fé'Beginning around 1900, the inorganic arsenicals were very extensively
“used as pesticides until they were, to a great extent, replaced as
" insecticides by the chlorinated hydrocarbons and organic phosphorous
compounds following World War II. In fact, the amount of one arsenical
insecticide, lead arsenate, used in the Wenatchee, Washington area in
1937 amount to slightly more than the total use of that compound in the
United States in 1967 (Neal, et al., 1941; USDA, 1970).

The U.S. Department of Interior Minerals Yearbook for 1969 reported that
arsenic was used principally for its toxic qualities in insecticides and
herbicides. Lead arsenate, calcium arseniate, sodium arsenate, sodium
arsenite, and arsenic-containing organic compounds were used in formulating
pesticides. In 1968 the world production, excluding the United States, of
. arsenic trioxide was 66,000 tons, an increase from the production of 55,000
tons in 1962. Over 4 million pounds of lead arsenate and about 2 million
pounds of calcium arsenate were produced in the United States in 1969.

. Because of the limitations placed on the use of DDT and other organochlorine
. insecticides, there has been some recent increase in the use of arsenicals
as insecticides. :

Approximately one million gallons of arsenic acid at 1.5 quarts/acre are
used annually in the cotton producing areas of Texas and Southwestern
Oklahoma. This calculates to 2.5 to 3.0 million acres treated annually.

In Texas, approximately 73% of the crop is_machine stripped, 25% splndle
picked, and 2% hand harvested.

It has recently been reported that arsenic build-up in soils after years
of pesticidal use reached 1.8 to 830 ppm while untreated areas ranged

from 0.5 to 14 ppm in areas tested in North America. In orchard areas of
" the United States where arsenic-containing pesticides have been in use for
decades, the arsenic has accumulated in the soil to the point where the
soll is toxic, shortening the life of trees and making it difficult for
the profitable use of orchard lands for the forage crops that normally
follow orchards in rotation (Mrak, 1969).

" There have been reports of chronic arsenic intoxication from North Carolina
(Keyman, et al., 1956) and from Texas (Micks, et al., 1956) in farmworkers
using calcium and lead arsenates. Farner, et al., 1949) reported lead
intoxication in a significant number of workers employed in apple orchards
in Washington. There is considerable confusion in the literature concerning
the role of arsenicals in the pvoduction of cancer. The earliest publlshed

claim of arsenic cancer was made by Paris in 1820 in which he reported
occasivnal cases of cancer of the scrotum in copper smelters (Buchanan, 1962).

-
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‘The Canadian Department of Agriculture has recently completed a reevaluation
-of arsenical pesticides as related to effectiveness, safety, and need. Their

, exposed to arsenic generally have not met with success. !

:insecticides were outlawed in .Germany in 1942,

Other investigators heve si.-e repcrted an increased incidence ot cancer
both of the skin and lnternc!l organs, in persons exposed to excessive

levels ~f arsenic. Actempt to demonstrate cancer in experimental animais
o -

4

‘Because of the increasing incidence of cases of arsenic poisoning, arsenic

‘

memorandum of November 30, 1971, indicates a reduction of approved arsenical
pesticide uses in Canada by 1973. The following is a brief summary of the
expected arsenical pesticide registrations or eliminations from use which -
will be followed by Canada for 1973:

(1) Ammonium methyl arsonate is eligible for registration to control
crabgrass, chickweed, and witch grass im lawns.

(2) Disodium methyl arsonate is eligible for registration to control
crabgrass in lawns.

(3) Monosodium acid methane arsonate is eligible for registration
- as a precommercial thinning agent for yeung conifer stands.

(4) Calcium arsenate is eligible for registration to control insects
on blueberries and for control of Poa anmua on golf courses.

(5) Lead arsenate is eligible for registration for control of apple
.maggot (apples), tent caterpillars (apple and pears), plum
curculio (plums) and earthworms (bowling greens and golf greens).

(6)  Sodium arsenite will not be eligible for registration as a
herbicide. ' ‘ '
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SUMMARY AND CNMCLUSIONS

Arsenic is ubiquitous and occurs naturally in the environment. The
arsenic levels currently found in the environment may or may not be an
: original deposition. Certain of these levels may be the result of
industrialization and agricultural uses. The buraing of fossil fuel
and the smelting of ores release arsenic- into the atmosphere from where
it may be carried back to earth by rain. The pesticidal usage of
. arsenic in large dosage rates has produced local damage to soils resulting
in the inability of the soil to sustain plant life (soil sterilization).

Certain:forms of marine life contain high levels of arsenic and it appears
that these forms are capable of bioconcentration of arsenic. However,
biomagnification in the food chain does not seem to occur. Arsenic is
apparently stored in the tissues in a pentavalent-organically bound form
which, according to some experts, is unavailable to man. Pentavalent
arsenic, both organic and inorganic, is less toxic than the trivalent
forms of arsenic. In the terrestrial environment the arsenites will
accumulate in mammalian and avian tissues. It may be concluded that
trivalent arsenic presents a hazard to the enviromment.

Because of its phytotoxicity, the greatest threat of the unrestricted use
of pentavalent arsenical pesticides is soil sterilization. This has
occurred in the past when high use rates were employed in orchards and
may -occur again if heavy uses of arsenicals are resumed.

The :Secretary's Commission on Pesticides and Their Relationship to
" Environmental Health recommended the use of arsenic be restrlcted to
specific essential uses. The Special Pesticide Review Grouplagrees
with this recommendation and c¢oncludes that a total ban need not be
placed on the arsenical pesticides. Rather, that uses be retained
where a definite need could be established; that ithe usage rates in
‘these ‘retained .uses be reduced to the optimal effective rates; and
‘that unnecessary uses and uses requiring excessively hlgh dosage rates
-be abandoned.

“The Group has. solicited the aid of members of the Department: of
Agriculture in ascertaining which uses of arsenical pesticides are
‘necessary in the production of food or fiber or im the preservation
of the beauty -of the landscape.

The Special Pesticide Review Group has placed an estimate on the
social and economic impact caused by cancellation of cegtain uses of
the arsenical pesticides. The Group did not evalwate the full range
of economic and social consequences of cancellatien. Tne conclusions
and proposals given below are based upon the assumption that all
registered uses of pesticides under consideration are economically and



- socially desirable. The Group has suggested that registration be
continued if effective altcrnates are not recsounbly aveilable and use
patterns indicate a relatively low hazard to man or his environment.
Cancellation is sugoested for those uses with tlie greatest hazards or
for those uscs with lesser hazards if an acceptabie alternate control
method exists to accomplish the same results. o -

.The arsenical pesticide uses with no acceptable registered alternates
were found to be limited to few crops or specific use sites. However,
there were needs currently considered essential for the arsenicals as
insecticides, herbicides, desiccant and defoliant, plant regulator,
fungicides and rodenticides. The general conclusions and proposals
for continued use or cancellation of the arsenical pesticides are:

1, Lead arsenate insecticide uses on apples, apricots,
cherries, peaches, pears, plums, prunes, nectarines,
quinces and grapes should be retained subject to review
by the Pesticide Regulation Division and phase out prior
to the 1975~use season if satisfactory alternates exist.

2, All calcium arsenate insecticide uses except the following
should be cancelled: dusts on selected fruits and vege-
tables; sprays for the fruitfly on blueberries; aund baits
on the soil to control armyworms, cutworms, slugs, snails,
and sowbugs attacking fruit, vegetables, and ornamentals.

3. The currently registered insecticide uses for basic copper
arsenate on vegetable crops should be cancelled.

4., Since there is no satisfactory substitute for arsenic in
the preservative mixture for insecticidal or fungicidal action,
registrations for ammonium arsenite, arsenic acid, arsenic
pentoxide, arsenic trioxide, sodium pyroarsenate sodium
arsenate, and Wolman salts should be retained for wood
; preservation.

5. The use of cacodylic acid for insect trapping in tﬁe forest
should be restricted to U.S. Forest Service use only.

6. Sodium arsenite is too toxic for patterns of use involving
storage in the home environment. The registered uses for
control of subterranean termites and. ants by the homeowner
should be cancelled.

7. Sodium arsenite and potassium arsenite are essential in cattle
dips at the Mexico-United States border to protect against
introduction of the Texas fever tick. This application is
restricted to use by the United States Department of Agriculture
for quarantine purposes. The registered use should be retained
until a satisfactory alternate tickicide is developed with a
simple and efficient vat-side test.



9.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

The registercd uise of sodium arsenate should be retained
for termiies, w.od destroying insects, amd ant baits.

The regiscered uses of Paris greei should be retained for
control of mosquite larvae, drywood termites and in anti-
fouling paints to control insects and cther pests.

The registered use of cacodylic acid for weed control in
citrus should be retained. /

The registered uses of cacodylic acid, DRMA; and MSMA around
ornamental trees and shrubs should be retained.

The following actions are suggested for wegistered arsenical
herbicides on lawns and ornamental turf: arsenic acid should be
cancelled; calcium arsenate should be limited to Poa annua
control and restricted to optimal effective rates on golf

courses and related recreational turf; the use of cacodylic acid
should be retained; lead arsenate should be cancelled; DSMA, MSMA,
and AMA should be retained in use; and smdium arsenite and
arsenic trioxide should be cancelled.

The actions on herbicide uses of arsenic acid, cacodylic acid,

" DSMA and MSMA for non-crop, industrial sites, rights-of-way,
driveways and sidewalks should be the same as in Item 12,

above, for the respective pesticide.

The registered uses of cacodylic acid an#i MSMA for hardwood
tree control should be retained. "

The presently registered uses for sodiumiare arsenite and arsenic
trioxide as semi-soil sterilants should e cancelled.

The currently registered uses of MSMA and DSMA alone or in
combinations for cotton should be retainsd.

The registered use of arsenic acid as a desiccant and
defoliant of cotton should be retained.

Lead arsenate regulator use should be retained on grapefruit
intended for harvest in Florida subject » clearance of
calcium arsentate for this use and review of status by the
Pesticide Regulation Division prior to the 1975-use season.

The registered use of arsenic trioxide baits for rodent
control should be restricted to pest control operators.



20.

21'

22.

23.

24.

25.

26'

27.

The registered fungicidal use of sodism arsenite for

control of black measles, crewn gall aad dead aim on grapes
zhould be retained.

The registered vses of basic copper arsenate for the contrel
of early and late blight on toratoes should be retained
subject to review by the Pesticides Regulation Division of
the status of satisfactory alternates grior to the 1975-use
season.

Pressure treatment uses registered for the following arsenical
fungicide wood prescrvatives ahould be retained: arsenic acid,
sodium arsenate, arsenic pentoxide, soflium pyroarsenate; and
disodium arsenate.

Injection treatment fungicidal uses registered for arsenic
trioxide and sodium arsenate as wood preservatives should be
retained.

Diffusion treatment fungicide uses registered for sodium
arsenate as wood preservatives should be retained.

Brush, mop or swab treatment fungicide mses registered for
ammonium arsenite, arsenic pentoxide, amd sodium arsenate as
wood preservatives should be retained.

The registered uses of 10, 10' -oxybisphenoxarsine for control
of fungi attacking cotton fabric and vimyl films should be
retained.

Following is a table giving the arsenical pesticide cancella-
tions suggested in Chapter 1 according to crop or site of
application: .=



b ) * © .'./‘,“ . e
Pesticide Crop or Site of Application Suggested to be Cancelled ™ ._
Lead Arsenate Asparagus (foliar application), tomatoes (foliar application), tobacco
(Insecticide) (foliar application), ornamentals (foliar application) and lawns and
ornamental turf (soil and surface applications).
Calcium Arsenate " Broccoli (foliar application), Brussels sprouts (foliar application),
(Insecticide Sprays) cabbage (foliar application), cauliflower (foliar application), celery

(foliar application), cucumbers (foliar application), melons (foliar
application), peppers (foliar application), squash (foliar application),
tomatoes (foliar application), poultry houses (droppings under cages or

. ‘ wire floors for fly control) and lawns and ornamental turf (soil and
surface applications).

Basic Copper Arsenate Brussel sprouts (foliar application), cabbage (foliar application),
(Insecticide) cauliflower (foliar application), kohlrabi (foliar application), and
tomatoes (foliar application).

S?dium Arsenite Household and commercial (soil and bait appiications).
" (Insecticide) .

ol / )

Arsenic Acid Lawns and ornamental turf (soil application and non-~crop industrial sites,
(Herbicide) . rights-of-ways, driveways, and sidewalks (soil application).

Léad Arsenate Lawns and ornamental turf (soil application).

(terbicide)

Sodium Arsenite Semi-soil sterilant (soil application), ornamental turf. (soil application).
(Herbicide) *

Arsenic Trioxide . Ornamental turf (soil application), semi-soil sterilant.
(Herbicide)
Arsenic trioxide Rbdents'(baits - homeowner use),
(Rodenticide)

"::
Sodium Arsenate Wood preservative (diffusion treatments). )

(Fungicide)



CHAPIER I

Y.sticide Uses of Arsenic as Related to Alternate Pesticides and Impact

Pesticidal compounds of arsenic have beeun used extensively for many years .
in the United. States. One of the significant early uses of arsenic was

in production of lead arsenate for control of the gypsy moth. Relatively
large amounts of arsenical insecticides were used until the introduction
of DDT. More recently, during the past ten years, arsenical desiccants and
herbicides have been of increasing importance to the production of cotton
in large areas of the United States. Rodents and plants diseases are also
controlled with arsenical pesticides. Details on production and trends of
use are given in Chapters IT and IV.

"I. A. Summary

This chapter presents the arsenical pesticide uses currently registered
along with the registered alternate pesticides (substitutes) and the
conclusions or impact of any proposed action. Following is an outline of
the material presented:
1. Registered uses of arsenical pesticides for which there are
no alternate registrations (tables 1 through 8);

2. Registered arsenical insecticide uses with registered
- alternates and suggestions for action (see I.B. 1. through
- I.B. 13.);

3. . Registered arsenical herbicide uses with registered alternates
and -suggestions for action (see I.B. 14. threugh I.B. 20.);

4. Registered.arsenical desiccant and defoliant wses with
registered alternates and suggestions for action (see I.B. 21.);

5. Registered arsenical regulator use with suggestions for action
(see I.B. 22.);

6. Registered arsenical rodenticides with alternates and suggestions
for action (see I.C.); and,

7. Registered arsenical fungicides with alternates and suggestions
for action (see¢ I.D.).
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Table 1. Lead Arsenate Insecticide Uses With §2’Bfgi§tered'Alternates

1
H

Crop

3

r"
Wit
‘\_:

¥

Apples

" (Foliar)

Apricots
(Foliar)

Cherries
(Foliar)

Peaches
(Foliar)

Pears
(Foliar)

Plums
(Foliar)

Prunes
(Foliar)

Quince

. (Foliar)

Grapes
(Foliar)

>

Pest

Applethorn Skeletonizer
Case Bearers
Syneta Bettle

Syneta'Beetle

Apple Maggot
Syneta Beetle
Red-Humped Caterpillar

Apple Maggot
Cankerworm

- Syneta Beetle

Case Bearers

Syneta Leaf Beetle

Red-Humped Caterpillar
Round-Headed Apple Tree Borer.
Pear Leafworm

Apple Maggot
Cankerworm

Cankerworms

Tent Caterpillar
Red~Humped Caterpillar
Syneta Beetle
California Oak Moth

Achnemon Sphinx Moth
Grape Rootworm

— "
D e S SR —

Use Rate
2 1bs/100 gal.

2-3 1bs/100 gal.
3 1bs/100 gal.

5-6 1bs/100 gal.

2-3 1bs/100 gal.
5-6 1bs/100 gal.
3-4 1bs/100 gal.

1~1/2 - 2 1bs/100 gal.
1~1/2 - 2 1bs/100 gal.
5-6 1bs/100 gal.

2-3 1bs/100 gal.
3 1bs/100 gal. .
3-4 1bs/100 gal.
3 1bs/100 gal.
2 1bs/100 gal.

1-1/2 - 2 1bs/100 gal.
1-1/2 - 2 1bs/100 gal.

2-4 1bs/100 gal.

2-3 1bs/100 gal.
3-4 1bs/100 gal.
5 1bs/100 gal.
3-4 1bs/100 gal.

3-4 1bs/100 gal.
3-4 1bs/100 gal.



Tabie 2. Calcium Arsenate Insecticide Uses With No lLiegistered Alternates

';é Crop or Site Pest Use Rate

i Cabbage ' : .
(Foliar) Colorado Potato Beetle 4 lbs/acre
Celery '
(Foliar) Colorado Potato Beetle 1-1-3/4 lbs/acre

- Baits used as.soil treatments are used against armyworms, cutworms,

slugs, snails and sowbugs. Used only in accordance with appropriate

clearance and limitations on crops as specified.

Table 3. Cacodylic Acid Insecticide Uses With No Registered Alternates

——

Crop oxr Site Pest Use Rate -
Forest application Insect trapping - 1 ml/inch of
(U.S. Forest Service Englemen Spruce Beetle the surface

only) Mountain Pine Beetle

Douglas Fir Beetle
Round-headed Pine Beetle
Arizona Five-Spined Beetle
Pine Engraver Beetle
California Five-Spined Beetle

- 12 -



\
Table #. Sodium Arsenite and otassium Arscnite Insecticide
Use With No :nprroved Altemate

£

i

Crop or Site Pests Use Rate
Livestock Quarantine - Ticks : 0.25% solution

as a dip
Cattle Dip

Table 5. Lead Arsenate Plant Regulator Use With No Registered Alternates

Crop : Action Use Rate
Grapefruit Plant Regulator to 1.7-5.4 lhs/acre

Reduce Acidity

-~

Table 6. Sodium Arsenite Fungiéide Use With No Registered Alternates

Crop Disease Use Rate
Grapes Black measles 3-9 1lbs/acre

crown gall

-13-~



Uses

Pressure treatments

Injection treatments

Diffusion treatments

Brush, Mop or Swob
treatments

Table,y'

Special Uses of Acrsenic Compounds as Wood

Preservatives With No Registered Alternates &5

Compounds*

Arsenic acid; arsenic pentoxide

dihydrate; sodium arsenate;
sodium hyroarsenate; arsenic
pentoxide; disodium arsenate

Arsenic trioxide and sodium
arsenate

Sodium arsenate

Ammonium arsenite; arsenic
pentoxide; and sodium
arsenite )

g

/  Special Remarks

Used in varying concentra-
tions with other chemicals.
Paintable and safer to
handle than cresote or
pentachlorophenol. Arsenic
containing preservatives
glve up to 80 years life

to treated wood. Loss of
use considered a national
disaster.

Used in varying concentra-
tions with other chemicals.
No substitutes. Arsenic
containing preservatives
give up to 80 years life
to treated wood. Loss of
use considered a national

disaster.

Used with other chemicals.
No substitutes. Method of
application seldom used.
Effective but too time
consuming., Impact of with-
drawing this method of
application would be slight.

Used in combination with
other chemicals. No
substitutes. Effective
and necessary use. Impact
of withdrawal of use would
be great.



I. B. Sumnary of Registered arsenical Inzecticide and Herbicide Uses

L2
Crop or Site

of Application

nggleé
Foliage
Application

and Substitutes’

I. B. 1.-Lead Arsenate Insecticide Uses

" Fruit Crops
Lead Arsenate
Limitations

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or

Per Acre)

Insect Pest

Codling moth  2-3 1b. per 100 30 days
: : " .gals. Remove excess

residues at

time of harvest.

Do not graze
livestock on
treated areas

Plum Curculio 2-3 1b. per 100

gals.

Registered
Alternates

'Carbaryl

Diazinon
EPN
Ethion
Gardona
Guthion
Imidan

- Malathion

Methoxychlor

Methyl
~-Parathion

Parathion

Trithion

BHC
Carbaryl
EPN
Gaxdona
Guthion
Imidan
Lindane
Malathion
Methoxychlor
Methyl
Parathion
Parathion



Crop or Site

- of Application

‘Apples

Foliage

Application

Apples '

Foliage -

Application

=

Lead Arsenate Insecticide Uses

Insect Pest

Red-Banded
Leafroller

Green

Fruitworm

Tent

Caterpillar

- Apple Maggot

Cankerworm

Appleﬁhorn
Skeletonizer.,

Bagworm

»

Fruit Crops (centinued)

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

2-3 1b, per 100
' -gals.

2-3 1b. per 100

gals..

2-3 1b. per 100
., gals.

2-3 1b. per 100 ~

gals.

2-3 1b. per 100
gals.,

2 1b. per 100
gals.

3-4-~ 1b. per 100
: gals.

- 16 -

Lead Arsenate
Limitations

PP 2%

o -

Registered
Alternates

~ BHC

Carbaryl
Gardona
Guthion
Imidan
Malathion
Methyl
Parathion
Parathion

Carbaryl
Guthion

BHC
Carbaryl
Lindane

~ Malathion

Carbaryl
Diazinon
Gardona
Guthion
Imidan
Methoxychlor

Methoxyﬁhlor

None

Carbaryl
Malathion
Paratnion



L=ad Arsenate Insecticiac Usé&s
J

' ! " Fruit Crops (continued) : @
‘ _Crop or Site Insect Pest Maximum or Usual Lead Arsenate Registered
of Application Dosage Rate Limitstions Alternates

(Lbs. of Actual

Insecticide Per

100 Gallons or
Per Acre)

Round Headed 3 1b, per 100

Apple Treeborer _ gals,
Fall Webworm 2 lb; per 100 A Parathion
' gals. , ‘ Guthion
Red Humped 3-4 1b. per 100 Malathion
Caterpillar . gals, : Parathion
Eyespotted 3 1b. per 100 . " Guthion
Bud Moth gals. 4 Parathion
Case Bearers 2-3 1b. per 100 - None
~ gals. '
Syneta Beetle 3 1b. per 100 gals: ' - None
Apricots . -~ 30 days
Foliage » : T " 7 Remove excess
Application _ _ . residues at time
) of harwest. Do not
graze ttreated forage
to liwestock.
Syneta Beetle 5-6 1lb. per 100 None
: gals.
Peach 3-4 1b. per 100 . Chlordane
Iwigborer gals. - Diazinon
Endosulfan
Guthion
* Imidan

-17 -



'

Crop or Site
of Application

Cherries
Foliage

Application

Lead Arscnate Inseclicide Tses

Insect Pest

Leafroller

Plum Curculio

Cherry Fruit

TEy

Codling Moth

Apple Maggot

Cankerworm

Red-Banded
Leafroller

Pear Slug

Fruit Crops (continued)

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or

. Per Acre)

3-4 1b. per 100
gals.

3-4 1b. per 100

. gals.

2 1b, per 100 gals,

2-3 1b. per 100 -

gals.

2-3 1b. per 100
gals.

3-4 1b, per 100
gals.

2-3 1b. per 100
gals.

2-3 1b. per 100
' gals.

- 18 -

Lead Xsenate
Limitetions
/

30 days
Remove residues

at time of harvest.
""'Do not graze

treatell forage
by livestock.

Lo

Registered
Alternates

Chlordane
Guthion
Imidan

Carbaryl
EPN

Guthion
Lindane
Methoxychlor
Parathion

Carbaryl
Diazinon
Guthion
Malathion
Methoxychlor
Parathion

" Rotenone

Carbaryl

None
Parathion
Carbaryl

EPN

Parathion



Lead Airsenate Insecticide Uses

» Fruit Crop (coentinued)

oo
Crop orﬁsite Insect Pest  Maximum or Usual Lead Arsenate Registered
of Apglication Dosage Rate Limitations Alternates.
Vi, (Lbs. of Actual
: : Insecticide Per
100 Gallous or
Per Acre)
Black Cherry 2-3 1b. per 100 ~ Diazinon
Fruit Fly _gals. Parathion
Rose Chafer 2 1b. per 100 - " Methoxychlor
gals., :
Syneta Beetle 5-6 1b. per 100 Nqne
gals.
Tent . 3-4 1b. per 100 oo Carbaryl
Caterpillar gals. Methoxychlor
o, \’
- : Red Humped 3-4 1b, per 100 . - None
Caterpillar gals.
Cherry Slug  3-4 lb. per 100 | . Malathion
S gals. _ Methoxychlor
L . Parathion
Nectarines Peach Twig 3-4 1b. per 100 30 days. Remove Carbaryl
Foliage Borer -gals. ~ excess residues Diazinon
Application at time of harvest. Imidan
Do not graze live-
stock on treated
areas.
Leafroller 3-4 1b, per 100 Carbaryl
v ) gals. Imidan
Peaches Plum Curculio 1.5-2 1b. per 30 days. Remove EPN
Foliage ‘ ) 100 gals. excess residues Guthion
.Application " at time of harvest. Imidan
i Do not graze live- Lindane
stock on treated Methoxychlor
areas: Methyl
Parathion
, L Parathion
) i l ‘Toxaphene



Crop or Site

of Application_
S

b,

Pears
Foliage

Application

fead Arsenate Inse~ticide Uses

Insect Pest

Peach
Twig Borer

Red-Banded
Leafroller

Cherry
Fruitfly

Codling Moth

Apple Maggot

Cankerworm

Syneta Beetle

Codling Moth

» Fruit Crops (continued)

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

3-4 1b. per 100
gals.

3-4 1bs. per 100
gals.,

2 1b, per 100 gals.

1.5-2 1b, per 100

gals.

1.5-2 1b. per 100
gals.

1.5-2 1b. per 100
gals.

5-6 1b, per 100
gals.
2-3 1b. per 100
gals.

Lead Arsenate

Limitations
k -
30 days. Remove

excess residues at

- time c¢f harvest.

Do not graze live-
stock or treated
areas.,

8o

Registered
Alternates -

Carbaryl
Diazinon
Guthion

‘Imidan

Rotenone

Carbaryl
Guthion
Parathion

Me;hoxyéhlor
Carbaryl

Chloroph-
enamidine

. None

None

None

Carbaryl
Delnav
Diazinon
Ethion

v Guthion

Imidan
Malathion
Methoxychlor
Parathion
Trithion



Crop or Site
of Application

Lead Arseriate Insecticide Uses

r

Insect Pest

Plum Curculio

Red Banded

"Leafroller

. Fruit Tree

Leafrdller

Applé Maggot

Tent
Caterpillar

Green
Fruitworm

Case Bearers

Syneta Leaf
Beetle

Fruit Crops (continued)

Lead JMrsenate
Limitations

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per

- 100 Gallons or

Per Acre)

2-3 1b. per 100 gals.

2-3 1b. per 100
gals,

4 1b. per 100 gal.

2-3 1b. per 100 gals.

2-3 1b. per 100
’ gals.

2-3 1b. per 100
gals.

2-3 1b. per 100 .
gals. .

3 1b. per 100 gals.

O o

Registered
Alternates"

BHC
Carbaryl

-Guthion

Imidan
Lindane

‘Malathion
" Methoxychlor

Parathion

Carbaryl
Guthion
Imidan
Malathion
Parathion

Guthion

Parathion
Cafbaryl
Diazinon
Guthion
Methoxychlor

BHC
Carbaryl
Lindane

Carbaryl
Guthion

None

None



;
'
]

Crop or'Site

of Application

s
L
AL

;VPlumst
" Feoliage
Application

Y

vead Arcsenate Inseccicide Usas

Insect Pest

Red-Humped
Caterpillar

Round Headed
Apple Tree

Borer

Pear
Leafworm

Pear Slug

Plum Curculio

. Maximum or Usual

Cherry Fruit
Fly

Apple Maggot

Codling Moth

Cankerwvornm

Fruit Crops (continued)

Lead Arsenate
Dosage Rate Limiations
(Lbs., of Actual
Insecticide Per
100 Gallons or

Per Acre)

3-4 1b. per 100 ’
gals,

3 1b. per 100
gals.

2 1b. per 100
gals.
4 1b, per 100 gals.

1.0-2 1b. per 100 30 days.

- ~ areas.

2 1b. per 100
gals,

1.5-2 1b. per 100
gals.

1.5-2 1b. per 100
gals.

1.5-2 1b. per 100
gals.

- 22 -

Remove
gals. excess residues
at time of harvest.
.Do not graze live-
stock an treated

oo

Registered
Alternate;

None

" None

None

‘Parathion

Carbaryl
Lindane
Methoxychlor
Methyl
Parathion
Parathion
Toxaphene

Carbaryl
Methoxychlor
None

Carbaryl

None



Crop or Site

of Application

Plums
Foliage

Application

* Prunes
Folilage .
Application.

Lead Arscnate Inseczticide Usqs

Insect Pest

Red-Banded

Leafroller

" Peach Twig

Borer

Eye-spbtted

Bud Moth

Plum Curculio

Peach Twig
Borer

Leaf Rollers

Eye-Spotted

Bud Moth

Cherry Fruit
Fly

Fruit Crops (c~ntinued)

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

1,5-2 1b. per 100
gals,

3-4 1b., per 100
gals.

3 1b. per 100
gals.

2 1b. per 100 gals.

3-4 1b. per 100
gals,

3-4 1b. per 100
gals.,

3 1b. per 100
gals.

2 1b, per 100
gals,

S -23 -

Lead Arsenate

Limitations

30 days. Remove

. excess residues
_at time of harvest.

Do not graze live-

" 'stock on treated

arecas.

Lo

Registered
Alternates

Carbaryl
Guthion

Carbaryl
Diazinon
Guthion

Carbaryl
Guthion
Methoxychlor
Parathion

Carbaryl
Guthion
Imidan
Lindane
Methoxychlor
Parathion

Carbaryl
Diazinon
Guthion
Imidan

Carbarjl'
Guthion
Imidan

Carbaryl
Guthion
Parathion

Carbaryl
Methoxychlor



Crop or Site

of Application

Quince
Foliage

Application

Lead Arsenate Insecticide Uses .

Insect Pest

Cankerworms

Syneta Beetle

Codling Moth

Plum Curculio

Cankerworm
Red-Banded
Leafroller

Tent
Caterpillar

Apple Maggot

Fruitworms

Red-Humped
Caterpillar

r

Fruit Crons (continued

Maximum or Usual  Lead Arsenate
Dosage Rate Limitations

(Lbs. of Actual .

Insecticide Per

100 Gallons or -
Per Acre) .

2-4 1b. per 100

gals.,

. per 100
. gals,

2-3 1b. per 100
: gals.,

areas.

2-3 1b. per 100
-gals.

2-3 1b., per 100. ~

gals. _
2-3 1b, per 100
gals,
2-3 1b, per 100
: gals,
2-3 1b..per 100
"gals.
2-3 1b. per 100
gals.
3-4 1b. per 100
gals.

-2 -

30 days. Remove
excess residues at
time of harvest.
Do not graze live-
stock on treated

G
Registered
Alternates

None
Carbaryl

Delnav
Guthion
Malathion
Methoxychlor
Trithion

‘Guthion

Malathion

-Methoxychlor

Parathion

- Methoxychlor

. Guthion

Guthion
Methoxychlor

Guthion

None



Crop or Site
of Application
\

i,

Grapes
Foliage
Application

Asparagus

Foliagg
Application

Tomatoes
Foliage
“Application

Lead frsenate Insecticide Uses

»

Insect Pest

Syneta Beetle

California
Oak Moth

Achnemon
Sphinx Moth
Grape

Rootworm

Grape

Leaffolder

Grépej
Leafroller

Asparagus
Beetle

Tomato

Fruitworn

Fruit Crops (continued)

Maximum or Usual

Dosage Rate
(Lbs. of ‘Actual
Insecticide Per
100 Gallons or

Per Acre)

5 1b. per 100
gals.

3-4 1b. per 100

gals.,

3-4 1b. per 100
' gals.

3-4 1b. per 100
gals.

3-4 1b. per 100
- gals.

3 1b. per 100

gals.. -~

~

Vegetable Crops

3 1b. per acre

4-6 1b, per acre

-25 -

Lead Arsenate
Limitations

Do not apply after
edible parts start

to form.

Lead Arsenate Insecticide Uses

Do. not apply
during cutting
season.

Remove excess
residues at

time eof harvgst.

