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Peptachloropliesol, iaorgacic srsenicals, aad ceacsoice ave Lhe major pesticide
vhemicals now in nse for wood preservaiion.  An caiimated 840 willion pownds of
veniachidoronheanl {pestal}, 372 wmillion  powwde  of dpowgance aveenicals, aod
124 willion gallous of creosote and coaj inv ave teed on wood presovval ives sanundly
o wreserve 3275 million cu. 1. of womi for many end uses souch as cros
bhev, timbers, plywood, crosssrms, piliag, poles, pouts, sad oiher products. Al thowgh
lavee volumer of Lreated wood prodocis ave bued, Lhege asge poitevias aee soch 1hai
eapounre of buaons and aadmalys i85 very low,

tivs, lum-

The maxdnmm im],- aci to the Uniled Staive’ cronomy wonld yvesuli bvow cancellation
af all three BPAR'd proscrwatiives. Rased ou nmming subsiiliute material at 1979
prices, this woeold resoli in higher cosis in exvess oF 405 o 0.3 billion gonoally
depending on which combination of subsiiiote mabterials (s ouszed. The toilal ceosis ave
hipheo becavse Lhe 4.9 Lo 56,3 billiow accomwnis tor only B8 of ihe prossune-iveated

wood procuocts and deer oot laclade {he &75 midtion o, 7. ol wood proiecied by aon-
PrEssure proCesies .

The waow wood-preservative uses of  poais,  arvendcals, aod creosote  clode
hesbicide, defoliont, mossicide, biocide, desiceani, gvowih vepulator, jongioide,
dnseciicide,  vodeniicide, soil  stecilani, disindectont, dnevicide, scacicideg
avanchmicide, miticide, and repelilent., The wost lepertanit of fhese ave cobiey destio
cant. (20 te $50 wmiliiorn dmpact), Funmpicide {524 wmillion impact over Gy period),
berbicide, insecticide, and geowith repodator (55,8 million impaci).

The sources of peota found Wil the cavivoumeni. sive ool well kiowe, buaio Lhe penia
breakdowon wechavism in seil  and waiore E. betier mmdovabood.  The povsisievce of
avsenaies in Lhe envirommeni s well koown. Planis do not acvumnlaie large qoanidi-
tivs of svaesic. A vigerons plant sy an indicaiion ol low avveaic fevels.  Acie s
pates Form very insolubie compounds in szoil aund may ovlitnacely abzorh fo sediweai in
the aquatic enviconmeni. Only limited daia ave available on the envivonmenial faie
of ceeosote.  Naphihalene and ils devivaidvesn biodegrade vapidly vu soil aud wates .
The higher boiling compouenis docompose al a slower vate,

Based on no-obgecegbhle-efizct level btor penia, the soiciy faciors vange o
20 to LBO,000. Most work wmitweastions would rezuli in saicty faciors ol moure Than 100,
The averape daily coasumption of avsendc by bowesen iu food and waics @5 50 miceo
glows.  Arsendcally tveated wood poses miaimal  cxposure because  ihe arsenic o
tightly bound o ibe wood. Thero aen only Timiboed dota on the expusoer 08 wost otler
agyvicnitaval uwses of arsenic., HExponvre daita ave avaidable ior applic :tum 0 arneaic
as a vobion dexivcapt. OSUA has sct 0.2 wmp/oobic/meier nen ihe permissible Limii tor
the partivulate polyevelic arganic material ol creosole,
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PREFACE

This report is a joint project of the U.S. Department of Agriculture, the State
Land-Grant Universities, and the U.S. Environmental Protection Agency, and is the
eighth in a series of reports recently prepared by a team of scientists from these
organizations in order to provide sound, current scientific information on the bene-
fits of, and exposure to, pentachlorophenol, inorganic arsenicals, and creosote.

The report is a scientific presentation to be used in connection with other data
as a portion of the total body of knowledge in a final benefit/risk assessment under
the Rebuttable Presumption Against Registration Process in connection with the
Federal Insecticide, Fungicide, and Rodenticide Act.

This report is a slightly edited version of the report submitted to the
Envirommental Protection Agency on November 4, 1980. The editing has been limited in
order to maintain the accuracy of the information in the original report.

The use of chemicals to extend the life and usefulness of wood and wood products
is extremely important to agriculture and forestry. Durability of wood used in fence
posts, ‘animal holding pens, and outbuildings is a major concern to almost every
American farmer and rancher. How long the life of wood and wood products can be
extended greatly influences our ability to produce adequate supplies of timber and
fiber from our forest lands. Pentachlorophenol (penta), which is widely used as a
wood preservative, is effective against both bacteria and fungi as well as insects.
In addition, its use in preventing sapstain that discelors lumber contributes sub-
stantially to the usefulness, acceptability, and beauty of most wood products.
Primarily due to their cleanliness and paintability, the arsenical preservative com-
pounds are being used more widely in lumber, timbers, and plywood. This trend is
expected to increase with current concerns for aesthetics. Creosote and coal tar
products have been used commercially as wood preservatives for over 150 years.

Wood preservatives have made it economically possible to use wood in a wide
variety of applications for which it wonld be unsuitable without treatment. Without
wood preservatives, the cost of replacing electric power poles, forest protection
facilities, bridges, marine pilings, railroad ties, and other such wood preducts
would make it much more difficult to remain competitive in local and world markets.

The information on agricultural uses, exposure, and economics of penta, arseni-
cals and creosote is published in two velumes. Volume I covers wood preservative
uses for such items as poles, piling, crossties, lumber, timbers, and plywood.
Volume II covers non~wood-preservative uses, such as herbicides, growth regulators,
desiccants, fungicides, and disinfectants,

Sincere appreciation is extended to the Assessment Team Members and to all
others who gave so generously of their time in the development of information and in
the preparation of the report. However, in an effort this large the task of revising
and editing the contributions and final production of the report was accomplished by
a special committee. Members of this committee, which was responsible for the all-
encompassing effort, are:

L. R. Gjovik W. A. Thompson

D. B. Johnson J. T. Micklewright
V. Kozak W. A. Dost

E. A. Woolson D. D. Nicholas

ii Issued December 1981
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Charles Miller, Associate Professor of Plant Physiology, Department of Plant
Sciences, Texas A&M University, College Station, Tex.

Darrel Nicholas, Senior Wood Scientist, Institute of Wood Research, Michigan
Technological University, Houghton, Mich. Now employed by Mississippi S5State
University.

William Quinby, Agricultural Economist, Economics, Statistics and Cooperative
Service, USDA, Washington, D.C.

Herman Reitz, Center Director, Agricultural Research Center, University of Florida,
Lake Alfred, Fla.

Virgil Smith, Principal Entomologist, Forest Products Insect Laboratory, Forest
Service, USDA, Gulfport, Miss. Now retired.

iii



Warren Thompson, Director, Forest Products Utilization Laboratory, Mississippi State
University, State College, Miss. (Chairman, Creosote Subcommittee)

Gary Van Gelder, Professor Veterinary Toxicology, College of Veterinary Medicine,
University of Missouri, Columbia, Mo. Now employed by Shell Chemical Co.,
Houston, Tex.

Edwin Woolson, Research Chemist, SEA, USDA, Beltsville, Md. (Chairman, Inorganic
Arsenicals Subcommittee)

Acknowledgments

Appreciation is expressed to the following for their assistance in providing
information on the uses of pentachlorophencl, inorganic arsenicals, creosote, produc-
tion costs, materials treated, economic impacts, comparative efficacy of registered
alternatives, the losses associated with inadequate control of the various pests,
administrative support, and other related information.

Gary Ballard, Economist, Economic Analysis Branch, Environmental Protection Agency,
Washington, D.C,

Elena Boisvert, Economist, Economics Analysis Branch, Environmental Protection
Agency, Washington, D.C. '

John Brattland, Economist, Economics of Pesticide Regulations, ESCS, USDA,
Washington, D.C,

Glenn Carmen, Entomologist and Professor of Entomology, Department of Entomology,
University of California, Riverside, Calif. (Calcium Arsenate Slug Control)

Willard Cummings, Plant Pathologist, Plant Sciences Branch, Envirommental Protection
Agency, Washington, D.C.

Thaddeus Czerkowicz, Microbiologist, Plant Sciences Branch, Environmental Protection
Agency, Washington, D.C.

Linda DeLuise, Economist, Economics Analysis Branch, Environmental Protection Agency,
Washington, D.C.

Herman Delvo, Project Leader,. Economics of Pesticide Regulations, ESCS, USDA,
Washington, D.C.

Robert F. Esworthy, Economist, Economic Analysis Branch, Environmental Protection
Agency, Washington, D.C.

Gary Fairchild, Economist, Florida Citrus Commission, Gainesville, Fla.

Walter TFerguson, Economist, Economics of Pesticide Regulations, ESCS, TUSDA,
Washington, D.C.

Stanford Fertig, Chief, Pesticide Impact Assessment Staff, SEA, USDA, Beltsville, Md.

Ralph Freund, Economist, Economic Analysis Branch, Environmental Protection Agency,
Washington, D.C.

iv



Harold Gaede, Supervisory Economist, Economics .Analysis Branch, Environmental
Protection Agency, Washington, D.C.

David Graham, Pesticide Use Specialist, Forest Service, USDA, Washington, D.C.

Roger Holtorf, Economist, Economic Analysis Branch, Environmental Protection Agency,
Washington, D.C,

Fredrick Honing, Group Leader, Pesticide Use Management and Coordination, Forest
Service, USDA, Washington, D.C.

Edmund Jansen, Economist, Economics Analysis Branch, Environmental Protection Agency,
Washington, D.C,

George Keitt, Jr., Plant Physiologist, Plant Sciences Branch, Environmental
Protection Agency, Washington, D,.C.

B. Ted Kuntz, Economist, Economics of Pesticide Regulations, ESCS, USDA,
Corvallis, Oreg.

Mark TLuttpner, Economist, Economics Analysis Branch, Environmental Protection
Agency, Washington, D.C,

C. Dudley Mattson, Economist, Economics Analysis Branch, Environmental Protection
Agency, Washington, D.C.

Lester Meyers, Economist, Florida Citrus Commission, Gainesville, Fla.

Debra Moe, Economist, Economics Analysis Branch, Environmental Protection Agency,
Washington, D.C.

William Moller, Plant Pathologist, University of California, Davis, Calif.
John Neisess, NAPIAP Coordinator Forest Service, USDA, Washington, D.C.

Forrest Nielsen, Research Chemiszst, Human Nutrition Lab., University of North Dakota,
Grand Forks, N.Dak. (Arsenic Essentiality)

Maxcy Nolan, Extension Entomologist, University of Georgia, Athens, Ga. (Calcium
Arsenate--Fly control)

Robert O0'Brien, Economist, Economics Analysis Branch, Environmental Protection
Agency, Washington, D.C. '

Paul Ochs, Pesticide Registration Officer, APHIS/Plant Protection Quarantine, USDA,
Hyattsville, Md. (Arsenic Trioxide--Rodent Control)

John Osmwun, Professor Entomology, Department of Entomology, Purdue University,
West Lafayette, Ind. (Sodium Arsenate~--Ant Control)

John  Parks, Economist, Economics of ©Pesticide Regulation, ESCS, USDA,
Washington, D.C.

Bernard Smale, Plant Physiologist, Plant Sciences Branch, Environmental Protection
Agency, Washington, D.C.



Charles Smith, Director, Pesticide Assessment Programs, Office of the Secretary,
UsDA, Washington, D.C.

James A, Taylor, Timber Products Specialist, Ruxal Electrification Administration,
USDA, Washington, D.C.

Robert Torla, Economist, Economics of Pesticide Regulations, ESCS, USDA,
Washington, D.C.

J. Knox Walker, Entomologist, Texas Agricultural Experiment Station, Texas A & M
University, College Station, Tex.

Edward Weiler, Economist, Economics Analysis Branch, Environmental Protection Agency,
Waghington, D.C,

Gail Willette, Economist, Economics of Pesticide Regulations, ESCS, USDA,
Washington, D.C.

Herbert S. Wright, Microbiologist, Diagnostic Bacteriology Laboratory, National
Veterinary Services Laboratories, Ames, Iowa (Disinfectant Uses of Creosote
Compounds)

Paul J. Wuest, Professor Plant Pathology, Pennsylvania State University,
University Park, Pa.