H o

Registered
Alternates

None

" None

None

None

Carbaryl
Diazinon

Guthion

Carbaryl
Malathion
Parathion
Rotenone

Calcium
Arsenate

Carbaryl

EPN

Methoxychlor

Methomyl

Naled



Lead Arsenate Insecticide Uses

Crop or Site Insect Pest

of Application

Hornworm

Colorado
Potato Beetle

Flea Beetle

Grasshoppers

Vegetable Crops {continued)

Maximum or Usual

Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or

Per Acre)

3 1b. per acre

3 1b. per acre

4 1b, per acre

10 1b. per acre

- 26 -~

Lead Arsenate
Limitations

-—

£

Registéred
Alternates:

Calcium
Arsenate
Copper
Arsenate
Carbaryl
Chlordane
Naled
Parathion
Rotenone

Calcium
Arsenate
Carbaryl
Di-Syston
Endosulfan
Methoxychlor

~ Parathion
Phosphamidon

Calcium
Arsenate
Copper
Arsenate
Carbaryl
Disyston
Endosulfan
Methyl
Parathion
Naled
Parathion
Rotenone

Carbaryl#*
Parathion

*Bait Application



Crop or Site
of Application

Tobacco

Foliage
Application

Ornamentals
Foliage
‘Application

Lead Arserate Insecticide Uses

. Yegetable Crcos (continued)

Insect Pest Maximum or Usual Lead Arsenate
Dosage Rate Limitations
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

Armyworms 4-6 1bs. per acre

. Lead Arsenate Insecticide Uses
Field Crops

Hornworms 4-6 1b. per acre

Lead Arsenate Insecticide Uses

Ornamentals
California 3-4 1bs. per 100
Oak Moth gals.,
Bagworms 3 1bs. per 100 ’
gals.

Regidtered
Alternates

Calcium
Arsenate
“"BHC
Carbaryl*
Chlordane®
Diazinon
Heptachlor
Lindane
Methyl
Parathion
Parathion
Toxaphene
Trichlorofon*

%Bait Application

Carbaryl
Guthion
Bacillus
Thuringiensis

Bacillus
Thuringiensis

Calcium
Arsenate
Chlordane
Diazinon
Dylox
Malathion
Toxaphene
Trithion



Crop or Site'
of Application

Lead Arsenate Incecticide Usss

Insect Pest Maximum or Usual

Cankerworms

Pine Sawfly

Japanese
Beetle

Catalpa
Sphinx

Walnut
Caterpillar

Fall
Webworm

- Eastern Tent

Caterpillar

Forest Tent
Caterpillar

Gypsy Moth

Tussock Muth

Ornanentals (.ontinued)

Lead Aisenate

Dosage Rate Limitations

(Lbs. of Actual

Insecticide Per

100 Gallons or
Per Acre)

3 1b. per 100
gals,

3 1b. per 100
gals.

3-6 1b. per 100
- gals.

3-6 1b. per 100
gals.

4 1b. per 100
gals.

4 1b. per 100 '
gals.

4 1b. per 100
gals.

4 1b. per 100.
gals.

4-6 1b. per 100
gals.

4-6 1b. per 100
gals.

s -

Registered
Alternates.

Calcium
Axrsenate
Methoxychlor

Toxaphene

-Malathion

Carbaryl
Chlordane

" Methoxychlor

Toxaphene

Carbaryl
Toxaphene

Diazinon
Methoxychlor

Carbaryl
Diazinon
Dibrom

Malathion
Methoxychlor
Toxaphene

Carbaryl
Dylox
Gardona
Methoxychlor

Methoxychlor



Crop or Site Insect Pest
of Application

Elm Leaf
_Beetle

Codling Moth

2ad Arsenate In.acticide Uses

T -
.2

» Ornamentals (continued)

Maximum or Usual Lead Arsenate
Dosage Rate Limitations
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

4 1b. per 100
gals.

2.0-3.0 1b. per 100
gals.

Lead Arsenate Insecticide Uses

»

Sod Webworm

White Grub

Lawns and Ornamental Turf

Lawns and Ornamental ;' g g
Turf ga b 09 8
Soil and 3 g g ¥ e
Surface Applications g% ® <4 9
- . 8N O O A
O
Armyworms 80 . _ X X X
Asiatic Garden Beetle 430 X X
Cutworm 80 X X X X
Earthworm 220 X X
Japanese Beetle 430 X X

80 X X X X

220 X X

29

Registered .
Alternates

Carbaryl
Methoxychlor
Toxaphene

Guthion
Malathion
Methoxychlor

REGISTERED ALTERNATES
: -

o o
- g
o a
0 O
g o
Es] o]
e X
U (o]
= H
X X
X X
X

X



I.B. ..a.

Lead arsenate has been

e e

considered of increasing importance during the
past several years for certain fruit insect countsol sprav schedules.

Reasons given for considering the i1eturn tc lead arsenate as an insecticid%
in integrated control programs have been: ’

1. Being a stomach poison, the lead arsenate does not kill beneficial
invertebrate parasites and predators in the orchards as do many
modern organic pesticides; J

2. Need for use of a miticide is greatly reduced on fruit crops
treated with arsenical pesticides; and

3. 1If chlorinated hydrocarbon pesticides are severely restricted

or cancelled certain important fruit pests may not have a

satisfactory control agent.

All insecticidal uses of lead arsenate are recognized as presenting a hazard to
man and his environment.
the registered uses of lead arsenate on selected fruit crops should be continued
'subject to review and phase out prior to the 1975 use-season if satisfactory
alternates are developed.
apricots, cherries, nectarines, peaches, pears, plums, prunes, quinces and grapes.
All other uses of lead arsenate as an insecticide should be cancelled since
acceptable alternate pesticides are available.

-

I.B.2. Calcium Arsenate Insecticide Uses

Crop or Site

~ Insect Pest

of Application

Blueberries

Foliage

Application

Broccoli
Foliage
_Application

Fruitfly

Csbbage worms

Berry Crops
Max1mum'6?‘%§ual Calcium Arsenate

However, because of need in the integrated spray programs,

The following crop uses-should be retained: apples,

[ Registered
Dosage Rate Limitations Substitutes
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)
2 1bs. per 100 14 days Carbaryl
gals. (processed fruit)
' 30 days (fresh Diazinon
fruit)
Guthion
Malathion
Parathion
Rotenone
¢ [
Vegetable Crops
3-4 lbs. per acre Do not apply Carbaryl
after edible Chlordane
parts start Endosulfan
to form _ Guthion

C% %ce et Ve ose s am v,

-2n-



Crop or Site

of Application

Cabbagg‘

Foliage
_Application

Calcium Arsenate Inscaoticide Usces

Vegetable Crops (continued)

Calcivm Arsenate
Limitations

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per

100 Gallons or

Insect Pest

o

Registered
Alternates’

Basic copper-

arsenate
Carbaryl
Chlordane
Diazinon

‘Endosulfan

Guthion
Lindane
Malathion
Methomyl

“~Methyl

Parathion
Naled
Parathion

_ Perthane

Toxaphene
Rotenone.

Carbaryl
Chlordane
Endosulfan
Guthion
Lindane
Malathion
Methoxychlor
Methyl
Parathion
Naled
Parathion

" "Rotenone

Per Acre)
Im§orted 4 1b. per acre
Cabbage :
Worm .
Cabbage 3-4 1b., per acre :"..Do not apply after
Worm edible parts start
to form
Cabbage 4 1b. per acre’ ' .
Looper

Endosulfan
Guthion
Malathion
Methomyl
Methyl

Parathion
Naled



Crop or Site
cf Application

Insect Pest

Cabbage
Looper
cont.

importedi

Cabbage
Worm

Diamond
Back

Moth

Fruitworm

Tomato

Hornworm

Calcium Arsenate Tnsecticide Tses

Vegetable Crops (continued)

Calcium Arsenate
Liwmittations

Maximum or Usual
Dosage Rate
(Ibs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

4 1bs. per acre

4 1bs. per acre . ~

4 1lbs. per acre

4 1bs. per acre

- 32 - -

Registered
Alternates.

Parathion -
Perthane
Rotenone

‘Basic copper

arsenate
Carbaryl
Endosulfan
Guthion
Malathion

..Methomyl

Methyl
Parathion
Naled
Parathion
Perthane
Rotenone

. Basic copper

arsenate
Endosulfan
Guthion
Malathion
Methonyl
Methoxychlor
Naled
Parathion
Rotenone

Malathion
Methomyl

Malathion



Crop or-Site
of Application
<O

s

Cauliflover
" Foliage
Application

C:leium Acsenatz Tnsacticide Uses

Vegetable Crops (continued)

Insect Pest

- Flea Beetle

. Colorado
-Potato Beetle

Cabbageworm
& Imported

Cabbageworm

Cabbage 3
Looper

Maximum or Usual

~-Dosage Rate
~ (Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

3-4 1b. per acre

4 1bs, pef acre

3-4 1b. per acre

-4 1b. per acre

- 33 -

Calcium Arsenate
Limitations

Do not apply after
edible parts start
to form.

s 20
Registered
Alternates

Carbaryl .
Chlordane
Diazinon

. Di-Syston

Endosulfan
Methoxychlor
Methyl

" Parathion
Parathion

None

Basic copper
arsenate
Carbaryl
Chlordane
Endosulfan
Guthion
Malathion
Methomyl
Methoxychlor
Methyl
Parathion
Parathion
Phosphamidon

‘Rotenone

Toxaphene

Basic copper
arsenate
Chlordane
Endosulfan
Guthion
Malathion
Methomyl
Methyl
Parathion



Calecium /rsenate Inscaticide Uscs

Vegetable Crops {continzued)

Crop or Site Insect Pest . Maximum or Usual  Calcium Arsenate - Regis%éred
of Application - Dosage Rate Limitations '
co ~ (Lbs. of Actual
<7 Insecticide Per
N : 100 Gallons or

[

Per Acre)
Cabbage : Parathion
Looper . Perthane
cont. Rotenone
Flea 3~4 1b. per-acfe ‘Carbaryl
: Beetles : ' ‘ Chlordane
Endosulfan
Si-Syston
‘Methoxychlor
Methyl
Parathion
Parathion
Rotenone
_Celerz: Colorado 1-1.75 1b. per acre Do not apply after None
‘Foliage Potato : bunch begins to
Application Beetle .~ form or after
' plants are half
*. T grown
Flea 1-1.75 1b. per acre - ' - Meth oxychlor
Beetles : Methyl
: Parathion
Leaf 1-1.75 1b. per acre Methoxychlor
Hoopers T Methyl
' Parathion
Parathion
Celery 4.0-5.5 1b. per acre Methoxychlor
Leaf . Parathion
Tier -
Tarnished  4.0-5.5 1b. per acre * Methoxychlor
Plant Bug Parathion
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Crop or Site
of Application

Cucumbers
Foliage

Application

Melons
Foliage

* Application

Peppers
Foliage

AEpIEEation

Calcium Arsenate “nsecticide Jses

Vegetable Crops (continued)

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or
- Per Acre)

Insect Pest

Striped
Cucumber
Beetle

1-1.75 1b. pef acre

Squashvine
Borer

Striped 1-1.75 1b. per acre
Cucumber

BeetLg_*

Sguash<Bug 4.,0-~5.5 1b. per acre

Squash Vine 4.0-5.5 1b. per acre
Borer - '

Imported
Cabbageworm,
Cabbage Looper,
Diamond back

4 1b, per acre

Moth

Fruitworm 4 1lb. per acre
Tomato 4 1b. per acre
Hornworm

- 35 -

Calcium Arsenate
Limitations

~Remove excess
residues at
harvest

No time
limitation

Remove excess
residues at
harvest

© -

Registered
Alternates

Carbaryl
Guthion
Malathion
Methoxychlor
Parathion
Rotenone

Methoxychlor
Parathion
Rotenone

Carbaryl
Guthion
Methoxychlor
Parathion
Rotenone

Carbaryl
Guthion
Methoxychlor

Parathion

Methyl
Parathion

Carbaryl

Carbaryl
Endosulfan



Crop or Site
of Application

Calcium Arsenate Inseciicide Wses

Insect Pest

Colorado
Potato
Beetle
Flea
Beetles
Squash Striped
Foliage Cucumber
Application Beetles
Tomatoes Imported
Foliage Cabbage
Application Worm
| Cabbage
Looper
Diamond

Back Moth

Tomato
Fruitworm

Vegetable Crops {continued)

*

Calcium Arsenate
Limitations

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

4 1b. per acre

-4 1b. per acre

1-1.75 1b. per acre Remove excess
residues at

harvest

Remove excess
residues at
harvest

4 1b. per acre

4 1b. per acre

4 1b, pér acre

1-1.75 1b. per acre
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O
Registered
Alternates.

Carbaryl
Methoxychlor
Toxaphene

Carbaryl
Endosulfan
Methoxychlor
Methyl
Parathion
Parathion
Toxaphene

Carbaryl
Methoxychlor
Parathion
Rotenone

Methyl
Parathion

Methomyl
Methyl
Parathion

Lead Arsenate
Carbaryl

EPN

Methomyl
Methoxychlor
Naled



Calcium Arsenate Insccticide Uses (

K : Vegetable Crops (continued)

}

* i

Crop or Site Insect Pest Maximum or Usual Calcium Arsenate

of Application Dosage Rate Limitations
o : " - (Lbs. of Actual

Insccticide Per

100 Gallons or

.

Per Acre)
Hornworm 3 1b. per acre
Budworm 3.5-7 1b.. per acre
Colorado 1-1.75 1b. per acre
Potato
. Beetle

. Flea Beetle 3 1lb. per acre

Leafhoppers 1-1.75 1b. per acre

-3 -

9Ho

Registered
Alternates

Lead Arsenate
Copper Arsenate
Carbaryl

" Chlordane

Naled
Parathion
Rotenone

Lead Arsenate
‘Carbaryl

B Di-Syston

Endosulfan

‘Methoxychlor

Parathion
Phosphamidon

‘Lead Arsenate

Copper Arsenate
Carbaryl
Di-Syston
Endosulfan
Methyl
Parathion
Naled
Parathion
Rotenone

Carbaryl
Di-Syston
Methyl
Parathion
Parathion



Crop or Site
of Application

Poultry Houses
for application
to droppings
under birds in
cages or on
wire floors

E IR S -~

Calcium Arsenate laszcticide Uses

Poultry Houses

Insect Pest Maximum or Usual Calcium Arsenate
Dosage Rate Limitations
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

Housefly and 1.7 1b. per 100 Apply to surface
Soldier fly sq. ft. of poultry of droppings under
larvae . droppings . " birds in cages or
‘ on wire floor for
control of fly
larvae,

Calcium Arsenate Insecticide Uses

Speéial Applications-;Baits ____L

Registered
Alternates

Kepone
Dicapthon
Zython

Calcium Arsenate baits limited to soil treatments are acceptable for use against

armyworms, cutworms, slugs, snails and sowbugs.

This type application may be used

only in accordance with appropriate "Summary clearance and limitations on crops

so specified.

Crop or Site

of Application

Lawns and

Ornamental Turf

Soil and Surface

Applications

Calcium Arsenate Insecticide Uses

Lawns and Ornamental Turf

)

I'S)

o

n <]

“ 2 e 3 9

S 2% £

fE g8 o

t2 358 %

838 A& 2 4

Asiatic Garden Beetle* 430 X X X

Cutworms* 430 X X X X X
.Earwigs* 430 X X X X

Earthworms* 430 X
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Calciuw Arsenate Insecticide Yses

Lawns and Ornamental Turf (contiinued)

Crop or Gite

of Application - 8 .
@ oo
. ' 5 & o
Lawns and ) - 2 e 2 a g
Ornamental Turf > 9 2 5 2 2
: 9 B oH® o
. £ 3% 23 ¢
Soil and Surface 5 =z 2 T 2 B
Applications © o A = A R
* i
Japanese Beefles 430 X X X X .
Sod Webwormg - 430 X X X X X
White Grubs 430 X X X

 *Incidental claims - Use of 430 lbs. per acre primarily registered for crabgrass
control. :

I.B.2.a. Conclusions

Galcium arsenate dusts and baits have been used extensively for pest control

in many crops and ornamentals. Dust applications of the calcium arsenate

are effective when used at rates up to 10 pounds of actual per acre in

conformity with registrations and tolerances. The bait treatments are used

as soil applications for armyworms, cutworms, slugs, snails and sowbugs.

Baits of calcium arsenate are registered on a number of crops at rates of

15 pounds of actual per acre. The baits are effective when used in conformity
with current registratiouns and tolerance clearances. Reasons given for retention
of calciuwn arsenate for vegetable and selected fruit control programs have been:

1. Calcium arsenate does not seriously affect beneficial invertebrate
parasites and predators in vegetable crops as do many modern organic pesticides; and

2. Need to use a miticide is greatly reduced on vegetables treated with
calcium arsenate.

The currently registered uses of calcium arsenate for dusts on vegetables,
baits, and for fruitfly on blueberries will be continued. The following uses
should be retained:

Type of Application Crops or Uses

Dusts . Blueberries, Broccoli, Brussels Sprouts, Cabbage,
Cauliflower, Celery, Cucumbers, Melons, Peppers,
Squash, Tomatoes,,

Baits on Soil General Use.

Sprays Blueberries

All other uses of calcium arscnate as an insecticide.chculd be cancelled since
. N . ey . g

these uses present a hazard to man and his enviromnent and acceptable alternate
pesticides are available. . )
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Crop or Site

of Application

I. B. 3. Basic Couper Arscnate Insecticide Uses

Insect Pest Maximum or Usual

Brussels Sprouts Cabbage

Foliage

Applications

Tabliage
Foliage
Application

Looper

Imported
Cabbageworm

Imported
Cabbageworm

(Lbs. of Actual
Insecticide Per

Vegetable Crops

Dosage Rate

100 Gallons or

8 1bs.

8 lbs.

8 1bs.

Per Acre)

per acre

per acre

per acre

- 4C -

Basic Copper
Arsenate
Limitations

Do not apply after
edible parts start
to fozm.

Do not apply after
edible parts start
to form.

8o

Registered"
Alternates

Calcium
Arsenate
Chlordane
Endosulfan
Guthion
Malathion
Methomyl
Methyl -
Parathion

.Naled

Parathion
Perthane
Rotenone

Calcium
Arsenate
Carbaryl
Chlordane
Diazinon
Endosulfan
Guthion
Lindane
Malathion
Methomyl
Methyl
Parathion
Naled
Parathion

"Perthane

Rotenone
Toxaphene

Calcium
Arsenate
Carbaryl
Endosulfan
Guthion



Crop or Site
of Application

Cauliflower

Foliage
Application

Basic Copper Arscenate Insecticide Uses

‘Vegetable Crops (continued)

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

Insect Pest Basic Copper
Arsenate

Limitations

Imported
Cabbageworm
cont.

Diamond 8 1lbs, per'acre

Back Moth

Cabbage 8 lbs. per acre

form.
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Do not apply after
Worm curd starts to

£ 0

Registered
Alternates-

Malathion
Methomyl
Methyl
Parathion
Naled
Parathion
Perthane
Rotenone

Calcium
Arsenate
Endosulfan
Guthion
Malathion
Methomyl
Methoxychlor
Naled
Parathion
Rotenone

Calcium
Arsenate
Carbaryl
Chlordane
Endosulfan
Guthion
Malathion
Methomyl
Methoxychlor
Methyl
Parathion

‘Parathion

Perthane
Phosphamidon
Rotenone
Toxaphene



Crop or Site
of Application

Basic Coppur Arsencre Insecticide Uses
Vegetable Crops (continued)

Maximum or Usual
Dosage Rate
(Lbs. of Actual
Insecticide Per
100 Gallons or
Per Acre)

Insect Pest Basic Copper
Arsenate

Limitations

Imported

~ 8 1bs. per acre
Cabbageworm

Cabbage
Looper

8 1b. per acre

- 42 -

£

Registered'
Alternates

Calcium
Arsenate

Carbaryl

Chlordane

- Diazinon

Endosulfan
Guthion
Malathion
Methomyl
Methoxychlor
Methyl
Parathion
Parathion
Perthane
Phosphamidon
Rotenone
Toxaphene

Calcium
Arsenate
Chlordane
Endosulfan
Guthion
Malathion
Methomyl
Methyl
Parathion
Parathion
Perthane
Rotenone



Basic Copper Arsenate Insecticide Uses

L]

Vegetable Crops (continued)

£y

Crop or Site Insect Pestt Maximum or Usual Basic Copper Registered
of Application Dosage Rate Arsenate Alternates
' (Lbs. of Actual Limitations T
Insecticide Per ’
100 Gallons or
Per Acre)

'Kohlrabi Cabbage 8 lbs. per acre Do not apply after Chlordane
. Foliage , Looper - .©  edible parts start -Carbaryl
‘Application : ' to form. Lindane
4 : A Methyl
Parathion
Naled
. Parathion
Rotenone

- Imported 8 1lbs, per acre Chlordane
. Cabbageworm : Carbaryl
- : Lindane
. Methyl
Parathion
Parathion

Tomatoes "Flea - 15 1lbs. per acre - No time limit, Lead
Foliage " Beetles - - Arsenate
Application Calcium
. Arsenate
Carbaryl
Di-Syston
Endosulfan
Methyl
Parathion
Naled
Parathion
Rotenone

Hornworms 15 1lbs. per acre Lead Arsenate
s Calcium Arsenate
Carbaryl
Chlordane
Naled
Parathion
Rotenone

N
e



I.B.3.a. Conciucions

The registered uses for bhas.c copper
These uses present
pesiicidus are available.

1 -
I.B. 4. Ammonium Arsenite Insecticide Uses

At Wood Preservative

¥

Crop or Site

of Application Insect Pest Maximum or Usual
Formulation
Ingredient
. Wood Wood 7.7Z*
 Preservative Destroying ‘
i Insects

*Pressurized with other ingredients

I.B.4.a. Conclusions

; ‘ arsenate as an iosecticide should be cancelle
g razard to man ond his environment. Acceptable alternate

PR

Registered
Alternates

Creosote
Pentachlorophenol

" The fegistered use for ammonium arsenite as a wood preservative (insecticide
and fungicide) should be retained. For more details, see I.B.9.a. and I.D.,

Industrial Wood Preservatives.

I.B. 5. Arsenic Acid Insecticide Uses

' Wood Preservative

Crop or Site Insect Pest Maximum or Usual
of Application Formulation

' Ingredient
Wood Wood 42.0%%
Preservative Destroying

Insects

*Pressurized with other ingredients

- 44 -

Registered
Alternates

Creosote
Peatachlorophenol



L. B. 5.a. Conclusions

The registered use of arsenic axid for vod destroying insects shoulc

be retained. For more details see I,B,9.a. and I.D., Industrial A
Wood Preservatives.
I.B. 6. Arsenic Pentoxide Insecticide Uses
Wood Preservative
Crop or Site Insect Pest Maximum or Usual Registered
of Application Formulation Alternates
‘ Ingredient
Wood Wood . ' 4.,08-34.0%% Creosote
Preservative Destroying Pentachlorophenol
Insects
*Pressurized with other ingredients
"I.B.6.a. Conclusions
The registered use of arsenic pentoxide for wood destroying insects
should be retained. For more details see I.B.9.a. and I.D.,
Industrial Wood Preservatives.
I.B.7. Arsenic Trioxide Insecticide Uses
Wood Preservative
Crop or Site Insect Pest ‘Maximum or Usual Registered
of Application Formulation Alternates
Ingredient
Wood Wood 37.0%* _ Creosote
Preservative Destroying : Pentachlorophenol

Insects
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‘vsenic Trioxide Inrecticide Uses

Wood Preservative (continued) A & -
Crop or Site Insect Pest Maximum or Usual Registered
of Application Formulation Alternates
S " Ingredient
N
Antifouling Insect and 1.5%% Metallic
Paint , Invertebrate copper compounds
’ Pests Tri-N-Butyltin
. . " Flouride
) Tri-N-Butyltin
i Oxide
' Tri-N-Butyltin
Resinate

*Pressurized with other ingredients

I.B.7.a. Conclusions

The combination of arsenic trioxide or Paris green with copper compounds in
anti-fouling paints enhances the anti-fouling activity which cannot be achieved
with copper compounds alone. The organic tin compounds are also toxic and

on a cost basis less effective than the arsenicals. The quantities used

and the dispersal achieved in a body of water can have mo general effect on

the ecosystem and the arsenic content of sea water. The registered uses of
arsenic trioxide as a wood preservative and in antifouling paint should be re-
tained. For more details, see I1.B.9.a. and I.D, Industrial Wood Preservatives.

I.B.8. Sodium Pyroarsenate Insecticide Uses

Wood Preservative

Crop or Site Insect Pest Maximum or Usual Registered
of Application Formulation Alternates
Ingredient ’
" Wood Wood 6.2%% Creosote
Preservative Destroying Pentachlorophenol
Insects

*Pressurized with other ingredients.
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I.B.8.a. Cforclusions

The'registered use of sodium pyroarsenate for wood destroying insects should
be retained. For more details, see I.B.9.a.

\\.

I.B,Q. Wolman Salts Insecticide Uses

Wood Preservative

Crop or Site Insect Pest Maximum or Usual Registered
~of Application Formulation Alternates
' . ~ Ingredient
Wood Wood ‘ 6.2-26.9%%* Creosote
~Preservative Destroying Pentachlorophenol
Insects

*Pressurized with other ingredients.

I.B;9.a. Conclusions

Arsenic is a standard ingredient in water soluble preservatives which are
used to pressure impregnate wood products. In pressurized treatments

the chemicals are contained in an enclosed system which is recycled and

do not contaminate the environment. Two common mixtures contain salts of
copper, chromium and arsenic. Another is a fluoro-chrome-arsenic-

phenol mixture. The purpose of treating the wood with these preservatives
is to protect it against decay and insect attack.

Arsenic exhibits both fungicidal and insecticidal properties. It is an
important ingredient of the preservative mixture. Arsenic plays an important
role in the fixation of the chemicals in wood. The chemicals undergo reactions
with the wood and are converted to insoluble compounds. The arsenic is fixed
-to the wood and does not leach out.

There is no satisfactory substitute for arsenic in the preservative mixture.
For these uses, we should retain the registrations for arsenic acid, ammonium
arsenite, arsenic pentoxide, arsenic trioxide, sodium pyroarsenate, sodium
arsenate, and Wolinan salts. s
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I. B. 10. Czcodylic Acid Inse-ticide Uses

Forest Application _ A

Crop or .Site Insect Pest Maximum or Usual Limitations Registered
of Application - ) Dosage Rate . Alternates .

’7" .. " . . i "/
Forest - Insect !
Application Trapping
By U.S. Forest
Se;vice only

Engleman 1 ML per inch None

Spruce Beetle of tree surface

Mountain Pine
Beetle

Douglas Fir
Beetle

" Round Headed
Pine Beetle

Arizona Five-
Spined Beetle

"Pine Engraver
Beetle

California Five- -~
Spined Beetle :

I. B. 10. a. Conclusiops

The registration of cacodylic acid for forest application (trapping insects)

“should be retained for the U.S, Forest Service.
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I.B.11. Sodium Arcenite and Potassiim Arsenite Insecticide Usus

Soil, Household and Commercial @
Crop or Site - Insect Pest . Maximum or Usual* Sodium Arsenite Registered
of Application ’ Dosage Rate Limitations Alternates
Soil Subterranean 9% Solution Chlordane
Termites Heptachlor
Pegtac?loro
pheno
Household and Ants . 2.0% Kepone
Commercial
- (Bait
Application)
*Formulation Ingredient
Sédium Arsenite and Potassium Arsenite Insecticide Uses
Livestock
USDA . Ticks 0.25% Solution None
Livestock
Quarantine

1

(Cattle Dip)

*Formulation Ingredient

1

1I,B.11.a. Conclusions

Sodium arsenite is too toxic for patterns of use involving storage in the

home environment. The registered uses for controlof subterranean termites
and ants by the homeowner should be cancelled.

The essential program of guarding the United States - Mexico border against
introduction of the Texas cattle fever tick is based on the uge of sodium
arsenite and potassium arsenite in dip tanks. This use is restricted to the
United States Department of Agriculture. There is no safe and effective
alternate pesticide which has a simple and efficient vat-side test for
determining pesticide concentration. The risk of re-introduction of this tick

into the United States would be great without avallabllnty of the arsenical
dip or uutll,anAaiterneﬁe shicwicide s ideveloped. || . -



I. B. 12. Sodium Arsenate Insect..cide Uses

Soil. Structures, Wood Preservative, Household and Commercial
; oo

Crop or Site Insect Pest Maximum or Usual=¥ Registered
of Application Dosage Rate Alternates

o . © (Lbs. of Actual

ER Insecticide Per

‘ 100 Gallons or

Per Acre) .
Structural Drywood 43% Dust Hydrogen Cyanide
‘ - Termites ' Methyl Bromide

. o Sulfuryl Flouride

‘. 18o0il g Subterranean 2% Solution Chlordane

Termites : Heptachlor

' Pentachlorophenol
Wood Termites and 14.0-43.5%* Creosote
Preservative Wood Destroying Pentachlorophenol

: Insects

Household and Ants 0.7-3.0% Kepone
Commercial
(Bait

Application )

*Pressurized with other ingredients.

**Formulation Ingredient -~

I.B.12.a. Conclusions

The package for the household bait should not exceed one fluid ounce containing
2.5 percent sodium arsenate or any combination of concemtration and package

size that contains no more than 0.75 gram of sodium arsenate. The use of sodium
arsenate should bé retained for structural and soil applications by pest control
operators only to control drywood and subterranean termites. The use of sodium
arsenate as a wood preservative should be retained. For more details, see
I.B.9. and I.D., Industrial Wood Preservatives (fungicide).



I. 5. 13.

Crop or Site

of Application

Aquatic Areas

Structures

Antﬁfouling
Paint

I.B.13.a.

Paris Gicen Insecticide Uses

Aquatic, Structures, and Antifoulimg Paint

Insect Pest

Mosquito
Larvae

Dry Wood
Termites

(Insect and
Invertebrate
Pests)
Gribbles

Teredos

Shipworms

Conclusions

Maximum or Usual

Dosage Rate

(Lbs. of Actual
Insecticide Per
100 Gallons or

. Per Acre)

Lead Arsenate
Limitations

J.6-15 lbs. per acre

100% Dust

16-26.5%

Registered
Alternates

Abate

BHC

Coal Tar
Neutral Oils
Cresylic Acid
Malathion
Methoxychlor

Hydrogen Cyanide
Methyl Bromide
Sulfuryl Fluoride

Metallic
Copper Compounds

Tri-N-Butyltin
Fluoride

Tri-N-Butylin
Oxide

Tri-N-~Butyltin
Resinate

Paris green has been used in a large volume (957,144 pomnds of 5% granules
Florida in 1970) in several Southeastern states during tthe past 15 years.
While several insecticides are available for use as a larvicide, oil is
the only known substance that can be used in place of Raris green without
risking loss of control due to resistance.'
in the spring, have to be abandoned when the vegetation prevents adequate

penetration.

0ils, which may bé substituted

In addition to the resistance problem, the synthetic organic

pesticides are generally more hazardous to fish and willilife than Paris green.

- 51 =-



Personnel of the West Florida Arthropod Research Taboratory have conducted
rasearch on the disappearance of areenic from soil aud water. Mr. C.B. Rathburn
ir an article entitled '"The Arsenic Content in Soil Folliowing Repeated
Applicacions of Grenular Paris Green' (Mosquito News 26, 537-539, 1968)

states that from data obtained th=re aprcars to be no svidence of an
accumulation of arsenic in soil following repeated (8) applications of o
granular Paris green to the water surface as a larvicide.

The registered uses of Paris green should be retained for control of mosquito
larvae, drywood termites and in antifouling paints to control insect and invertebrate

pests.

For use in antifouling paint see I.B.7.a.

1.B.14. Herbicide--Citrus

Arsenical Action . Usual Dosage Rate Limitatiens Registered

(Lbs. of Actual Alternates
Per Acre)
Cacodylic Weed Control 2-5 Nonbearimg citrus Bromacil
Acid only. Bo not Dalapon
. exceed 3 applications Dichlobenil
per year. Do not DNBP
harvest fruit from Diphenamid
N treated trees within Diuron
one year Eptam
Paraquat

Monuron-TCA
I.B.1l4.a. Conclusions

The registered use of cacodylic acid for weed control im citrus should be retained.
’Cacodylic acid is essential for the control of “emerged johnsongrass.

I.B.15.a. Herbicide--Around Ornamental Trees and Shrubs

Arsenical Action Usual Dosage Rate Arsenic Registered
(Lbs. of Actual Limitatiens Alternates
Per Acre)
Cacodylic Weed Control 10-20 Do not graze.. Atrazine
Acid. Do not cantaminate Benefin
water. Betasan
CDEC
, . Dacthal
D3SMA " 5-15 Do not centaminate Dichlobenil
water. IPC
Norea
Paraquat
MSMA " 2-5° Do not treat Simazine
newly seeded lawns.’ Silvex
' . Treflan
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'I.B.15.a. Conclusions

The registered uses of cacudylic acid, DSMA and MSMA zround ornamental

anq.shrubs should be retained.

TheseAméterials are essential for control of emerged johnsongrass

I.Bf16. Herbicides--Lawns and Ornamental Turf

Arsenical Action

.Arsenic Weed Control

JAcid

Calcium - "
Arsenate '
(tricalcium
arsenate)

Cacodylic "
Lead Arsenate’ "
DSMA n
MSMA "
Am "

Arsenic Trioxide "

(Arsenous oxide)

" Sodium Arsenite "

Usual Dosage Rate
(Lbs. of Actual
Per Acre)

10-40

80-600

10-20

70-200
5-15
2-5
1-3

200-400

1-8
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Arsenic
Limitaztions

Do not water for
3 days after
treatment.

Do not apply to
newly seeded lawns.
Do not allow
children or pets
on lawn before it
dries.

. Do nott. graze,

Do not contaminate

- water.

Keep children and

pets off treated area: .

Do not contaminate
water.

Do noit treat newly
seeded lawns

Do not use on newly
seeded lawns.

trees

GO o

Registered
Substitutes

Atrazine
Benefin
Betasan
Dalapon

Dicamba
Dichlobenil
Petroleum o
Siduron
Simazine
Silvex
Treflan

2,4-D



I.B.16.a. Conclusions

The following actions are suggested for the registered arsenical herbicides” -
for lawns and ornameatal turf:

1. Arsenic-acid is too toxic for this use and shwald be cancelled;
2. Calcium arsenate use limited to Poa annua conitrol and restricted

to optimal effective rates on golf courses and related recreational
turf;

3. Cacodylic acid use should be retained, especially for control of
emerged johnsongrass;

4. Lead arsenate should be "cancelled to reduce the amount of lead
introduced into the home environment.

5. DSMA, MSMA and AMA should be retained, especiallly for control
of emerged johnsongrass;

6. Arsenic trioxide and sodium arsenite are too toxic for this use
and should be cancelled.

I.B.17. Herbicides--Non-Crop, Industrial Sites, Rights—of—Way
Driveways and Sidewalks

Arsenical Action’ Usual Dosage Rate Arsenic Registered
(Lbs. of Actual _ Limitations Alternates
Per Acre) :

Arsenic Acid Weed Control 10-40 Spray to runoff. Amitrole
Do mot graze Ammonium
treated areas. sulfamate
Do imot contaminate Atrazine
water. Bromacil

Cacodylic " 2-5 1bs/100 gal. Dicamba

Acid HZO Diphenamid

: . Diuron
_ ' 2-5 1bs/100 gal. DNBP
DSMA " H,O Eptam
2 .
e Fenac
Linuron
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Arsenical
MSMA
"I. B. 17.

The actions on arsenic acid,

Accion

Weed Control

Driveways wand Sidewalks (ceontinued)

Usual Dosage Rate
" (Lbs. of Actual
Per Acre)

Arsenic
Limitations

2-5 1bs/100 gal.
H,0

a. Conclusions

same as given for I.B.l16.a.

. Arsenical

Cacodylic
Acid

+ MSMA

I.B.18.a.

This method of application minimizes environmental contamination.
registered uses of cacodylic acid and MSMA for hardwood tree control

I. B. 18.

Action

Tree ‘
Injection

Conclusions

should be retalned

Herbici&es——Hardwood Tree Control
Usual Dosage Rate Arsenic
(Lbs. of Actual Limitations
Per Acre)

1 ml/cut

1-2m1/cut
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Regisiered
Alternstes

Monuron
Paraquat
Petroleum oil
Simazine
Silvex

2,4-D

2,4,5-T

cacodylic acid, DSMA and MSMA should be the

Registered
Alternates

Dicamba
.2,4=D

2,4,5-T
Picloram

The



;
¢

Arsenical

I. B. 19.--Herbicides Semi-Soil Sterilant

Action

<

i
v

Sodium

Weed Control

Arsenite
(Arsenic

Sodium

"Arsenite

Trioxide)

(Arsenic
Trioxide)

I. B. 19.a.

Conclusions

1

Usual Dosage Rate

(Lbs, of Actual
Per Acre)

To 50 1lbs/A.

. 50 or more lbs/A.

Arsenic
Limitaitions

Bare ground
application and

must be enclosed.

Must be covered
by pawement.

£

Regilstered
Alternates

Bromacil

Sodium
Borate~Chlorate
Combinations

“Ammonium

Sulfamate

Same

The registered uses for sodium arsenite and arsenic trioxide as a semi-soil

sterilants are too hazardous and(should be cancelled.

available and should be substituted.

Arsenical

Action
MSMA Post

emergence

weed

control
DSMA "

NOTE:

I.B.

(Lbs. of Actual
Per Acre)

1-2

2-3

20. Herbicides--Cotton

. Usual Dosage Rate Lead-Arsenic
_ Limitations

Do not graze or
feed forage to
livesteock. Do
not apply after
first bloom.

Safer alternates are

Registered
Alternates

Betasan
Dacthal
Diuron
Eptam
Monuron
Norea
Treflan

Large. favorable response requesting use after Federal Register Notice.
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T. B.20.a. Conclusions

These materials are essen.ial in canbination or alecne wus post-emergence weed

control prezcems of cotten to minimize Lrss of crop due to emerged johnsongrass

and cther hard to control weeds, DMSMA or DSMA are used on 4,000,000 acres # -

of cotton for control of weeds. It has been estimated that up to 12,000,000 pounds
of these materials are used annually on cotton in the Thited States.

Inability to use MSMA and DSMA in cotton would result im losses of about
$60,000,000 per year. It would -also require heavy use of other replacement
herbicides and hand labor. ’ ‘

Registered uses of DSMA and MSMA do not increase the catent of arsenic

in cotton seed. Danger to workers in cotton production, to wildlife and to
farm animals is minimal. There has been concern expressed by investigators
that the increasing use of these materials could lead tw residual amounts
of arsenic in the soil. More than 5 ppm available arsemic in the soil ma
be hazardous to field crops. :

The registered uses of MSMA and DSMA for weed control ia cotton should be
retained.

I.B. 21. Deéiccant and Defloliant--Cotton

Arsenical Action Usual Dosage Rate Arsemic Registered
(Lbs. of Actual Limitetions alternates
Per Acre)
Arsenic Harvest aid 2-4.4 Apply 7-10 days Sodium borate
Acid (desiccant and before harvest. Sodium chlorat
‘ defoliant) . : Ammonia

Ammonium nitrat
Neo-decanoic
acid

Def

Folex

NOTE: Large favorable response requesting use after Feleral Register Notice.



I.B. Zl.a. QJouclusions

Approximately 900,000 gallons of arsenic acid are used each year as a

preharvest desiccant of cotton. An effective desiccanrt is essential for ~#
economical production of cotton on about 2,000,000 acres of land in .
Texas and Oklahoma. In these two states, where the arsenic acid is needed,

the ‘cotton is harvested by mechanical strippers which are used on special
varieties of cotton after defoliation. No economically satisfactory

desiccant, other than arsenic acid, has been developed in the specific

areas of Texas and Oklahoma. 1Inability to use the arsenic acid as a desiccant -
defoliant would cause an estimated loss of $163,000,000 in the two states.

The hazard of using arsenic acid as a desiccant on cotton has been recognized.
" However, the United States Department of Agriculture is not aware of serious
injury to people exposed during the cotton production and processing procedures.
There has been concern expressed by investigators that increased use of arsenic
acid could lead to residual amounts of arsenic in the soil.

The registered use of arsenic acid as a desiccant and defoliant of cotton
should be retained.

I.B. 22, Regulator--Grapefruit

Arsenical Action Usual Dosage Rate Arsenic Registered
(Lbs. of Actual Limitations Alternates
Per Acre) -
Lead Plant regulator - 1.7-5.4 Do not use on None
Arsenate Reduce acidity other citrus.

Do not apply
within 3 days
of harvest

I1.B.22.a. Conclusions

Arsenic is needed as a regulator of grapefruit intended for harvest in Florida.
Lead arsenate has been registered for the use (reduce acidity) at rates of

1.7 to 5.4 pounds of actual per acre. It is not intended for use on other
citrus or within 3 days of harvest. Successful marketing of Florida grapefruit
would not be possible without arsenic to reduce natural acidity.

Lead arsenate has had a long history of successful use on Florida grapefruit.
In the central part of the state where approximately 75 percent of the Marsh
Seedless grapefruit, 60 percent of the Red and Pink grapefruit, and 85 percent
of the seedy grapetfruit are produced, arsenic is used on 90 percent of the
acreage. It is estimated that this use represents a total of approximately
60,000 acres of Florida grapefruit.



Residues from the use of lead arsenate as described above on mature washed
tvoit are less than 0.5 ppm arsenic and scldom over 8.5 ppm lead on the whole-
frritc basis. Arsenic vesidues in the edible portion wangnd fiom 0.003 ppm

Jown to 0,.0003 ppm.

Failure to have ars:2nic available for use would delay picking, packing and
processing. It is not feasible to extend the season intc June and July
because Florida grapefruit is such that satisfactory guality in most groves

is impossible to maintain to such late dates.

This would create a serlous

marketing problem for mest of the Florida grapefruit.

Although there is no other registered arsenical for this use, it is believed
that calcium arsenate can be substituted. This would eliminate the potential
hazards which the use of lead creates. Calcium arsenate should be registered
for this use. The use of lead arsenate should be retained subject to review
of the status of calcium arsenate as a replacement prior to the 1975 use-season.

I.C. Summary of Registered Arsenical Rodenticides Uses and Registered Substitutes

Arsenical Rodent" Concentration Used Registered Substitutes
Arsenic Trioxide Rats 1.5 - 37 Baits Red Squill

Zinc Phosphide

House Mice 1.5 - 3% Baits Zinc Phosphide
Strychnine
Moles 1.5% Baits Strychnine

I.C.1. Conclusions

Calcium Cyanide

Zinc phosphide is an acceptable substitute for arsenic trioxide for house mice.
The registered uses of arsenic trioxide should be retaimed for rodent control by

pest control operators only.

I.D. Summary of Registered Arsenical Fungicide Uses and Registered Non-Arsenical

1.D.1. Agricultural Food Crops

Arsenical Crop or Site Plant Disease
of Application

Sodium Grapes Black Measles

Arsenite Crown Gall and
Dead Arm

Basic Copper Tomatoes Early and Late

Arsenate Blight
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Substitutes
Maximum or Usual Registered
Dosage Rate (1lbs. Substitutes
of Actual
Fungicide Per
100 gals. or per acre)
3-9 1lbs per acre None

in dommant season

13.65 1bs actual/ Captan,
acre. 7 to 10 day wvarious copper

. compolrnds
intervals rious uxLz1o-

oama e
ﬁ Tlen *t“ié
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I..1.a. Concinsions

Sodium Arsenite onr Grapes:

This use is confined to western areas, principally in the San Joaquin Vailey
of California where it is the only fungicide which effectively coatrols the
diseases for which it is registered. On some farms it is necessary to apply
annually, on others it may be used once every two or three years. 1In
California 30,000 acres require treatment annually. Annual losses in
California without treatment have been estimated for 1.5 to 5.0 percent with
an average of 3.0 percent. Losses in individual vineyard range from 1.0 to
40.0 percent of the fruit. Infected fruit have no economic value. The
California crop is valued at $165,000,000 with an average loss without
treatment at $7,000,000. ©Note that the University of California is presently .
‘engaged (with EPA) in a cooperative monitoring study.

The California Pesticide Use Report lists 534 applications of a total of
1 90,000 pounds of Sodium arsenite on grapes in 1970.

The registered uses of sodium arsenite as a dormant application for black
measles, dead arm and crown gall control on grapes should be retained.

Basic Copper Arsenate on Tomatoes:
The currently registered uses of basic copper arsenate for early and late
blight on tomatoes should be retained subject to review and phasc out prior to

the 1975 use season if satisfactory alternates exist.

I.D. 2. Industrial Uses as Wood Preservatives

Pressure Treatments

Arsenical Pesticides- , ‘ ’ Registered
and other Compounds Special Comments Substitutes
14% arsenic acid, 34% Used as 1 to 5% None
chromic acid and 9% aqueous solutions

copper oxide

427 arsenic acid, Used as 1 to 5% "

27% chromic acid and aqueous solutions

15% copper oxide

35% arsenic acid, Used only by importer "
36.5%. sodium arsenate, in his plant

and 28.17% sodium dichromate

30.5% arsenic Used as 1 to 5% "
pentoxide dihydrate, aqueous solutions o

6.27 sodium hypoarsenate,
31.5% sodium dichromate and
26,87 copper sulfate



I.D.7, (cont'd)

Arseuical Pesticides
and othier Compounds

347 pentoxide,
26.5% chromic acid, and
14.5% cupric oxide

26.9% arsenic pentoxide,
42.6% sodium dichromate,
and 25.57% copper sulfate

23.8% arsenic pentoxide,
33.35% chromic acid,
and 12.95% copper oxide

177 arsenic pentoxide,
23,75% chromic acid, and
9.25% cupric oxide

107 arsenic pentoxide,
53% potassium dichromate,
and 327 copper sulfate

23.8% disodium arsenate,
34.27% sodium chromate,
27.5% sodium fluoride,
and 9.5% technical sodium
pentachlorophenate

23,87% sodium arsenate,
35.67% sodium chromate,
23.8% sodium fluoride,
and 11.87% pentachlorophenol

6.0% sodium arsenate,
33.3% sodium fluoride,
32% sodium dichromate,
and 4.37% 2,4-dinitrophenol

*Creosote, pentachlorophenol and

Spacial Commenrs

Used as 1 Lo 5 %
- aqueous solution

Used as a 1 to 5%
aqueous solution

Used as to 1 to 5%
aqueous solution

Used as a 1 to 5%
aqueous solution

Used as a 1'to 5%
aqueous solution

Used as 0.5 to
5% aqueous solutions

Used as 0.5 to 5%
aqueous 5olutions

Used as 1.5 to
3% solution

Registe-ad
Substituieg™

None

None

None

None

None

None

None

None

etc. are oil-borne profucts which can be
substituted only in limited use for the above pressure treatments.

- 61 -



I.D.2, (cont'd)
T

Arsenicnl Pesticides
and Other Compounds

/
‘

20% ‘arsenic trioxide,
51%;sodium fluoride and
21.5% 2,4-dinitrophenol

11.597% arsenic trioxide,
26.04% sodium fluoride,

16.23% 2,4-dinitrophenol,
"and 5% pentachlorophenol

4 .,8% sodium arsenate and

.1 10.97% sodium fluoride

*%*Creosote, pentachlorophenol and
substituted only in limited use

6% sodium arsenate,
33% sodium fluoride,
32% sodium dichromate,
and 4.3% dinitrophenol

ection Treatments
Special Comments

Injected as an None

* aqueous paste

a ready-to-use "
liquid for injectiom

Dilute 1 gallon of ) "
concentrate with 1.3 gals.

of water and inject 1 gallon

of diluted solution/cubic

foot of wood or until refusal

etc. are oil-borne products which can be

for the above injection treatments.

Diffusion Treatments

Use on green mine timbers. None
Method of application
seldom used. Effectiwe but

time consuming

Brush, Mop or Swab Treatments

7.7% ammonium arsenite and
4.3% metallic copper in a
copper-ammonium complex

4.087 arsenic pentoxide,
3.8% chromic acid, and
1.74% cupric oxide

25% sodium arsenate,
32.98% sodium fluoride,
. 327 sodium dichromate,

and 6.3% 2,4-dinitrophenol

Brush or seﬁiy to surfaces of None
chemonite pressure treated

wood with new exposures due to
cutting, notching or dapping
A ready-to-use solution for None
brush, mop or pressure treating

of wood.

Apply solutions of 1.14 to 1.6
specific gravity to green timbers and
posts. Cover air tight and allow

to stand 30 days or lomger to allow
diffusion of ingredienmts into timbers
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Substitlites

ARAY

None



I.D.2. (cont'd)

Arsenical Pesticides Special Comments Registerad
and Other Compoundc Substitute
5.04% sodium arscnate, Apply .o mine timbers None

7%, pctassium aichromate, | “

6.86¢% sodium fluoride, and
1.23% 2,4~dinitrophenol

1.4% sodium arsenate, A Apply to exposed surfaces "
2.1% sodium chromate, when cutting, dapping or

1.4% sodium fluoride, notching pressure-treated

1.4% pyridine and wood.

0.7% 2,4~dinitrophenol
I.D. 2.a. Conclusions
Pressure treatments for wood preservatives:

The arsenic containing wood preservatives are ''permanent'" and treated woods
have a useful life of up to 80 years in products such as poles, ties, bridge
members and other heavy members. Properly treated railroad ties are replaced
for mechanical failure before failure of the preservatiwes.

A total of 260.3 million cubic feet of wood products were treated by the

United States wood-preserving industry in 1970. It has been estimated that
291,449,000 board feet of lumber and timber, 7,680,000 square feet of plywood,
715,000 cubic feet of miscellaneous materials, 431,000 wosts and 27,000 cross

ties were treated with ersenic compound products in 1970 in the United States.
Failure to maintain long  -service life would result in astronomical replacement
costs. In some areas failure to adequarely provide treated wood would require

a switch to other, more expensive and less desirable building materials, and in
the case of poles and ties, to relatively less safe substitutes. Certain types

of wood products intended for particular uses have substitute materials:available,
particularly creosote. WNo substitute for the arsenic preservatives are available,
for other types of wood where color, paintability, presence of certain fungi or
other factors are involved. These data and comments are 2lso applicable to
injection treatments. It is concluded that the pressure treatments of all the
arsenic compounds. should be retained.

Injection treatments for wood preservatives:

For more details see the 'Conclusions'" for pressure treatments. The injection
treatments of the arsenic compounds should be retained.

Diffusion treatments for wood preservatives: .

Diffusion treatments are more effective than brush or spray applications of the
same  type of products and less effective than pressure treatments of the same
products. These treatments are needed especially in Alaska where simplicity

of equipment and a small capiral investment .are -necessary to maintain an
industvy. The double diffusion treatments should be retained for industrial
application only. :
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Brush, Mop or swab treatments i-v wood proservatives:

Products designed for application by brush, mop or swab are used as a .

follow-up after cutting, notching or dapping of pressure or inje:tion o '
treated wood. They are applied "on the job" by the construction contractor's
personnel to insure maximum protection of the wood to be placed under

extreme exposure conditions. These treatments are a valuable adjunct and

"insurance policy" for extended useful 1life of sills, faundation timbers,

bridges and other structures. The volume of such use is very small, less

than 1.0 percent of the total use of commercial wood preservatives, and it

‘does not represent a hazard to man and his environment. ‘

- The brush, mop and swab treatments should be retained.

. I.D.3. Other Industrial Uses

Arsenical : Speciall Registered
Pesticide Use Commentis Substitutes
10,10'-oxybisphenoxarsine Cotton fabric Apply by padding 3,4'5-tribromo-
: coated with thermo- to retmin 400 to salicylanilide
plastic system 1000 ppm.
protects against
fungi
10,10' -oxybisphenoxarsine Vinyl films(shower Use at 300-500 Bistributyltin
) curtains, wall ppm-by weight. oxide; bistributyl
coverings, and Not teo be used tin oxide in
similar items. on clathing or combination with
other material dialkyl dimethyl
- for whiich pro- ammonium chloride,
longed contact salicylic acid and
with dkin is isopropanol.
recommnded Captan; 2,4~

dichloro-6-(0-
chloroanilino)-S-
triazine; tributyl
tin linoleate;
phenylmercuric
hydroxide; 3,4"',
S-tribromosalicyl-
anilide; zinc 2~
pyridimethiol
l-oxide
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L D.3.a. Conclusions

Textiles ~ cotton fabric coated with thormoplastic systems : o
10,10'-oxybisphenoxarsine is more effective than the substitute chemical

and possibly less subject to leaching. Impact of withdiawal of this use for
arsenic would be severe, particularly on boat fabrics in tropical and semi-
tropical locations. This is the principle use described above.

The use of 10,10'oxybisphenoxarsine in textiles should Be retained.

Vinyl films (shower curtains, wall coverings and othex similar items):

10,10'oxybisphenoxarsine is more effective and less subject to leaching than
the substitute compounds. It is estimated that this amenical compound is
used in 90 percent of all flexible polyvinyl chloride Hilms produced to

" control all commercially important fungal organisms associated with surface
growth and vinyl degradation. Millions of pounds of wviwyl film formulations
were treated with 10,10'-oxybisphenoxarsine in 1970. Tiis represents tens
of millions of dollars in protected vinyl films and coatings.

Use of 10,10'oxybisphenoxarsine in vinyl films should b retained.
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CHAPTER LY

CHE:ISTRY AND METHOL. 0OGY ~ ARSHYIC

1 ‘ r
Arsenic is one of the elements for which a review of its distribution
and significance in the environment has been found essential. Such a
rev1ew would not be complete without a summarizatiarn of pertlnent facts
for arsenic from the analytlcal viewpoint. )

II.A. General Chemistry - Arsenlc (As) has the atemic number 33 and an
atomic weight of 74.92. In the periodic table of 'tiie elements, arsenic
is midway between germanium and selenium in atomic mass. Arsenic, as a
member of Group V of the periodic table has physiodiemical properties
similar to phodphorus. Arsenates strongly resemble phosphates in
solubility and crystal form. Arsenic also forms trihalides analogous
to those of phosphorus. (Vallee, et al., 1960).

The important compounds of arsenic are classified into three groups:

.(a) Inorganic arsenicals: white arsenic (arsenic itwrioxide), arsenate
salts, and arsenite salts; (b) organic arsenicals: These compounds
include the mono and disodium salts of methanearsoniic acid, and cacodylic
(dimethylarsenic) acid; and (c) gaseous arsenic, thet is, arsine, or
hydrogen arsenite.

-In the native state, arsenic usually exists as a sullfide ore--orpiment
(As83), realgar (AsSjp), or arsenopyrite (FeAsg) Arsenic sulfides
are usually found with metal sulfides, silver, lead,, copper, nickel,
antimony, and cobalt, as well as iron. Arsenic trisxide (also called
arsen(i)ous acid, arsen(i)ous oxide, or white arsemiic) is a byproduct
of the smelting of copper and lead ores. Most arsenical pesticides are
prepared from arsenic trioxide, although lead arsemte is not.

To prepare lead arsenate, litharge (lead oxide) is the starting material.
Litharge plus acetic acid yields acetate, which rearts with sodium
arsenate to form lead arsenate. Lead arsenate has Heen used as an
insecticide in the United States since 1892 (Mrak, 1969).

Briefly, other common arsenic pesticides are prepared as follows: (1)
Sodium arsenite is the reaction product of arsenic tirioxide plus sodium
hydroxide; (2) Oxidation of sodium arsenite by nitriic acid or hydrogen
peroxide yields sodium arsenate; (3) DSMA is manufaitured by methylation
of sodium arsanite with methylchlorlde, and, (4) MS1A is produced by

treatment of DSMA with hydrochlorlc acid.
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IT. B. Aneclytical Methods - There are a numher of official AOAC
methods for analyses of arsenic in pesticide formwiations, foods,
drugs, animal feeds, and winerzal waters. The methods are nonspecific 4 -
with regard to parent pesticides (Anonymous, 19702 and Anonymous, 1971).

In addition to the officially adopted methods, mechods based on atomic
absorption and activation analysis have been applied. The extreme
sensitivity attainable by the latter method is somewhat nullified by

the endogenous arsenic or background found in most soils, crops, marine
organisms, and animal tissues. Discussion of methods for the individual
substrates are given below.

IT.B.1. Analysis of Formulations - The hydrazine sulfate distillation
procedure (AOAC Method 6.004) is said to be suitable for analysis of
Paris green, lead arsenate, calcium arsenate, zinc arsenite, and
Bordeaux mixtures. Nitrates do not interfere with success of the method.

If the formulation contains sulfides, sulfites, thiousulfates, and large
quantities of organic matter, the method of choice would be the iodimetric
titration (AOAC Method 6.007) following nitric-sulfuric acid digestion.
However, iron, copper, chromium, tin, antimony, amd manganese interfere
with the titration.

. Indrganic arsenates and arsenites in formulations may be determined by
an ion exchange method (AOAC Method 6.009).

IT. B. 2. Analysis of Food Crops - Residues of arsenic in food crops may
be determined by the official molybdenum blue methad (AOAC 25.014) or

the official silver diethyldithiocarbamate method (AOAC 25.016). These
methods have to some extent supplanted the traditisnal CGutziet method

for measuring evolved arsine. The estimated sensitivities in food
products are about 0.1 ppm for the molybdenum blue method and 0.01 ppm

for the silver diethyldithiocarbamate method (expressed as As_ 0.). Atomic
absorption procedures for analysis of arsenic in foods appears§ %romising.

II.B.3. Analysis of Biologicals - Residues of arsenic in biological
materials may be analyzed by the. AOAC silverdiethyldithiocarbamate

method, following digestion to remove organic material. Neutron activation
methods have also been used.

I1.B. Analysis of Water - Water is generally analyzed by modifications
of the above methods. However, the usual procedure is the silver
diethyldithiocarbamate method.
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Li. B. 5. - Analysis of Soils - Several of the various &uclytical techuiques’
mentioned above could probably be ada,;red to soils. At tle present tiame,

the methods o2t choicz for arsenic in 30115 wouid be the official AOAC
colorime.vic prvocedures (AOAC 25.014 or AOAC 26.086). Successful application
~of these mcthods to soils were reported by Baker, et al (1969).

Application of an atomic absorption procedure to msenic analyses of soils -
was reported by Stevens, et al (1970).

/

II. C. Arsenic in Soil -

IX. C. 1. Buildup in Soil - Arsenic is one of the common constituents of
all native soil. Vlnogradov (1959) found the average arsenic content of
soils from various countries to be gbove five partis per million (ppm).
Other investigators report varying concentrations af arsenic in untreated
soil in North America; Greaves (1913) found about 4 ppm; Olson et al.
(1940) report 7.1 to 18.4 ppm; Jones and Hatch (19%45) determined 2.7 to
6.1 ppm; and Bishop and Chisholm (1962) found 3.7 tto 7.9 ppm arsenic in
soil.

Another important use is arsenic acid applied as a dessicant to cotton.
Only one application per year is made, at a rate of about 2.3 pounds per
acre of ‘arsenic equivalent. Pennwalt Corporation (Culver, 1971) reports
that after 5-10 years dessication use, the concentiation in the upper
0.24 inches of soil is 4.6-8.1 ppm arsenic. This iis not much higher than
the report figures for untreated soil.

IT. C. 2. Fate of Arsenic in Soil - Arsenic residues are relatively
stable when fixed in the soil. Fixation of arsenisx in soil is related
to soil textures and colloidal content. Heavy soills fix large amounts
of arsenic, rendering it unavailable to plants (Rosenfels and Crafts 1939).
Iron and Aluminum cations in the soil chemically disorb (tightly bind),
and thus detoxify inorganic arsenate (Anonymous, 1969). Where the iron
and aluminum content of soil is low, arsenic moves downward through the
soil profile and becomes fixed as it encounters iren and aluminum ions.
This causes arsenic distribution through a large swil cross section;
but removal from the soil by leaching is said to bz 1n810n1f1cant
(Jacobs, et al., 1970).

Arsenites are fixed more rapidly in soil than are arsenates. The appearance
of sillica suggests an exchange of Si03 for HAsO; (Wiklander and Frederickson,
1946). Keaton and Kardos (1940) as well as Quastell and Scholefield (1953)

independently concluded that the more toxiec arsenites are oxidized to
arsenates on contact with ferric oxide (also found by Schroeder and Balassa

1966). Von Endt et al. (1968), say that organic arsenicals such as MSMA
degrade to inorganic arsenates in the soil. Therexfter, their behavior is
that of inorganic arsenates. ’

II. D. Uvotake by Plants - Plants grown in virgin {antreated) soil commonly
contain 1.7 to 6.1 ppm arsenic (Olson, et al., 1940). Residues in plants
are related loosely to the amounts of arsenic ia the soil whether natural
or added, but ave modified by variables including miant species, geographic
regions, and soil type. .
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Arsenic residues in vegetables have not orcurred in siznificrnt amounts
even when grown ic soilg treated with up to 1000 nounds of lead arcsenate
per acre. The amount of arsenic uptake varied between plant species and
inco~ased with the amount in the soil, but residues were generally low. & -
Residues in plants growing in soil treated with 1000 pounds of lead
arsenate per acre ranged from a trace to 0.8 ppm (Mclean, et al., 1944).

lsen, et al. (1940), concluded that there is no relation between the
arsenic content of soil and the arsenic content of plants.

When arsenic compounds are applied to soil, residues accumulate under
certain conditions. Unlike some organic pesticides which eventually are
degraded in soils the repeated application of arsenicals leads to build up
of the arsenic content of soils (Woolson et al; unpublished). A soil
monitoring project of the USDA (Stevens, et al., 1970) analyzed soil from
areas having various histories of arsenical use. The results may be
summarized:

Arsenic Content

Crop History . No. of Samples - ppn As

Cotton, vegetables 20 1.50 - 54.1

Orchards 30 . 1.27 - 220.0
. Small grain and root crops 16 1.38 - 26.6

In the lower Rio Grande Valley of Texas, 75.0 lbs/acre of arsenic in the
form of calcium arsenate was applied to a field durimg the period 1956 -
1965, Arsenic soil residues were 11.7 ppm in April 1965, and 10.22 ppm
in October 1966. 1In Dade County, Florida, 73.0 lbs/acre of arsenic in
the form of calcium arsenate was applied during the 1955 - 1966 period.
This led to 50.92 ppm arsenic in the soil when analyzed in March 1968,
Soils in five orchards in Adams County, Pennsylvania, wers analyzed. The
results are:

Arsenic Applied

1lbs/acre Elemental As
Orchard No. Period As Lead Arsenate Content (ppm)
1 1955-1965 40 47-130
2 " 110 : 93-220
3 " 110 56-113
4 " 95 18-42
5 " 110 ' 54-118

Woolson, et al. (unpublished) claim that these high concentrations may
not be harmful for crops and livestock. If the soil contains iron and
aluminum, these elements combine with the arsenate ien to "fix" the
.ansemls ~as. dnsoluble compounds.

-69-~



Additional studies repcrc the coucentravion of arserdie in tr-atced soils as
138 ppm (Gile, 1326); 2-109 ppm (Gr:aves, 1934); 53-is2 ppm {Jones and Hatch,
1945); and 10-124 ppm (Bishop and Cli"shotln, 1962). In should be noted trat
the [uregoing figures are for arsenic whoen large gquamtiities (up to 3600
pounds of lead arsenate) have been applied to the soil. e

Additional studies confirm that arsenic uptake from szil by plants depends
on the species, organ, soil type, and concentration im soil (Jones and Hatch,
1945; Taylorson, 1966; Stewart and Smith, 1922; Vanderaveye, et al., 1936;
and Von Endt, et al., 1968).