Robert Zwick, Associate Professor-Entomology, Mid-Columbia Experiment Station,
Hood River, Oreg. (Lead Arsenate--Cherry Fruit Fly Control)

vi



SPECIAL TERMS, CHEMICALS AND ACRONYMS .

ai

aldicarb (Temikg)

aldrin

ametryn (Evik® or Gesapax®)

amitrole
AMS

g
antu (Krysid")
AQAC
~ APHIS
A3203

atrazine

azinphosmethyl (Guthionﬁ)

bendiccarb (Ficam®)
benefin (Balan®)

bensulide (Betasan®)

BHC
Boll's-eye®
borax

bromacil (Hyvar X or
Hyvar X-L) .

cacodylic acid

(CA or Rad-E-Cate®)

captan (0rthocide®)

carbaryl (Sevina)

active ingredient

2-methyl-2~(methylthio)propionaldehyde O-(methylcar=
bamoyl)oxime

1,2,3,4,10,10-hexachloro-1,4,41,5,8,8a-mexahydro-,
endo, exo-

2-(ethylamino)-4-(isopropylamino)-6~(methylthio)-s~
triazine

3-amino-s-triazole

ammonium sulphamate

o-naphthyithiourea

Association of Official Analytical Chemists

Animal and Plant Health Inspection Service

arsenic trioxide
2-chloro-4~-(ethylamino)}-6-(isopropylamino)-s~triazine

0,0-dimethyl $-[(4-oxo~1,2,3~benzotriazin-3(4H)-yl}=
methyl] phosphorodithioate)

2,2-dimethyl-1,3-benzodioxol-4~yl methylcarbamate
N-butyl-N-ethyl-a,o,0~trifluoro-2,6-dinitro-p~toluidine

5-(0,0-diisopropyl phosphorodithioate}ester of N-(2-
mercaptoethyl)benzenesul fonamide

benzene hexachloride
cacodylic acid and sodium cacodylate
N32B407

5-bromo-3-sec-butyl-6-methyluracil
hydroxydimethylarsine oxide

N-[(trichloromethyl)thio}-4-cyclohexene-1,2-dicarboxi=
mide

l-naphthyl methylcarbamate

vii



Ca3(A304)2
Chip-Cal®

chlordane (Ortho-Klor®)

chlordecone (Kepone®)

chlorfenvinphos (Birlane)

chlorophacinone (Rozol®)

chlorpyrifos (Dursban®)

®

Ciovap® (Cicdrin™ + Vapona®)

Compound 1080 (Fratol®)

Compound 1081 &
(Fluorakil 1007)
coumafuryl (Fumarin®)

coumaphos (Co-Ral®)

. , B
crotoxyphos (Ciodrin )
crufomate (Ruelene®)

CTC

Cu-Naph

Cuo

Cu-8

cythioate (AC-26691)
dalapon

DCPA (Dacthai® or Rid)

DDT (dicophane or
chlorophenothane)

DDVP

DEF (De-Green®)

viii

calcium arsenate
tricalcium arsenate

1,2,4,5,6,7,8,8-octachloro-3a,4,7,7a~tetrahydro-4,7-

methan01ndan (60% minimum and not over 40% of related

compounds)

decachlorooctahydro-1,3,4 metheno-2§-cyclobuta[Eg}=
pentalen-2-one

2-chloro-1~-(2,4~dichlorophenyl)vinyl diethyl ester
2~{(p~chlorophenyl)phenylacetyl]~1,3-indandione

0,0~diethyl 0-(3,5,6- trlchloro-Z-pyrldyl)phospho—
rothioate

crotoxyphos (10%) and dichlorvos (2.5%)
sodium monofluoroacetate

fluoroacetamide

3-(o-acetonylfurfuryl)-4-hydroxycoumarin

3~chloro-7-hydroxy-4-methyl,o-ester with 0,0-diethyl
phosphorothioate

a-methylbenzyl (E)-3-hydroxycrotonate dimethyl
phosphate

4-tert-butyl-2-chlorophenyl methyl methylphosphor=
amidate

coal tar creosote

copper naphthenate

copper oxide

copper~8-quinolinolate

0,0~dimethyl O-p-sulfamoylphenyl phosphorothioate
2,2-dichloropropicnic acid

dimethyl tetrachloroterephthalate

dichlorediphenyltrichloroethane

2,2-dichlorovinyl dimethyl ester phosphoric acid

$,5,8~tributyl phosphorotrithioate



dieldrin

. . 8
diazinon (Basudin or

Spectracide®)
dicamba (BanVel®)
dichlobenil
dichlorvos (Vaponag)

dimethoate (Cygong)

dinoseb (Basanite®)

dioxathion (Delnavg)

diphacinone (Diphacin@)

diquat dibromide (Regloneg)

diuron
DP
DPR
EBDC

endothall (Acceleratea,
Hydout® or Hydrotholg)

ethylan (Perthane®)
FAS

FCIC

fenac

fenthion (Baytexg)
fenuron TCA -
FIFRA

Folex®

folpet (Phaltang)

FPY

1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-
octahydro-, endo, exo-

0,0-diethyl 0-(2-isopropyl-6-methy-4-pyrimidinyl)
phosphorothioate

3,6~dichloro-Q-anisic acid
benzonitrile,2,6-dichloro
2,2~dichlorovinyl dimethyl phosphate

0,0-~demethyl S-(N-methylcarbamoylmethyl) phosphoro=
dithioate

2-gec-butyl-4,6~dinitrophenol

2,3~p-dioxanedithiol-§,S-bis (0,0-diethyl phosphoro=
dithioate)

2-(diphenylacetyl)-1,3-indandione

6,7~dihydrodipyrido[1,2=0:2",1 -c]pyrazinediium
dibromide

3-(3,4-dichlorophenyl)~1,1-dimethylurea
disaster payment

disaster payment rate

ethylene bisdithiocarbamate

7-oxabicyclo[2,2,1]heptane-2,3-dicarboxylic acid

1,1-dichloro-2,2~bis(p-ethylphenyl)ethane

ferrous ammeonium sulfate

Federal Crop Insurance Corporaﬁion
(2,3,6~trichlorophenyl)acetic acid

0,0-dimethyl O-[4-(methylthio)-m-tolyl]phosphorothicate
1,1~dimethyl-3-phenylurea mono(trichloroacetate)
Federal Insecticide, Fungicide and Rodenticide Act
tributyl phosphorotrithioite

N-[ (trichloromethyl)thio]phthalimide

farm payment yield

ix



glyphosate (Roundupﬁ) N- (phosphonomethyl)glycine

heptachlor (DrinoxTM) 1,4,5,6,7,8,8~heptachlore-3a,4,7,7a~tetrahydro-
- 4, 7-methanocindene

H3Aso4 arsenic acid

IFM integrated pest management

karbutilate m-(3,3-dimethylureido)phenyl tert-butylcarbamate

kkg 1,000 kilograms

km kilometers

lindane (y BHC or y HCH) 1,2,3,4,5,6-hexachlorocyclohexane, gamma isomer of not
less than 99% purity

linuron 3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea

LPG liquid petroleum gas

malathion (Cythion@) 0,0-dimethyl phosphorodithioate ester of diethyl
mercaptosuccinate -

MCPA 2-methyl-4-chlorophenoxyacetic acid

metham (VapamTH or SMDC) sodium methyldithiocarbamate

methiocarb (Mesurol®) 4~(methylthio)~3,5~-xylyl methylcarbamate

methoxychlor (Harlatea) 1,1,1-trichloro-2,2-bis(p-methoxyphenyl)ethane

methyl bromide CHSBr

methyl carbamate (Tirpateﬁ) 2,4-dimethyl-1,3~dithiolane-2-carboxaldehyde
0- (methylcarbamoyl)oxime

mirex (Dechloraneg) dodecachlorooctahydro-1,3,4-metheno-1H-cyclobuta=
[cd]pentalene

monuron 3~(p-chlorophenyl)~1,1-dimethyl urea

naled (Dibrom®) 1,2-dibromo~2,2-dichloroethyl dimethyl phosphate

Na-penta sodium pentachlorophenate

NaAst sodium arsenite

NaZHAso4 disodium arsenate

0SHA Occupational Safety and Health Administration

paraquat (Gramoxonea) 1,1 ~dimethyl-4,4 ~bipyridinium ion

parathion (Thiophos®) 0,0-diethyl O-(p~nitrophenyl) phosphorothiocate

X



penta
. B
phorate (Thimet )
picloram (Tordon®
or Amdon®)
pindone (Pival®)

piperonyl butoxide
(Butacide®)

PMP (Valone®)

ppb

ppm

prometon
pronamide (Kerb®)
propoxur (Baygon®)

psi

Pyrethrin I (Pyrethrolone)

Pyrethrin II.(Pyrethrolone)

Pb3(A504)2

PbHAsOA

®

red squill

resmethrin (Synthrin

ronnel (Korlan®)

rotenone

RPAR

siduron (Tupersan®)

pentachlorophenol
0,0-diethyl S-[{ethylthio)methyl] phosphorodithicate

4-amino-3,5,6-trichloropicelinic acid

2~pivalyl-1,3-indandione

o~[2-(2-butoxyethoxy)ethoxy]~4,5- (methylenedioxy) =2~
propyltoluene

2-isovaleryl-1,3-indandione

parts per billion

parts per million
2,4-bis(isopropylamino)=-6-methory=5~triazine
3,5-dichloro-N-(1,1-dimethyl-2-propynyl}benzamide
O-isopropoxyphenyl methylcarbamate

pounds per square inch

2,2-dimethyl-3-(2-methylpropenyl)-ester with 4~hydroxy-
3-methyl-2-(2,4-pentadienyl)-2-cylopentén-1-one

3-carboxy-u,2,2~trimethyl-1-methyl ester with
4-hydroxy~3-methyl-2-(2,4-pentadienyl)-2-cyclopenten-
1-one

lead arsenate

lead arsenate (std)

Registered trademark

powdered bulbs or extract of bulbs of Urginea maritima

{the most toxic of several glycosides in red squill
is scilliroside)

[5-(phenylmethyl)=-3-furanyl)methyl 2,2~dimethyl-3-
{2-methyl-1-propenyl)cyclopropanecarboxylate

0,0-dimethyl 0-(2,4,5~trichlorophenyl) phosphorothicate

1,2,12,12a-tetrahydro-2-isopropenyl-8,9-dimethoxy[1]=
henzopyrano[3,4-blfure(2,3~h] [1lbenzopyran-6(6all)-
one

Rebuttable Presumption Against Registration

1-(2-methylcyclohexyl)-3~phenylurea
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silvex

simazine

sodium chlorate
sodium TCA

SRS

strychnine

tetrachlorvinphos or
stirofos (Rab0n® or

GardonaTM)

thidiazuron (Dr0pp® or
SN 49537)

thionazin (Zinophos®)

toxaphene (PhenacideTM

or PhenatoxTH)

TP

trakephon (buminafos)
trichlorfon (Dipterex®)
uLv

Uniroyal N-252

WARF

warfarin (Kypfarin® or
Ratox®)

zinc ion-maneb complex
(Dithane® M~45 or
Manzate® 200)

Zn-Naph
2,3,6 TBA

2,4,5-T (Brush-Rhap® or
Weedone®)

2,4,~D (Aqua—Kleen®)
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2-(2,4,5-trichlorophenoxy)propionic acid
2-chloro-4,6-bis(ethylamino)-3-triazine

NaClO4
sodium trichloro-acetic acid
Statistical Research Service

strychnidin-10-~one, sulfate

2-chloro=1-(2,4,5-trichlorophenyl)vinyl dimethyl
phosphate

N-phenyl-N"-1,2,3,thiadiazol-5-ylurea

0,0-diethyl O-pyrazinyl phosphorothioate

chlorinated camphene containing 67 to 69% chlorine

target priée

dibutyl {1-(butylamino)cyclohexyl]phosphonate

dimethyl (2,2,2-trichloro-1-hydroxyethyl)phosphonate
ultra low volume
2,3-dihydro-5,6~dimethyl-1,4-dithiin-1,1,4,4-tetraoxide
Wisconsin Alumni Research Foundation

3-(o-acetonylbenzyl)-4-hydroxycoumarin

coordination product of zinc ion and manganous
ethylenebisdithiocarbamate

zinc naphthenate
2,3,6~trichloro benzoic acid

(2,4,5-trichlorophenoxy)acetic acid

(2,4-dichlorophenoxy)acetic acid



EXECUTIVE SUMMARY

The Environmental Protection Agency (EPA) issued notices of Rebuttable
Presumptions Against Registration (RPAR) on creosote, inorganic arsenicals, and
pentachlorophenol (penta) on October 18, 1978. The presumptions indicated that
these products met or exceeded the risk criteria for various acute and chronic
effects (40 CFR 162.11). Approximately 99% of of these chemicals are used in pro-
tecting wood products against wood-destroying organisms. The balance is used on a
wide variety of sites as fungicides, herbicides, insecticides, rodenticides, defoli-
ants, desiccants, growth regulators, sterilants, repellents, and disinfectants. It
is estimated that 44.5 million pounds of pentachlorophenol, 42 million pounds of
inorganic arsenicals, and 124 million gallons of creosote and coal tar are used
annually.