I1. E. Production - The use and production figures of arsenical pesticides
are described in detail under "Trends of Use" in Chapiter IV.
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CHAPTER I4iT

. FATE AND IMPLICATIONS FOR ARSENIC IN THE ECOSYSTELf

-'One of the most crucial considerations in this revidw of arsenic is
- consideration of its fate and eventual effect upon all forms of life
" which make up the environment. Following is a summary primarily of
fish and wildlife and other associated organisms-as influenced by
the presence of arsenic. ’

IIT. A. Toxicity to Fish and Wildlife - The chemical and biological
characteristics of arsenic compounds vary greatly. Therefore, in this
review, they must be seen as related but finally considered as indi-
vidual compounds. The toxicity of arsenicals decrease as the three
valence states (-3, +3, and +5) increase. Another important classi-
fication, as far as toxicity is concerned, is that of the organic

and inorganic arsenic compounds. Arsenic refers te inorganic arsenicals
and arsonic and arsinic denote organic arsenicals. The methyl-arsenic
bond in organic arsenical compound lowers the acute toxicity much below
that which is normally associated with inorganic compounds. See

Table 1 for relative comparison of acute toxicities for arsenic
compounds.

Following is a review of the available toxicity data for the different
arsenicals to mammals, birds, fish and other aquatiec organisms.

IJIT. A. 1. Sodium Arsenite

III. A. 1l.a. Mammals and Birds - The acute oral LDgn for sodium arsenite
to rats is 10-50 mg/kg (House, et al., 1967), and for the mouse, 51 mg/kg
Meliere, 1959). The acute oral toxicity for 3-4 momth old mallard hens
was 323 mg/kg accompanied with acute symptoms of ataxia, high carriage and
tetanic seizures (Tucker and Crabtree, 1970). Mallards tolerated 8 mg/day
for a period in which the total dose reached 973 mgfkg (USDI, 1963).
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TABLE 1. Relative Toxicity of Arsenicals.
[ 4

Classifization Arsenical bz (xat
‘ . . 1 (mouse;
Inorganic ars’ne 2
* £
sodium arsenite 10 1
calcium arsenate ' 20 2
lead arsenate ) ’ 100 %
arsenic acid 48~100 3
Organic DSMA ' 1000 3
cacodylic’ acid 1350 3
MSMA 1800 4
triethanolamine 14,000 4
methanearsonate
methanearsonic acid 1400 >
1 _
The Merck Index of Chemicals and Drugs; Merck and Co., Inc. 1960.
2 . - _
MSMA-DMA Weed Control; Vineland Chemical Company.
3 .
FCH Farm Chemicals Handbook; The Meister Publishing Co.,
Willoughby, Ohio. 1970. T
4
Frear, D.E.H., Pesticide Index; College Sciente Publishers, State
College, Pa. 1969.
5

Unpublished data. Ansul Chemical Company. 1963.



III. A. 1.b. VYish and Other Aquatic Crganisms - Several investigators
have determined the acute TCDU of sodium arsenitc f£or various species
of fish:

Fish Species . zxposure (hr) EEQQI P
Rainbow Trout ) 24 ‘ 100
Bluegill . 2% ] 58+
Spottail Minnow 24 - | 452‘
Lake Emerald Shiner 24 ‘ 13.53

. Channel €atfish . 24 27.64
Rainbow Troﬁt : 48 36.5S
Chum Salmon Fry 48 8.46
Channel Catfish : 48,72 w15 4

1
Cope, 0.B. 1965. Sports Fisheries Investigation. pp. 51-63. In
Pesticide Wildlife Studies, U.S. Fish * Widl. Serv. Circ. 226.
2 .
Boschetti, M.M,, and T.F. McLoughlin. 1957. Toxicity of Sodium
arsenite to minnows. Sanitaik S: 14-18.
3 _
Swabey, J.H., and C.H. Schemk. 1963. Studies related to the use of
algacides and aquatic herbicides in Ontario. Aquatic Weed Control
Soc. Meeting, Proc., 3: 20-28. - :
4
Clemens, H.P., and K.E. Sneed. 1959. Lethal doses of several commer-
cial chemicals for fingerling channel catfish. Special Scientific
Report Fisheries No. 316, U.S. Dept. Interior.
5 .

FWPCA. 1968. Water quality criteria. Report of the National Tech.
Adm. Comm. to Secr. of the Interior. Fed. Water Pollution Control
Adm. U.S.D.I. 234 pp.

Alderice, D.F. and J.R. Breh. 1957. Toxicity of Sodium arsenite to
young chum salmon. Progress Report Pacific foast Station Fisheries
Res. Board, Canada. No. 108, 27.
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Cope (1906) stated that sodium orsenite at 4 ppm cavsed kidney and

liver damage to bluegills. Johns-n (1965) indicates that codium
arsenite dpp1 icd at 5 ppm in ponds had no effect cu rainbow or urook
trout popititations. Sodium arsenite al 4 ppm had mo eifect ou )
phytoplankton, but produced significant reductions in zcoplankton o
(Cowell, 1965). Zischkale (1952) determined minimem lethal dosages (ppm)
of sodium arsenite to produce a kill of 25 percent or better of the
following fish food organisms: Daphnia, 3.0; Eucypris, 6.0; Hyallella,
2.5; Culex, Ades, Anopheles, 6.0; and Chironomus, i(.0. Walker (1962)
reported that dosages of sodium arsenite from 2.5 to 20 ppm caused a

50 percent reduction in phantom midges, water bugs, and snails.

Springer (1957) listed 1.9-3.0 ppm as the toxic lewel for midges and
mayflies. McKee and Wolf (1963) stated that fish food organisms are
susceptible at concentrations as low as 1.0 mg/liter.

III.A. 2. Sodium Arsenate

IXI. A. 2.3. Mammals and Birds ~ The acute oral IDgy for the rat is
112 mg/kg and by interperitoneal injection, 21 mgi/kg (Merck, 1960).
No adverse effects have noted for birds.

III. A, 2.b. Fish and Other Aquatic Organisms - Sodium arsenate is not
highly toxic to fish or to other aquatic organisms. The lethal
concentration of sodium arsenate for minnows is 234 ppm as arsenic.

CIII. A. 3. Copper Acetarsenite, Paris Green

ITI. A. 3.a. Mammals and Birds -~ The acute oral IB50 for the rat is 22 mg/kg
(FCH, 1970). The lethal value for hares is 30 mgfkg (Chappellier and Rancort,
1936). Paris green when applied at 4 pounds/acre had no adverse effect on
nuskrats feeding on treated vegetation (Stearns, et al., 1947). The LCq
for mallards was 5000 ppm; for pheasants, 1000 to , 1100 ppm for bobwhlte
500 to 600 ppm; and for coturnix, 1200 to 1400 ppm when fed a diet for flve
days followed by a three day observation period (Beath, et al., 1970).

The acute lethal value for gray partridge is apprmxlmately 30 mg/kg
(Chappellier and Rancort, 1936).

III. A. 3.b. Fish and Other Aquatic Organisms - Paris green had no
apparent effect on oysters, shrimp and fish at application of rates
100 pounds per acre.7 Minute quantities of Paris green. appear to have
no effect upon top minnows or other fish (Barber, 1941), but excessive
dosages way have ill effects on fish (Hackett, 1925). McCormick (1940)
found arsenic in the bodies of Gambusia and catfish, but there were no
evidence of fish mortality. '

III. A. 4. Cacodylic Acid

7/ Unpublished data. Gulf Breeze, 1965.
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IIT. A. 4. a. Mammals and birds - Tihe LDgp for the rat was 1280-1400 mg/kg
when fed orvaliy (House et al., 1967). Acute toxicity data are available
for birds. :

&
ITI. A. 4. b. Fish and other aquatic organisms - Oliver (1966) exposed
mosquito fish, largemouth bass, and taillight shiners to concentrations
of 100 ppm for 72 hr with all fish surviving. Some mortality was observed
when concentrations reached 631 ppm at 72 hr. Cacodylic acid at 40 ppm in
water for 48 hr. had no noticeable effect on shell growth of oysters. Pink
shrimp exposed to 40 ppm in water for 48 hr. showed no effect (USDI, 1966)
and dragon f£ly nymphs exposed to 1000 ppm of cacodylic acid in water for 72 hr.
showed no noticeable effects (Oliver et al., 1966).

ITII. A. 5 Monosodium methanearsonate, MSMA

I1I. A. 5. a., Mammals and birds - The acute oral LD5Q for MSMA to albino
rats is 1800 mg/kg (Barrier, 1970). No acute toxicity data are available
for birds.

ITI. A. 5. b. Fish and other aquatic organisms - The acute LCgqp for
bluegills after 24 and 48 hr. exposure in water was greater than 2000 ppm.
MSMA at 1 ppm had no effect on killifish or pink shrimp after 24 and 48 hr.
exposure. There was no effect on shell growth in oysters with 96 hr exposure
to 1 ppm MSMA in water.

- III. A. 6. Disodium methanearsonate, DSMA.

III. A. 6. a. Mammals and birds - The acute oral LDgg for DSMA to rats is
approximately 1000 mg/kg (FCH, 1970). No acute toxicity data are available
for birds.

III. A. 6. b. Fish and other aquatic organisms - DSMA toxicity data for
fish, shrimp, and oyster are approximately the same as MSMA.8

ITII. A. 7. Lead arsenate

III. A. 7. a. Mammals - The acute oral LDgg for lead arsenate to rats has
been reported to be 800 mg/kg (Merck, 1960). Lead arsenate was found to
have an acute oral LDsg of 192 mg/kg to sheep (St John et al., 1940).
Metcalf et al. (1962) have reported the acute oral LDgg for rabbits to be
125 mg/kg.

ITI. A. 7. b. Fish

A concentration of 25 mg lead arsenate/liter of water ha$ killed trout
within 24 hours and a concentration of 17.1 mg lead arsenate/liter of
stabilized tap water did not harm minnows during a 1 hour exposure
(McKee and Wolf, 1963).

8 Unpublished data, Ansul Chemical Company.
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I1I. A. 8. Comparative Toxicitv_gﬁ irivajent and fantavalent Arsenic -

. . G -
Two forms of arsenic exist in the =z.sironment, triwalent (arsenite) and
pentavalent (arsenate). Pentavalenc arsenic as arsemate is relatively
nontoxic in normal concentrations, iut trivalent arsenic (arsenite) is
toxic and is the principal form produced commerciallly. Schroeder and
Balassa (1966) compiled comparative toxicological data for sodium arsenite
and sodium .arsenate (Table 2).

Tabrins g ’

Relative Toxicity of Sodium Arsenits 21nd Sodium Arszmate to Selected Organisms

Item . Arsenite {yom As) . Mrsenate (ppm As)
Bacteria 250 . 10,000
Algae ' : - 1,000
Yeast ' _ e 300
Daphnia magna 5.5 o 12,5
Flatworms - A 361
Minnows % 250
Minnows ' 17.8 234
Minnows 11.¢& 60
Rat, acute oral LDgg 11.2 112

Several important factors to keep ir mind when examining the implications
of arsenic in the environment are: the greatly increased toxicity of the
trivalent (arsenite) compared to portavalent (arsemmte); the widespread
distribution of arsenic in nature, =ad the misconception that all arsenic .
compounds are highly poisonous.

III. B. Residues in Fish and Wildlifc from Envirommental Exposure

It has been indicated that all liviag things contaim arsenic with the
marine inver;ebrates,and other aquutic organisms having the largest
amounts. Very limited work has.appsarently been dome on the determination
of arsenic in wild animals and biris. Shroeder and Balassa (1966) trapped
several wild animals and analyzed i&em for arsenic in specific tissues.
Laboratory mice and rats, fed a di:: of naturally wecurring arsenic of
0.053 yg/g and water containing 0.31 pg/liter, were also included in the
investigation.



he duta in Table 3 demonstvates the piesence of arscnic in most of the wild

animal tissucs analyzed.

in mest tissues, but a large quantity in the spleri.

Table 3

Natural Levels

of Arsenic in Amimals

Tlhie laboratory aninc's bad small amounts of arsenic

Tissue - pg/g As Tissue ngl/g As
Kidney Lungs

mice, lab 1.30 mice, lab 0.11

rats, lab 0.0 mice, lab 1.53

mice, wild 0.0 fox, cross, wild 0.69

fox, .cross, wild 0.39

‘ Spleen
mice, lab 5.60

Liver

mice, lab 0.0

rat, lab 0.49 Tumor

rat, lab 0.0 mouse, lab 0.93

rat, lab 0.52

mice, wild 0.74 Brain

waodchuck 0.52 rats 0.0

. rat 0.31
Heart

mice, lab 0.0

mice, wild 1.10
fox, cross, wild 0.25

Coulson et al. (1935) investigated the arsenic residue in rats fed 17.9 ppm
natural arsenic in shrimp (assumed to be pentavalent). He found that the
pentavalent was only slightly (0.7 percent) retained in the tissue, whereas,
the dose of sodium arsenite accumulatedup to 18 percent of the amount given.
Overby and Frost (1962) recovered in the excreta only one-half of the arsenite
fed to rats, but virtually all the pentavalent form of arsenic. Chickens fed
livers of pigs that had been given arsenite showed accumulation in muscle,
whereas, those given arsenilic acid (an organic arsenical) had none (Overby and
Staube, 1965). Schreiber and Brouwer (1964) demonstrated that pentavalent
‘arsenic was much more readily excreted than trivalemt arsenic. Peoples (1964)
fed cows arsenate (1.25 mg/kg) without finding increases of arsenic in milk,
indicating the existence of some mammary barrier amd rapid elimination.
However, the rat accumulates arsenates by binding it to hemoglobin and
depositing it in the spleen, liver, kidney and heart to a much greater extent
-than cows, hamsters, guinea pigs and rabbits.

Experimental results indicate that there is a homeostatic’mechanism for
excretion of arsenates. As a general rule, pentavalent ccmpounds are

excreted by the intestines, some of them in the bile. This serves as a pobsible
explanation as to why sodium arsenate and cacodylate are relatively nontoxic
{(Schroeder and Balassa, 1966). TFrost (1967) indicated that arsenite has a
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preference for kidney, liver, hair, nails and skim. Arcenite accumulates
in tissues upeon continued exposure up to & balance or to toxic levels,
depending uvpon the dose and the degree of toxicity of the arsenical and is
reflected In the levels of arsenic in vital tissues.

Ehman (1967), concluded that organic .entavalent arsenicals, even though

. having relatively low mammalian toxicity, are defimitely toxic when in
sufficient quantities or are potentially toxic in small quantities through
possible breakdown to other arsenicals.

ITI. B. 1. Teratogenic Studies

Ferm, et al. (1971) stated, after investigating the teratogenic profile

of sodium arsenite in the golden hamster, that it is possible that either
cumulative or accidental peak exposure of human or other animal populations
to arsenic might have profound effects on reproduction mechanisms. Such
effects might include lowered reproductive rates, or detectable increases
in incidences of specific embryonic malformations. Several investigators
(Boutwell, 1963; Ferm, et al., 1971; and Ferm and Carpenter, 1968) have
examined the possible teratogenic effects caused by arsenic.

III. B. 2, Documented Arsenical Poisonings

Arsenical poisonings to both domestic and wild animals are well documented
(Booth, 1964; Boyce and Verme, 1954; Clough, 1927; Cook, 1953; Glover, 1952;
Hatch and Funnell, 1969; Jones, 1958; Motham and Coup, 1968; Peoples, 1964;
Schreiber and Brouwer, 1964; Sutherland, et al., 1964; Towers, 1949; and
Weaver, 1962). Many of these poisonings have resulited from the uses of
sodium arsenite to debark trees, destroy trees and stumps, preserve wood,
and as a herbicide, dessicant, or insecticide. Berause of the extreme
toxicity -of this compound, many of the former uses of sodium arsenite have
been cancelled.

IIT. B.3, Natural Arsenic Residue Levels in Marine or Aquatic Animals and Fish.

Arsenic is widely distributed in biologically significant quantities in sea
water (2-5ppb). Table 5 presents arsenic residue devels for a number of
marine animals and fish. Assuming the arsenic comrentration of sea water

as 5 ppb (2-5 ppb average), the corresponding concentration factors for various
fish and other aquatic organisms has been calculatad (Table 5). The assumed
concentration factors illustrate the accumulative wzapabilities of organisms

and it is readily apparent that arsenic in the form present in these animals
has a relatively low toxicity. Vinogradov (1953) reported the following
accumulations of arsenic in marine animals: sponges (8-24 ppm), molluscs

(1-68 ppm), coelenterates (16 ppm), echinoderms (0.37-1.5 ppm), crustacea
(10-79 ppm) and fish (0.2-15 ppm by wet weight and 2-25 ppm by dry weight).

The whole fat, muscle fat, intestinal'fat and liver fat of the marine fish
contained 1.8~30.4 ppm arsenic with the highest lewel in the liver. IMcKee and
Wolf (1963) indicate the arsenic trioxide concentrations in water that will kill
food organisms and fish are lower than the concentrations of arsenic actually
found in marine invertebrates and fish. Sodium arsenate at 100 times those
concentrations exhibits little or no toxic effects to such organisms.
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TABLE 5

Natural levels of arsenic in fish and other aquatic orguaaisms 2

Species ma/ke Cone. factor
Haddock1 . 2.17 430
Kingfish! o - 8.86 1770
Oyster, freshl. | | ' 2.9 - - 580
Oyster,'froze% | . - 2.7 .-

Séallops, fresh1 | 1.67 330 A
.Shrimp, fresh, frozenl 4 1.50 300
Shrimp shells® | 15.3 3060
* Clams, fresh frozen’ . 2.52 - 500
Conch, fresh® 3.1 620
’ Conch, dfied; whole® 5.63 ---
Escallops’ : 4 : 8500
Musgelsz 1 .. _ 80 | i 16000

Cockles? Y : 5200

Whelks> % " . 4800
Lobster52 37 '7400
i’rawns2 72 12400
.Crabs2 46 9200
Plaice? | 10 - . 2000
Sole52 7 \ 1400
Dab32 - 4 | ..'800

\

-~

o
v

. ~Z€MmEe.E&S pLn

1Schroeder and Balassz (1660).
2
Chapman (1928), Analyst: 5483.
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ITI. C. Food Chain Buildup - The trivalent arsenic as arsenite
accumulated and is slowly oxidized to ihe pentsvalent form in the
wmammalian body (Schreiber and BRrouwer, 1944; amd Scuroeder and
Balassa, 1966). The pentavalint arsen.c as arsenate is rapidly o
excreted and probably docs not accumulate jin tissue., A possible
exception exists with the rat since arsenate accumulation has been
noted in studies with rats (Coulson,_gt_g}., 1%35; Schroeder and
Balassa, 1966).

In the terrestrial environment the arsenites will accumulate in
mammalian and avain tissues (Overby and Frederitckson, 1963; Schroeder

and Balassa, 1966). Macek (1969) stated that iw order to be bio~
magnified, "a compound must be persistent in the physical environment,
available to the organism and persistent once assimilated into the
biological system.'" Sodium arsenite is persistent in water and is
available to fish. Gilderhus (1966) concluded from his study that sodium
arsenite is persistent (50 percent) in fish for greater than 16 weeks

and that pools treated with sodium arsenite retaimed 20-40 percent of the
arsenic after 16 weeks. Organisms present in this system would be
subjected to long-term exposure.

The potential exists for a food-chain buildup of amsenic in both the

aquatlc and terrestrial environment, but it must be recognized that
higher members of the food chains have not shown residue levels
. high as the lower forms in the chains. This would indicate that in
N actuallty blo—magnlflcatlon probably does not ta ce place.

ITI. D. Fate and Movement in Terrestrial ard Aquatic Systems -

Remembering that arsenicals are ubiquitous - existding in water, soil,
air, plant and animal life - Frost (1967) proposed an As cycle in
nature (Fig. 1).

h ) - Fig. 1. _Arsenic Cycle in Natwre

Arsenic comoounds in
soil, .land, water and the sea

-7 :

rain = -7 .
. - . \

\\
Volatile Microdbial ’ Arsenicals in
Trarsines <E_ e e e e eromemn . ..plants, microbes,
§$§ decomposition ' crustaceams
~.
W excrelta )
~ P
~ — -~
scomposition ‘ -
decompositi - L:///

AYY criimzl life
(organic arsenicals)
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The earliecst arsenical herbicide was sodium arseniive ann it proved o he

an ecxcellent soil sterilant altnough i¢ could zisw be used for seleciivn

weed contrel. Sodiur, calcium, aud lead arsemcte wave been used for
pre-emer;ence control in grasses. Calcium and Zewod arsenate have alsg

been used Zor insect control on turf and fruit, mespectfully. Two organic
arsenicals, monosodium methanearsonate (MSMA: afsw the disodium salt DSIA)
and hydroxydimethylarsinic oxide (cacodylic acig) have been used extensively
for weed control. Paris green has been widely usell in aquatic areas as a
mosquito larvicide and as an insecticide bait imn ‘terrestrial sites. - Repecated
applications of arsenicals to crops have resulted fin an increase in the level
of soil arsenic (Bishop and Chisholm, 1962; Ehman, 1967; Jones and Hatch,
1945; and Vandecaveye, 1936).

Heavy lead arsenate sprays have produced extremely high accumulation of
arsenic residues in soils, especially orchards of the Pacific Northwest.
Most of the arsenic residues in these specific soilis were confined to the
top 6-8 inches. Arsenic residues below 8 inches mrely exceed the natural
occurrence level for arsenic (Boswell, 1952). Leai arsenate applied up to
30 pounds/1000 £ft2 in 1937 was highly effective for controlling white grubs
in turf and after 10 years the arsenic content was still high enough to
give very high control of white grubs (Neiswander, 1951).

The importance of the microflora for pesticideldecmmposition is well
documented for many arsenicals (Dickens and Holtbgld, 1967; Thom and Raper,
1932; and USDI, 1963). The arsenic herbicides, arsenic acid, methanearsonic
acid, and dimethylarsinic acid are reportedly absomed by soil surfaces.
This would lead to the conclusion that high levels of arsenic would accuamulate
with repeated applications. This apparently does rot happen and is indicative
of the presence of some type of degrading mechanism Microorganisms appear
to have the ability to degrade arsenic (Alexander, 1961; Bird, 1948; '
Challenger, 1947; Thom and Raper, 1932; and Zussman et al., 1961). Thom
and Raper concluded that an accumulation of arsenic in soil would be'expected
. only when massive amounts were used or under special conditions unfavorable to
the microflora. Further studies demonstrated that soil microorganisms are '
capable of degrading monosodium methanearsonic acidl at the level of 1000 ppm.
Dickens and Holtbold (1967) concluded that methaneaisonates are decomposed
under aerobic soil conditions and the rate of decomposition is directly
dependent upon the availability of organic matter Tor microbial degradation.

Duble, Holt, and McBee (1969) found less than 0.1% of the l4c-applied as
DSMA released as volatile l4¢ 10 days after treatment of Bermudagrass and
they concluded that the carbon-arsenic bond was stdile in Bermudagrass.
In soils, however, the carbon-arsenic bond is subjest to biological systems,
Von Endt, et al. (1968) found a rapid loss of l4¢ From 14¢-MSMA which
supported degradation by the microflora. Vineland Chemieal Company 9 stated
..+ « since MSMYA contains only 1 carbon atom, and the arsenic recovered is
arsenate, and no other lac products appeared, that the probable course of
reaction and fate of the arsonate in the soil is oxdation by microorganisms
of the methyl groups to COy and arsenate as end proiucts.” Ehman (1967)
also reported rapid inactivation of cacodylic acid and MSMA in soils. It
“has been suggested that inactivation may be due to‘iondino to some mineral
structure, and icn exchange phenomenon, or biologiwl degradation., The
complete chetiical fate of MSMA and cacodylic acid i3 not known.

9 Vineland Chemical Company; MSMA-DMA Weed Control.
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Much work has been dove on the fate of the jnorronic arsenical, sodium
arsenite, since it was previously registered fer aguatic weed control.

Cowell (1965) stated that applicacion of sodium emsenite may have cumulative
effects on zooplankton. Gilderhaus (1266) determined the effects of long-
term exposures ¢f sodium arsenitc to fish znd the acuatic environmcat. Fish,
water and bottom soils were aralyzed I~ determime tie fate of arsenic, Fish
suffered acute symptoms and the bottom feuna was substantially reduced.
Arsenic from sodium arsenite is removed very slowiy from the water and
Gilderhaus interpolated that a single treatment of 4 ppm sodium arsenite
would deposit about 50 ppm arsenic in the top inch of bottom soil.

Several explanations have been suggested concermimg the fate of paris green.
Benedetti (1934) claimed that arsenic is buried im the bottom mud. Misseroli
(1917) found that accumulation of arsenic did not take place because any
dissolved arsenic was volatilized by the microflora of the water. »orin

et al (1933) explained that no accumulation occurs because the aquatic

flora converts the arsenic to ethylarsenine. Herms and Gray (1940) stated

"In the quantities effective for control of mosguito larvae, Paris green
appears to have no effect on aquatic plants or animal life or upon livestock
and repeated applications do not appear to resullt #n any accumulative effect."
Rathburn (1966) however, stated that small quantities of arsenic are added to

the soil as a result of applications of granular paris green. He further

-_stdted that Paris green '". . . may occur unchanged as cupric acetoarsenite

or as various breakdown products caused by hydrolysis and the action of
chemicals present in the soil.'" Persistence of 2 percent paris green e
applications is 24-25 days (Bendetti, 1934).

In a recent article, "Trace metals: unknown, uvuseen pollution threat"
(Anonymous, 1971), the health hazards of trace wetals in the environment
were discussed. The author raised the question abeout arsenic and possible
hazards when arsenic¢ undergoes methylation. ". . . microorganisms in
sediments containing arsenic convert the arsenic imto deadly poisonous

dimethylarsine. . . ." This methylarsenic compouad will go through the

water just the same as methylmercury does [accumvilate in fish, and ] cause
another problem: . . . As 5+ is first reduced to As3t. Arsenite is then

methylated to form dimethylarsenic acid (AS¢ ) P pollution hazards exist
~ when arsenlc and its derlvatlves are 1ntr0duced imto environments where
anaerobic organisms are growing.' (Flg 2).

Fig. 2. Arsenic is Methylated by Microorzamisms in Waterways
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Avzenic pesticides such as scodium methylarscnate ad calelum and lcad

arsenate cculd eventuwlly fi-d theii way into anaevcbic aquatic or
terrcstrinl envircnments. Angino et al. {(1970) questioned existing

evidence rtat arsenic remains in the same oxidatioe state afrer enteriug
sevage or the environment. They further stated, "When the amount of ™
~dissolved oxygen in many streams or in portions of certain streams is zero
- or nearly so, then we must consider the real possibility that arsenic present
' in water as the arsenate stands a good chance of bzing reduced to the arsenite
< form." Ehman (1967) also introduced the possibilitty of pentavalent arsenicals
breaklng down into other arsenicals.

ITI.E. Summary - Since arsenicals differ widely, ®e must be cautious about
generalized statements. However, the following summary can be made:

1. Arsenic is widely distributed in water, swil, air, and plant
and animals life.

2. Soils are capable of inactivating the arsenicals, but prolonged
use of arsenicals have resulted in an acamulation of arsenic in
the top layers of the soil.

3., Organic arsenicals are much less toxic than inorganic arsenicals;
and, the pentavalent inorganic less toxic than trivalent inorganic
arsenicals.

4. Substantial levels of arsenic have been fwund in fish and shellfish
when compared to the natural level of arsmic in sea water. This
would indicate that arsenic accumulates im aquatic organisms.

5. Pathological changes resulting from long-~term exposure to sodium
arsenite have been observed in fish; substantial residues of
arsenic have been found in water, bottom m0il and in fish; and
bottom fauna and plankton populatlons have been reduced by arsenic
(sodlum arsenite) in the aquatic environment.

6. There appears to be a homeostatic mechanizmm within mammals for the
arsenates. Arsenates are excreted relatimely fast, but the arsenites
accumulate in animal tissues.

7. The possibility exists that hazards may develop from the methylation
of arsenic.
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CHAPTER IV

SICNIFICANCE OF AW ENICAL PESTICIDLS
IN THE ENVIRONMENT i

Arsenic has been recognized as a poison by the layman since ancient
times. Hippocrates (460-377 B.C.) recommended a paste of sulphide
(Asy, 84) for the treatment of ulcers. It was at a much later date
that the toxic properties of arsenical compounds came to be fully
appreciated. The pure element was probably first prepared around 1250
by Albertus Magnus. The word "arsenic' appears to be derived from the
Greek "arsenikon' meaning "potent' (Buchanan, 1962).

Native arsenic occurs in small quantities usually in association with
other metals and in crystalline rocks and schists. It is widely dis-
tributed in combined form in certain mineral waters, coals and commer-
cial zinc. Therefore, arsenic may be detected in the atmosphere of
industrial cities using coal that contains pyrites.

Most arsenical compounds of industry are derived today as by-products
of the treatment of arsenic-bearing ores of lead, copper and gold.
Arsenic trioxide is the basic material for the synthesis of most of the
arsenical compounds of commercial importance. The following presenta-
© tions give the trends of use and significance of arsenlcal pesticides
in the United States since the 1930's.

IV. A, Trends of Use ~ The world consumption of arsenic was increasing
steadily until about 1943 when an estimated total of 70,000 tons were
used. The United States was the principal producer and user of arsenical
compounds at this time, which was just prior to the introduction cf

DDT and other less phytotoxic new insecticides. During the period of
1941-1944, the United States used an average of 42,000 tons of white
arsenic. Of this tonnage the manufacture of insecticides took 27,000
tons, herbicides, 7,700 tons; glass manufacture, 3,000 tons; dyestuffs,
570 tons, and all other uses some 5,000 tons. The United States con-
sumption had-dropped to 29,000 tons by 1951 (Fairhall, 1957). The
decreased use of arsenic in the United States by 1951 can be attributed
to the emergence of DDT and a number of other modern insecticides for
agricultural use after World War IL.

There has continued to be some use of arsenic to make limited amounts
of calcium arsenate and lead arsenate. The largest agricultural use
of arsenic evidently is for manufacture of the methanearsonic, acid
salts. The methanearsonic acid is primarily used to produce selective
post-emergence herbicides for use in cotton and on non-crop areas. It
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is established that the uzse of disodium mécnanearsszate and menesodium
acid, methancarsonate to control weeds ol cotton anl noo-crop areas

has _ncreasea greatly during the past decade (Arle zmd Hamilton, 1971).
The following table summarizes pounds of the major assenical pesticides
produced since 1965.

Table 1 Production Records of Arsenicals for Agriculture
in United States 1965 - 1870

Product Year . . ~ Total Prodwction (Tons)
Lead arsenate, acid and 1969 $., 571
basic*®
_ 4 1968 4,508
. 1967 2,976
' : 1966 3,64
1965 3,549

%U.S. Department of Commerce, March 29, 1971,

- Calcium arsenate,* 1969 709
commercial

1968 - 1,859

1967 1,020

1966 1,445

1965 2,396

Methanearsonic acid salts** 1970 - 15,225

*U.S. Department of Commerce, March 29, 1971.
*%United States Tariff Commission, September 1971.

The United States Tariff Commission does not reveal ‘mroduction data on

a product or class of compounds until there are several manufacturers,

thereby protecting the confidential production data wff a lone manufac-

turer. It was therefore significant that the methanearsonic acid salts
had not been published as a separate entry until 1970. This entry and

research publications on methanearsonic acid salts as herbicides, would

indicate increased recent United States use of herbiciidal compounds

containing arsenic.

2

Arsenic acid is feormulated as a 75 percent active liguid and applied
at rates of 2-3 pints per acre to cotton as a preharsest desiccant.



This use is of special importance to the ftypes of wotton grown ir poris
of Arkansas, in the Texas High Flain: and Black Lards, and Okiahoma
that require a stripper harvester. : ‘

£
IV. B. Arsernic in the Aiz - "Maximum permissible ceacentrations' of
arsenic as a dust or fume or as arsine in working atmospheres have
been a matter of some importance to workers in the £ield of industrial
hygiene for some time. An international symposium under the auspices of
W.H.0./I.L.0., discussed various aspects of the prdilem in 1959. -Values
set by this symposium were such that when averaged ever an 8-hour work-
ing day, no demonstrable effect on the health may bz expected for those
exposed, The value proposed for inorganic arsenic @In the form of vapor
fume or dust was 0.5 mg/cubic meter of air (Americm Conference of
Governmental Industrial Hygienists 1959) and 0.5 mg calculated as
arsenious oxide (Imperial Chemical Industries, Great Britain). For
calcium and lead arsenate lower values of 0.1 mg andi 0.15 mg per cubic
meter were adopted (Buchanan, 1962). Presence of aisenic in the air
following use of either an insecticidal or herbicidsl arsenic compound
is not considered a factor of primary concern with aespect to environ-
_mental impact.