There are no practical chemical alternatives to these RPAR'd materials for
structural wood protection where the risk of attack by wood-destroying organisms is
high. However, the RPAR'd materials could, in most cases, be used as alternatives
for each other. This fact makes the task of evaluating the economic impact of a can-
cellation difficult. There are no practical alternatives (chemical and non-chemical)
to the organic arsenicals as a cotton desiccant, grapefruit growth regulator, or for
grape disease control and ant bait uses.

Wood Preservative Uses

The cancellation of all three of the RPAR'd wood preservatives would result in
higher costs of 4.5 to $6.3 billion annually depending on which combination of sub-
stitute materials is used. The total costs are higher than this because the 4.5 to
$6.3 billion accounts for only 86% of the pressure-treated wood products and does not
include the 475 million cu. ft. of wood protected by non-pressure processes.

Pressure Treatments

The loss of all preservatives on railroad ties would result in average annual
cost increases of $2.1 billion as railroads shifted to concrete ties. Virtually all
ties are currently treated with creosote. A cancellation of creosote alone would
result in average annnal cost increases of §$36.8 million if railroads shifted to
penta-treated ties.

The loss of all three preservatives for wood poles used by utilities would
result in average annual cost increases of 1.9 to $2.8 billion depending on the com-
bination of concrete and steel poles that would be substituted.

Because all three materials are used to treat utility poles the cancellation of
any one or two of them while retaining the others would result in different impacts.
I1f only creosote were used, average annual costs would increase by $45.7 million; use
of only inorganic arsenicals would result in cost decreases of $51.8 million; and use
of only penta would result in cost increases of $27.1 million.

The substitution ratio between steel, concrete, and wood piling affects the eco-
nomic impact. If use of all three preservatives were canceled and concrete piling
were substituted for wood piling on a 1.0:1.5 basis, annual average cost would
decrease by $521.5 million. However, if steel pilings were substituted on a
1.0:1.0 basis, costs would increase by $129.1 million. It is likely that substitu-
tion of concrete or steel for treated wood piling would fall somewhere between the
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ratios of 1.0:1.5 and 1.0:1.0. Therefore, the actual economic impact would lie
between the figures presented.

The loss of all three preservatives on fence posts probably would not result in
any significant cost changes if usevrs shifted to steel posts. However, wood posts
are often preferred to steel for aesthetic reasons.

The loss of all three wood preservatives for treating lumber, timbers, and ply-
wood would cost from 485 million to §1,279 million depending on the combination of
alternatives used. Alternatives include untreated cedar, redwood, or pine, concrete,
steel, and chromated zinc chloride treatments. About 70% of all treated lumber, tim-
bers, and plywood is treated with inorganic arsenicals. Neither crecosote nor penta
is a satisfactory alternative for these uses,.

Non-Pressure Treatment

The cancellation of both penta and creosote for groundline treatment of utility
poles would result in increased costs of $35.3 million annually. Because penta and
creosote are equally effective, with equal treatment costs, the loss of either one
while retaining the other would not result in significant cost changes.

The loss of penta for sapstain control in lumber would result in a shift to Cu-8
with increased costs of $280,000 annually. The loss of penta for millwork and ply-
wood would result in a shift to TBTO at an increased cost of $2.2 million or to Cu-8
at an increased cost of $4.8 million.

Non-Wood-Preservative Uses

Pentachlorophenol and Pentachlorophenates

The non-wood-preservative uses of penta are: Herbicide, defoliant, mossicide,
and biocide.

There are effective chemical alternatives for all of the non-wood-preservative
uses of penta. The alternatives accomplish the desired results at equal or lower
cost. The impact of canceling penta for these uses would, therefore, be negligible.

Inorganic Arsenicals

The non-wood-preservative uses of arsenicals are: Desiccant, growth regulator
(grapefruit), fungicide, insecticide, rodenticide, herbicide, and soil sterilant.

0f the 12 non-wood-preservative uses of arsenicals addressed, there are effec-
tive chemical alternatives for some, most of which can be used at equal or slightly
higher cost. The four uses for which suitable alternatives are not available are:
arsenic acid (cotton desiccant), lead arsenate (growth regulator--grapefruit), sodium
arsenate (ant bait), and sodium arsenite (Black Measles--grapes). In addition,
alternatives are not as effective as calcium arsenate for Poa annua control in turf,
or for slug and snail control in California citrus.

Cancellation of arsenic acid for desiccation of cotton would reduce annual
revenues of cotton producers in Texas and Oklahoma by an estimated 20.3 to $49.9 mil~
lion., Cancellation of lead arsenate for use on grapefruit would reduce annual reve-
nues of Florida producers by $5.8 million. If sodium arsenate were canceled for ant
bait, householders could shift to other materials that would need to be applied more
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frequently, but total costs would be similar; however, if commercial extermination is
selected as the control measure, the annual increased cost would be $42 million.
Loss of sodium arsenite for control of Black Measles would result in increased vine-
yard establishment costs and losses from reduction in grape yields and quality
totaling $13.3 million for producers of fresh market grapes and §11.0 million for
producers of raisin-type grapes over a 6-year period following cancellation.

Creosote, Coal Tar, and Coal-Tar Neutral Oils

The non-preservative uses of creosote, coal tar, and neutral oils are: Disin-
fectant, larvicide, insecticide, fungicide, herbicide, acaricide, arachnicide, and
animal repellent.

0f the 15 non-wood-preservative uses of these chemicals addressed, only 5 are
significant from the standpoint of frequency of use and volume of material applied.
Drain fly and gypsy moth control (spraying undercarriage of vehicles) are two uses
for which registered alternative chemicals are not available.

Fate in the Environment

Penta is ubiquitous in aquatic enviromments and its sources are unclear. It
may result from direct contamination, from degradation of other organic compounds, or
from chlorination of water. Penta may be removed from aquatic environments by vola-
tilization, photodegradation, absorption, or biodegradation. Penta's moderate vola-
tility suggests that volatilization may be a route to the atmosphere, but this is
highly speculative. Persistence of penta in soil is extremely variable depending on
pH, organic content, moisture content, clay mineral caomposition, free iron content,
ion exchange capacity, and the microorganisms present.

Movement, persistence, and fate of arsenate in the environment is well known,
Arsenate forms very insoluble compounds in so0il and is generally moved only by ero-
sion to aquatic environments where it may be adsorbed to sediment and removed from
solution, adsorbed to plants, or ingested and metabolized by aquatic organisms.
Under anaerobic conditions arsenate may be reduced to arsenite and metabolized to
volatile alkylarsines. WVolatilized arsenicals can be adsorbed on dust particles and
oxidized to arsenate, methanearsonate, or cacodylate. Plants do net accumulate large
quantities of arsenic if they grow well. Oceanic sediments are the ultimate sink for
all arsenic.

Data on the environmental fate of the many chemical components of creosote and
coal tar are limited. Naphthalene and its derivatives are rapidly biodegraded in
both soil and water. The higher-boiling-point compounds such as fluorene, chrysene,
anthracene, and pyrenes are much more slowly decomposed than naphthalenes. Avail-
~able data are much too limited, however, to permit more than speculation on decompo-
_sition rates. Some studies have shown that reductions of these compounds in marine
environments proceed exponentially with time and that residual amounts fall below the
- detection limit within 2 to 3 weeks.

Exposure

The no-observable-effect level for fetotoxicity of penta cited by EPA is
5.8 mg/kg/day. This value, divided by acutal exposure, gives the safety factor.
Varying exposures gave safety factors ranging from 20 to 580,000 for penta and 868 to
25 million for HxCDD. It is expected that the exposure in most work situations will
result in safety factors above 100.
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Arsenic is present in all water, food and air. Average daily consumption of
arsenic by humans in food and water in the United States is 80 micrograms. Exposure
to people handling pressure-treated wood is minimal because arsenic is tightly bound
and very insoluble. Urine analyses of exposed workers at a fabricating plant were no
higher than the general populatien.

There are no exposure estimates for most non-wood-preservative applications of
arsenicals; however, one study of arsenic acid found daily exposure estimates of 13,
9, and 9 micrograms/kg/day for ground rig applications, aerial applications, and
ground crews, respectively. Considering the time spent using arsenic in a year,
annual exposure estimates were 0.4, 0.2, and 0.8 micrograms/kg/day for these applica-
tions., Exposure to bait formulations of sodium arsenate or calcium arsenate would
be negligible.

Exposure limits have not been established for chemical components of creosote;
bhowever, OSHA has set a permissible limit of 0.2 mg/cubic meter for the particulate
polycyclic organic material of this preservative, C(ooperative studies by NIOSH and
the wood-preserving indugtry showed that actual exposure levels generally fall well
within the OSHA limit.
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SUMMARY

In October 1978, the U.S. Environmental Protection Agency (EPA)} placed on record
a notice of Rebuttable Presumption Against Registration (RPAR) of pesticides con-
taining pentachlorophenol, inorganic arsenic, coal tar, creosote, and coal-tar neu-
tral oil.

This report has been prepared by a team of scientists from the U.S., Department
of Agriculture, the State Land=-Grant universities, and the Environmental Protection
Agency to provide the best data available on exposure to and benefits from the RPAR'd
pesticides, as required by the RPAR process.

‘The RPAR’d Chemicals
Pentachlorophenol (Penta)

Commercial synthesis of penta is accomplished by direct chlorination of phenol.
Penta and its salts are highly effective, broad-spectrum biocides. Penta is widely
used as a wood preservative, normally carried in a petroleum solvent. A small quan-
tity is converted to the sodium or potassium salt and carried in water solvent., The
following compounds and their uses are addressed in this volume:

Pentachlorophenol-~herbicide, defoliant, mossicide.
Sodium pentachlorophenate (Na-penta)-~herbicide, mossicide, biocide (mushroom
houses) .

Inorganic Arsenicals

Arsenic is produced as a by-product of the nonferrous smelting industry. It has
many uses in forestry, agriculture, and commerce. Restriction of its use would
increase waste disposal problems of smelters. The following uses are addressed in
this volume:

Arsenic Acid--desiccant (cotton).

Arsenic Trioxide~-rodent control,

Calcium Arsenate--annual bluegrass control (turf), slug bait (citrus),
fly control (poultry).

Lead Arsenate--growth regulator (grapefruit), cherry fruit fly control
(cherries).

Sodium Arsenate--ant bait (buildings).

Sodium Arsenite-=-Black Measles (grapes), dead-arm (grapes), termites
(buildings), semi-sterilant (soils).

Coal Tar, Creosote, and Neutral Oil

Coal tar is a by-product from coking of bituminous coal. Cresote is a complex
mixture of organic chemical products of fractional distillation of coal tar. Neutral
oil is also a coal tar fraction. Coal tar is used in a number of pesticides and is
used, in combination with creosote, as a wood preservative. Creosote is used alone
¢or in combination with coal tar or petroleum as a wood pregervative. Creosote and
neutral oil are used in a number of other pesticides. The following uses are
addressed in this volume:
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Coal Tar--insecticide, disinfectant, animal repellent, fungicide, acaricide,
arachnicide,

Creosote--animal repellent, larvicide, fungicide, herbicide, insecticide,
acaricide, arachnicide.

Nentral Oil--animal repellent, insecticide, acaricide, larvicide, disinfectant.

Triggers

EPA has determined that penta meets or exceeds risk criteria relating to tera-
togenic and/or fetotoxic effects on mammalian test species; that inorganic arsenic
meets or exceeds risk criteria relating to oncogenic, mutagenic, and reproductive or
fetotoxic effects on mammalian species; and that creosote, coal tar, and neutral oil
meet or exceed risk criteria relating to oncogenicity.

This report of exposure to and benefits from the RPAR'd pesticides is divided
into two parts: Wood preservative uses and non-wood-preservative uses. Wood pre-
servative uses are treated in Volume I and non-wood-preservative uses in Volume II.
Only the impacts of canceling one or more of the chemicals for use on one or more
sites are considered. Analysis of regulatory options short of cancellation is not
included.

The RPAR'd chemicals are the basis for an array of registered products used as
pesticides or as growth regulators. These uses range from large-volume applications
such as growth regulators to minor or nonexistent uses such as rodent control.

Applications

Penta and Its Salts
Herbicide, Defoliant, and Mossicide

Penta is currently used either alone or as an additive to other herbicides for
weed control. There are viable substitutes for all herbicidal uses of penta. Penta
is rarely used as a defoliant, and satisfactory alternatives are readily available.
Penta is used either alone or in combination with other mossicides on roofs, masonry,
and lawns. Although alternative chemicals for moss and lichen control are available,
the continued use of penta either alone or mixed with other mossicides is important
in areas where moss is a severe problem.

Mushroom House Fungicide

Sodium penta is a general hygienic agent used to control diseases in the envi-
ronment of commercial mushroom beds. Cancellation of Na-penta use would affect one-
third of the U.S. mushroom production. Producers would most likely switch te NaCl,
a widely used alternative,

lnorganic Arsenicals

Cotton Desiccant

Arsenic acid is used on over 2 million acres of cotton grown in Texas and
Oklahoma. Tt is used to desiccate the leaves prior to harvesting, and is essential
to protect the quality of the crop until it can be ginned with a mechanical stripper.
Arsenic acid is the only desiccant which will effectively prepare the crop for har-
vest. Loss in the quality and quantity of both seed and fiber results if harvest is
delayed or if complete desiccation of green leaves is mot achieved. Severe losses
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can occur in 5 days if the moisture content is above 16% in the cotton module. Expo-
sure to applicators is not large when proper safety techniques are employed,

No environmental problems have been associated with the use of arsenic acid when
it is applied according to label directions. It will add about 1 ppm As to the sur-
face 6 inches of soil each year. Cotton is used as a clean-till rotation crop with
wheat, milo, or sorghum in some areas. Without cotton, the other crops could not be
grown, because Johnsongrass could not be controlled.

Rodent Control

The use of arsenic trioxide as a rodenticide is very limited. There are several
alternatives that provide better control.

Turf

Calcium arsenate is approved for turf areas and has been sold throughout Canada
and the United States over a period of approximately 20 years. It was the standard
Poa annua contrel measure in professional turf areas because of its selective soil
treatment behavior.

Slug and Snail Control

Calcium arsenate is effective for the control of slugs and snails when used in
bait formulations that include metaldehyde. The bait is significantly cheaper to use
than other materials. Exposure is minimal, because it is formulated in pellet or
flake form. 8lug control on a wide variety of crops may be necessary in rainy years,
such as California experienced in 1978.

Fly Control

Calcium arsenate is applied to house fly larva breeding areas under poultry
cages, and to manure piles, When calcium arsenate-treated manure iz removed from
animal operations, it is normally applied to fallow land.

Growth Regulator

The use of lead arsenate as a growth regulator for grapefruit in Florida is one
of the two remaining agricultural uses of this pesticide. Current use patterns and
legislation restrict application te part of the bearing grapefruit acreage in Florida
only. Application rates are moderate, and only one application is used per year.
Oppertunity for exposure to applicators is minimal. There are no alternatives to the
use of lead arsenate for this purpose except other arsenicals. Calcium arsenate
would be an acceptable unregistered substitute for lead arsenate and would eliminate
lead.

Cherry Fruit Fly Control
Lead arsenate is effective; however, currently it is not being used. Continued

registration is desirable in the event resistance to the organic insecticide
develops.

Ant Control

Sodium arsenate is used, principally by the householder, hotels, and motels, to
achieve control of modest ant infestations. The advantages of sodifim arsenate baits
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are: 1) Ease of use, 2) limited quantities needed, 3) the toxicant is transported to
the colony, and 4) the continuance of contrel. Formulations packaged in small ready-
to-use containers are the safest of such products.

Herbicide and Tree Killer

Sodium arsenite is an effective soil semisterilant for weed and for tree-stump
control. MNumerous alternatives are available. No benefits over the alternatives
seem apparent.

Termite Control

Several long-lasting alternatives are available for control of subterranean ter«
mites. However, there are no suitable substitutes for sodiuvm arsenite for certain
specialty uses.

Grape Disease Control

Sodivm arsenite is effective for control of Dead-Arm, but several alternatives
exist. No alternatives to sodium arsenite for Black Measles controel are available.

Coal Tar, Creosote, and Neutral Oil

Creosote, coal tar, and coal-tar neutral oil are registered for use for a large
number of non-wood-preserving applications, the most common of which are of a herbi-
cidal, fungicidal, insecticidal, and bactericidal nature. Neutral oil products com-
posed principally of neutral oil and coal-tar acids account for most of the volume
used. :

The varying definitions assigned to the term "neutral oil" are a source of con-
fusion. In presuming against neutral oil the Environmental Protection Agency defined
this product as a mixture of hydrocarbons of coal-tar origin from which the tar acids
and tar bases have been removed. The Assessment Team was unable to verify that a
product conforming to this definition is produced or used in the United States. The
coal tar distillate referred to as "neutral oil" and used for the various types of
applications referred to above is composed of 75% methylnaphthalenes and 25% coal tar
naphtha. It does not contain the high-boiling fractions encompassed in EPA's defini-
tion and for which there is some evidence of carcinogenicity in animals. This docu-
ment addresses only that "neutral oil" product that is currently being produced and
used,

Data on the quantities of coal tar, creosote, and neutral oil sold for non-wood-
preserving uses are not available., Only vague information on who uses these prod-
ucts, in what quantities, and for what purpose was supplied by the producers and
packagers.

Neutral-oil products are sold by the manufacturers to retail outlets, primarily
farm and ranch stores, jobbers, veterinary supply houses, and repackaging firms,
Only a limited amount (probably less than 5%} is sold directly to user groups. An
estimated 65% of the total volume is used as a general disinfectant in animal produc-
tion and for household and institutional applications. The balance is used as an
insecticide and fungicide and for such site~specific applications as gypsy moth con~
trol, screwworm and ringwoerm wounds in animals, and animal dips for non-food animals.
Some neutral-oil products are apparently still used for control of parasites in poul-
try houses, notwithstanding the fact that this use was canceled in 1972.
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Specific examples of the application of coal tar products for many of the uses
for which they are registered were not uncovered by the Assessment Team. Exceptions
are their uses as disinfectant in animal production, which was viewed by experts in
the field as an important part of the total animal health program, and for control of
the gypsy moth. The latter use constitutes a USDA regulatory treatment that is con-
sidered to be essential because of the economic importance of the gypsy moth and the
fact that no alternative chemicals are registered for this use.

Data on efficacy of neutral-oil products for all except disinfectant uses are
lacking.

Dermal and inhalation exposure at the point of manufacture of neutral-oil-
containing formulations is judged to be small. Approximately two-thirds of the for-
mulating companies have apparently met OSHA standards with regard to employee safety.
A relatively small number of employees (estimated at less than 1,000} are directly
invelved in the manufacture and packaging of these products, and duration of exposure
for those most directly involved in these activities is generally less than 100 hours
per year.

The population of users is estimated at 100,000 to 500,000. Exposure varies
with method of application but is judged to be quite small on an annual basis because
of infrequency of use and the low concentration (about 0.5%) of nentral o0il in ready-
to-use sclutions.

The environmental fate of only those constituents of neutral oil that are dis-
cussed above is addressed in this document.

Among coal-tar chemicals used as pesticides, the naphthalenes are unquestionably
among those that are most subject to biological oxidation. Evidence amassed by
numerous studies shows with a high degree of certainty that these chemicals are
rapidly decomposed in both aquatic and terrestrial environments by several species of
microorganisms. No evidence was uncovered by the Assessment Team that naphthalene
compounds accumulate in plants. The fate of thegse compounds in the air is unknown,
but it is assumed that they are broken down in part by photochemical oxidation and,
upon settling to earth, by soil bacteria.
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CHAPTER 1: PENTACHLOROPHENOL AND PENTACHLOROPHENATES
Herbicide, Defoliant, and Mossicide

Most herbicidal formulations of penta are made by dissolving the parent phenol
in oil, methanol, ether, acetone or other solvents. Some herbicidal uses such as in
algae control are in the form of the sodium salt. There are no registered herbicidal
uses of penta for weed control in food crops either as the sodium salt or the parent
phenol. Of the approximately 500 registered labels for herbicides containing penta,
a large percentage is for use in industrial areas such as railroads, tank farms, and
parking lots. In this report, uses for slime control in paper mills are not included
in the total, since these are used primarily to control bacteria and other non-
chlorophyl-containing microorganisms.

Most herbicidal formulations containing penta are used for the control of vege-
tation such as annual grasses and weeds and are not generally used for controlling
larger woody plants such as brush sprouts and trees. Only four products have labels
for tree control in industrial areas and only 43 out of about 500 products suggest
the use of penta for brush control (Table 1).

Table 1.--Number of times that site/pest combinations appear on labels of
500 registered penta products

Site
et e Grop and e wran N Rrkine g
arm Masonry  Areas

Defoliant 12 1
Moss 50 14 64
Trees 1 1 2 4
Brush 7° 13 6 17 43
Weeds-general® 24 130 49 106 309
Annual veeds 68” 142 73 112 395
Perennial weeds 49b 129 75 107 360
Grass-general® 28° 110 47 101 286
Annual grass 62° 126 63 96 347
Perennial weeds 61° 125 66 95 347
A1l vegetation® 13 26 21 30 90
Total 50 1 312 14 802 401 666 2,246

% Alfalfa grown for seed only.
b Mostly fence rows.
€ Type not specified.
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Because penta products are contact hérbi'cides and usually mixed with phytotoxic
oils, a quicker brownout of most vegetation'is accomplished even though it might be
only temporary for perennial plants. Mixtures of oil and penta are not translocated
into the roots and stems of woody or other perennials, and the plants generally
recover after a few months. This inadequacy can be overcome by mixing with bromacil

or other residual-type herbicides that kill the roots of woody plants.

According  to _a current survey of formulators, less than 1% (about
400,000 pounds) of the total U.S. penta production is used for herbicide formula-
tions. Although many manufacturers or formulators have not responded to our ques-
tionnaire, there is a definite indication that penta is widely used as an herbicide.
There are over 500 registered labels for herbicidal use of penta. The results of a
questionnaire to manufacturers and formulators of penta for herbicides are shown in
Table 2. These figures are a compilation from 179 responses on labeled formulations
from a total of over 400 questionnaires. This table shows that most manufacturers
favor the continued use of penta as herbicides.

Table 2.--Summary of responses to penta herbicide questionnaire

Question Yes No No Answer

1. Are you currently marketing, formulating, or manu-
facturing a pesticide under this registration? 99 42 38

2. Would you object to cancellation of this registration? 111 32 36

3. If your answer to question (1) is yes, do you foresee a
continued need for this product? 10t 30 48

4, Would your firm be willing to help the assessment team
by supplying additional information if needed? 83 22 74

Railroad and other applicator groups were contacted in a telephone survey. The
general opinion expressed is that little penta is now being used as a herbicide on
railroads rights-of-way. One large company indicated that the loss of penta would
create a serious problem to its operation, inasmuch as restriction on the use of
penta could lead to cancellation of their product registration. Penta is an ingre-
dient in the product as it is currently registered.

Fourteen formulations containing penta for use in moss control on wood roofs and
masonry have been registered. Fifty products registered for moss control in lawns
were also identified. Although the so-~called "moss" that infests roofs is actually
a lichen, moss that infests lawns is a true plant of the genus Polytrichum.

Only one defoliant containing penta is registered for use on alfalfa grown for
'seed. This is for drying the leaves and stems of the plant as a harvest aid.

Methods of Application

Most uses of penta as an herbicide for industrial areas such as railroads, tank
farms, and parking lots are applied with power sprayers mounted on railroad tank cars
or on trucks. Knapsack sprayers are sometimes used on small areas or for home use.
Railroad tank cars are equipped with fixed booms that apply a predetermined volume of
spray on a specified area when proceeding at a given speed. Truck-mounted tanks and
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sprayers are sometimes equipped with fixed booms to apply penta and mixtures of penta
with other herbicides to industrial sites, parking lots, etc. Many trucks and other
mobile equipment usually have some type of hand gun on a hose for application to
inaccessible areas and to fence rows. Knapsack sprayers with adjustable nozzles are
used for small areas around sign posts, building foundations, pavement cracks, and
other areas of a similar nature,

For home use, penta may be purchased in ready-to-use forms, such as aerosol
cans, or in small containers for use in sprinkling cans or other hand-operated equip-
ment. For moss control, penta is usually sold as the sodium salt and is dissclved in
water. It can be applied by brush or knapsack sprayer. Power sprayers could be used
on larger surfaces such as brick patios and other masonry areas. Wood-shingled roofs
are usually treated with long-handled brushes. Moss control formulations for use on
lawvns typically contain both fertilizer and a mossicide and are applied in granular
form by hand spreader when the lawn is dormant.