The lead and arsenic content of air following use of lead arsenate in
orchards of the State of Washington are presented ir Table 2. (Neal,
et al., 1941). ) '

IV. C. Arsenic in Water - There are relatively littlle direct or documant-
able bits of information about the effect of lateral movement of scil

and water from fields treated with methanearsonic axid herbicides or from
orchards with accumulations of arsenic. Being highly soluble in water,
it may be theorized that disodium methanearsonate amd monosodium acid,
methanearsonate tend to move downward into the soil in the initial

stages of the first rain rather than remain with the surface soil that
may be washed from the field as runoff beings. Once leached into the
soil, the methanearsonates change to less soluble Imrganic compounds
that are tightly adsorbed by soil colloids and orgamic matter. It is
considered that this adsorption inhibits downward movement of the

arsenic toward the water table (Arnott and Leaf, 19&; Dickens and
Hiltbolt, 1967).

Sodium arsenite has been used to control submerged plants in ponds and
lakes. Findlay Lake, New York was sprayed with soddum arsenite during
May 17-20, 1958, resulting in a miximum arsenic conmentration of 7.0

mg/l liter of water. Arsenic content of the water bad dropped to 1.5

mg/liter of water one week after treatment and in diminishing amounts
during the balance of the summer. The herbicide was applied again on
May 29, 1959. 1In none of the fish caught from Findlay Lake on May 29,
1959, and June 19, 1959, was an amount of arsenic foaind equal to that
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present in editle salt water fisn, The maximum found was i.O‘yg/gr.
of viscera from fish on June 19, 1%59, Ullman, et xl., 1961i).

Rerent work by Dr. B. C. McBride and Dr. R. S. Wolfe, University of -
Illinois has shown that arzenic, as well as seleniam, may be acted on
by bacteria in nature to produce highly poisonous mmpounds. Micro-
organisms in sediments that contain arsenic convert the arsenic iato.
the highly toxic dimethyl arsine. The work evidentlly showed that
methanobacteria act upon a variety of arsenic compainds to produce the
dimethyl arsine. Thus, this recent work warns that pollution hazards
exist for acquatic and terrestrial environments that have large amounts
of arsenic introduced where anaerobic organisms are growing (Anonymous,
July 1971).

IV. D. Arsenic in Soil ~ It has been indicated that one of the beneficial
environmental aspects of using methanearsonic acid ferbicides includes
lessening of the need for other herbicides with grester residual phyto-
toxicity. However, review of papers cited for this section would
indicate continued extensive use of arsenic insectixides and herbicides
in soil may represent a serious potential phytotoxix hazard that eventu~-
ally will reduce the productivity of land, especiallly in the cotton belt.

In an extensive review of pesticide residues in soills, there was a report
that one commercial apple orchard received more than 3,500 pounds of
- lead arsenate per acre over a 25-year period. Accumlation of this
form of the arsenic was not too surprising and explainable because of
its immobility and insolubility. Further, apple trzes usually grew
unaffected in soil containing relatively high levels of inorganic arsenic
residues because the arsenic remained largely in the upper six or eight
inches of soil (Sheets and Harris, 1965). It has bzen found that recovery
of old orchard soils for forage or food-crop producdiion is difficult
and slow and many remain unproductive. T

PAes baer el £alei s 375FHJJ*/
Before emergence of DDT and more recent modern insexticides, inorganic
arsenicals, were used extensively on cotton and tobarco for insect control.
Undocumented reports from the lower Mississippi Vallley have implicated
arsenic residues in abnormalities that occur sporadically in rice
growing on old cotton land. The recently .introducell organic arsenicals,
especially monosodium acid, methanearsonate, may adl to the arsenic
residues already present in the soils of this area (Sheets and Harris,
1965).

It has recently been reported that arsenic buildup in soils after years

of pesticidal use reached 1.8 - 830 ppm arsenic whille untreated areas
ranged from 0.5 to 14 ppm arsenic in areas tested within'North America.
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Farther, arsenic xesidues in 52 surfone soil sampies taken from suils
with a history of arcenic applicatics: averaged 1lE »pm arsenic.
(Woolsor, Axley, and kearney, in press). .
A review of arsenic applied to experimental fields firom three states
provides valuable information. A variety of organic arsenicals were
applied to Alabama soils, and two years after the last treatment, 95
percent of that applied was recovered in the surface 15 cm. Cag (As

: 04)2 was applied to Mississippi soils around 1930 amd only 28 percent

of the amount applied was recovered. The Mississippi soil had a history
of flooding and silting. In Wisconsin, 72 percent of applied Na As O
was recovered about four months after application (Wbolson, Axley and
Kearney, in press).

Such factors as soil texture and presence of iron, aluminum, calcium,
phosphorus and humus might be expected to affect fization of arsenic in
soil and thus its phytotoxicity. There have been numerous reports that
the presence of small arsenic concentrations in soil have béen beneficial
to the growth of peas, radishes, wheat, corn sorghum, soybeans, cotton
and potatoes (Woolson, Axley, and Kearney, 1971a).

It has been reported that loss of methanearsonic acid from soil via
photodecomposition and/or volatilization is none (Barrier, 1970).

It has been shown that organic arsenicals have about the same leaching
and fixing characteristics in the soil as inorganic arsenates. In
addition, it has been shown that the monosodium acill, methanearsonate
(MSMA) goes to the inorganic arsenate form so that altimately the
behavior and fate. of inorganic arsenate is of prime importance regard-
less of the source of the arsenic (Woolson, Kearnmey and Axley, 1971).
The metabolism of cacodylic acid applied to soil unfer aerobic conditions
appeared to proceed through C - arsenic cleavage as well as through a
volatile arsine production. The metabolism of cacofiylic acid under
anaerobic conditions appeared to proceed through retuction to arsine or
dimethylarsine (Kearney and Woolson, 1971b).

A fungus, several actinomycetes and bacteria have bren isolated and
shown to metabolize monosodium acid, methanearsonate. Further studies
with cacodylic acid demonstrated metabolism by soil microorganisms.
Some of the soil organisms were arsine producing (Krarney and Woolson,
1971a).

Hurtig recently reported on a survey of different szil ard crop types
of 32 farms in Southwestern Ontario, Canada, relatiwe to occurrence of
arsenic following use of lead arsenate for insect mntrol. The survey
included five field crops tobacco, pasture, greenhoise and orchards.
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Gen2rali. all soils 2xamined has less than '0 ppm arsenic ercept the
highest recorded ZJor vrgetablzs (26.6 ppm) and orxrghards which ranged
from 10.Z to 121 ppm (Hurtig, 1969),

£

IV. E, Arsenic in Plants - In plants, 10-12 ppm arsenic by dry weight

. have been regularly reported. Certain azotobacter, yeast, fungi and
*~ molds, including species of aspergillis, can exist in high concentra-

" tions and reduce the arsenic to volatile hydrides. On a dry weight
basis algae have been found to contain 0.1 - 2.6 ppm arsenic and other
seaweeds 0.7 - 12 ppm arsenic. Certain English, Japanese, New Zealand
and California marine algae have been found to comtain 17-95 ppm of
arsenic whereas freshwater algae have less (Schroeder and Balassa,
1967).

Organic arsenicals are translocated in many plant species. Studies
have shown that in crabgrass and soybeans monosodium acid, methane-
arsonate /® As translocated to a greater extent at 85°F. than at 60°F.
Other investigators reported that ammonium arsenate: 77 Ag moved through-
out the bean plant whether applied to leaves or rosts. Disodium

" methanearsonate is taken up from nutrient solutiom by roots of Johnson
grass and translocated to all part of the plant.

In cotton, various levels of arsenic residues derived from organic
arsenicals are found throughout the plant dependimng on the stage of
development of the plant at the time of applicatiem. Arsenic residues

in cotton seed are low when applicaticns are made before development of

the first flower bud. However, if applications are made after square
formation, residues increase and may reach 40 ppm in seed from bolls

closed at time of application and sampled at maturity (Duble et al., 1968).

A comparative study of absorption, transport and metabolism in beans
revealed that cacodylic acid and monosodium acid, methanearsonate (MSMA)
were transported about equally from the leaves to the terminal bud and
expanding leaves whereas negligible amounts of sodium arsenite and
arsenate were translocated. The latter two compounds caused more rapid
contact injury to the treated leaves than either omganic arsenical.

Both cacodylic acid and MSMA were more phytotoxic per mole of tissue
arsenic when foliarly-applied than when root-applied (Sachs and Michael,
1971).

Arsenic sprays are often applied to grapefruit trees in Florida to reduce
‘the acid content of the fruit in order to improve flavor and permit early
harvest. Symptoms of arsenic toxicity frequently appear when the treat-
ment is used repeatedly in consecutive years. The folia¥ symptoms of
toxicity appears first on the south and southwest side of the trees.

The first leaf symptoms are a slight mottling with darker green areas
adjacent to the lateral veins., This resembl»s mamnganese deficiency except
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that the sywptoms of manganese deficiency cppear ‘Hirst on the young
leaves, whexcon symptoms of arscnic toxiecity appears on mature leaves

in the summer and fall. Arsenic toxicity to grapeftuit can be preivented
by several means: (1) spray vith recomrended amourts of arsenic during -
alternate seasons only; (2) in serious caces of awenic toxicity
eliminate use for several seasons until the trees negain their vigor;
and, (3) application of an adequate amounts of borw tends to reduce
symptoms of arsenic toxicity (Deszyck, 1958).



CHAPTER 1V

SIGNIFIC/L'CE OF ARSKENICAL PESTICIDES
IN THE ENVIRUNMFNT
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CHAPTER V

RESTDUES IN CROPS AND FOOD ITEMS

£

According to Lehman (1965), the toxicology of arsenic has been exhaus-
tively studied. It has been shown that as an average, natural foods
contain 0.6 ppm arsenic calculated on a dry-weight basis. The daily
urinary excretion of arsenic is an index of the amount ingested and
estimated to be up to 0.5 mg., A third important aspect is arsenic's
cumulative properties. Based on data reported for a rat study (Morris
and Wallace, 1938), 4.367% of ingested arsenic (as the arsenate) could
be expected to be retained in the body.

V. A. Tolerances

V. A. 1. Established Tolerances - Following are the established toler-
ances presented in this chapter (for more details see exhibits 1-10):

A a. A tolerance of 4 ppm of combined As,03 for residues of the
defoliant orthcarsenic (arsenic) acid in or on cotton (420.180).

b. A tolerance of 0.7 ppm (expressed as A3203) for residues of
the herbicide methanearsonic acid in or on cotton, from application of
© the disodium and monosodium salts of methanearsonic acid in the produc-
tion of cotton (420.289).

c. Tolerances of 3.5 ppm of combined A3203 for residues of the
insecticides calcium arsenate, copper arsenate, magnesium arsenate and
sodium arsenate on specified raw agricultural commodities (420.192,
420.193, 420.195, and 420.196, respectively). Tolerances for lead
arsenate (420.194) on vegetables and tree fruits were based mainly on
the cumulative action of lead.

d. Tolerances for total residues of combined arsenic (calculated
as As), contributed in food by veterinary medicine uses under Sections
121.253, 121.254, 121.262, and 121.310 are established under Section
135g.33 as follows: 0.5 ppm in muscle and eggs and 1 ppm in edible
by-products of chickens and turkeys; and, 2 ppm in liver and kidney of
"swine, and 0.5 ppm in muscle and by-products of swine other than liver
and kidney.

V. A, 2. Tolerances Pending - The following arsenic tolerances are now
under consideration:

a. Tolerances for residues of elemental arsenic at 2 ppm in or on
cotton, 1 ppm in liver and kidney and 0.5 ppm in meat, fat, and meat
by-products (except liver and kidney) of cattle from use of the defoliant
cacodylic acid (dimethylarsinic acid) on cottonseed.
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b. Tolerances of 0.5 ppm residues of arsenic (as As) in meat, fat,
and meat by-products of cattle and horszes (excent river and kidney);
gnd 2 ppm in the kidney and liver of ¢attle and horses resulting from
t7e derma. applicatiocn of arsenical dip solutions {sodium arsenite) fog -
tick control of these livestock imported from Mexico and in the tick
eradication program in the Texas area. The use of the arsenical solu-
tions are to be supervised by authorized personnel according to prescribed
ARS (USDA) procedures. The animals may remain in the Texas quarantine
area from 3 weeks to 10 months and are subject to mepeated dip treatments
during this time. Such animals are usually range-fed and are shipped to
feed lots for feeding for periods from 3 to 6 months prior to slaughter.
All animals recieve a final dip before leaving the quarantine area.
Horsemeat is not generally available in the U.S. for human consumption.
Arsenic residues in cattle result mainly from feed ratioms containing
cottonseed meal which are fed to cattle in feed lots or on the farm.

V. A. 3. Policy Considerations for Arsenic Residues - Section 420.3(d)(4),
21 CFR revised as of January 1, 1971, states: ''When a tolerance is
established for more than one pesticide contdining arsenic found in, or
on a raw agricultural commodity, the total amount @f such pesticide

shall not exceed the highest established tolerance calculated as Asp03."

V. B. Acceptable Daily Intake (ADI) - Since no acceptable daily intake
(FAO/WHO, 1968) has been established for either arsenic or lead, no

« recommendation for tolerances can be made at tihis itime.

The safety of established and pending tolerances fior arsenic residues on
specified items of the normal daily diet were based on toxicological
evaluation of rat, dog and other livestock feeding studied submitted by
the petitioner and other available published data (Morris and Wallace,
1938; WHO/FAO, 1968; Morris, et al., 1938; Calvery, et al., 1938; Byron
et al., 1967; Anon, 1963). Based upon 4.36% retention of arsenic (as
arsenate), it would be expected that only a small mmount of arsenic would
be retained in the body and that this amount would be an insignificant
contribution to the total body load of arsenic (0.3 ppm) obtained from
normal sources. Data (Morris, et al., 1938) indicate that much larger
amounts of arsenic are stored in rats receiving calcium arsenate (a
pentavalent arsenic compound) than in those receiving arsenic trioxide
(a trivalent arsenic compound) when fed at the same level.

V. C. Pesticide Monitoring.

V. C. 1. FDA Market Basket Survey -~ Pesticide residwe levels detected in
ready-to-eat foods were stated (Corneliussen, 1970) to remain.at relatively
low levels during the 5th year of the Total Diet Study. éamples were
collected from 30 markets in 24 different United States cities and

analyzed at 5 sampling sites: Boston; Kansas City, Mo.; Los Angeles;
Baltimore; and Minneapolis. The method sensitivity for arsenic as A3203
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was 0.1 pmoin.  Residue lovels of arsenic (A5203) fior each of tne follow-
ing class of Luod items (6 compusite samples at mach of the 5 camplong
sites) were found to be:

2

Dairy producfs: 1/6 compocsites (Boston, Mimeapolis) - 0.1 ppm

Meat, fish, and poultry: 4/6 composites (Beston - average 0.2 ppm
range from 0.2 to 0.4 ppm); 4/6 composites (Los #ngeles - average 0.1
ppm, range from 0.1 to 0.4 ppm); 4/6 composites Baltimore - average
0.4 ppm, range from 0.2 to 1.0 ppm); 3/6 composites (Minneapolis -
average 0.1 ppm, 0.1 ppm).

- Grain and cereal products: 4/6 composites floston. - 0.1 ppm)
1/6 composites (Los Angeles - 0.1 ppm), 2/6 compesites (Minneapolis -
0.1 to 0.2 ppm).

Potatoes: 1/6 composites (Boston, Los Angelss, Minneapolis) -
0.1 ppm.

, Leafy vegetables: 2/6 composites (Boston; 1/6 composites), (Los .
Angeles Minneapolis) -~ 0.1 ppm.

Legume vegetables: 2/6 composites (Boston):3 1/6 composites (Los
~ Angeles) - 0.1 ppm.

Root vegetables: 2/6 composites (Boston): 1/6 composites (Minneapolis)
0.1 ppm. '

Garden fruits: 3/6 composites (Boston); 1/6 composites (lLos Angeles) -
0.1 ppm. : '

Fruits: 2/6 composites (Boston, Los Angeles); 1/6 composites-
(Minneapolis) - 0.1 ppm.

0ils, fats and shortenings: 1/6 composites GBosfon,'Minneapolis) -
0.1 ppm.

Sugars and adjuncts: 3/6 composites (Bostom); 1/6 composites
(Baltimore Minneapolis) - 0.1 ppm.

Beverages: 2/6 composites (Béston); 1/6 congosites (Baltimore) -
0.1 ppm.

In this report, as in earlier reports, the arsenir values were reported
on an "as in" basis for 3 food classes: Dairy pmducts, meat, fish and
poultry, and, oils, fats, and shortening, even thrugh the earlier tabu-
lations (Duggan, et al., 1967) indicated a "fat basis."
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V. €. 2. USDA Comsumer and Marketing Service Sumuce

Yt

Y. C. 2, a. Arsenic Kesidu=s in Beef - The Meat md Foultry Inspection
P'rogram 1s conducting a survey (1971) to determime the nature, extent s
and levels of mercury, lcad, cadmium, selenium, assenic, antimony,
copper and zinc in beef. This is to evaluate any present or potential
public health hazard that may exist and to determine background levels
of these elements. The survey is to include:

D) Anaiyses of 3000 samples randomly obtaimd from beef sléughter-
ing plants throughout the U.S., The number of samples to be taken at
each plant is based on the seasonal production .capacity of the plant.

(2) Analyses of 50 samples to be obtained fmun beef slaughtering
plants in each of five geographical areas selecteH on the basis of
known data regarding heavy metals, The data collected for the random
samples (2176/3000) through June 28, 1971, are sumarized in TABLE IV. 2.
The data on the samples from selected areas have .ot been fully evaluated.
The analytical data for the random samples indicate that lead, cadmium
and copper are present in all the samples analyzed and that arsenic
occurs randomly at relativelylow levels. Arsenic residues in beef
result mainly from feed containing cottonseed meal and from arsenical
dips used for tick control of cattle imported from Mexico. It will be
necessary to obtain more residue data during subsejuent yearly surveys
to ascertain if the arsenic residues in tissues will increase appreciably
following more extensive use of arsenicals as hearbicides for cotton or
in cattle dips.

V. C. 2, b, Arsenic Residues in Poultry and Swine -- Surveys were con-
ducted for arsenic residues in 1966, 1968, and 1970 in swine and in

1968, 1969, and 1970, in young chickens. Toleranwe limits were set at

1.5 ppm in chicken livers and 2.0 ppm in swine lixers., Violative residues,
found mainly in the livers, were more pronounced in chickens than swine

and were attributed to lack of proper withdrawal. In 1970, about 5% of
liver samples in 261 swine and 7.4% of liver samples in 431 young

chickens were found to contain violative residues.
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TABLE 1 - RESIDUES OF SEVERAL METALS IN BEEF - -

' LIVER | ©MUSCLE (DIAPMRAGH) . . " T KIDREY ‘ ©ALL TISSUES
INCIDE. ~  AVE.  LTOW  HIGH . INCIDE, AVE.  1OW, RIGH . .INCIDE, AVE.. 1LlO¥  HIcon
METALS - H  RATE (PPM) (PrM) (pr) ° N RATE  (PPM) (prH) (Pr) ~* N RAIE (pr) (PPM) (pr) ' N
pRSENIC (AS)- 145 6.664  0.093 0.02 - 0.22° 0 0.0 0.0 0.0 0.0. 21" 0.95 0.077 0.05 0.17 . - 135 7.3
FADMIUM (Cb) . 2122 $7.518 0,207 0.01 3.17 ‘1765 81.112 0.082 0.01 0.90 2153 98,943 0.546 0.01 . 7.B2 ) 217 25.770
MERCURY (1iG) 395 18.153  0.023  0.01 1.79 - 566  26.011 0,028 - 0.01  1.B5 . 1164  53.493 0.026° 0.01  5.25 1436 _ 66.512
LEAD (PB) 2155 99.081  0.536 0.01 © 3.74 2080 95.588 0.361 0.01  2.95 . 2145 - 98.575 0.625 0.02.  3.38 - 2176 100.060
ANTDNONY (SD) 0 0.0 0.0 0.0 0.0 0 0.0 0.6 0.0 0.0 o 0.0 0.0.. 0.0 0.0, - o 0.0
COPPER (CUY** 2041 - 99.904 34.923 1.30 115,30 2081  99.904 1.818 0,03  29.90 3 2081..: 99.904 4,176 ©0.08 26.20 2082 §9.35:
COPFER (CUY** 370 100.000 42.4%4 3.90 10610 522 100.000 1.81¢ 0,60  3.70 " 322 '100.000, .15 0.0 - 2030 . 322  100.600
, . - e L A R : )
R 2-4

COPPER Winh tie. o tAWLYZED: IN THE FIRST & SAMPLES

TOTAL LR LT SHIMALS ¢ 2176

BATA COLY "UT. . ,..BOUGH 6/28/71 o .
l | .
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§ 20,180 Orthoarsenic sacid.

. A toleran:ze of 4 parts per million of
combined Az.O, is established for residues
of the defollznt orthoarsenie ecld {n or
on the raw sgricultural commodity cot-
tonseed.

§ 120.181 CIPC; tolerance for residues.

A tolerance of 60 parts per million
{8 established for residues of the plant
regulator CIPC (isopropyl AN(3-chloro-
phenyl) carbameste) in or on potatoes
from postharvest application.

§ 120,182 Endosulfan; tolerances for
residues.

Tolerances ere cstablished for the total
resldues of the insecticide endosulfan
(6,7,8,9,10,10 - hexachloro - 1,5,53,6,9,9a -
hexahydro-6,9-methano - 2,4,3 - benzodi-
oxathiepin-3-oxide) and itz metabolite

" endosulfan sufate (8,7,8,9,18,10-heza- .
chloro - 1,5,53,5,9,9a-hexahydro-59-.

methano-2,4,3-benzodloxathicnin-3,3-di-

oxide) Ir or on raw asricultural’

commodities 25 follows:

3 parts por million (o or ea spples,.

apricots, =ariichokxes, besns, brocscol,
brussels sprouls, cabbaze, caunlifiower,
celery, cherries, collards, cucumkers, €33~
plants, grapss, kole, lsttuce, melons,
mustard grecns, aectarines, peaches,
pears, peas (succulent type), poppers,
pineapples, plums, prunes, pumplkins,
gpinach, stra*.wmeﬂ summer squash,
punilower sced, tommces turnip greens,
watercress, and wintsr sqguash.

%1 part per million in or on allata hay

ord cottonsend. <

0.5 part per milllon in < fat (re-
flecting nezlizibls residues m n&k) and
in or on sugarcane,

0.3 part per nilllion in or on alfalfa
¢fresh).

0.2 part per milllon in or on earrots,
gweel corn (xernels plua cob with husizs
removed), swestpotatees; and in meoat,
fat, and meat bypreducts of catile, goats,
hegs, horses, and zheep.

2 0.2 part per-million (negligid’e resi-

dues) in or cn filterts, macadanyia nuts,
pecans, potatles, saflower seed, and
walnuts. %
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0280232 2.Chloro-NNdiallylacetar % {54&"3‘« 35 L wo-D-nlirszrepansy Lol

mide; tolerances for reaidues, erznees fwreslde s
Tolerances are establlished for negligl- A tlzrarsaqd 0.05 pacs por miiien 83
ble residuss of the herblcide 2-chloro- €x3anlisnad fornsoiattly r“"’"L"a ol o
N N-diallylacetamide in or on the raw 2'.'2:. i aunmang aad
agricultural comnmoditizs cabtage, castor b2 B Ve .«bc\..m .u-z*"n‘*“ Tl (0050
beans, celery, com grain (Includss pop~ ' ?..;3 e RS0 B LD a—"-m ':c:n:; n2) ¢
corn), fresh eorn Including swest eorn ca tha rawr oorlraneenl | ermmediz

(kernels plus cobs with husk removed), . eodeansed &nd'&d"‘m &
corn forage or fodder (including swest :

cern, fleld corn, and popc:rn), drizd

beans, lma beans, Ima bean forags,

onion3, peas, pea forage, potntees, snap -

beans, snap bzan foraze, sorghum graln,

sorghum {orage, soybeans, soybean {ore

age, svjurcane, swestpotaloes, and to-

matoes at 0.05 part per million.

» R 1 § 429.237 Dmﬂa‘omocmhydro },3,4.
8 4'&%2?12; mlixfféga’x;?: ’;g;c?s::nylamk metheno-Cilwyclobutalcd] pentalens

A tol ¢ o4 X Zon 13 2-oney tolzzmece for residuas,
olarancs © part per million bl averen a1ian
establlshed for navligikle realduas of the A tolirancs o 51 part por milion is

hetblolds 3, 3, C-irichloropheonylacetio  Sebniioned for maiiyibio realiues ‘ifat’;""
oeld 12 or en suraresns, sush rodduss Ipreoctanydro-1,3.4,-

Insecilcide - di3 e
tam ” methens - 27I-ceishulaledipinialin-2-
. ;t;'sultin“zoir:ﬁlgg&gioq of it‘; dimeth _ on2 in or on thpraw esricwltural com-
v moity bananzs,

§%20.234 Zine phosphide; tolerances
for recidues,

A toleranca ¢f 0.01 part per miilion is

establiichad for realdues of phesphing In

or on the raw pgricultural cemmedity -~ .
suzareans from uss of ths redenticide . )
sine pheaphlds in suarcans Nolds. §420.233 Z-{Tilvcyonomethylthio)bon.
sothlazolag ol sances for reeldues,
§420.233 F’.(4-Chloro.o-tclyD) N M- A tolzanes o7 0.1 part zor millicn i3
c‘..‘:hmyuomv'nldlne; wl'n-anteo for establizhed {ev aoqilzicla rostduss of (o
poilines fur ‘c'i':a 2-{scyanemathrliniod b ane
Tolcmane:3 aras establizhed fer eom- =13 tn ¢z o cottonscad,
Bincd residucy of th) insietisidy N'-(4a a5 .y
ENlor0-0-20171) » M M-fimathyilormami- F2I3.229 Plsfmncaracnle aeldy toler.
dlrns ond 153 matabolltas contalning tha 4« onces for rdluca
chlorotolwiding molety (ealcuinlzg & ths & tolzranes o297 part o millien (ate /
fnssetial?y) frora anplicalicn of $a3 ine ‘prernad 23 AnDA 3 eatatiahed fop rcle
gactictda pa3tiafoeabacyor o3 ths hydro- Ui of thy hotisdy mithansarsevis
ehloridy ealb {a o0 ca raw asriculbural ool 1, or ¢ edtonsazd, ficm arnlline
éommeditizs ag fellows: Hea of thy Crzilum 2nd mercreaivm
8 parts par milica In or on pears. £al's of matanmrzenls oald n e Fpio-
3 parts por mildlon o c@ o oopla dosiicn of cosicn, s
2

. parts per miliion in or o broceold,
brusssls sprouls, cabboz2, end caull-
fower.

-1~
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Counwuphoe iolerances  for

§ 120,100

residug,
Tolerances are established fo. residues
of the insecticide coumaphe, (Q,0-

diethyl O-3-chloro-4-mecthyl-2-0x0-211-
1-benzopyran-7-yl phosphorothioate)
and its' oxysen analor (0,0-dlethyi
O-3-chloro-4-methyl-2-o0x0-2H-1-benzo-
pyran-7-y1 phosphats) in or on raw
agriculture! commodities a5 follows:

1 part per million in or on meat, fat,
and meat byproducts of cattle, goats,
hogs, horses, poultry, and sheep.

0.5 part per million in milk-fat reflect-
ing negligible residues in milk.

0.1 part per million in eggs.

(See also § 121.304 of this chapter.)

§ 120.190 Diphenylamine;  tolerances
for residues

Tolerancas for realdues of the fungi-
clde diphenylamine are esteblished s
follows:

10 parts per miliion in or on apples
from precharvest or postharvest wse, in-
cluding usz of impregnatzd wraps, for
scald control.

Zero in milk and mest.

§ 120.191 Folpay; tolerances for resi-
dues,

Tolerances for residues of the fungi.
clde folpsy (N-(trichloromethylthio)
phthalimide) in or on raw egricultural
commoditie; are established ag follows;

60 paris per million in Oor on celery,
cherries, leeks, lettuce, onions (green),
shallots.

vy SuUave
Remove old page 39 and inserc thi.
new poge in your reprint.

Ewh,h it 3

25 perts rer mbilon tn or 02 rhnles
aveondss, bluskbarrles, blueberries, boy.
~.nberrlcs, cribapples, cranberries, cur-
ranws, dewbarries, gcoseberrles, prapes,
huvekinberiies, lozanberries, raspkerries,
strawberries, tomatoed.

* 15 parts pir million in or on cltrus
fruits, cucumters, garlic, melons, onions
(dry bulb), punpkins, summer squash,
winter squash. s

J7i Do

§120.192 Cdeium arscnale; tolerances
for residmzs.? .
A tolerancs of 3.5 partgs rer million of
combinel AsiOy s established fcr resi-
dues of the imsecticlda calelum srsenate
in or on each af the following raw eqri
cultural commmdities: Asparagus, banng,
blackberries, Dluekerries (hucidcbsara
rles), boysen?taaﬂes, broccol, bru--:lz
gprouts, cekivze, carrots, coullfiower,
celery, coltny., eorn, cucumbears, duwe
berrizs, €33piants, kele, kohlrad, legan-
berries, melens, papnors, pumpzing, roso-
berrtes, rutsbara; (with or without teps)
or rutabags toon, spinach, squash, st raw-
berries, summzp gquash, tomatoes, tur-
nips (with or without tops) or turnip
greens, youngbmrics,

® $120.191 & amendeq by deleting the
paragraphl5 parts per million in or on
citrus * ° =

-112-
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W
§120.193 Copper arsenate; toleramees
for residues.

A tolerance of 3.5 parts per milllon of
combined AsiOr is.established for rad- /
dues of the insecticide end fungiciis
copper arsenate in or on esch of ih:
followinz raw ayriculiural commoditizz:
Brussels sprouts, cebbage, carrots, caniie’
fower, kohlrabl, tomatoes.

w i
§120.194 Lead arscoute; tolerances fax
residuca. .
Telerances for residues of lead er-
senete (primarily an insecticide) in aw
,0n raw azricultural commodities are es '
~tablished as follows: /
7 parts per mliilion of combine&
lead in or on apples, apricots, aspara-
gus, avocados, blackberries, blueberries
(huckleberries), boysenberries, celerz,
cherries, cranberrles, currants, dewbar-
ries, egiplants, gooseberries, grapos,
lozanberries, mangoes, nectarinsg,
peaches, pears, peppers, plums (fresh
prunes), quinces, respberries, strawber-
ries, tomatoes, youngberries,
1 part per milllon of combined lead im
or on cltrus frults.

4}..‘»,,~'
8§ 120.195 DMagnesiuin arsenate; toler-
ance {or reaidues,

A tolerance of 3.5 parts per million of
combined As:0s {s estahlished for resi-
dues of the insecticide magnesium ar-
senate in or on the raw agriculturel
cgmgnzdxty beans.

§{:20.196 Sodium arsenale; tolerance

for residucs.

A tolerance of 3.5 parts per million /
of combined As20; is established for resgi-
dues of the insecticide sodium arsenalz
in or on the raw egricultural commodity
grapes.

AY

%In §120103, “(with or without
tovs) or carrotb tops” is deleted.
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§1354.29

(a) No resldues of testosterone pro-
pionate may he found in the uncooked
edible tissues of heifers.

(b) The method of examination pre-
scribed for the quantitative determina-
tion of testosteront propionate is as fol-
lows: Prepare an extract of the tissues as
described in § 1352.28¢H) (1) and (2) and
bicassay the extractive in an ethyl
alcohol vehicle by inunction on the day-
old chick's comb by thie method published
in “Methods in Hormone Research,” New
York, Academic Press, volume II, page
286 (1962).

§ 135¢,30 Estradiol benzoate.