For "edging" driveways and killing vegetation around house foundations, penta
mixtures are usunally applied in oil or emulsified in oil and applied with hand-held
equipment.

Defoliants containing penta are applied with low volume (5 to 10 gallons/acre)
tractor-mounted booms, but could conceivably be applied by aircraft, although no
labeled aerial method of application was found. A telephone survey indicated that
penta is rarely used as a defoliant.

Use Patterns and Efficacy

Rights-of-Way

Herbicidal mixtures containing penta are only used on right-of-way areas where
total vegetation control is desired, such as on road beds for railroads, electrical
substations, bridge abutments, and around road signs. In rights-of-way usage, the
addition of bromacil or other soil-sterilant-type compound is essential for full-
season weed and grass control. The concentration of penta in mixtures for use on
rights-of-way is relatively low--less than 10%--in combination with a phytotoxic oil
and a soil sterilant. The function of the penta is to provide a quick "burn" of
vegetation. It has 1little or no lasting herbicidal effect and perennial weeds,
grasses, and woody plants require repeated application for adequate control. Penta
is non-selective in its action and will knock down all green foliage on contact, but
perennial plants will recover in a short time unless longer lasting herbicides are
used in conjunction with it. The same killing effect over a long period (1 to
3 months) can be obtained whether or not penta is included. The application rate is
1 gallon concentrate (409 a.i.) to 40,000 square feet or approximately 4 pounds
penta per acre.

In rights-of-way where selective removal of woody plants and weeds from grasses
or other low growing ground cover is desired, penta is not included in the mixture.
It kills the desirable species as well as disrupting normal absorption and transloca-
tion of systemic herbicides by killing the leaves too fast. Although many formula~
tions are on the market that contain penta combined with translocated herbicides such
as 2,4=D, there is considerable doubt that such mixtures are as effective as when
24-D is used alone. Translocated herbicides work best on healthy, vigorously growing
plants. When these herbicides are mixed with penta, the leaves are killed immedi-
ately, thus removing the major area of absorption for 2,4-D.
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Tank Farms and Industrial Areas ’f ;/

Penta is used in herbicidal mixtures on tank farms and other industrial areas
vhere no vegetation is allowed because of the potential fire hazard. Penta has long
been included in such mixtures because of its ability for quick "knock down" of vege-
tation. Many of the newer soil sterilants prevent most weed and grass growth, and
penta is no longer considered absolutely necessary for adequate vegetation control.

The residual herbicidal effectiveness of penta is very low and for that reason
its usefulness is guestionable except where vegetative growth has not been kept under
control by proper management. Longer lasting herbicides are available that will keep
all plant growth to a minimum.

Parking Lots

Because penta is a contact herbicide, its use in parking lots is of value only
when vegetation has begun to grow in paved or unpaved lots. Its chief disadvantage
is that perennial plants are not killed by penta unless other herbicides are combined
with it. Thus, it is important to use a suitable soil sterilant along with penta to
give longer lasting control of vegetative growth. Soil sterilants must be selected
carefully to avoid killing trees or shrubs adjacent to the parking lots due to
leaching.

Home Use

With the exception of those penta products formulated for weed control in fence
rows, there are very few penta formulations on the market for the homeowner. There
are five registered products for controlling weeds in dormant Bermudagrass lawns,
The application rate to control weeds in dormant Bermudagrass lawns is 1.6 ounces
penta per 1,000 square feet. Other areas of use are: driveways, recreation areas,
walkways, and around telephone poles and fence posts. Moss control formulations for
use on lawns typically contain both fertilizer and a mossicide, and are applied in
granular form by hand spreaders when the lawn is dormant. The application rate of
penta to control moss in lawns is 1 pound per acre.

Use Patterns as indicated by
Major Manufacturers

Results of a questionnaire sent to major manufacturers of herbicidal formula-
tions of penta are presented in Table 2. Based on the questionnaires returned, about
400,000 pounds of penta are used in herbicidal formulatjans apponglly. This does not
represent the total amount used annually, because it was not possible to contact all
formulators and applicators.

Defoliants containing penta are rarely used. Adequate alternatives, which are
as efficient and safer to use, are available,

The extent of penta usage as a mossicide for roof and masconry applications is
unknown. Because only a few alternative products are available for this use,
restrictions on the use of penta may result in economic and technical problems among
users, particularly where conditions of high humidity and low sunlight favor the
growth of roof or masonry moss (lichens).
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Usage of penta as a mossicide for lawn application may be substantial in areas
of the United States where conditions for moss growth are highly favorable (e.g. the
Pacific Northwest). The available data indicate that the use of penta (frequently
in combination with other mossicide chemicals) is favored in geographical areas where
moss is a sericus and persistent lawm pest.

Exposure Analysis

Most herbicidal formulations of penta are applied by hand-held spray equipment,
which greatly increases the possibilities of exposure by inhalation or skin contact
to the applicator. Remotely controlled fixed nozzles on railroad spray cars offer
considerably less exposure potential than hand-held nozzles on power or knapsack
sprayers. On larger spray rigs such as railroad spray trains, operators and
observers are usually inside an enclesed area and are not likely to be exposed to
the spray. Without a complete set of protective clothing, the applicator using hand-
held spray guns is in constant danger of dermal and inhalation exposure.

The human exposure from accidental drift can be reduced by using liquid thick-
enexrs, but the problem cannot be completely eliminated by this method. The exposure
potential of operators spraying penta is in the following declining order: 1) hand
gun, power operated; 2) hand gun, knapsack; 3) truck-mounted fixed nozzles. Some
degree of dermal and eye exposure may be encounterved by individuals involved in
filling and mixing operations.

Exposure (and exposure routes) to penta, when applied as a defeliant, would be
similar to that encountered during herbicidal application.

Exposure potential when the chemical is applied for moss control on roofs or
masonry is highly dependent on the specific application method. Such methods include
both spray and brush applications.

Because moss control in lawns involves application of the granular form of penta
by hand spreader, human exposure would likely be limited to the dermal route during
filling operations.

Fate in the Environment

Penta is broken down in the scil fairly rapidly (Young and Carroll, 1951). Both
the parent phenol and the salts are broken down by a number of soil organisms. There
is no evidence of penta remaining in the soil for more than one growing season.
Loustalot and Ferrer (1950) found that when Na-penta was applied to moist soil at
rates as high as 90 pounds per acre it disappeared in 60 days. A more comprehensive
treatment of fate of penta and Na-penta in the environment may be found in Volume I,
Chapter 3.

Alternatives

There are a number of commercially available herbicides that can be used as
alternatives for penta in the applications discussed in this report. These are out-
lined below.
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Railroad

ballast and railyards

1.
2.
3.

Glyphosate + soil sterilant
Paraquat! + soil sterilant
Sterilants alone

Highways, around structures, and pavement cracks

14
2.

Glyphosate alone
Glyphosate + sterilant

Tank farms

1.
2,
3.
4.
5.

Glyphosate alone (repeat applications)
Glyphosate + soil sterilant

Paraquat® alone (repeat applications)
Paraquat! + soil sterilants

Sterilants alone

Parking lots

1. Glyphosate alone (repeat applications)
2. Glyphosate + sterilants
3. Paraquat! alone (repeat applications)
4, Paraquat! + sterilants
5. Bterilants alone
Home use -~ Fence rows
1. Dicamba + sterilants
2. Picloram + sterilants
3. Glyphosate alone
4, Glyphosate + sterilant
5. Sterilants alone
6. Paraquat! alone
7. Paraquat! + sterilants
Home use - Driveways and walks
1. Glyphosate alone
2. Paraquat! alone + pre-emergence weed killer
3. Paraquat! + pre-emergence weed killer
vefoliants
1. Endothall
2. Sodium Chlorate
3. Cacodylic acid?
4. 5,5,5-tributylphosphorotrithioate
5. Ametryn
6. Paraquatl!
7. Zinc sulfate
8. Zinc chloride

1 O0n pre-RPAR list.



Mossicides--Roofs and other wooden structures, masonry and lawns

1. PFerric sulfate

2. TFerrous sulfate heptahydrate
3. Ferrous ammonium sulfate (FAS)
4. Zinc chloride

5. Zinc sulfate

Na-Penta as a Mushroom House Biocide

Commercial mushroom production practices have evolved in response to an ever
increasing demand for high-quality mushrooms vnscarred by pests and further recogni-
tion by farmers of the connection between disease and reduced yields. These develop~
ments have resulted in a significant effort to nurture diseage=-free mushrooms.

Early mushroom cultivation, two centuries ago, made use of natural caves or
abandoned mines. Manure was brought in for composting and beds of compost were
inoculated with mushroom spawn (seed). Until the late nineteenth century, this
practice usually resulted in abandoning the cave after as little as 2 years due to
the population pressures of dJdiseases, nematodes, and insects. This problem was
greatly aggravated by the use of impure spawn. At the turn of the century, commer=-
cial mushroom production in the United States was concentrated in the New York City
area, with an expanding supply coming from Pennsylvania in response to the developing
market.

Advances in spawn culture techniques led to a method of producing pure spawn
more reliably by 1918. By the mid-1920's, scientific research had become institu-
tionalized in the public domain. With the development of a market for processed
mushrooms, producers were helped through the depression years. By 1950, development
of selective fungicides allowed direct treatment of disease-causing organisms in
active mushroom beds. Metal compounds of ethylene bisdithiocarbamate (EBDC) were
shown to increase the quality of mushrooms substantially, and marginally increase the
yield as compared with no-treatment or use of existing compounds (Yoder, et al.,
1950). Zinc-EBDC and benomyl (methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate)
are the only effective fungicides registered and labeled for direct mushroom bed
application.

In order to minimize the cost per pound of mushrooms, the period of sustained
high mushroom yields for each fill of the beds or trays is required. This necessi-
tates the direct application of fungicides to the mushroom beds, sanitizing measures
between fills, and minimization of contamination of the bed by insects acting as
disease vectors. Insects are also controlled by spraying insecticides in the
vicinity of the mushroom houses as often as several times each day during the warm
months (Wuest, 1979). This program is targeted primarily at the fly populations,
which are attracted to the odors of mushroom houses. The flies are of the small
"gnat" type and are both pests and disease vectors.

The primary commercial mushroom in North America, Agaricus bisporus (A.
brunnescens), is susceptible to many fungal-induced diseases, but three are of major
consequence. (1) Verticillium fungicola (syn. V. malthousei.) is commonly referred
to as "dry bubble."” The major symptom is spotting and in extreme cases is a small
ball of a misshapen mushroom. (2) Mycogone perniciosa causes a disease referred to
as "wet bubble" and results in a wet stinking mass. (3) Dactylium dendroides has a
mildew effect which digests mushrooms prior to their harvest., Of the three, V.
fungicola is the most prevalent fungus attacking mushrooms in the United States.
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Trichoderma (green mold or spot) and La France (virus) diseases are most prevalent
outside the United States, but both have had significant effects on U.S. crop produc-
tion. Nematode infestations are another problem in commercial mushreom production,
Both disease-causing pathogens and nematodes may be spread by any equipment not sani-
tized. Certain fly species are mushroom pests in both their larval and adult forms;
adult flies may also act as disease vectors.

Ka-penta is used as a broad-spectrum hygienic agent to suppress population
levels of pest organisms (fungi and insects) on the surfaces of objects in the
vicinity of commercial mushroom beds. The compound is applied to the surfaces in a
variety of ways, each of which involves dilution in water. It is highly toxic to
mugshrooms and is applied neither te the growing medium, which is steam pasteurized,
nor to the surface of the producing mushroom bed, which is treated with EBDC and/or
benomyl. Although the benefits of incorporating Na-penta into hygienic programs have
not been objectively measured, it is generally accepted that the material is an
effective disinfestant.

Methods of Appilication

Spray, and dip, are the two basic methods of applying Na-penta in the vicinity
of mushroom houses (Wnest, 1979). The only currently registered label specifies
dilution to 0.71 pound active ingredieat per 50 gallons of water (1,700 ppm Na-penta)
for spray and dip applications. The recommended application rate is 50 gallons to
1,000 to 2,000 thousand sq. ft.

Spray Application

Mushroom house exteriors, compost wharfs, lofts, and proximate grounds are
sprayed as often as weekly during warm months of the year, but most spray programs
call for a 3-week, or even longer, interval between applications. Most of the
Na-penta used by mushroom producers is applied by spraying.

Dip Application

Tools are dipped in Na-penta solutions to reduce the transmission of disease-
causing organisms from one bed to another oxr to subsequent mushroom crops.

Use Patterns and Efficacy

The use of Na-penta is not universal among mushroom producers. The exact extent
of use is unknown. Based on communications with major mushroom producers (Painter,
1979; and Patton, 1979) and comments by Wuest (1979), it is estimated that one-third
of U.S. mushroom production is under 'a disease control program using Na-penta.

Contacts made with individuals in the mushroom industry or with scientists who
have studied mushroom culture have resulted in confirmation of two tenets:

1) A facility-wide hygiene program is essential to the viability of the mush-
room industry as it is currently known to consumers (i.e., by quality,
price, and availability of the product).

2) Na-penta is an effective hygienic agent due to a combination of broad-
spectrum efficacy, residual efficacy, and other attributes,

However, the industry is in disagreement about whether or not the "best" hygiene
program should include Na-penta applications to non-producing surfaces.



A historical perspective helps to explain the current confusion. NaCl, often
mentioned as an alternative to Na-penta, was the major chemical agent for mushroom
house hygiene until formaldehyde became available. Formaldehyde was eventually
displaced by Na-penta when it became available. Recent events have complicated the
situation. Tolerance for Na-penta residues in mushrooms was set at 2zero. This
resulted in pressure from many purchasers to eliminate any and all use of Na-penta
by producers under contract.

The extent of Na-penta use has diminished partly because of supply problems
related to the willingness of manufacturers to continue operating facilities and
incurring the costs of keeping labels up to date in a highly regulatory environment.
The major domestic manufacturers have discontinued their production of Na-penta. One
of the principal distributors, after several months of gearch, found an alternate
U.S. source. Another did not find an alternate source in spite of an intensive
search. The only known source of Na-penta for mushroom producers is Mushroom
Supply Co. which, after a 6-month period of unavailability due to the loss of its
source of supply, has obtained a new label and expects to market approximately
20,000 pounds of its Fungicide "VX" annually. The label does not include among the
list of sites any use on empty trays, beds, or even the walls and other surfaces
interior to mushréom houses.

There is concern for the risk of product contamination with Na-penta; however,
following the current label instructions by not applying Na-penta to the interior of
mushroom houses, or to the beds and trays, minimizes the risk from accidental con-
tamination, In place of Na-penta, formaldehyde would be effective for interior sur-
faces. Unfortunately it is no longer available. NaCl would not be used in place of
Na-penta wherever corrosion would be intolerable (e.g. lofts, interior walls and
ceilings, and around foundations). NaCl historically has been used on ground and
floor surfaces and to antiseptize tools. Wuest (1979) has communicated with some
producers on the West Coast who are currently using NaCl and found that they were
unaware that Na-penta is again available. A definite preference for Na-penta was
expressed by these producers.

Exposure Analysis

Inasmuch as Na-penta is not applied to the mushroom beds, significant consumer
exposure is not likely. Of the two methods of application, spray application
involves the greatest exposure potential. Inhalation exposure is expected to occur
only during spray operations, because the volatility of Na-penta in aqueous solution
is very low. The dip methods of treating tools carried from room to room or bed to
bed may involve some dermal exposure. The level of such exposure depends on the
extent to which personal hygiene and protective clothing are employed.

Fate in the Environment

For a comprehensive treatment of the fate of Na-penta in the environment, gee
Volume I, Chapter 3.

Alternatives

The only known effective alternative to Na-penta in mushroom production is
gsodium chloride (NaCl). Castle and Cooke Co., one of the largest mushroom producers,
indicated a preference for NaCl and has not used Na-penta for several years (Patton,
1979). They cited cost, convenience, and safety as factors favoring the use of NaCl;
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however, it is highly corrosive to both application equipment and metal fasteners
used in building construction. Its recommended rate of dilution is 1 pound per gal-
lon of water (Wuest, 1979), which represents approximately 1 pound of salt for every
20 to 40 square feet of surface.

Summary of Biological Analysis—Pentachlorophenol
“and Pentachiorophenates

Herbicide, Defoliant, and Mossicide

Penta is currently used either alone or as an additive to other herbicides for
weed control in rights-of-way, tank farms, parking lots, and home use. Most penta
herbicides are applied by various types of spray equipment. Human exposure to penta
is highly dependent on the extent to which respirators and protective clothing are
utilized and the level of personal hygiene employed by the applicator. Penta's rapid
phytotoxicity is its main attribute. Penta has little or no residual activity in
the goil and must be mixed with sterilant-type herbicides for long~term weed control.
There are acceptable alternatives for all herbicidal uses of penta.

Penta is rarely used as a defoliant, and satisfactory alternatives are readily
available, Penta is used either alone or in combination with other mossicides on
roofs, masonry, and lawns for the control of moss and lichens. Roof and masonry
application is accomplished by spraying or brushing; lawn application generally
involves distribution of the granular form by hand spreader. Although alternative
chemicals for moess and lichen contrel are available, the continued use of penta
either alone or mixed with other mossicides may be important in areas where moss is
a severe problem due to environmental conditions.

Mushrodm House Biocide

Na-penta is used to control pest organisms on the surfaces of objects in the
vicinity of commercial mushroom beds. It is toxic to mushrooms and is not applied
either to the growing medium or to the surface of the producing mushroom bed. Most
of the Na-penta used by mushroom producers is applied as an aqueous solution by
spraying. In addition to spray application to mushroom house exteriors, compost
wharfs, lofts, and proximate grounds, tools are dipped in Na-penta sclutions to
redoce the transmission of diseases from one bed to another or to subsequent mush-
room crops.

Many mushroom producers and mushroom scientists, as well as suppliers, recognize
Na-penta as a valuable hygienic agent and express a preference for it over alterna-
tives on many of the possible use sites. Current use of Na-penta is low because many
mushroem producers are not aware that Na-penta is again available and because mush-
roem packers and processors may be reluctant to accept the risk of contamination
under the zero tolerance levels. The new label directions may diminish this reluc-
tance. Nall, the only alternative to Na-penta, is inappropriate for some of the use
sites, does not have equally strong residual and broad-spectrum efficacy, and is
highly corrosive to metals at the required rates of application. No one has been
willing to estimate the efficacy of Na-penta in terms of reduced quality and/or yield
when substituting the next best practice. The exact extent of such usage is unknown,
but it is estimated that a third of the U.S.mushroom production is under a disease
control program using Na-penta.
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0f the two methods of Na-penta application, spraying has the greater potential
for human exposure. Some dermal exposure to the chemical may occur during dip opera-
tions, but the extent of such exposure depends on the extent to which personal
hygiene and protective clothing are employed.

The only known effective alternative to Na-penta in mushroom production is
sodium chloxride. Although it is highly corrosive to both application equipment and
metal building fasteners used in building construction, it is likely that cancella-
tion of Na-penta use would result in mushroom producers switching to NaCl in their
disease control programs.

Ecomonic Impact Analysis of Canceling Pentachlorophenol
and Pentachlorophenate Uses

Herbicide, Defoliant, and Mossicide
Introduction

No major impact is foreseen should penta use as a herbicide, defoliant, or
mossicide be canceled. Although penta does have a limited geographic role in control
of moss and lichen (especially in the Northwest), the herbicide use is more extensive
and may be motivated by economic incentives not explicitly accounted for in this
analysis. The herbicide use could be the most important in an aggregate sense of the
three.

Herbicide Uses of Penta

For all of the herbicide uses, penta has numerous alternatives of equal or
greater efficacy and/or lower cost. Penta at §12 per gallon (40% a.i.) is combined
with oil ($70 per 100 gallons) at a 1:100 ratio and applied at the rate of 50 to
100 gallons per acre (Chappell, 197%a). The material cost per acre is 41 to $82.

Glyphosate is equally effective and less hazardous as mentioned above. It is
also less expensive to use., Although the chemical cost is $60 per gallon and
requires the same rate of application, dilution is with water rather than oil
(Chappell, 1979a). The cost savings are 11 to $22 per acre. As oil prices climb in
1979 and thereafter, the cost savings will become more accentuated. There remains
the possibkility that factors not accounted for provide the economic incentives that
motivate current use of penta as a herbicide. Fither penta or the solvent may be
assessed by some users at a surplus or wholesale value below the prices listed above.
0il contaminated with water or dirt has little commercial value and may be used with
a little penta for herbicide uses rather than other means of disposal.

Defoliant Use of Penta

Penta has one label for use as a defoliant on alfalfa. It is rarely used as
such. In the 1976 Survey of Pesticide Usage, penta was not reported as having been
nsed as an alfalfa defoliant by any of the 1,200 respondents producing alfalfa.
Little or no impact is expected should this use be canceled.

Mossicide Use of Penta on Lawns

Penta~-containing products are sold for control of lawn moss in western
Washington and Oregon. The most likely alternative to the currently popular penta-
ferrous ammonium sulfate (FAS) fertilizer combination would be FAS-fertilizer combi-
nations. Equal effectiveness can be achieved with the alternative, but this usually
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requires an additional application. In this case labor costs become the major compo-
nent of increased cost of treatment. Assuming that the user applies the granular
mixture with an 18-inch applicator, averaging 1.0 mph, and at a §5 per hour salary,
the labor cost of canceling this use of penta is $25.50/acre. Estimated lawn acreage
in western Washington is 120,000 acres with 3 out of 4 lawns containing some moss.
By assuming that western Oregon has 80,000 acres of lawn and that 1/3 of the infested
lawn (about 25% of the total lawn area in both States or 50,000 acres) is treated
with penta, the total cost of additional labor is §1,375,000 per vear. The extent of
use is not known to be this great, however. One major supplier is known to have sold
enough penta for 5,000 acres during a recent 3-year period. Total acreage treated
with penta is likely to be far less than the 50,000 acres assumed above. Also, the
use of §5 per hour labor charge does not reflect the large number of users who may be
applying the material during their leisure hours., This would suggest the use of a
lower labor charge were it not for the fact that treated lawns are more likely to be
professionally cared for or belong to persons in higher income categories. The cost
of materials may also change, but would be insignificant in comparison to the value
of additional labor required for the extra application.

Other Mossicide Uses of Penta

The economic benefits of penta used to control mosses and lichens on sites other
than lawns are not known due to a lack of data.

Summary of Economic Impact Analysis of
Canceling Pentachlorophenol

Pentachlorophenol—Herbicide Uses

A, USE: Herbicide application to railroad, ballast
railyards, farms and industrial areas, parking
lots, fence rows, driveways, highways, and

walkways.
B. PLANTS CONTROLLED: Quick "burn" of all vegetation, woody plants
recover,
C. ALTERNATIVES:
Chemical: | Glyphosate, paraquat, sterilants {(alone or in

combination with other alternatives).

Non-chemical: Chopping, mowing, tilling where appropriate.

Comparative efficacy: Alternatives at least as effective as penta are
available. Less costly chemical alternatives
are available.

Comparative cost: Glyphosate: 30 to $50/acre; Penta: 41 to
$82/acre. Mechanical alternatives; 3 to
$500/acre.

Comments: None.,

D. EXTENT OF USE: Alternatives are preferred to penta. Combined

herbicide use is less than 1% of penta produc-
tion (about 400,000 pounds).

13



Pentachlorophenol—Defollant Uses

A.

B.
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ECONOMIC IMPACTS:
User:
Market:

Macroeconomic:

SOCIAL/COMMUNITY IMPACTS:

LIMITATIONS OF THE ANALYSIS:

ANALYSTS AND DATE:

USE:
ALTERNATIVES:

Chemical:

Non-chemical:

Comparative efficacy:

Comparative costs:

Comments:

EXTENT OF USE:
ECONOMIC IMPACTS:
User:

Market :

Consumer:

Macroeconomics:

SOCTIAL/COMMUNITY IMPACTS:

Not known

Not known

Not known

Not known

Some uses of penta as a herbicide may be an
alternative to, or a form of, disposal and have
zero chemical cost. Recent increases in oil
prices will affect the cost of treating with
penta much more than the cost of treating with
glyphosate.

William E. Chappell, Plant Physiologist

VPI Blacksburg, Va.