(a8) No residues of estradiol benzoate
may be found in the uncooked edible tis-
sues of heifers, lambs, and steers.

(b) The method of examination pre-
scribed for the quantitative determina-
tion of estradiol berzoate is as follows:
Incorporate the finely ground tissues in
the diet of immature mice, and assay by
the mouse uterine weight method of
E. J. Umberger, G. H. Gass, and J. M.
Curtis, published in “Endocrinology,”
volume 63, page 806 (1858).

§ 1352.31 Chlorobutanol.

A tolerance of zero is established for
residues of chlorobutanol in milk from
dairy anlmals.

*§135g.32

A tolerance of zero is established for

_residues of salicylic acid in milk from
dairy animals.
§1355.33  Arsenic.

Tolerances for total residues of com-
bined arsenic (calculated as As) in food

Testosterone propiunate.

Salicylic acid,

/ are established as foliows:

(a) In edible tissues and in eggs of
chickens and turkeys:

(1) 0.5 part per million in uncooked
muscle tlssue.

(2) 1 part per million in uncooked edi-
ble byproducts.

(3) 0.5 part per million in eggs.

(b) In ediivle tissuzs of swine:

(1) 2 parts per million in uncooked
liver and kidney.

(2) 0.5 part per milllon in uncooked
muscle tissue and byproducts other than
liver and kidney.

¥ R
§ 135z.34 Errthromycin.

Tolerances for residues of erythromy-
cin in food are establizhed as follows:

(a) 0.1 part perniilion (naziizibleres-
idue) in uncooked edlible tissues of swine.

(b) Zero in unccoked edible tissues
of chickens, turkoys, and b22f cattle; in
uncoctked ezzs; anlinmilk, & %
bmf:m’[f.uny';;;.‘rid::.inv.
»~7, is established for

) 1'3'3 uB5
. toleranc 2 oi

vederal Reglstor:

o

. . .o -
InDe .oy o L3sg.40)
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RESIDUES OF NLW ANTMAL DRUGS 1l

Remove old page 17 and insert

new page in your reprint.

E:X;: t‘l) (.'{'

§ 13536 Furazolidene.

A tolerance of zero is es.chlished for
rest dues of furasalidone in the uncooked
edible tissucs of swine.

§ 133237  Prednisolone,
A toierance of zero is established for

residues of prednisolone in milk from
dairy animals,
§ 1352.35  Estradiol monopatmitate.

{a) No residues of estradiol monopal-
mitate may be found in the uncoocked
edible tissues of chickens.

(b) The method of examination pre-
scribed for the quantitative determina-
tion of estradiol monopalmitate is as fol-
lows: lncorporate finely ground tissuss
of the treated chickens in the diet of im-
mature mice and assay by the mouse
uterine weight method of E. J. Umberger,
J. H. CGass, and J. M. Curtis published in
“Endocrinolgoy,” volume 63, page 808
(1958).

§ 1352.39

Tolerances are established at 0.1 part
per million for neglizible residues of thia-
bendazole in uncooked edible tissues of
cattle, goats, sheep, and swine, and at

0.05 part per million for negligible resi-
dues in milk.

§ 135240 Prednisone.

A tolerance of zero is established for
residues of prednisone in milk from dairy
animals,

§ 1352.41 Mecthyiparaben.

A tolerance of zero is established for
residues of methylparaben in milk from
dairy animals.

§135g.42
A tolerance of zero is established for

residues of propylparaben in milk from
dairy animals.

Thiabendazole.

Propylparaben.

§ 135543 Ipronidazole.

No residues of ipronidazole (2.iscpro-
pyl-1-methyl-5-nitroimidazole) and its
metabolite (1-methyl-5-nitroimidazole-
2-isopropanci) are found in the unccol:ed
edible tissues of turkeys as determined
by the following methnd of analysis:

I. METHOD OF ANALYSIS

A. Tho assay procedure i3 suitable for the
recovery and analysis of spronidazole (1=
methyl-3-1sopropyl-5-niiroimidazole) and its
metabolite l-methyl-5-nitrolmidabole-2-i30-
propanosl from lurkey tizsue with a lower

dmit of 2 parls per billlon using a 100-gram
er.miple. Ipronidacole and its metabolite ars
atln,

extrocicd from
o0, and bl
of bvirnx, T
clromak ;.
co;nprm:u..; ere detarmined copam: PI/ by 5’
e ,Lu&," A Ly (GLC).

musels, llver

with B

kldney,

redHL' 25 00 “'!h"\"'i ~mpyridazing inothe T, Ths followmie 4 oof tha frecedure
uncooked edivle tizeaes of swine and eat- miss b C«\X\.fULl‘[ cierved to lnsurs mood
tie and in miik. recoverisg nnd reproducible resulta: 3
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§ 121.253 Arasnilicacid.

Arsanllic acld may be safely used in
animal feed when Incorporated therein
in accordance with the following condi-
tions;

(a) The additiva. is the chamical p-
aminchkenzenearszonic acld (CeX:AsSNO)
conforming to the following spacifica-
tions (on the dry bosis) :

(1) The eadditive contalns not less
than 24 percent and net mere than 34.8
percent of arsenic (An), equlvalent to
pot leas thon £3.5 poreent and not more
than 100.8 percent C:I1:AsNCa.

(1) The edditive contalns not more
than 0.025 percent arsenic es inorganle
arsenite, cauloulated 83 As:O3 and not
more than 0.65 percent rrsenlec as in-
organic arsansate, calculated as AsOu=.

~(b) Permitted uses of arsanilic acid
alone and with certain other addltives
are described {n tabular form in this see-
tion, and these tables are to be read as
follows:

(1) The numbered line ltems establish
the required limitations and indications
for use of the principal Ingredient as the
medicament alone or with an cdditional
ingredient added for increased eflective-
ness.

(2) The lettered Hne items establish
the required Umitatins and indications
for use of sscondary ingredients that
may be added to theindicated principal
ingredient. Where principal and sec-
ondary incredients lave been mixed, the
appliceble limitatiom and indications for

use from both the smumbered items and
lettered items spply. If duplicate limi-
tations occur, these may be appropri-
.ately combined.

(3) Permitted comhinations of prinet-
pal ingredient and axcondary ingredients
ere individually Uskd. Unlzszs specifl-
cally provided by ‘fhe regulations, the
principal ingredient may not be mixed
with two or more smondary ingredients.

(4) Where crossreferences specify a
particular table and ftem nwnbear of an-
other sectlon, use «of only the ptincipal
ingredient of the mumbered item is au-
thorized thereby.

(5) The term “minclpal Ingredient”
as used in this sectiar refers to the adadi-

tive named in the hrading of this section’

and is not intended to imply that the
ingredient is of a gmenter value than any
uther edditives naned in this eoction.

(¢) It is used or Intended for use in
feeds, as follows:
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Arsantic Aap ¥ GovrrLets Cmicke™ .0 TurYBY I'exo:

&)
Prineipal Grams per |  Comhined Qrams par {myftyilons Indications for nss
fogrodicat -ton witi— wen
1.1 Arnanlile o l ......... PR . For chickony; withdraw § Gru-.vth’pro:r\oufm angd
acid. (0.01%) days befora slatghter; eg feed eliclency; Im-
sole sourcs of organle proving pigmenta-
arsaalc, ifon,

13 Arsanilic acid.] 90 (0.0190) Amprollum..

¥or broflet ehickens fez

eoccldicsls s net do-

Qrowth prornotkm‘

(0.0125¢ 5~ replacamaad chlickens £ and tsed edlctsney;
0.023%) whers fotzusity to ! jinproving plswnen-

taticn; pravention ol

eircd; withdoaw 5 days covcidiosis, »
belfore sinu;hior ag polng-
soures of cr anie
arsanie.
1.8 Arsmnillo 90 | Amprottum...} 11367 Yor broiler chickons; with- § Do.
ecid, €0.01%) (0. 01255~ draw § days beicrs |
ethopabate, o (r’{i‘/ﬁ) slaughter. )
{0, C54%%)
L4 Arsanilts 0 | Amprolium...} 25,3113, 3 | Per replacoment ehleveny; {f Qroath vramotion and
acld. . (0.01¢5) (0. 055~ withdraw §¢ays talora [0 feed eldel ney; Im.
0.6125%;) ]  slsughter; ag sole source roving nizmentation;
of organie arsenle; a3 evelopmenst of activoe
follows: {mmualty to
coceddfonls.
T
Arcun! of amgrolinm tn feed for birds,
. Lyage grours
Growing con- .
ditlons Upte 8 { Pom8to Over 8
weoks ol | Bweoksol|  weeksof
878 age 830
Crams per | Gmme per | Grams per
. ton fon e
Bovere exposure 113.8 { 76-113.8 | 26.3-113.8
- to coceldiosls, (0.0125%) | (00CSTe~— | (0.00:4T%
20120T) 0.01257%)
Mnderate oxe T2.6~113.8 § 5I5-113.8 1 33.3-113. 8
posure to coo- | (0.00370- (OO (0004~
cldiosls. 0.0125%) | 0.0125%) 0. 012575)
Elight exposure 33.3-113.8 | SLF-113.5 | 33.3-113.3
to coccidiosts, | (0.0M%~ Q0045 (C.0M45~
Q. 0125%) @.0126%)] Q.01235%5)
1.8 Arsanilic 00 | Zoalene....... 113.8 | For hroiler chifckens, with- |} G@rowth proinotion and
acld. 0.0t%) €0.01259)  draw Sdays belore feed efiiclzney; tm-
sisughtear; o3 sols source proving pigruentation;
of organic arsenie. 4 provention end control
; of cocctdiesia. .
1.8 Arsanille 90 | Zoalend.....n- 368.3-113.5 | For replacement chickens; '} Davelopinent of actlve
ocld, (0. 015%) (0. 0047~ in complete v only; 1 lmmunity to coceldi-
0. 01257, grower ration mot to ha " 8 osls; growth promo-
fod to birds | tlon sad fad ei8-
Ny over 14 H cieney; inproving
weexs ofege; withdraw § o1 pigwentaticn.
doys befora slanghter, ag |
s0l2 sourcs of orzanic ;|
arsenic; as follsws: :
Qrowing conditions [ Etsrter Grower
mtlon ration
Qroma | Qrarss per
ton ton
8everg axposurs.. .. 113851 75.4-112.8
@. 012350 (0. ¢330
Light to moderste | 75.4-113.%
e1pnure, (0, CCI3%e--
0 01257,

* In § 121.253(c), the words "under 5 1/2 weeks
deleted from item 1.6 under "Limitations"

of age nor'" are

im the table.
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Principal
ingredient

Qrams per

ten

Couniblned
Withe

Qrams per Limitatlons

tao

Xd{featlons for use

1.T Arsanilic acid. .} 00 (9.01%,

.Amprouum.ﬁ? 72.6-113.8 } For brotlar chlckens;

Grwth pmmotion

(@ m.s%; withdraw 5}dny5 ;uf.d {:y.-zlixem?l:ncy;
01255 belore slaughter Lhproving pigmen-
0.0125% é‘a—-—*}; . tlan; praveation
as snlo «btnccidiosts cavsod
ouaren of ors:mlc Yk tenella only,
arsenic,
1.8 Arsanllic €0 | Buquinolato.. 5 or broiler chickens; T4S an eldiditha preveation
5 scld., {0155 O 085%)]  withdoaw § duyd belore of coocitts'y consat by
. slanghter; do not feed to E. eadip M. maztma, B,
laying hens; as solo neerizpad X, ocerruling;
soarce of organic arsonie.] grovwih pumolion and foed
. eficlengyimproving
: pigmenttion.
a1l 12, faei... Penicilin..... 2.4-50 | As procsino penieiliin. ... Growtiprmotion and
1.3,x 10.4, L5 . foed dItlancy.
ar 1.6,
DLLL2, el Penicillin4- 14.4-50 | As procaine penfcililin$ Do,
. 1.30r L4.: streptomy- streptomycin sulfate;
: . dn. 14.4-50 gm. of combias-
°. tion eontalning 16,7% of
) penicillin,
’ 95 K713 X UOUOR Penléillin+ 3.6-50 ] Notlessthan 0.6 gm.of ] Grewh promotioa and
bucitracin. penicillin nor less than fedeficiency.
3.0gm. of bucltracin; as
racaine peniclliin bac-
tracin, bacitracin mothyl-
. ene disalicylate, mangu-
) nese hacliracin, or zine
~ : hacitracin.
[ 30 %23 3 N X O, Bacitreln. ... 4-50 1 Asbasitrae!p, bacttracin 9 &1
methylene disaileylate, of
zine bacliraclo.
0.11..}, 15,00 cccccccanci)eanns T { N 4-50 | As manginese bacltracin. .. .
% £L1,1.213,14, oo Erythromycln..| 028185 | § 121.°02(4), table, ['¢ 12r22(2), table,
; 15,16 ’ items 1.1,1.2,21,22, | Wewa.d, 1.2, 2.4,
41,42, 2.4, 4.0
g€ L1,1.2,1.3,1.4 |......_.... Ery'hromycin..! 46185 Aserythromyeln thio- Growttipromotion
.5, 1.6, | cyaaate. anddd efliciency: X
7—J< ey | rnad. . -~
21 Arsanllic L. N (S, wee-eam=ae-} For turkeys: withdraw Growhipromotion and
acld. (0.01%) dsys before slaughter; feackBiciomey; im-
. s anlo prewg pigmentation.
sotiree of organic
. areenle,
2.2 Arsanilie 00 Amproliimi. g U527 L dO i Growd! promotlon and’
scld. (0015 (0. 32850~ i feid-ficieucy; improv-
13.025%) ingripmentation; pre-
veuibn of coccidlosts,
Z3 ArsaniMe 20 | Zoaleoe. oo 113.5-170. 3 | For turkeys grown for medt | Growk! promotion and
acid. (0.01%: (0.01237%-1  purposes oniy; withdmw fempficieney: im-
0.01875%)  Sdnys belore slauglitery prowiy pigmentstion;
s sale rerution and contro!
sonreo of organie of coridiosis.
- arsenie.
_ ) To assure safe use, the label and
labellng of the edditive, any combina-.
tion of additives, and any feed additive
suppiement, feed additlve concentrate,
- feed additive premix, or complete feed

prepared therefrom shall Year, in ad-
dition to the other information required
by the act, the folowing:

(1) The nume of the additlve or addl-
tdves.

(2 A staterient of the quantity or
outained therein.

sute dilectlors and warnings

IoUse '

fer Sectuin the
Lmitacion o o 33 the additive
In faec lor Lramuoy consumptisn.

138 estabilshes
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Remove 0ld page 40 and insert this

: /§ 121.254 Sodium arsanilate,

Sodium sarsanilate may be safely used
in animal feed when incorporated there-
in in accordance with the {following
conditions.

(a) The eadditive is the ' chemlical

godium p-aminobenzencarsonate (CeHir- -

AsNNaO,) conforming to the following
specifications (on the dry basis) @

(1) The eadditlve contains not less
than 30.87 percent and not more than
31.65 percent of arsenic (As), equivnlent
to not less than 93.5 percent and not
more than 101 percent of CsHIASNN20s,

(i) The additive contains not mere
than 0.025 percent arsenic &s inorganic
arsenite, calculated as AszO; -and not
more than 0.05 percent arsenic as inor-
ganic arsenate, calculated as AsOu=.

(b) Permitted use of sodium arsanil-
ate alone and with certain other addi-
tives is described in tabular form in
this section and this table is to be read
as. follows:

(1) The nwmbered line {tems establish
the required limitations and indications
for use of the principal ingredlent as
the medicament alone or with an addi-
tional ingredient added for increased
effectiveness. - :

new page . your reprinte

(2) The letteredline items establish
the required limitatbns snd indicstions
for use of seconday inzredients that
may be added to tleindlcated principal
ingredient. Where principal and sec-
ondary ingredientsiave been mixed, the
applicable lmitatims and indications
for use from both iie numbered {tems
and lettered itemsupply. If duplizate
limitations occur, tlese may be appro-

* priately combined.

(3) Permitted conbinations of prin-
cipal ingredient andsecondary ingredi-
ents are individudly lsted. Unless

specifically providedby the regulations, -

the principal ingreddent may not be
mixed' with two oripore secondary in-
gredients.

(4) Where cross~eferences specify a
particular table anditemn number of an-
other section, use d¢fonly the principal

ingredient of the nunbered item is au-
thorized thereby.

(5) The term *“piicipal Ingredient”
as used in this sectionrefers to the addi-
tive named {n the healing of this section
and is not {ntended tcimply that the in-
gredient is of a greder value than any
other additives nametl in this section.

(¢) "It is used orihtended for use in
feeds, as follows:

-113-
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SODIUNM ARSANILATE IN COMPLETE CH.CKEN AND TURKEY FELED

. 4
' Princ¢ipalingredicnt  Grams per Cm‘fbfmﬁd Grums per Limitations Indications for use
ton with— ton
- —— - i
1. Badium arsanil- | 80 (0.0350) |ooomeiannniaio ool For clLizkens snd tur- | Growth p.//mmllm and
ate. . keys; withdmw 5 days feed ezhglanr\ -
before slaughm. proving - pigh (c-nw
(:7- . tlon:
s enlo
sourcr orn';:a-xl
arsenic, ¥y
a. 8odiura ercanil- | 90 Amprolium.. | 356.3-227 For chickens and tur- | §121.210, table ]
ate. (0.0045, - kevs; as presceibed in iterus l 52 '3 T 4.1.
. 0.025%). §121.210, taI))lQl items
TN 11 B E ] »11213 BN .
b. Mummm&- 90 Zoalene....... 36.3-170. For ehickens and tur- 5‘2!.117;, table, {tems’
ate. T {00047 - keys; rS pros:‘rilwlf'«nf i1, 2,3, ot
B 0.01875%,) § 121.207, table, items
. b R 3.2, 3. B

(d) To assurc safe use, the label and
labeling of the additive, any combina-
tion of additives, and any feed additive
supplement, fecd additive concentrate,
feed rdditive premix, or complete feed
prepared therefrom shall bear, in ad-
dition to the other informatiog required
by the act, the following:

(1) The name of the additive or addi-
tives.

(2) A statement of the quantity or
quantities contained therein.

(3) Adequate directions and warnings
for use.

~119-
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% §121.263 3-Nitro- *uydmajphenylar-

eonic acid.

3-Nitro-4-hydroxyphenylarsonle acld
may be safely-used In palmal feed when
incorporated therein In accordance with
the following conditions

(a) The additlve is the chemical
4-hydroxy-3-nitrohenzene arzonde actd,
-CeHsAsNOs, confornins to the followlag

specifications, on a dry bosls:

(1) The additive contsins not less
than 28.0 porecent and not more than
28.7 percent arzenic, equivalent to not
less than 92.3 percent and not more than
100.8 percent of CaisAsNOs.

(2) The additlve contains not more
than 0.025 percent arsenic a3 lnorganic
arzenite, calculated aa A::0s3, and not
more than 0.03 percent arcenic a3 {nor-
ganle arsenate, caloulated 83 420,

(b) Permifted uses of 3-nliro-4-hy-
droxyphanylarsonic acid alone and with
certain cther additives ore dezericed in
tabuwlar form in this coction, €nd these
tables are to ke recd a3 follow

(1> The numterad Une itams estadblizh
the required limitations and indications
-for uce of ths prineipal ingrediant a3 tha
madicament alona, o witis.en additional
ingredient naded.

. [

]
e /"‘\‘

SUBTAZL C=--TCOD ADDITIVUS -« ',7

Iusest this noy poce 4o your
R ¥

(2) Tho lettered lne ftems estadblish
the required Umitatlons and indicatlons
for use of sccondery ingredlerits that
mey be ddded to'the Indicated principal
ingrediont, Where principal and ssce-
ondary ingrediznts have been mixed, the
applicable limit~tions and Indleations

. for uce for both the numbered items and

lettered ftems apply. If duplicate Umr-
itations cccur, thase may be appropri-
ately combined.

(3) Permitted combinaiions of prine
cipal insredicnts and secondary lngre-
diants are individuzlly Usted. Unless
specifically providad for by the rezula-
tion, principal ingredients may not be
mixed with two or more secondary
ingredienta.

(4) Y/here croas-references egpecify o

- particular table and item numbar of an-

other sectlon, use cf only the prinzlpal
ingredlent qr ingredlents of ths nume
bered item i3 authorized theorely.

(8) The term “princiral inzredient”
as used in this acctlon refers to the oddl-
tive namad In the titla of this cection,
and is not Intendsd to tmply that ths
ingredliznt is of greater valua thon-any
other additives named in thls roction,

(¢) It i3 used or intended for uze In
{ced as follows:

~-120-
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TABLE 1=3-MiTiaA- LIV nROXYPIRN L LARSONIC ACD IN COMPLETE U) "CKEN AND TURREY FERD

/ Princtpal GQrams per! Combined with~ | Grams per ! Limnitations Indleations tor use
' ) . ingredient ton ton at
! ' 1.1 3-Nitro-4-hy- o2 B LN I U JUURIN For chickens; with - QGrowth promotion and
PR droxyphenyl | (U, 002354~ draw 5 days befmee feed etliciency; im-
. : arsonic nchf. 0. 0us%! slaughter;as  solie proving pimmenta-
. sourcu of organie tion,
i arsenlc, .
¥ 1.2 3-Nitro-4-hy. 45.4 | 3,5-Dinitrolenza- 227 | For chickens; not tw Prevention of coucidio-
droxyphenyl- (0. 98575) mide t (0. 025%,) be fed to taying s15 cnused by 1L
arsonie acid. + chickeng; withedrw tenella, IV necatrir,
Sulfanitean oao... n? Sdays before siauwh. and 12, aceraulina;
(0.039%:);  ter; fram feed adet- prowtl promation
Live premixes cotu- and feed eflicivacy
' taimne ool anovy imnr:.v}nu pig-
than 25 percent &5 mentation,
dinitrohuenzamider,
30 pereent sullanis-
tean, anedl S pereeat
Jaatitro-t-hyd roxy-
. phenyharsonie acuds
ns sole <ourte of en-
Tanie arseiic,

1.8 3-Nitro-4-hy- 22.7-45.4 | Zealen®.oeeeeen... 113. 8 | For broller chickens; Provention sud contro)
droxypbenyl- | (0. 0025%- (0. 0125%,) wlithdraw 5 doys be- of coccldiosts; growth
argonic acld, 0, 0057;) fore slaughter; ag promotion and {a¢d

. sole source of orgasnic eificlency; Improving
arsenle, pigmentatlon.

1,4 3-Nitro-4-hy- 22.7-45.4 }oaes [ 1o TR 38.3-11.5 | For raplaceinent Developaent of actlvo
droxyphenyl. | (0. 0025%- (0. 0049~ chlckens; In com= lmmunltiy to cocetdi-
srsonie scid, 0. 005%) 0, 0125%) plete f26d cnly; 0sis; growth promo-

grower ration not lo tion end feed efi-

* be fed to birds clency; lmproving
over 14 weeks of a,29; pigmentation,
withdraw 8 dsygibe-
fore sisughter; aa
sole sourcs of
organic arsenlc; ss
follows:

Qrowlng Conditlons l Starter riwtlon | Qrower ration
l Jremye v lud | Grama per ton
8OVere 6YPOSUIO. cuemeceaneccannn RS 75.4-113. 6
X (0. 0225%) (0. 003375~
0. 0125%5)
Light to moderato exposure_...__ 75.4-213. 8 36.3-75. 4
: (0. 0CE3%~ (0. 004~
0. 03.25%) 0. 00559
1.8 Nltro4-hy- 22 7454 | Sulfonitran_....... 181.6 | Forchickens; not tm Asana‘dint ho pre-
dmxypbongl- 0. 0025‘?’8; (0. 02%) bo fed to laying vention of coccidiosls
ersonic acld, 0. 005%. -+ chickens; withdraw -esused by E, ten -
Aklomide......... o2 &daysbeforesiaurgh- ella, E. necclriz,

. (0.025%){ ter; Irom feed ad - snd F. ecervulina;
tive premixes cor- growthJ)romouon
taining notl more and foed eilclency;
than 2} percant {mproving plg-
sulfanitran, 25 por- mentation,
centakXlomida, endi 2.5
parcent to 5.0 peir-
cant 3nitro-4-bhy~
droxyphenylar-
sonlc acid; as sol'®
sourre of organic

(Y arsenic.

1.8 3-Nitro4- 22.7-45.4 | Aklomlde.._...... 227 | Yor broiler chickens Atd In the prevention
hgdmxy- (0.00257,~ (0.025%) only; of coccldiosis caused
paenyl- 0.005%) withdraw §days belore| by E. fenelia and E.
srsonlc glaughter;essoles uroy  mecclrin; growth pro-
acid. oforganicarsenle,  fe motion and feed of-

fictency; inproving
plgwmentation,

1.7 3 Nitro4- 22.745.4 { Awprotum....... 113.5-227 { For broiler chickems; Prevention of cocet-
hxdroxy- (0. 0025%%- (0. 0177~ for replacement diosis; growih
paeaylarsonic 0. G5 0. 025%%) chickeas shareummus romotidn and
acid. nity to coccidingits aed etficiency;

{s not desired; imptovinz pig-
withdraw 5 days wentalion.
before stwusghter,; 65
sole 33urce of orgeaic
arsenic.
For brotler chickems; Do.
H
(Lo \
5 , |
!
|

o restluen ars detacild Ty Lle teuBhod of weabyals ool £o0 kL
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;. TapLy 1-3-Nr1no-4-HTDROXTABNTLARIONIC ACD IN COMILETE Clucx:¥ axD Tongxr Frep—Contlnued
Prineipal Qrams per | Combinsd with— | Orams por Limitations Indications for uss
) Ingredlsat ton ton -
\, 1.9 3Nitro-4- 22.7-45.¢ | Amprolium.._.... 36. :Hl3 $ | Forreplacementet®k- | Growth promotlon
faooe hrdroxy- (U. 002375~ (¥ ons; withdraw fdays and feed etiiclency;
v phenyl- 0. (85 0. 01’25‘70) * before staurhter; ns {mproving piz-
orsonic oeld. . sole sourcaof ergrnic mentation; devel-
arsenic; as lollows: opment of ‘active
. fmiunity to co¢-
cidlosls.
Amount ol amproltuim In feed lor
tieds by nge groups
Growing
conditions q
Uptw3 |[From3to8|Overd weeks
. weeksof | weekaof ol age
’ . ag9 nge
QGrama per | Grams per Grama per
ton ton ton
Severe exposure 113.5( 72.6-113.8 | 38.3-113.3
to coccidlosis. 0.012575) b (0. 003T,~ (0. 004~
0.0125%) 0.0123%)
Modcrates ex- 728611351 54.5-113.5 1 38.3-113.8
posure o coc- (0. 005%- | (0. 000%- (0. 004%0-
. cidiosis. 0.01255%) | 0.0125%) 0.0125%)
8light exposure 35.3-113.81 38.3-113.5 | 33.3-113.8
. to coccidiosis. (0.004%- [ (0. 0045~ (0. 004 %,
. 0.0135%1 | 0.0125%) | 0.0125%)
* 110 3-Nltro-4-hy- 22.7-45.4 | Buquinolate...... 75 | For broiler chickeray | AS an afd in the pre
droxypbenyl- | (0. 00’2.50? (0. 00525%) withdraw $ days vention of coccldiosls
arsonic acid. before slaughter; &o causcd by E. tenells,
not feed to laying E., maxima, E. nece-
chickens; as sole triz, and F. scerou-
. source of organie lina; growth promo-
: arsenle, tion and fesd
- alfllciency; improving
pigmentatinn,
L11 &Nitro-4. 45.4 jClopldol.......... 113. 3 | For broller chickany; Growth promotilon and
%dmxy- {0.005% (6. 0125%)| do not tead to feed effictoncy; im-
onyl- . chickens gyer proving plgmsnta-
18 weaks of sge; tion; ald In the
. an withdraw preventlon of cocel-
5 days before diosls eanused by E.
slsughter; as sols tenella, E, necelrir,
source of organie acermllna E. mruhna
arsenic. E. brune:ll and
K, mivatf,
1.12 *Nitro4- 45.4 1Cloptdol........ 113. 5 }Yor replacament chickemz} Ald In the prevention
hydroxyphenyl- | (0. 005%) (0. 0123%,) intended for use a3 of coccldios's caused
arzonle acld. caged layers; by E. ten:ls, E.
neccdriz, Io. acerowlina,
do not foed to chickens E.marima, E. bru-
over 16 weeks of oge; nettd, and K. mirati;
withdraw 5 d1ys befors growth promotlon
slaughter; as ols sourty and feed oliclency;
of orgnnic srrenie. | nroving pizmonts~
L. tion,
o
113 3Nitro-4¢- 45 4] Decoquinale o7, o
hydrotyphanyl- 0. 0055 ] | oduinate L. =7, 7y For brofler chickms; § Asan ald tn the
N};onic?;jd. ¥ 0. 005%) (0.00372)]  do not leed 1o prevention of
laylig chickens; coccldiosts caused
withdraw § dagz by & tenella,
before shaughtey E. necetriz, L.
\ a &3 su} micati, E.
soures of oririn. acersuling, E,
arsenic. g g mazima, and E.
brunetty growth
promotion and feed
eiﬂc!enc/ improving
% L1 3Nirothyd \ pigmentation,
i yarory 45 4/Monensin, ......_ ] 110 {ns For beotlar chickms: | Growth promnt
phenylarsenle scld, (0.0059%) monen- § do no: Ired 1o tustng | sod [MDI o lg?x?y,
sic acld h'r‘x-\m withituw Lmproving plymon-
sctive 5 days balors tation; as an aid in
ity). slaughter; ay soln ths preveation of
sourcs of organie cocs.dlesis cntged
arseiue, by B necrie, £
t/nzun k. geervuding,
I, brun«:t K.oai-
vadi, and Flonazima, 4
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TasLy 1—~3 NITRC-" HYL1OXTPHL" TLARIONH Aap iy Conennrn Cmicney «s Torkey Feeo—sattnued
Principal Qrans Combinad with— QGrams Limitothns Indicstions for use
fngredicnt perton perton o
1.15 3-Nitro-4- 227 | Suliadimeth- 113.5 | For brailer chitzens; As an ald in the pre-
hydrosy- 0. 00”%) oxine+- (0. 01",,,,) not for layiae vention of coccidlosls
phenyl- ormetoprim .1 chickens; dixnn- causad by al
arsonlc acld. (0. 00 555) | tinue use of md- Eimerla specles .
cated feed S-thys known to be
belore slaughior,; as pathogeaic to
sole source of chickens, namely,
organic arseril. L, tenella, £
necalriz, F. acer-
euling, ol brunetti,
E. mivcti, and E.
marima snd bhacterlsl
infoctfons dus to
H. pellinerum
(Infoctious coryza) -
and F. coli, growth
promotion and fesd
efficlency; improving
. plgmentation.
1.18 3-Nitro-4- 45.4 | Amprolium....... ’ 13,3 | For fior-ralsed For increass in rate
hydroxy- (0.005%) _+ (0.01257)|  broiler chickms; of welght gain;
p!yumyb Ethopabate....... 3.6 not for laying improved feed
arson!c acld. (0.0034%)| chickens; as lhiro- efliclency and plg- N
Lincomycin....... 2-4 myecin hydro- mantation; a5 an
chloride mongsy- ald in the provention
drate; withdrsy § of coceldios!a tn
days before tloor-ralsed broller
slaughter; as wle chickens.
source of ampmilum
and organic ananic.
. %117 3Nitro-¢ 45.4 Nequinate___...... 18.18 For broiler chickwns An sid in the prevention
hydroxy- (0. 005%) of coccldios's causnd by

0. 002%%) oul{; feed condnu-
_phenyl- . ously as sole rilon
arsonlc acid. throughout tha
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Principal I Grame } Cumbined with— i Gions Lisaitations I Indicatlons for um
tngredient i par toit | berton &

LN 1S, 14, Lo 27404 ) Dentelliing ; 2.6-30 )mm_ne penleWin | Growth promotionand

baciteacin, B us buciteneln, feed etfictency,
: neltracin methyi-
| ena disalicylate,
i manganesa haitre.
1 ciu, or zine bacl-
tracin.
S ) 22.7-45. ¢ jo_... 4 [ TR, 50-100 @ §121.232, table 1, §121.232, table 1,
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. sulfate,
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% December 3, 1970; 35 F. 14370

(2) Where tolerances are established
in terms of tnorzznic bromide r:siduscs
only from use of orcanle bromide
fumisants on raw agricultural cominodi-
ties, such tolerances are suficizut to pro-
tzct the public haulith and no c.dditional
concurrent; tolerances for the crzanle
pesticide chemicals from such use are
necessary. Thls conchusion Is beszd on
evidence of the dissipation of the crgrnic
pesticide or its conversion o inorzanie
bromlde residues in the fcod when ready
to eat.