William A. Quinby, Ag. Economist

ESCS USDA Wash., D.C.
12/21/79

Alfalfa defoliation for seed harvest.

Endothal; sodium chlorate; cacodylic acid;

5,5,5-tributylphosphorotrithicate; ametrvn;
paraquat; zinc sulfate, and zinc chloride.

None.

Penta has alternatives that are at least as
effective.

Several alternatives are less expensive.
None,

Known to be rarely used.

No impact.

No impact.

‘No impact.

No impact.

No impact.



F.

G.

Pentachlorophenol—Mossicide Uses

LIMITATIONS OF THE ANALYSIS:

ANALYSTS AND DATE:

USE:

PLANTS CONTROLLED;

ALTERNATIVES:

Chemical:

Non-chemical:

Comparative efficacy:

Comparative costs:

Comments:

EXTENT OF USE:
ECONOMIC IMPACTS:

Macroeconomic:

SOCIAL/COMMUNITY IMPACTS:

LIMITATIONS OF THE ANALYSIS:

None.

William E. Chappell, Plant Physiologist
VPI Blacksburg, Va.

William A. Quinby, Ag. BEconomist ESCS
USDA Wash., D.C.

12/27/719.

Mossicide.

Lichen and mosses infesting roofs, other wooden
structures, masonry, and lawns.

Ferric sulfate, ferrxous sulfate heptahydrate,
ferrous ammonium sulfate (FAS), zinc chloride,
and zinc sulfate.

None.

Penta is generally considered to be better than
the alternatives for controlling moss and
lichen.

FAS costs about the same as FAS with penta
(fertilizer combinations), but labor costs are
higher.

Penta formulations with FAS and fertilizer
after the best control of moss on lawns., FAS
alene requires an extra treatment.

Estimated 50,000 acres treated.

Not known,

Not known.

Minimal.

Impacts will be concentrated in the Northwest
States where penta use as a mossicide is most
heavily favored and where the infestations are

most severe.

Lack of data on extent of use, Lack of data on
relative efficacy for sites other than lawns.
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H. ANALYSTS AND DATE: William E. Chappell, Plant Physioclogist
VPI Blacksburg, Va.
William A. Quinby, Ag. Economist ESCS
USDA Wash., D.C.
12/27/79

Na-Penta as a Mushroom House Biocide

Introduction

Control of disease in mushroom houses is a primary concern due to the concentra-
tion of activities in a relatively small space, the ideal conditions available for
disease growth, and the high level of traffic throughout the facility. Because no
quantitative estimates of efficacy for this Na-penta use are available, the economic
benefits could not be guantified. Even without data relating the use of a particular
agent to the suppression of disease outbreaks, it would be premature to disregard any
possible benefits.

Impacts of Cancellation

It would be possible to continue to produce mushrooms without the use of
Na-penta, but the yield could be reduced and the quality of the crop could be
adversely affected. However, despite research on mushroom culture by public institu-
tions for over 50 years, the effects have not been quantified. The wvalue of the
mushroom crop in the 1978-79 season was 5360 million. Savings of chemical costs
($54,000) would be offset by yield or quality losses amounting to only 0.00045% of
the $120 million revenue from affected production (one third of the U.S, production).

Salt (NaCl) is widely used as an alternative to Na-penta. It is considered less
effective than Na-penta by the industry, but was generally adopted because either
Na-penta was not available or because of concern over the zero tolerance for Na-penta
residues in mushrooms. Nall costs less to apply than Na-penta, but causes corrosion
problems in equipment and structures.

A majority of the mushroom crop is now being produced without the hygienic use
of Na-penta, Loss of registration would probably have minor economic impact, rela-
tive to the value of produce affected.

Limitations of the Analysis

Neither the benefits resulting from the use of Na-penta nor the relative
efficacy of Na-penta and its alternative, NaCl, has been quantified. The long~term
efficacy of NaCl and the added costs resulting from its corrosivity are not known.
The economic risk of a possible product recall that could result as a consequence of
Na-penta use in production of a crop with a zero residue tolerance is not included.

Summary

In summary, mushroom producers and mushroom scientists, as well as suppliers,
recognize Na~-penta as a valuable hygienic agent and express a preference for it over
alternatives on many of the possible use sites. Current use of Na-penta is low
because many mushroom producers are not aware that Na-penta is again available and
because mushroom packers and processors may be reluctant to accept the risk of con-
tamination under the zero tolerance levels. The new label directions may diminish
this reluctance. Finally NaCl, the only alternative to Na-penta, is inappropriate
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for some of the use sites, does not have equally strong residual and broad-spectrum
efficacy, and presents its own environmental problems at the required rates of appli-
cation. No one has been willing to estimate the efficacy of Na-penta in terms of
reduced quality and/or yield when substituting the next best practice.

The economic benefits of Na-penta for mushroom house hygiene are related, in
part, to the total value of mushrooms produced. The total impact is unlikely to be
more than a small fraction of the total revenue earned by mushroom producers. That
revenue has increased from 562 million in the 1967/68 season to 5360 million in the
1978/79 season.

The strength of preference for Na-penta is explained in its low cost relative to
potential benefits. At $2.70 per pound, the total annual use of 20,000 pounds costs
354,000, Potential benefits may be in the millions of dollars.

Summary of Economic Impact Analysis of
Canceling Pentachlorophenate

Pentachlorophenate—Mushroom
House Biocide

A. USE: Used by mushroom producers, representing one
third of the U.S. production capacity, as a
bread-spectrum agent for mushroom house

hygiene,
B. SITES:
Spray application: Mushroom house exteriors, compost wharfs,
lofts, and proximate grounds.
Steam injection: Interiors of vaults or rooms not in production
(no longer a labeled use).
Dip application: Tools.
C. SPECIES CONTROLLED: Verticillium fungicola, Mycogone perniciosa,
and Dactylium depndroides.
D. ALTERNATIVES: Broad-spectrum disinfectants.
Chemical alternatives: NaCl (common table salt): non-corroding sites.
Non-chemical controls: Steam: interiors, not for lofts.
Comparative efficacy: NaCl is not appropriate for all sites, less
' effective on appropriate sites.
Comparative costs: Material costs are not significantly different.

NaCl material costs $50.05/dilute gallon at
$0.05/pound but costs of corrosion are incident
to use. Na-penta price is $2.70/pound or
$0.049/gallon.

17
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EXTENT OF USE:

ECONOMIC IMPACTS:

User:

Market:
Consumer:

Macroeconomics:

SOCIAL/COMMUNITY IMPACTS:

1

LIMITATIONS OF THE ANALYSIS:

AUTHOR AND DATE:

Approximately one third of mushroom house
capacity or 20,000 pounds of 79% a. i. formu-
lated Na-penta.

Not known.

More corrosion, higher disease pressure, less
risk of penta coatamination.

Not known.

Not known.

Not known.

Not known.

Relative efficacy has not been determined.
W. A. Quinby, Ag. Economist,

USDA/ESCS Wash., D.C.
1/24/80.
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CHAPTER 2: INORGANIC ARSENICALS

Arsenic Acid
Arsenic Acid—Cotton Desiccation

Arsenic acid has been used on over 2,000,000 acres of cotton as a desiccant in
Texas and Oklahoma for the past 22 years. It is used as an integral part of an effi-
cient, economical production system utilizing specially bred varieties for shorter
growing seasons and harvested with mechanical strippers (Miller, 1974). The gins in
the stripper areas have been modified to handle the stripped cotton as a part of the
production system. The loss of arsenic acid would have a significant local impact
on cotton production in Texas and Oklahoma and further prevent the use of the more
economical system by other States.

If seed or bur cotton is excessively wet, it needs to be ginned immediately
according to the USDA (1965). Cotton containing less than 8% moisture can be stored
indefinitely, whereas cotton with over 14% moisture cannot be stored safely.

The principal sources of moisture in seed or bur cotton are:

1. Harvesting too early or late in the day when dew is present.
2. Rain during storage.
3. Addition of green leaves to the bur cotton.

The first two conditions are easily corrected by timing of harvest while cotton
is dry and covering the modules with a cotton tarp. The addition of green leaves to
the bur cotton is the principal reason for the use of a desiccant. The stripping
operation removes essentially all parts of the plant and omnly a bare stalk remains
in the field. The green leaves become a component of the bur cotton. Approximately
1% green leaf trash in the bur cotton will increase the moisture content of the bur
cotton by 1% (Miller, et al., 1968). When there are green leaves left on the plant
at harvest time, it is essential to use a desiccant. Desiccants are essential to
mechanical harvesting when one or more of the following conditions are encountered:
1) Presence of young, second-growth leaves. 2) Presence of young regrowth leaves.
3) Incomplete defoliation.

Thus, the use of a desiccant in stripper harvesting helps keep the bur cotton
moisture below 12} through prevention of added moisture from the leaves. The prac-
tice of desiccation and moduling has been examined in other areas such as Tennessee
(Mullins and Goddard, 1973).

The desired fiber moisture for ginning was found to be between 6.5 and 9.5%
fiber moisture, according to Ward (1963). Overdrying results in lowered quality of
the lint.

Cotton desiccants dry green leaves on plants and are used in conjunction with
cotton strippers. They are routinely used before mechanical stripping whether or not
a defoliant is applied before application of the desiccant. Defoliants will not sub-
stitute for desiccants in the preparation of cotton for mechanical stripping except
under very isolated, ideal circumstances (Brendel and Miller, 1978). Desiccants are
applied under any condition in which green leaves are left prior to stripping because
strippers harvest most, if not all, leaves and side branches that are present. The
addition of green leaves to seed cotton increases moisture, which creates a condition
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whereby the cotton will heat during storage and be lowered in quality while awaiting
ginning. If the cotton is too wet, it is essential to dry it before it can be
ginned. This would occur when the moisture of the bur cotton keeps the seed above
16% moisture, This condition is encountered in essentially every field without the
use of a desiccant. The only exception would be in some years on the High Plains of
Texas, where an early freeze results in leaf desiccation.

Cotton is prepared for mechanical harvesting in different ways depending on the
variety of cotton, weather conditions, and type of mechanical harvester to be used.
In higher yielding, irrvigated areas of southern Texas, the general practice is to
apply a defoliant such as DEF,Folex, sodium chlorate, or sodium cacodylate, and har-
vest with revolving spindle-type pickers after the leaves abscize.

In the non-irrigated areas of Texas and Oklahoma, another type of cultural
system has evolved. Because maximum yields in dryland cotton are low, mechanical
harvesters must be highly efficient. The cotton stripper was developed to meet this
need, because pickers leave too much cotton in the field. A stripper operation is
a once-over harvest done after desiccation when essentially all the bolls are open.
Dried leaves, burs, bracts, side branches, etc., are removed from the stalks, and may
be left in the seed cotton. The growers plant storm-resistant types of cotton
(Tippit, 1971}, which are more adapted to a stripper harvest. Tippit evaluated
various varieties of upland cotton adapted for stripper-harvesting. The selection
and breeding has progressed for many years so that varieties are planted that are
specifically adapted for stripper harvest. Some stripper-type varieties were har-
vested more efficiently than others (Wilkes, et al., 1959).

The stripped cotton is routinely blown into trailers having wire sides and back,
The trailers are towed to the gins and stand up to 5 days in line depending on the
backlog. Modern agronomic practices include outside storage of the stripped bur
cotton in ‘10-bale modules. The storage of seed cotton or bur cotton in modules has
enabled lengthening of the ginning season and has allowed more cotton to be ginned by
fewer ginsg (Parnell, 1967). Storage in modules may be for periods of 30 days or more
before ginning. The longer storage period will, however, allow greater deterioration
of lint and seed quality unless the cotton is prepared properly for storage in the
module.

Sorenson and Wilkes (1973) reported that field storage of 10-bale modules could
be done safely if the modules were covered and moisture percentage was 11% or lower.
In a companion study, they reported that when seed temperatures reached 140° F due
to moisture, there was an increase in fatty acids and the germination dropped to zero
within 21 days of storage.

In certain instances, the storage of cotton in modules has resulted in increased
quality. Eickhoff, et al. (1977) reported that storage of cotton in a module system
can mean better quality seed and lint. This was the result of examining 4,000 sam~
ples in a 2-year study (Cotton Incorporated, 1973).