(d) (1) Where tolerrnces are esiab-
lished for both calcium cyanids and
hydrosen cyanide on the same raw
wgricultural tommodlty, the total oriount
of such pesticides shall not yield more
residue than that permitted by the
larger of the two tolerances, calculated
@3 hydrozen cyenide.

(2) Where tolerances fre established
for residues of both 0,0-dlethyl S-[2-
(ethylthlo) ethyll phosphorodithioate
and demeton (2 mixture of O0,0-dicthyl
O-(and S-)[2-(ethylthio)ethyl) phos-
phorothioates) on the same raw &g
cultural commodity, the total amount of
such pesticides shall not yield more resti-
due than that permitted by the larger
of the two tolerances, calculated as
demeton.

(3) Where tolerances are established
for both terpene polychlorinates (chlori-
nated mixtvre of camphene, pinene, and
related terpenes, conteainlng 65-65 per-
cent chlorine) and toxaphene (chlori-
nated camphene contalning 67-€9 per-
cent chlorine) on the same raw sgricul-
tural commodities, the total amount of
such pesticides shall not yleld more resi-
due then that permitted by the larger of
the two tolerances, calculated as 8
chlorinated terpene of molecular weight
398.6 containing 67 percent chlorine,
*(4) Where a tolerance is estabishad
for mcre than cco pooticlde containing
arcenic found in, or on & raw azricultural
cemmaoddity, thz total emount of such
pesticdde shall not exceed the highest
established tolerance calculated 8s
A3,0,. e

(5) Where tolerances are estabiished
for more than one member of the class
of dithiocarbamates listed in paregraph
(e) {3) of this sectlon on the same raw
azricultural commodity, the total resl-
due of such pesticides shall not exceed
that permitted by the highest tolerance
estoblished for any one meirber of the
cloig, calculated as zinc ethylenebisdi-
thiccarbamate.

(8) W"‘e:e tolerances are esL bl h°d

et
Soe e

-

fomv
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tuon l commesiity, tha ‘\“*l m‘cun of

new page in your reprint.

such pestlcldes enal not ylel! more
restdue than thal jarmdtited py the
hiziier of the twvo tabrinces, ealculated
a3 §,5,S-tribulyl pho.ohorotrithionie.
(¢) Exeapt ag notcliin subparagephs
(1) and () of this rnwoagraph, wherse
ilues from twoe o mmord chemicals
in the rame clro3 erengcin
raw eoricuwltural comnwdity tho teleruncs
for the total of sush rziduss ghall ba the
sarae 25 that for the ¢hamleal having
tho lowast pumerienl folizones in this
cloig, unless o N”‘*‘u tolorance level 43
epociileally provic:d for the eomblacd
resldues by a rozuistion In thiy pact.
(1) Whers resldusairein two or mors
chamicnls in the cunrelazs are prezent

in or c¢n a raw asricdiural cozimodity -

and there are avail?lla mathods that
permit quantitative dotermination of
each residue, the gunstity of combined
reztdusy that orz wifdin the tolerance
may ba'determined a3 followva:

(1) Determine the guantity of each:

resldue prezant.

(1) Divide tha quaniity of each resi-
due by the tolerance that would epply
if it occurred alone, aud multiply by 1€0
to determine the pereaxtage of the por-
mitted amount of rcaitlie precent.

(i) Add the prercerthzes so obtained
for all residuas precard .

(fv) The sum cf inepercentages shall
not excasd 1“0 LRIt oI,

(2) Where residuzsfircm two or mors
chemicals in tha 22neclnas are prezant
in or on a raw asricdiural comincaity
and there ere avallalis methods that
permit quantltative &iorminations of
one or more, but not £l of the rosiduss,
the amounts of such zz'duss as may be
determinable shzll ba-édueted from the
total amount of residug prozent and the
remainder ehall have tia sy tolaronce
as that for the chiaicd having tha low-
est numesrical telzvpom In that claca,
The quanilly ol com3hed residucsa that
are within tre tcerame may be detor-
mined as folloswrs:

(1) Determine the qpantity of each
determinable residue present,

(1) Deduct the smowmis of such resi-
duss from the toizi cnount of raziduzs
przsent and consider e remalnéor to
have the same toleranc as that for the
chemical having tae lbwest numerical
tolerance in that clza.

(1) Divide thequzniity of esch cdeter-
minable residuz by the tolerance that
weuld anniy U it ocow=d alene end the
quantity of the remzinh7 residie by tha
tu‘“r"nc* for th: c"’nlcgl having t."*v
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CHAPTER VI

THE TOXICOLNGY OF ARSELIL

Although the less toxic arsenicals have had a thempeutic use for over
2,000 years, the toxic nature of the soluble inorgmnic compounds has

been known and exploited for much longer. Industrial applications for
arsenic compounds have increased the total of the ttoxic experiences but
it was not until the 20th century that the fundameital mechanisms of

the action of arsenic were beginning to be brought to light. In the i
past half century, first stimulated by the interest in the mode of action
~of the organic arsenical drugs used in the treatmert of syphilis then

by the need to combat the possible use of offensive arsenical warfare
agents by discovering effective antidotes, a great deal has come to be
‘known about the action of arsenic on biological systems (Buchanan, 1962).

VI. A. Absorption - Systemic poisoning has been pmwduced by the absorption
of arsenic compounds from the lungs, the gastrointestinal tract, and across
the skin.

VI. A.1. Oral Absorption -~ The degree of absorptiar from the gastrointestinal
tract and the toxicity of the ingested arsenical is closely related to the
‘'solubility at the pH of the stomach and the intestinral tract. Arsenic sulfides,
found in ores, are very insoluble and are not toxic. Elemental arsenic is
considered by most authorities to be nonpoisonous aid after ingestion, appears
to pass through the alimentary tract largely uncharmged, though it is possible
that a small amount may be changed into the irritami trioxide (Buchanan, 1962).

Buchanan (1962) states that arsenic trioxide is absrbed across the gastro-
intestinal tract and that absorption is more rapid #Hf the oxide is in finely
divided form. However, Harrison, et al. (1958), in comparing the toxicities
of the crude arsenic trioxide and pure arsenic trioide, found the pure
compound to be more toxic than the crude form. The particle size distribution
of the two samples indicated that the pure arsenic trioxide contained many
more large particles than the crude white arsenic.

The absorption of the arsenates is probably similar to the corresponding
phosphate compound but no quantitative information iis available (Clarkson
and Distefano, 1971).

VI. 2. Dermal Absorption - The percutaneous absorpiion of arsenicals
resulting in systemic toxicity is generally not considered important

although poisonings have been reported’ by this routr Arsenic may be
absorbed through the skin when it is applied in ointments or lotions.

The soluble arsenic compounds are readily absorbed Trom all mucous membranes,
including the lung surfaces, at a rate and to an extent dependent upon the
form in which they are ingested (Stewart and Stolman 1960).
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VI.3. Respiratory Absorption - Approximately 75 psicent of inlaled

arsenic trioxide is retained in the lungs (Clarkson and Distefauo, 1971).
Ciliary movement may remove inhaled ar~caic from tle bronchial passagces

and introduce them into the alimentary canal. Themfore, some of the ¢
effects noted from inhalation exposure may be deriwd from gastrointestinal
absorption. Rozenshtein (1970) demonstrated that as little as 4 pg/m3 of
arsenic trioxide in the 1nsp1rcd air has untoward efifects on the uncondltloned
reflexes and chollnesterase levels in rats. All lewxels of 1 ug/m was shown to
have no effect. Benko (1970) demonstrated systemic absorption in mice from
the inhalation exposure to 180 ug/m® arsenic trioxide dust. Arsine, which

is a gas, may readily be absorbed through the lungs and produces very toxic
effects.

VI.B. Distribution - Utilizing radiolabeled arsenix, Lanz, et al. (1950),
demonstrated that 95 to 99 percent of the arsenic oi whole blood is combined
with the globin of hemoglobin in the erythrocytes. This study was carried
out in rats and confirms the findings of Hunter, et al. (1942). However,
this does not hold true for other animals and humans (Hunter, et al., 1942).
Almost all of the arsenic of serum is bound to the werum proteins (Stewart
‘and Stollman, 1960).

After acute exposure arsenic is deposited in descenling order in the liver,
kidney, intestine, spleen, and lung (Clarkson and Diistefano, 1971). Arsenic
appears in the hair about two weeks after the first exposure where it is
“bound to the -SH linkage of keratin. Chronic exposire leads to accumulation
in hair, bone, and skin. Arsenic may be found in high concentrations in the
hair years after cessation of exposure and after most of the metal has been
removed from the soft tissues (Clarkson and Distefaro, 1971).

Apparently arsenic levels do not remain high in tismues after the cessation
of arsenic intake. Inorganic arsenic fed to cows rmised the arsenic levels
of the liver and kidney during an 8 week feeding pesiod, but 15 days after
the last feeding the levels returned to normal (Pegyles, 1962; 1964),

Arsenic fed in low levels (5 ppm) to mice failed to accumulate in the tissues.
At high levels the arsenic content of tissues first increased then declined
(Benko, 1968-70). Schroeder (1968) demonstrated th#t arsenic accumulated

in the. aortas of rats. In humans who had Salvarsan treatments, the liver
levels of arsenic were found to be normal.

The estimates of the 'normal" arsenic content of haiir, nails, and urine
have been made by various investigators and show a reasonable measure of
agreement. Watrous and McCaughey (1945) have quotek a normal range of
arsenic in the urine of 0.014 to 0.046 mg/l. Buchaian (1962) cites arsenic
values found in human tissues and fluids by Smales ezmd Pate as follows:

Urine 0.013

- 0.33mg/1
Blood 0.09 - 0.50mg/1
Hair 0.5 - 2.1 gpm .
Fingernails 0.82 -~ 3.5 g9pm
Toenails . 0.52 -~ 5.6 pm
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Normal fasting serum level:s of human males and femwles range from 3.5 to
7.7 ug of arsenic per JO0 ul. From autopsy samples arsenic levels measured
in ug/100 g in kidney rangea from 2.6 to 3.7: liver 3.0 to 3.9; heart 2.4
to 3.7; brain 2.4 to 3.7; lung 1.8 to 2.9; and thigh muscle 3.1 to 5.8

* (Kingsley and Schaffert, 1951). _ G

Arsenic passes the blood-brain barrier only slowly. Brain levels are

.among the lowest in the body. Arsenic in brain tissue, however, is retained
" for longer periods than it is in other soft tissues and is associated with
the mesoglial mesenchyma, where it may cause degenerative changes (Clarkson
and Distefano, 1971).

VI. C. Metabolism and Excretion -~ There is evidence indicating pentavalent
arsenic is reduced in the tissues to the trivalent state. Ehrlich first
advanced this theory to explain the action of pentavalent arsonic acids

which are relatively nontoxic to trypanosomes in vitro but are active in vivo.
In 1923, Voegtlin, et al., demonstrated that although the organic pentavalent
compounds of arsenic were toxic in vivo, the time required for this toxic
action to appear was longer than in the case of trivalent compounds. This
latter theory may not be tenable due to the differemt mechanism of toxicity
of the two types of compounds.

Winkler (1962) found that arsenic is stored in tisswes of rats in the pentavalent
form even when fed as trivalent arsenic. This indicates there may be an
oxidation of trivalent arsenic to the pentavalent state.

Overby and Frost (1962) and McChesney and Banks (1962) have demonstrated

that there is no cleavage of organically found arsemic in the body. The

'reverse, the conversion of inorganic arsenic to orgamically bound arsenic
probably occurs.

Excretion occurs by all physiologic routes - feces, urine, sweat, and milk.
Some volatile arsenic may be exhaled from the lungs. Arsenic is also removed
from the body by the normal loss of hair and skin, especially in cases of
chronic poisoning. The urine and feces contain most of the excreted arsenic.
In general, the arsenite salts are lost mainly via ithe feces and the arsenates
via the urine. Arsenate excretion is more rapid tham arsenite excretion and
probably occurs via the phosphate excretory mechanisms. Approximately 10

days are required to eliminate a single dose of arsemic from the body and

as much as 70 days are needed to eliminate the body burden after cessation

of repeated exposure (Sollman, 1957).

The arsenic in the urine is in the inorganic form if elemental arsenic has
been administered. About 10 to 15 percent of the arsenic found in the bile
is in the trivalent form. None of the arsenic is detected in the organic
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form or as a complex or conjuzated comrsund. Since the rate of excretion

of arsenic is important in deccrmining toxicity, itlas been found that « -
when various arsenicals are administered intravenoudly to rats the trivalent
sodium arsenite was excreted less readily than the pmtavalent arsenical
(Schreiber and Brouwer,. 1964). The rate of excretiar of pentavalent

arsenic was 41 to 64 percent, found predominantly inthe urine., Only 9 to
24 percent of trivalent arsenic was excreted in theurine,

VI. D. The Biochemical Basis for Toxicity - Trivakmtlarsenié compounds,
inorganic and organic, possess a high affinity of néghboring thiol (SH)
groups. The reactions are of the following type:

_ HS——CH, ' . s—<H,
: R As::::’
R—As 0 + HS—CH —m ~S—CH + H,0
HS——CH HO—CH

. 2 2

This reaction of arsenic with the essential components of enzyme systems

is the basis for the toxic action of trivalent arsenix in the body. Exper-
iments with arsenical compounds have shown them to hae a marked effect on
.a wide range of enzyme systems and the pyruvate oxidse system, e.g. that
of brain cells, in particular, is greatly inhibited k: low concentrations
of trivalent arsenic compounds (Peters, Sinclair, andThomspon, 1946).

An importaﬁt means by which trivalent arsenic exertsits poisonous effects
is by the inhibition of pyruvate oxidation which ism essential stage of
the mechanism of energy transformation in the livingcell. Strong support
for this view is provided by the finding .an increasein the blood level of
pyruvate in cases of experimental poisoning. This hssalso been observed
in man (Buchanan, 1962).

A great many other enzyme systems in the body are ake affected by arsenic
in this manner. D-amino acid oxidase, 2-glutamic acik oxidase, monoamine
oxidase and transaminase are all inhibited by trivalw@t arsenic and are
reactivated by glutathione. Urease is highly sensitire to trivalent arsenic
as are also choline oxidase, choline dehydrogenase am glucose oxidase.

All of these enzymes possess thiol groups as a commonfactor in this
inactivation. On the other hand, enzymes not possesdng thiol groups
essential to their activity, are not inactivated by itrivalent arsenic
(Buchanan, 1962). ’ ,

Unlike trivalent arsenic, the toxicity of pencavalentarsenic is not due to
its binding to thiol (SH) groups. Therefore, the arzaate ion does not
affect enzyme systems in the way the arsenite ion dass (Johnstone, 1963).
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Rather, the unstable arsenyl icns may veclace the more stable phosplioryl
ions in a number of systems resulting in the uncoupiing of oxidative *“
phosphorylation. This substitution has been shown to take place in vitro.
Under certain conditions, arsenic can substitute for nitrogen in choline
and lecithin. It may be seen, therefore, that the toxicity of pentavalent
arsenic does not necessarily depend on its reductim te¢ trivalent arsenic
in the body as postulated by Ehrlich. '

VI. E., Toxicity to Laboratory Animals - The absonrtion, distribution,
metabolism, excretion, and the action of arsenic at cellular and subcellular
levels has previously been discussed. This sectionwill deal with the

toxic effects of arsenic on the intact animal.

Vi, E. 1. Acute Toxicity - In general, the inorgimic arsenicals are more
toxic than the organic compounds. Of the inorganic arsenic compounds, the
trivalent compounds are more toxic than the pentavalent compounds.

Frost (1967) reported that at their respective LD5O levels of 700, 16, and
0.8 mg/kg, tryparsamide, benzenearsonic acid, and bsnaenearsenoxide gave
similar levels of arsenic in rabbit tissues. This Ims been confirmed in
other .species with other arsenicals. It appears tha: target enzymes,
although farm more susceptible to trivalent than to pentavalent arsenicals,
bind a similar level of arsenic at the point of death.

The first and principal symptoms of acute arsenic texicity are those of
inflammation of the digestive tract. Autepsy rarely shows extensive
corrosion, and the gastroenteritis may be obtained Ly intravenous or sub-
cutaneous administration. This does not exclude all local action, since

some arsenic is excreted into the alimentary canal, but the quantity is

not sufficient to account. for the symptoms. The inflammation is due 'to

the systemic action on the capillaries, which is stmngest in the intestines,
regardless of the route of arsenic administration. Gapillary paralysis
results in the production of exudation into the conmective tissue. This
raises the epithelium and causes it to be thrown off in shreds or false
membranes. The exudation is then poured into the_ luren of the intestine

and largely coagulates. This distention, as well,thle circulatory changes, «-
causes increased peristalsis and watery diarrhea. Tie vessels of the

kidney participate in the capillary dilatation. The glomercular capillaries
are swollen and fill the capsule; the urine is albuminous and scanty.
Nephritis results. B

Table 1 lists the acute LD50 of various, arsenic comprunds.,
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Table 1. Acute Oral Toxicities of Ar.enical Pestigdes in Rats*

L
Compound LDcn  (mg/kg)
Inorganic !
Arsenic trioxide e | 138
Arsenic pentoxide _ 8
Calcium arsenate © 10-100
Paris green {copper acetoarsenite) 20-1.00
Lead arsenate o 10-100
Sodium arsenite . : - 10- 50
Organic
Cacodylic acid 1350
Methanearsonic acids: ’
Calcium hydrogen salt (CMS) 4000
Ammonium salt (AMA) 749
Disodium salt (DSMA) 2800
_ Monoammonium salt (MAMA) i 750
- Monosodium salt (MSMA) : 1800

*Gaines (personal communication)

VI. E. 2. Subacute Toxicity - Von Glahn,. et al. {{938) reviewed the
subacute toxicity studies of arsenicals. They state that the earliest
reported experiment was that of Ziegler and Obolonsly in 1888. In this
experiment, small doses of arsenic were administersed subcutaneously and
orally to dogs and rabbits. In the rabbits, fatty :dianges of the liver
cells in the central part of the lobule was observel after a few days; at
the end of 9 days, shrinking and hyaline degeneratior of individual liver
cells, with fragmentation of the nuclei, were presertn. After 14 days, in
addition to the fat droplets, there were necroses, ifle necrotic liver
cells having a spongy appearance. In the livers of the rabbits surviving
for 16 days, small groups of swollen liver cells witlout nuclei, an
increase of connective tissue and proliferation of H:le ducts were found.
One of the rabbits survived for 20 days. 1In additim to the alterations
described, many multinucleated cells ware present in the sinusoids.
Another rabbit remained alive for 25 days; degeneratfiobn of single hepatic
cells and numerous giant cells were seen. The only Hepatic lesion produced
in dogs following the administration of arsenic in tses from 0.01 to 0.1
gm over a period of 90 days was vascular degeneratiot of liver cells and
fatty degeneration of liver cells and fatty infilfration. The fat was not
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abundant es in the liver of rabbits. Podwyssotzsy, in the same year,
reported somewhat similar results in cuinea pigs after subcutaneouz
injection of sodium arsenite in amounts from 0.005 to 0.1 gm. Some of # -
the animals lived but a short time - from 3 to 6 diys. Necrotic areas
were found in the livers, the connective tissues was increased, and

bile ducts were proliferating. Mitoses were presert in fibroblasts

and the epithelium of bile ducts. Later the masses of necrotic liver
cells were sharply delimited, as though sequestrated, and were invaded
by newly formed bile ducts and connective tissue. In the animals whose
period of survival was from 15 to 25 days, the necwtic liver cells had
disappeared for the most part and were replaced by recently formed liver
cells and scar tissue.

Wolkow (cited by Von Glahn, et al. 1938) administemd a solution of potas-
sium arsenite by subcutaneous injection to eightean rabbits. Doses of
from 0.003 to 0.003 to 0.005 gm of arsenious acid were well tolerated:
following large doses of from 0.1 to 0.02 gm, the mimals lived only a

few days. ©Nine of the animals were put to death #t varying intervals,

the longest period being 36 days. The other nine 'mbbits were allowed

to succumb from the effects of the arsenic. In this group the longest
period of survival after the beginning of the experiment was 60 days.

The most constant finding was fatty degeneration of the liver cells and
-Kupffer cells, usually in all parts of the lobule. Areas of necrosis of
liver cells were found as early as the second day *h five of the animals
given the larger doses. The necroses were situated most often at the
periphery of the lobule; the necrotic cells were fmquently swollen, the
cytoplasm was clear and transparent, and their muclei stained faintly and
were scarcely visible. Leukocytes had collected &t the periphery of

each area of necrosis and had also penetrated betwesn the necrotic cells.
These foci of necrosis were sharply defined from tle surrounding cells.
The stroma remained in the necrotic areas; fine fat droplets were not
conspicuous in the necrotic cells. Mitoses were dlserved in a few of the
liver cells, and in three of the animals multinuclemted liver cells were
found. Inflammatory reactions in the bile ducts wea:e moderately frequent.
The connective tissue of the portal areas was incmeased in three animals,
and bile ducts were proliferated. '

Stoeber (cited by Von Glahn, et al., 1938) injectel sodium arsinite
intravenously into rabbits. Some of the animals Iived for 7-1/2 months.
In the animals in which the poisoning was subacut=z, there were observed
swelling, hemosiderosis of the Kupffer cells and also phagocytosis of
erythrocytes by these cells. More striking were erlarged pigment-cén~
taining phagocytes at the periphery of the lobule md in the portal areas.
The pigment held within the phagocytes was in part iron containing. The
portal areas were widened by fibroblasts and fibromgytes, and bile ducts
were proliferating. Small areas of necrosis involuving a few liver cells
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were found scattered throughout the lobule but were more frejuent cl:se
‘to the efferent vein and portal area. The Kupffer cells were well
preserved in these areas. After from 3 to 6 weeks, the liver cell layer
bordering the portal area was irregular. The epitkelial cells of the
precapillary bile ducts contained fine droplets of £at, and these ducts
were surrounded by sparse numbers of leukocytes.

o

VI. E. 3. Chronic Toxicity - Sollmann (1921) studied the effects of
chronically administered daily doses of arsenic trioxide on albino rats.
The doses ranged, in mg/kg/day from 0.0000475 to 0.C049, while the duration
of the studies ranged from 9 to 24 weeks.

It was found that when arsenic trioxide was administered to the rats over
this time period, a distinct retardation of growth and checking of appetite
resulted from small doses; i.e., 0.00005 to 0.0005 wg/kg; and a more

marked loss of weight with doses of 0.0015 to 0.005 mg/kg. No mortality
was attributable to arsenic trioxide in this experiment.

Utilizing dogs, Joachimoglu (1916) found that more arsenic was absorbed
from the gastrointestinal tract when increasing doses were given. One
dog, for example, received daily doses of arsenic which were increased
weekly from 10 mg to 400 mg. When the dog received 40 mg of arsenic
trioxide, it excreted 4.58 mg arsenic daily in his urine. When the
dose was increased to 400 mg arsenic daily, it excreted 19.8 mg in the
urine. However, these figures show that the percent of urinary excretion
decreases with increasing oral doses and more is excreted in the feces.
On microscopic examination, the gastrointestinal tract was either normal
or showed degenerative changes. The amount of arsenic absorbed varied
greatly with the animals. Apparently decreased absorption of arsenic by
the gastrointestinal tract is not responsible for the tolerance to
arsenic.

Von Glahn, et al. (1938), in studying the effects of various diets on the
liver of rgnggé, fed ten animals a diet of cabbage only. Pigment was
increased in the liver cells of most of the animals, and in many of them
large phagocytes containing pigment were present in the sinusoids. The
experiment was repeated three times, but similar changes were not produced.
Thinking that the cabbage fed to the first series of rabbits may have con-
tained an arsenical pesticide, the authors attempts to repeat their results
by feeding low levels of copper arsenate, sodium arsenate, or lead arsenate.
The arsenic level in the diets was adjusted to the arsenic levels found in
their analysis of cabbage (4.32 mg/kg). Copper arsenate was administered
at levels of 5.6 mg (1.4 mg arsenic) and 9.3 mg (2.33 mg arsenic); sodium
arsenate was administered at 6.8 mg (.5 mg arsenic); lead arsenate was
administered at 7.2 mg (1.4 mg arsenic) and 12 mg (2.33 mg arsenic).
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Of the forty-six rabbits fed hay and cats and given a daily dose ol one

of the arsenates only four-9 pewcent-failed to acquire cirrhosis. Two
of these four lived only a short time. That the arsenate did, however,
produce damage in the livers of three of these four animals was indicated
by the presence of necrosis. The analyses for the arsenic contents of

the livers of the rabbits that received the arsenates show clearly that
the extent of the damage done was directly related to the arsenic present.
It was determined that arsenic alone was responsible and that the lead

and copper did not play any part in the production of the lesions.

Morris, et al. (1938) studied the storage of arsenic when low levels of
arsenic were fed as either calcium arsenate or arsemic trioxide. In this
study 215 mg of arsenic per kilogram of body weight, as either arsenic
trioxide or calcium arsenate, was added to the control diet of albino
rats. The average number of days on the diet was 5%& for those on calcium
arsenate and 42 for those on arsenic trioxide. In both the calcium
arsenate and arsenic trioxide groups, large quantities of arsenic were
stored in the various organs. The liver and kidneys stored by far the
largest amount per gram of dry weight. The livers of the experimental
animals of the calcium arsenate series were 41 percent larger than those
of the controls, while the brains were 8 percent smaller. Much larger
amounts of arsenic were stored in animals receiving calcium arsenate than
in those receiving arsenic trioxide when fed at the same level.

In a study of the effect of several abnormal trace elements (germanium, tin,
and arsenic) on rats, Schroeder, et al. (1968) fed albino rats 5 ug/ml of
sodium arsenite in their drinking water for over two years. Arsenic, in
this experiment, was not found to be carcinogenic. No arsenic keratoses
appeared, and this element was not toxic in terms of growth and life span.
In evaluating the differences between the test and control animals, the
following criteria were considered: limited growth, lessened survival and
longevity, elevated serum cholesterol and glucose levels, excess protelnurla,
excess number of tumors, fatty changes in the liver and renal lesions. In
"this light, femalerats fed arsenic showed no significant differences from
the controls; male rats and elevated serum cholesterol levels only. Glucose
levels, however, were lower than; the controls. These very few changes
occurred in the presence of a remarkable accumulatiom of arsenic in the
tissues, demonstrating that arsenite, given at this level is not toxie to
rats.

Calvery, et al. (1938) studied the chronic effects om dogs of feeding diets
containing lead acetate, lead arsenate, and arsenic trioxide. The basic
problem in this study was to determine the toxicity of lead and arsenic
when used as sprays and spray residues. Dogs were msed in the study. Lead
acetate, lead arsenate or arsenic trioxide was added to the basic diet at
the following lavels: lead acetate, 12.8, 38.4, and 64 mg of lead/kg diet;
lead arsenate, 64 mg of lead/kg of diet; arsenic trioxide, 28.8 and 107.5
mg arscnic/kg of diet.
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It was found that the storage and retention of arszenic by the dog: when
fed arsenic trioxide and lead arsenate was much less than that of the

rats fed arsenic tricxide and calcium arsenate. The very low storage

was either due to failure of absorption or rapid elimination, and explains
the low susceptibility of dogs to chronic arsenic itoxicity. At the levels
used in the experiment, there was no difference bewween the toxicity of
lead acetate and lead arsenate, However, earlier experiments in rats at
higher levels showed that lead arsenate was far more toxic.

o

Fairhall and Miller (1941) studied the relative toxicity of the molecular
components of lead arsenate., Albino rats were used in the experiment.
The diets were uniform except that lead arsenate was added to the diet

of one group (10 mg/day), an equivalent amount of flead as lead arsenate
was added to the diet of the second, and an amount of arsenate equivalent
to that of the lead arsenate group was added as caleium arsenate to the
third group. The animals remained on the diets for two years.

Based upon the mortality rates over the 2-year periad, the order of

toxicity of the three substances at equivalent levells of intake was as

follows: calcium arsenate was most toxic, lead arsenate less, and lead
‘carbonate least toxic.

Pathologic studies showed significant changes in the kidney and spleen.
The large hyperregenerative cells with large vesicullar nuclei and
cytoplasmic brown pigment granules in the renal conwoluted tubules were
most frequent in rats fed lead carbonate, less with lead arsenate, and
least with calcium arsenate. The large oxyphil intwanuclear inclusions
appeared in the same order in animals fed lead carbmmate and lead arsenate
but were absent in the calcium arsenate group. These changes are typical
of lead toxicity. -

Splenic hemosiderosis, considered indicative of blewd destruction, occurred
in the greater amounts in rats fed calcium arsenate and lead arsenate than
in those fed lead carbonate. Splenic myelosis was dlistinctly reduced in
the lead carbonate series but not appreciably diminfished in the calcium
arsenate and lead arsenate series or in the control groups. Lf splenic
hemosiderosis is accepted as signifying blood destrmction and splenic
myclosis is accepted as a sign of blood formation, it appears that the
action of lead carbounate on the spleen in rats may e both hypoplastic and
hemolytic while that of the arsenate radical is primarily hemolytic.

The distribution of lead and arsenic in the tissues of the l-and 2-year
groups indicated less storage of lead than of arseniic in the soft tissues
of animals fed lead arsenate. The kidney content off arsenic in the calcium
arsenate group was distinctly greater than that of tthe lead arsenate group,
both in the l-year and 2-year animals.



It would appear that the arsenate racical either decieases the absorption

ar increases the excretion of lead. oo

VI. E. 4. Teratogenicity Studies - Ferm and Carpenter studied the
teratogenic effects of sodium arsenate in the golden hamster. Virgin

emale golden hamsters were mated with male hamsters. On the 8th day of
gestation the pregnant hamsters were injected into the lingual vein with

5 mg/kg or 20 mg/kg of sodium arsenate in distilled water. Exencephaly,

a specific malformation in the heads of the offsprings was produced. The
dosage level appeared to be critical since 5 mg/kg induced no malformations
while a dose of 40 mg/kg kills all embryos in utero. The exencephalic
lesion was markedly consistent and specific and often within a single
litter a majority of the survivors showed a strikingly similar defect.
Secondary effects of this nervous system lesion included occasional bulging
of the eyeballs and a relative protrusion of the tongue and mandible similar
to that seen in hypervitaminosis-A-treated animals. No other gross external
malformations were noted in other organ systems. The maternal animals
tolerated all dose levels of arsenic very well. Maternal weight gain was
normal., Histological examination of the placental membranes revealed no
abnormality.

Fern and Carpenter (1971) made a more complete study of the teratogenic
.effects of sodium arsenate on the golden hamster in an attempt to deter-
mine the possible mechanism of arsenic as a teratogen.

Virgin female hamsters were bred to males during the night and the day
following the evening of breeding was considered the first day of gestation.
On the eighth day of gestation, the pregnant females were anesthetized and
injected intravenously with dibasic sodium arsenate. The dose varied
between 15 and 25 mg/kg of body weight. The time of injection on this day
was recorded, the day being divided into 6 hour periods. The female animals
were killed on the morning of the 15th day of gestation.

Dibasic sodium arsenate had a marked effect both upon resportion and malforma-
tion rates in. the hamster. The rates increased with increasing doses., The
observation that the resorption rate decreases in those litters which are
treated at later stages of development may be best uwnderstood in that early
in the-8th day of gestation, the hamster embryo dévelops very rapidly,
progressing from primitive streak stage to an embryn with a completely
closed neural tube and a beating heart within a 24-hour period. It is
during this period that the embryo is most susceptible to lethal and
teratogenic influences. Thereafter, this susceptibility decreases with
time. The time of injection had a profound influence on the teratogenic
profile. The overall malformation rate remained constant over the 1l2-hour
period (8th day) but the frequency with which specific malformations
occurred varied considerably with time. There was marked increase in rib
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maiformations in the last six bour period of the 8th day. However, the
frequency of all other malformations (genitourinary, anencephaly, and
exencephalia) decreased through the 12-hour time span. Malformations of
the cranium were the most common developmental anomily found.

VI. E. 5. Cancer Studies - Attempts to demcnstraie cancer in experimental
animals with arsenic have not been successful. Frost (1967) contends that
no carcinogenesis from arsenic in animals has been zeported. However,
Kraybill and Shimbin (1964), in a review, indicated that hepatomas had been
induced in trout from the feeding of carbarsone in ithe diet. The control
group had zero hepatomas in a group of 300, whereas the carbarsone treated
group had 5 hepatomas in 50 exposed.

VI. F. . Toxicity to Humans ~ The symptoms and effects of acute and chronic
arsenical poisoning in man are quite similar to those found in experimental
animals. Systemically arsenicals relax the capillasies and increase their
permeability, thus stimulating inflammation. This thange is most con-
spicuous in the splanchnic area. In acute poisoning it results in violent
gastroenteritis. The dilation of capillaries intiwduces change in the
circulation which cause secondary disturbances in the function of more
remote organs, particularly in the nervous system. Fatty degeneration

of the cells is seen, especially in glands and musciles, with other dis-
_turbances of nutrition and metabolism, particularly in chronic poiscning.
There may also be direct paralysis cf the heart (Sollmann, 1964).

VI. F. 1. Acute Poisoning - The mortality in climically acute arsenical
poisoning in people is high, about 50 to 75 percent. The fatal dose varies,
especially with the solubility of the preparation. Of the trioxide, 5 to
50 mg are toxic; 0.1 to 0.3 gm is usually fatal, but recovery may occur
after much larger quantities (Sollmann, 1957). The arsenites are more
soluble and are more rapidly toxic than the correspmmding arsenates.

Even when administered in comparatively large doses, there is a charac-
teristic delay ranging from half an hour to several hours in the onset of
symptoms following ingestion of trivalent arsenic. The first symptom is
frequently a feeling of throat constriction, followed by difficulty in
swallowing and epigastric discomfort. Thereafter, wiolent abdeminal pain
accompanied by vomiting and a watery diarrhea occurs. Blood may be present
in the stools or vomitus. These symptoms are accompanied by others of
systemic upset, including a sensation of giddinessg~muscular cramps,
possibly the effect of the severe loss of fluid in the watery stools and
headache. In those dying from the acute effects, stock, manifesting itself
by a cold clammy skin, feeble pulse and weak sighins respirations, supervene,
and death may be preceded by terminal convulsions. In these cases, death
usually takes place within 24 hours. In less acute cases, the victim may
survive for two to four days (Buchanan, 1962).
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The nunber of reported cases of arsenical poisouing in the United States
in 1969 is shown in Table 2. It ¢hould be noted that, although sodium
rarsenite and arsenic trioxide accounted for about eme-fourth of the
poisonings, they accounted for all of the deaths resulting from identified
arsenical compounds.

£

Table 2. Reported Cases of Arsenical Poisoning, U.S.A., 19697

Arsenical Reported Reported
Cases - Deaths
Lead argenate , 83 0
Sodium arsenate - 79 0.
Sodium arsenite 38 5
Arsenic (unspecified) 34 1
Arsenic trioxide 23 2
Calcium arsenate 7 0
Disodium methyl arsenate 5 0
Paris green 2 0

*poison Control Center Statistics, National Clearing House for Poison
Control Centers, FDA, DHEW. .

A number of cases of acute poisonings are summarized with the most pre-
valent symptoms of poisoning and also some unusual findings given.

Barnhart and Weiderkopf (1961) describe a- patient who ingested a large
quantity of an unspecified arsenical insecticide. His stomach was

pumped 45 minutes later. Nevertheless, the patient developed a neuropathy
with pain and impaired function of the hands and feet and full recovery
-was incomplete 2 years after the initial poisoning.

Capellini, et 'al. (1955) reported 34 cases of lead arsenate poisoning in
workers producing insecticides. The concentration of lead and arsenic in
the workroom air was from 8 to 11 mg/l. The average length of exposure
varied from 2 to 6 months. The symptomology of lead arsenate poisoning

was quite varied since signs of both lead and arsenic intoxication occurred.

Barry and Herndon (1962) found ECG changes in 3 patients that had taken
arsenic trioxide in an attempt to commit suicide. These changes disappeared
within 20 days in the two patients that recovered. Similar ECG changes were
reported by Glazener, et al. (1968).
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Sodium arsenate in the form of "Ant Buttons' was imested Iy two children.

"Both recovered after acute symptoms of poisoning. The report states :that

"Ant Buttons" is a trade-name for an insecticide which utilize crown caps
as containers (Jacobiziner and Raybin, 1961). A similar case was reported

by Jenkins (1965). The registration for this product has been cancelled.

Because of the increasing incidence of cases of arsemic poisonings, arsenic

insecticides were outlawed in Germany in 1942. Arsenical insecticides are
still in use in Italy and France.

VI. F. 2. Chronic Poisoning - The symptoms of chwnic arsenical poison-

ing may be divided into three phases of appearance (Cushny, 1949, cited in

Buchanan, 1962).

In the first phase, the victim complains of weakness, loss of appetite,
some nausea and occasional vomiting. There may be a sense of heaviness in
the stomach and some diarrhea.

In the second stage of chronic poisening, conjunctivites and a catarrhal
state of the exposed mucous membranes of the nose, larynx and respiratory
passages are common. The patient presents himself wi:th symptoms of coryza,
hoarseness and mild tracheitis or bronchitis. These symptoms are not

.uncommon in those exposed to arsenical dust in the giurse of their occupa-

tion and in such circumstances, they might be confus:d as symptoms result-~

.ing from irritation from local contact rather than efifects of chronic

systemic poisoning. Perforation of the nasal septumis a common finding
in such individuals. Skin manifestations are common at this stage of
poisoning. These may consist chiefly of eczematoid fleatures of wvarying
degrees of severity but vesicular lesions tend to pmdominate. Melanosis
of the skin is a common finding following many yearsuse of arsenic
medicinally or contact with arsenical dust. This is an indication of
systemic absorption of arsenic and not the result of local action,

The third stage of poisoning is marked by the onset of the manifestations

of peripheral neuritis. Initially, the neuritis affcts mainly the hands
and feet and is patchy elsewhere and is sensory in diaracter. Motor
paralysis does not normally appear except in the mom severe cases when
the first muscles to be affected are generally thea ettensor muscles of
the toes, then the peronei muscles.

Improvement may be expected on withdrawal from further exposure to arsenic,
but is often very slow and may be incomplete, especially where motor
paralyses have appeared and the muscles have given areaction of degeneration.

A few cases of chronic arsenical poisoning will be summarized. One of

the most unusual cases of contamination of food prodicts occurred at
Lancashire, Straffordshire, England in 1900 in which several thousand
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persons hecame i1l and about 70 persons died from drinking contaminatcd
begr. The beer contained as much as 15 ppm arsenic and the glucose usad:
in the fermentation contained about 400 ppm arsenic. The ultimate source
of. the contamination was found to be in the sulfuric acid used in prepara-
tion of the sugar. The sulfuric acid which containel about 1.4 percent
arsenous acid was manufactured from pyrites containing arsenic impurities.

Smelter operations have commonly been associated with adverse effects
from arsenic exposure. Such a situation was reported in this country

in 1962 when a gold mine and smelter was reopened and the emission
control equipment was inadequate to control atmosphesic pollution from
S0, and As,0, (Birmingham et al., 1965). 1In this csse, air levels taken
at the plant showed 60 to 13,000 micrograms per cubiz meter of arsenic.

A study was made of 40 school children in the area. Out of these students,
32 had dermatosis associated with arsenic cutaneous 2xposure. The systemic
arsenic poisoning was discounted when it was proved to be a contact
dermatitis. One interesting aspect of this envirommental exposure is that
children who were bussed to a high school in a distazt town did not have
the continuous exposure of the 40 children in the loral elementary school
had no dermatitis. As to the children showing dermatitis, the skin
irritation was in the folds of skin and where the skin was moist. 1In a
few cases, the conjunctivae and nasal mucosae were irritated. There were
no cases of keratoses, epitheliomas, or melanodermas present. Among the
refinery workers, there were typical symptoms of arsenic exposure.

A similar air pollution episode was recorded at a cogper mine in northern
Chile (Oyanguren and Perez, 1966). The air levels of arsenic were quite
high., 1In a survey of 124 workers, the symptoms of arsenic exposure were
melanosis - 7.25 percent, arsenical dermatitis -~ 5.6% percent, and
perforation of the nasal septum - 1.65 percent. There were no cutaneous
manifestations encountered among a control group or zmong members of the
mining community.

Heyman, et al. (1956) rewviewed 41 cases of peripheral neuropathy caused by
arsenical intoxication. All of the patients were from North Carolina where
arsenical dusts and sprays are extensively employed as pesticides. Seven
of the victims could relate the onset of nausea and vomiting with the use
of arsenical pesticides on tobacco. Fourteen others also were employed
around crops utilizing arsenical pesticides. Twenty-two patients in the
study treated with BAL failed to show any dramatic inprovement on an
accelerated recovery of sensory and motor function. )

Micks, et al. (1956) review four cases of chronic arsenical poisoning in
farmers resulting from the use of arsenic containing pesticides on crops.
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They state that the intermittent natuy - of the exposures, which occusred
during a period of years, provided optimum conditiems for chronic poison-
ing.

The most prominent symptom exhibited was paralysis of the legs and hands,
which occurred in 3 of the patients. The paralysis began in the feet and
involved the hands shortly thereafter. BAL in addition to vitamin therapy
and other symptomatic treatment. By this time, however, the arsenic had
already produced marked pathological changes which were irreversible.

Since all of the patients were farmers, the occupational hazards associated
with arsenical insecticides were pointed out as well as the characteristic
symptoms of chronic arsenic poisoning.

In a study conducted by the U.S. Public Health Service, Neal et al. (1941)
failed to reveal any positive association between lead and arsenic exposure
and certain adverse effects which might have been amticipated from such
exposure by orchard workers applying lead arsenate. However, Farner, et al.
(1949) in a four month medical study on a group of Mexican Nationals
employed in Washington State's orchard industry during 1945, established

a definite health hazard from exposure to lead arsemte. An increasing
incidence of lead intoxication as the season progressed was demonstrated.

VI. F. 3. Cancer - There is considerable confusion in the literature
about the role of arsenicals in carcinogenesis or im the development of
cancer. The earliest published claim of arsenic cameer was made by Paris
(1820) in which he reported occasional cases of cancer of the scrotum in
copper smelters. Huchinson (1887) was the first to report skin cancer
following prolonged internal administration of arsemical preparation.
Neubauer (1947) reported a collection of 143 published cases of arsenic
cancer including a number of workers exposed to pesticides. It appears
that skin cancer resulting from systemic arsenic poisoning is first
manifested in non-malignant keratosis (on palms of kands and soles of
feet) and eventuates into a neoplasm.

Snegireff and Lombard (1951) studied the records of two industrial plants
and found that where workers in one plant were exposed to arsenic, 18 of
146 deaths (12.3 percent) were caused by cancer. In another plant where
workers were not exposed to arsenic, 12 of 109 deaths (11.0 percent)were
caused by cancer. They concluded that these were not significantly
different.

In another study Pinto and Bennett (1963) compared mertality and cancer

rates for the years 1946-1960 of 38 copper smelting plant workers who were
exposed to arsenic with 191 workers not exposed to agsenic. The percentage
of deaths due te cancer in the arsenic exposed workers was 15.8 percent and
19.4 percent in those not exposed to arsenic. The [zct that the workers were

~142-



exposed to arsenic was confirm:d by urlinalysi The mean urine values o
of arsenic for the exposed workers was 0.82 mg/l and for the non-exposed
workers 0.13 mg/l. Cancer death rates for men of similar age ranges for
the whole state was 15.9 percent, virtually the same rate as for the
arsenic exposed group.

Neal, et al. (1941) did not observe any increase in cancer among the 1200
people studied in the Wenatchee, Washington area during extensive use of
lead arsenate.

On the other hand, Braun (1958) and Roth (1956) reported what they con-
sidered an unusually high incidence of internal cancers including malignant
tumors of the liver and lungs. These were apparently always preceded by
benign keratosis of the skin. It appears that the arsenic exposure was
directly connected with the use of arsenical pesticides as well as the
consumption of wine made from grapes contaminated with arsenic. In a
brief review of arsenic cancer, Hueper (1966) concluded there is abundant
and reliable evidence that arsenic is a human carcinogen.
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Darine ~ weceut meeting relative te the steotus of the
Special Pesticide Review Guroup's Avrsenic Pesticides kezport,
several items of cssential inforwmzuvion were ivdicated. Those
attending the meciing with Mr. Crarles Fabricamt were: Mr. Harold
Alford, Dr. H. E. rairchild, Dr. 0. G. Fitzhugh, Mr. L. E. Miller,w
and Dr. W. M. Upholt.

- This supplemental information repor:i presents the added
material developed to date., This supplement discusses the follow-
ing ‘subjects in the order given: (1) significant arsenical pesticide
production history; (2) basic producers of arsemical pesticides;
(3) export-import data for arsenical pesticides; (4) pesticide use
patterns and history of use in the United States--arsenical pesticides;
(5) comparative use costs of arsenical pesticides and the registered
alternative pesticides; and, (6) Environmental Protection Agency
registrants of arsenical pesticides.

PRODUCTION HISTORY

"Calcium Arsenate and Lead Arsenate

Table I of this report gives the production records for
calcium arsenate and lead arsenate during the period of 1950 through
1970. These production data go back to the period when DDT and other
moxe recent chlorinated hydrocarbon pesticides were still in the
development stage. '

Note (Table I) that the production of calcium arsenate
once was well in excess of forty million pounds. Prominent uses of
this pesticide were on cotton and vegetables. Much of the recent
production is needed for baits to control snails, slugs and other
pests of crops in the West.

Lead arsenate was the principal insecticide used on fruits
prior to the development of DDT. Note the continued decline in use of
lead arsenate from 1950 to the mid-1960's. Recently, entomologists in
several states, especially in the fruit growing areas of the East, have
encouraged a return to the use of lead arsenate for integrated spray
programs. Further explanation of this subject appears in Chapter I of
the Special Pesticide Review Group's Arsenic Report.

Methanearsonate Herbicides

Production data for the methanearseamate herbicides (MSMA,
DSHMA, AMA) only became publicly available in 1970. The United States
Tariff Commission has reported 30,454,000 pounds weresproduced in 1970.
More details on production of this class of pesticides will be found on
page 95 of the Special Pesticide Review Group's Arsenic Report.
Principal uses of the methanearsonate herbicides are in cotton and for
industrial weed control, especially pests such as johnsongrass.



Table I. 17 Apnual Troductioca for Calcium Arsenate and Lead
and Lead Arsenate in the United States, 1953-1970

Calcium Arsen:te Ixad Arscnate
(1,000 (1,000 ©
pounds) pounds)
1950 45,348 - 39,434
1951 40,900 25,416
1952 7,634 14,286
1953 7,212 14,196
1954 2,758 15,620
1955 © 3,770 14,776
1956 27,106 11,756
1957 19,478 , : 11,920
1958 10,432 14,938
1959 6,424 12,904
1960 6,590 : 10,062
1961 7,944 10,446
1962 4,660 . 9,930
-, 1963 3,310 7,842
1964 6,958 9,258
1965 4,192 7,098
1966 2,890 7,328
1967 2,008 5,952
1968 3,398 9,016
1969 1,418 . 9,142

1970% 3,059 ' 4,185

*Preliminary and subject to revision

I/ Taken from '"the Pesticide Reviews,'" Agriculitural Stabilization
and Conservation Service, United States Department of Agriculture,
Washimgton, D.C. 1950-1970.
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Sodium Arseniive and Miscellaneous Arseni.ils

Following are the svailable date on sodium arsenite ac a
pesticide in the United States.
£
Stocks of All Manufacturers and Formulators of
Sodium Arsenite

Year 1,000 Pounds
1962 2,809
1963 2,680

‘A sodium arsenite report in 1966 from the United States
Department of Agriculture stated 'usage in agriculture is declining
because of the hazard from run-off and from the attraction of the salty
taste to livestock. Some is applied to kill off potato foliage before
harvest; small quantities are used as an algaecide in farm ponds."
(U.S.D.A. The Pesticide Review, 1966, 33 pp. October 1966).

Another compilation of data indicating a decline of
inorganic arsenic herbicidal preparations betwecn 1958 and 1963
follows: *

1958 1963
Products Quantity Value Quantity Value
1,000 1,000 1,000 1,000
pounds dollars pounds dollars
Arsenical preparations
' 46,681 2,045 24,859 2,326

*U.S.D.A. the Pesticide Review, 1966. 33pp. October 1966.°

There was a brief report in 1968 {U.S.D.A., the Pesticide
Review, 1968) that arsenic trioxide was in short supply in late 1966
and most of 1967. The short supply of arsenic trioxide was due to a
strike in the copper industry and increased demand for production of
organic arsenical herbicides (such as MSMA and DSMA).

The United States Department of Agriculture has reported
(U.S.D.A. the Pesticide Review, 1969) as follows ''usage of inorganic
argenical pesticides has been declining steadily in recent years due
to replacement with more efficient organic pesticides."
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BASIC PRCDUCERS-~ARSENICAL PEIZTLCIDES

Lead Arsenate

Following are the basic producers of lead arsenate:

Allied Chemical Corporation
Agricultural Division

40 Rector Street

New York, New York 10006

Chevron Chemical Company

Ortho Division

200 Bush Street

San Francisco, California 94120

FMC Corporation

Niagara Chemical Division
100 Niagara Street
Middleport, New York 14105

Los Angeles Chemical Company
4545 Ardine Street
South Gate, California 90280

Nihon Nohyaku Company, Ltd.

(Japan Agricultural Chemicals Company, Ltd.)
5th Floor Eitaro Bldg., No. 4, 1-Chome
Nihumbashitori Chuo-Ku, Tokyo, Japan

Procida (Groupe Roussel)
Saint-Marcel
13-Marseille 11°, France

Rhodia Inc., Chipman Division
120 Jersey Avenue
. New Brunswick, New Jersey 08903

The Sherwin-Williams Company
116 St. Clair Avenue
Cleveland, Ohio 44101

Woolfolk Chemical Works, Ltd.
East Main Street

P.0. Box 938

Fort Valley, Georgia 31030

-



Calcium srgenains

Tollowing are the basic producers of calcium arsenate:

Allied Chemical Corporation
Agricultural Division

40 Rector Street

New York, New York 10006

Commercial Chemical Company
P.0. Box 86
Memphis, Tennessee 38101

Los Angeles Chemical Compaﬁy
4545 Ardine Street
South Gate, California 90280

Pennwalt Corporation
Agricultural Chemicals Division
2901 Taylor Way

Tacoma, Washington 98401

Rhodia Inc., Chipman Division
120 Jersey Avenue
New Brunswick, New Jersey 08903

Woolfolk Chemical Works, Ltd.
East Main Street

P.0. Box 938

‘Fort Valley, Georgia 31030

Basic Copper Arsenate o

No longer being manufactured because the tolerance has
been cancelled.

Amnmonium Arsenite

Basic producer information is not available from usual
sources. Refer to registrants of Pesticides Regulation Division for
those supplying the material for pesticidal purposes.

Arsenic Acid

Following are the basic producers of arsenic acid:

Allied Chemical Corporation
Agricultural Division

40 Rector Street

New York, New York 10006



Coumercial Che~xzal Company
P.0O. Boxn 30
Memphis, rcennessec 38101

Pennwalt Corporation
Agricultural Chemicals Division
2901 Tayvlor Way

Tacoma, Washington 98401

Rhodia Inc., Chipman Division
120 Jersey Avenue
New Brumswick, New Jersey 08903

The Sherwin-Williams Company
‘116 St, Clair Avenue °
Cleveland, Ohio 44101

Woolfolk Chemical Works, Ltd.
East Main Street

P.0. Box 938

Fort Valley, Georgia 31030

Arsenic Pentoxide

Basic producer information is not available from the usual
sources, Refer to registrants of the Pesticides Regulation Division
for those supplying the material for pesticidal purposes.

Arsenic Trioxide

Following is a basic supplier of arsenic trioxide:
American Smelting and Refining Company

120 Broadway

New York, New York 10005

Sodium Pyroarsenate

Basic producer information is not available from the usual
sources. Refer to registrants of the Pesticides Regulation Division
for suppliers of the material for pesticidal use.

Wolman Salts

Following is the basic producer of Wolman Silts:

Koppers Company, Inc.
1501 Koppers Building
Pittsburgh, Pennsylvania 15219



Cacodyliz Acid
Following is the basic producer of éﬁﬁodylic acid:
The Ansul Company
1 Stanton Street

Marinette, Wisconsin 54149

Sodium Arsenite

Following are the basic producers of sodium arsenite:

Allied Chemical Corporation
Agricultural Division

40 Rector Street

New York, New York 10006

Chemical Formulators, Inc.
P.0. Box 26
Nitro, West Virginia 25143

Chemical Insecticide Corporation
30 Whitman Avenue
Edison, New Jersey 08817

Chevron Chemical Company

Ortho Division

200 Bush Street

San Francisco, California 94120

FMC Corporation

Niagara Chemical Division”
100 Niagara Street
Middleport, New York 14105

Pennwalt Corporation

Agricultural Chemicals Corporation
2901 Taylor Vay .

Tacoma, Washington 9840

Procida (Groupe Roussel)
Saint-Marcel
13-Marseille llo, France

Rhodia Inc., Chipman Division *
120 Jersey Avenue
New Brunswick, New Jersey 08903



The Sherwin-Wiliiams r'omp.:my'
116 3t. Clair Avenus
Clevaland, Ohio 441N1%

£}

I'ctassium Arsenite

Basic producer information is not available from the usual

sources. Refer to the registrants of the Pesticides Regulation Division
for suppliers of the material for pesticidal use.

Sodjum Arsenate

Paris

Following are the basic producers of sodium arsenate:

Procida (Groupe Rohssel)
Saint-Marcel
13-Marseille 11°, France

Rhodia Inc., Chipman Division
120 Jersey Avenue
New Brunswick, New Jersey 08903

Green

Following are the basic producers of Paris green:

Los Angeles Chemical Company
4545 Ardine Street

South Gate, California 90280

Procida (Group Roussel). -
Saint-Marcel
13-Marseille 11°, France

Rhodia Inc., Chipman Division
120 Jersey Avenue
New Brunswick, New Jersey 08903

The Sherwin-Williams Company
116 St. Clair Avenue
Cleveland, Ohio 44101

DSMA (Disodium Methanearsonate)

Following are the basic producers of DSMA:

The Ansul Company
1 Stanton Street
Mavinette, Wisconsin 54149



W. A. Cleauy Cerxporation -
?.0. Pox 749

New Brunswick, New Jersey 08903 o
Diamond Shamrock Corporation

Agricuitural Chemical Division

300 Union Commerce Building

Cleveland, Ohio 44115

Vineland Chemical Company
P.0. Box 745

West Wheat Road

Vineland, New Jersey 08306

MSMA (Monosodium Methanearsonate)
Following are the basic producers of MSMA:

The Ansul Company
1 Stanton Street
Marinette, Wisconsin 54149

Diamond Shamrock Corporation
Agricultural Chemical Division
300 Union Commerce Building
Cleveland, Ohio 44115

Vineland Chemical Company
-P.0. Box 745

West Wheat Road

Vineland, New Jersey 08306

AMA (Amine Methanearsonate)

Following is the basic producer of AMA
Vineland Chemical Company

P.0. Box 745

West Wheat Road

Vineland, New Jersey 08306

Sodium Hypoarsenate

Basic producer information is noit available from the usual
sources. Refer to registrants of the Pesticidles Regulation Division for
suppliers of the material for pesticidal use. s

v
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Disodium Arsena e

Basic producer information is not available frem the usual
_sources. Refer to registrants of the Pesticides Regulaticn Division
for suppliers of the material for pesticidal use. “

10, 10'~oxybisphenoxarsine

Following is the basic producer of 10,10'-oxybisphenoxarsine:

Scientific Chemicals Division
Ventron Instruments Corporation
3800 South Racine Avenue
Chicago, Illinois 60609

EXPORT-IMPCORT DATA FOR ARSENICALS

The available export data for the arsenicals are presented
in the following tables.

Exports of Calcium Arsenate

Year 1,000 1,000

. dollars pounds
1961 58
1962 104 . 942
1963 : 18 187
1965 1/ 613 ' 1,430
1966 1/ 805 . 3,187
1967 1/ 898 1,580
1968 1/ 782 2,277
1969 1,758.2 5,466.7

1/ Inorganic insecticides which includes lead arsenate, calcium
arsenate and inorganic fumigants and rodenticides.

Exports of Lead Arsenate

Year 1,000 1,000
: dollars pounds

1961 183

1962 249 1,423

1963 135 s . 803

~10-



Experts of Iuorgenic HMerpicides, Tuciading Sodium

Arcenite

Year 1,000 1,000
dollars pounds

1965 276 724

1966 362 1,496

1967 A 342 1,000

1968 606 2,325.3

1969 1,244.9 2,870.4

The above export tables for calcium arsenate, lead
arsenate and the inorganic herbicides, inciuding sodium arsenite,
indicate an increase in exports as demands decreased in the United
States.

" Pesticide Use Patterns and History of Use In the
United States—-Avrsenical Pesticides

The basic information relating uses of the arsenical pesticides
to pest and host crop or other specialized uses are given in Chapter I
of the Group's Arsenic Pesticides Report. The registered alternate
pesticides are given in Chapter 1 for each of the arsenical pesticides
now registered by the Environmental Protection Agency.

Chapter IV of the Greoup's Arsenic Pesticides Report gives
specific information on trends of arsenical pesticides use. Also, in
Chapter IV, the use of arsenical pesticides has been related to hazard
or safety for air, water, soil and plants.

The increased use of lead arsenate on fruits, especially for
plum curculio control in the Eastern United States, can be expected if
the chlorinated hydrocarbon insecticide alternates are removed from
availability for use. This is a subject which the Special Pesticides
Review Group had to consider most seriously in arriving at conclusions
on lead arsenate for the Administrator.

COMPARATIVE USE COSTS OF ARSENICAL PESTICIDES AND THE
REGISTERED ALTERNATE PESTICIDES

The registered alternates for the arsenical pesticides are
indicated for cach major pest controlled in Chapter I of the Special
Pesticides Review Group's Arsenic Report. Chapter Ioof this Report
also gives available impact information on crop yields or economic
costs whenever developed and made available.

-11-



Folieowing ve newly developaed cer-urative cocts (per acre
or othicr convenioot cocnevison) for sppropriate arsenical pesticide
and selected alternates néw registeved (Yote: rates and costs per
acyre w7ill nct assure growe:r of equivalent pest control):

)
1

£y -

Comparisons for Lead Arsenate Insecticide Uses

Crop Pesticide Range of Dosage .Total Cost
Rates (lbs. per 100 Per Treatment
gal. or per atre) (dollars)

Fruit crops Lead arsenate- . -. 2-6 lbs. per 100 gals, $.52 - $1.56

Carbaryl - -~ 1/2 =1-1/2 lbs. per .50 = 1.50

T 100 gal.

Guthion 0.3 - 0.5 1bs. per .84 - 1.40
100 gal.

Diazinon 0.25 - 0.5 1bs per 1.00 - 2.00
100 gal. :

Malathion 0.5 - 1.0 1bs per .34 - .68
100 gals

Parathion 0.15 - 0.5 1bs .06 ~ .20
per 100 gzls

Mefhoxychlor 1-1.5 lbs per .66 - .99
100 gals

Rotenone 1.25 -2.2 1bs 16 - .24
per 100 gals

Vegetable Lead arsenate 3-10 1bs per xre .78 - 2.60

Ccrops,

ornamentals

and field

crops

Carbaryl .5 - .5 -2 Ibs per acre .50 - 2.00

Diazinon .4 - .5 1bs par acre 1.60 - 2.00

Malathion 1-2 1bs per acre . .68 - 1.36

Lindane .2 = .4 1lbs per .27 - .548
acre

Parathion .3 - 1 lb., pur acre 12 - .40

- . (continued)
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Crop Pesticidz  Ramge of 1 o Ioral Cost
Rates (s x 100
gal. ox pu . cre)
Toxaphane 2-4 1bs per aure $.44 - $° .38
Methoxychlor 1-2-1/4 1bs per acre .66 - 1.48
Lawns and Lead arsenate - 80-430 1bs per acre $20.80 - $118.80
ornamental .
turf
Carbaryl 4-20 1bs per acre 4,00 - 20.00
Chlordane . 10 1bs per acre ©$85:90
Diazinon 2-2/3 - 7-3/4 1bs 6.90 - 19.40
per acre
Heptachlor 10 1bs per acre - $10.30
Toxaphene 25 1lbs per acre . $5.50

Comparisons for Calcium Arsenate Insecticide Uses

Crop Pesticide Range of Dosage Total Cost
' Rates (lbs per 100 Per treatment
gal. or per acre) (aollars)
Vegetable Calcium 3-5-1/2 1bs per acre $.42 - §.77
crops © arsenate
For competitive costs see "Comparisons for Lead Arsenate
Insecticide Uses" under '"vegetable crops."
Lawns and Calcium 430 1bs per acre $60.20
ornamental Arsenate
turf
For competitive costs see "Comparisons For Lead Arsenate
Insecticide Uses' under "lawns and ornamental turf."
Miscellaneous Wood Preservative Arsenical Pesticide Uses -
Compared to Alternates
-]
Arsenic Compound Cost Alternate Cost
Arsenic pentoxide $.64/1b. creosote $.25/gal.
pentachlorophenol .17/1b.
"Arsenic’ trioxide $.047/%b.  ~“Same as for arsenic pentoxide.

~11-



Comparisons {» M5!\ and DSMA Men-Crop, Iaductivial

Sites, Righei-of-VWaye,

Pesticide

- MSMA*
DSMA*
Simazine

Monuron

Range of Dosage Rates
(1bs per acre)

2-5 1bs (100 gals. water)
2-5 1bs (100 gals. water)
6-12 1bs

6-12 1bs

Oriveways and Sidewalks

Totel Cosfler Treatment

(dollary
$2.75 - $6.88
$2.75-— $§.88
§15 - $30
8§12 - $24 -

*Usually. used to sup@lement other herbicides for johnsongrass control.

Comparisons of Arsenical Pesticides For Lawns

and Ornamental Turf

Pesticide

MSMA
DSMA
Lead arsenate

Calcium arsenate

Range of Dosage Rates

"_(lbs of actual per acre)

2~5 1bs
5-15 1bs
70-200 1bs

80-600 1bs

Total Cost Per Treatment

(dollar)
§2.75 - $6.88
$6.88 - $20.63
$18.20 - $52.00

$11.20 - $84.00

Comparisons for MSMA and DSMA to Comtrol Weeds

in Cotton (Post-Emergence)

Pesticide

MSMA*
DSMA*
Treflan

. Monuron

Range of Dosage Rates

(1bs of actual/acre)

1-2 1bs
2-3 1bs
3 1bs

2-2-1/2 1bs

Total Cost Per Treatment

(dollar)

$1.38 -$2.75

$2.75 - $4.13
$13.95

$4.00 - $5.00

-8
*Primary use is supplement to other herbicides for johnsongrass control.
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REGISTRANTS OF ARSENICAL PRESTICIDES

The Pesticides Regulation Division has nade a preliminacy
review of the arsenical pesticides now registered. Mr. Harold Alférd
has indicated in a recent letter to Dr. William Upholt that approxi-
mately 700 products are currently registered cemtaining one or more
of approximately 34 arsenical compounds. The Pesticides Regulation
Division has initiated a summarization of the arsenical pesticide
registrants.