Methods of Application

Arsenic acid for cotton desiccation is always applied as a spray. About 20 to
30% of the material is applied by aircraft and the rest by ground sprayers. Both
self-propelled, high-clearance machines and tractor-mounted sprayers are used in
the application by ground. Generally, 3 pints of the product is diluted to a final
volume of about 10 gallons of spray solution per acre. Where aircraft are used,
3 pints is applied in a total spray volume of 3 to 5 gallons per acre. Arsenic acid
is deliquescent, which allows little drift and no dusting, as in powdery materials.,

25



Use Patterns and Efficacy

Table 3 lists manufacturers, registration numbers, and pertinent information for
arsenic acid.

The product is made by reacting trivalent As with nitric acid to yield a 75%
H3A504. The amounts of nitric and trivalent As are less than 0.10% in the final

product,

The 75% aqueous solution has a specific gravity of 1.88 at 60° F and weighs
15,7 pounds per gallon of total material with 11.8 pounds of H3A304 per gallon., One
gallon of the product contains 2,800 g As.

Table 4 shows the use of arsenic acid from 1964 through 1977. The values were
supplied by Pennwalt Corporation and reflect the total sales of arsenic acid during
the various years. Individual county agricultural agents estimated the total desic-
cant and defoliant acreage treated in Texas (Table 5)}. The desiccant acreage in-
cludes acreage treated with paraquat. Table & is included to enable a comparisen
between pickers and strippers used in Texas, and contains an estimate of numbers in
each county. Figure 1 shows the areas in Tekas where cotton is grown desiccated and
the varieties grown., Table 7 summarizes Texas cottonr production by region.

Table 8 is a listing of cotton acreages in Oklahoma from 1973 through 1979 and
is not separated into treated versus non-treated acreage. Arsenic acid is applied
to an estimated 100,000 acres, or 20% of the total cotton acreage in Oklahoma
{O=swalt, 1978).

The practice of desiccation followed by stripper harvest is increasing.
Researchers in other areas are looking at the more economical system developed in
Texas and trying the shorter season concept. Johnson, et al. (1974), reported that
cotton yields increased by 11% in California when planted in narrow rows. Yield
increases were even greater for genotypes better adapted to the higher plant popula-
tions provided by narrow rows. Their research demonstrated the potential for higher
yields, harvested once over, in 180 to 200 days from planting to harvest, Their
cotton was harvested with a finger-type stripper harvester. Whiteley, et al. (1979),
produced just as much cotton on narrow row culture with less production costs than
with conventional methods.

Exposture Analysis

Three types of workers are exposed to arsenic acid: Ground crew members who mix
the acid for the spray rigs, the aerial applicator, and the ground rig applicator.

Mixing for the ground rig is accomplished directly in the rig's spray tank.
Supplemental measuring containers are used where necessary. For aerial application,
the concentrate is poured into water, which is pumped into the spray tanks of the
aircraft.

The worst exposure situation likely is that of spilling the concentrated 75%
product on hands or clothing. The rig or aircraft is always close to the dilution
water source at this time so that the individuals would have rinse water handy in
case of an accidental spill. The likelihood of a spill out in the field during
actual spray application is small and exposure would be to the diluted mixture if it
occurred,
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Table 3.--Companies with labels registered for arsenic acid use in

. , 8
cotton desiccation

EPA Registration Compan Active
Kumber ompany Ingredient
Percent
148-674 Thompson-Hayward Chemical Co. 75.0
295-5 Commercial Chemicals 75.0
4581-231 Pennwalt Corp. 75.0
4715-122 : Colorado International 75.0
7401-184 Voluntary Purchasing Group 75.0
7401~195 Voluntary Purchasing Group 75.0
7401-200 Voluntary Purchasing Group 75.0
20004-3 Traylor Chemical & Supply 75.0
? Source: Survey of Manufacturers, 1979,
Table 4,~-Amount of arsenic acid sold as cotton desiccant®
Vear H3ASO4 H3ASO4
(75% Concentrate) (100% Basis)
Gallons Pounds
1964 983,900 11,610,500
1965 1,003,625 12,904,800
1966 1,015,400 11,981,700
1967 _ 842,400 9,940,320
1968 884,250 10,437,300
1969 742,120 8,757,000
1970 896,825 10,582,500
1973 1,159,800 13,685,640
1974 ' 904,570 10,673,926
1976b ' 470,000 5,546,000
1977 - 700,000 8,260,000
Average 800,000 gallons/year
Average 2,347,000 acres treated

% Data in this table are based on figures supplied by Pennwalt Corp.

b The supply was limited due to smelter worker strikes in 1977. Much more would

have been used if it were available (Miller, 1979).
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Table 5.--Texas cotton acreage treated with harvest-aid chemicals in 1977

Counties Desiccant Defoliant Combination Total
Collingsworth 20,000 5,000 25,000
Donley 4,000 4,000

District 1 24,000 5,000 29,000
Terry 160,000 20,000 20,000 200,000
Yoakum 15,000 30,000 45,000
Scurry 10,000 15,000 25,000
Swisher 3,500 3,500
Lynn 200,000 200,000
Parmer 20,000 4,000 24,000
Lamb 80,000 8,000 2,000 90,000
Lubbock 165,000 15,000 10,000 190,000
Hale 45,000 25,000 8,000 78,000
Hockley 70,000 5,000 6,000 81,000
Gaines 175,000 25,000 200,000
Garza 31,500 400 100 32,000
Dawson 275,000 275,000
Floyd 50,000 40,000 90,000
Cochran 25,000 5,000 2,000 32,000
Crosby 75,000 75,000
Brisco 50,400 50,400
Castro \ 2,000 2,000 4,000
Bailey 16,000 4,000 20,000
Borden 15,000 15,000

District 2 1,483,400 114,400 132,100 1,729,900
Motley 1,200 500 1,750
Schackelford
Kings 3,500 3,500
Knox 6,500 1,000 7,300
Jones 85,000 85,000
Kent 1,000 1,000 2,000
Young 360 250 610
Throckmorton 80 80
Wichita 8,000 8,000
Wilbarger 18,000 5,000 2,000 25,000
Fisher 25,000 10,000 35,000
Dickens 10,000 2,500 6,500 19,000
Hall 30,000 1,000 4,000 35,000
Foard 5,000 5,000
Cottle 25,000 5,000 30,000
Hardeman 5,000 3,000 2,000 10,000
Baylor 1,000 1,000
Childress 10,000 10,000
Stonewall 2,000 200 2,200
Haskell 90,000 10,000 100,000

Archer
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Table 5.--Texas cotton acreage treated with harvest-aid chemicals in
1977--continued

Counties Desiccant Defoliant Combination Total
District 3 321,640 28,250 30,750 380,640
Wise 400 400
Parker
Rockwall 800 800
Tarrant 3,300 3,300
Montague
Navarro 35,000 2,500 7,500 45,000
Johnson 22,000 22,000
Kaufman 16,000 16,000
Hunt 27,877 27,877
Jack 150 150
Fannin 5,000 5,000
Grayson 3,000 3,000
Denton 3,500 4,500 8,000
Ellis 80,000 - 80,000
Collin 20,000 20,000
Cooke 350 550
Dallas 2,000 2,000 1,000 5,000
Clay 1,500 1,500
District 4 220,527 9,550 8,500 238,577
Delta 12,000 - 2,000 14,000
Lamar _ 1,500 2,500 4,000
Hopkins
Hendexrson 281 281
Van Zandt 5,876 5,876
Red River 950 . 950
Rains 1,375 1,375
District 5 21,701 2,781 2,000 26,482
Andrews 10,000 2,000 12,000
El Paso
Culberson
Howarxd 75,000 10,000 35,000
Glasscock 10,000 5,000 15,000
Martin 50,000 35,000 85,000
Hudspeth 20,000 20,000
Presidio 60 60
Midland 15,000 4,000 19,000
Upton 9,500 - 9,500
Reeves 1,500 7,500 1,200 10,200
Reagan
Pecos 4,000 4,000
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Table 5.~-Texas cotton acreage treated with harvest-aid chemicals in
1977-~continued

Counties Pesiccant Defoliant Combination Total
District 6 171,060 73,500 15,200 259,760
Tom Green 40,000 3,000 2,000 45,000
Sterling
Taylor 3,500 500 4,000
Runnels 34,000 34,000
Schleicher 4,500 2,000 6,500
Mitchell 28,000 5,000 2,000 35,000
Nolan 25,000 25,000
Yrion 200 200
McCulloch 500 500
Coleman 2,000 2,000
Concho 15,000 15,000
Callahan 150 . 150
Coke 513 170 683
District 7 153,363 10,000 4,670 168,033
Palo Pinto 1,000 1,000
Stephens 220 726 946
Hill 85,000 85,000
McLennan 15,000 5,000 20,000
Fastland
Erath 160 160
Hamilton 900 900
Brown
Comanche 300 300
Coryell 1,750 1,750
Bell 17,000 1,000 18,000
Bosque 2,546 2,546
District 8 123,876 5,726 1,000 130,602
Leon 1,000 1,000
Freestone
Houston 2,800 500 5,100 8,400
District 9 3,800 500 5,100 9,400
Washington 200 200
William 61,500 1,500 63,000
Robertson 15,000 15,000
Travis 7,350 3,000 10,350
Limestone 4,500 4,500
Milam 20,000 5,000 3,000 28,000
Guadalupe 1,697 1,697
Hays 240 240
Lee
Caldwell 6,648 6,648
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Table 5.~«Texas cotton acreage treated with harvest-aid chemicals in
1977~-continued

Counties Desiccant Defoliant Combination Total
District G--
continued

Falls 16,000 4,000 20,000
Bastrop 1,000 1,000
Brazos 9,000 9,000
Burleson 3,000 14,500 1,000 18,500

District 10 121,135 29,000 28,000 178,135
Waller 80 80
Wharton 30,000 7,000 37,000
Jackson 1,600 2,200 200 4,000
Matagorda 7,500 7,500
Fort Bend 3,800 9,110 3,500 16,410
Harris 454 454
Austin 1,000 500 1,500
Brazoria 3,000 3,000
Colorado

District 11 6,480 52,764 10,700 69,944
Zapata 2,500 2,500
Starr 10,000 10,000
Webb 321 321
Willacy 10,000 80,000 20,000 110,000
Hildalgo 5,000 20,200 100,000 125,200
Live Oak - 500 500
Cameron 190,000 190,000
Duvall/Jim Hogg 2,354 2,354

District 12 15,000 110,700 315,175 440,875
Zavala 1,500 16,000 1,500 19,000
Frio 6,356 6,356
La Salle 2,500 448 7,000 9,948
Medina 377 377
Maverick 1,700 1,700
Uvalde 1,500 1,500
Atascosa 430 430
Dimmit 4,848 4,848
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Table 5.~~Texas cotton acreage treated with harvest-aid chemicals in
1977--continued

Counties Desiccant Defoliant Combination Total

District 13 4,377 30,852 8,930 44,159
San Patricio 7,200 22,500 42,816 72,516
Wilsen 500 200 700
Nueces 67,260 9,653 76,913
Refugio 5,500 5,500
Jim Wells 5,000 2,000 1,000 8,000
Kleberg 500 500 9,000 10,000
Aransas 535 535
Bee 900 900
Calhoun 500 800 1,300

District 14 81,495 34,853 60,016 176,364
STATE TOTAL

Districts 1~14 2,751,854 507,876 622,141 3,881,871
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Table 6.=-~Number of cotton pickers and strippers operating in Texas in 1977%

Extension

District County Pickers Strippers

1 Armstrong 0 7
Collingsworth 0 280
Deaf Smith 0 15
Donley 0 275
Gray 0 25
Hemphill 0 4
Randall 0 9
Wheeler 0 200
Total 0 815

2 Bailey 5 400
Borden )] 150
Brisco 0 500
Castro 0 150
Cochran 0 750
Crosby 5 1,100
Dawson 0 1,500
Floyd 0 200
Gaines 0 820
Garza 3 192
Hale 0 2,075
Hockley 0 1,300
Lamb 0 2,200
Lubbock 3 1,550
Lynn 0 1,500
Parmer 0 200
Scurry 0 350
Swisher 0 450
Terry 0 550
Yoakum 5 325
Total 21 16,262

3 Archer 0 6
Baylor 0 75
Childress 0 400
Cottle 0 250
Dickens 0 120
Fisher 0 820
Foard 0 23
Hall 0 625
Hardeman 0 150
Haskell 0 800
Jones 0 815
Kings 3 80
Kent 0 135
Knox 3 100
Motley 0 150
Schackelford ] 20
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Table 6.~--Number of cotton pickers and strippers operating in Texas
in 1977%--continued

g::ig;tzn County Pickers Strippers
District 3--continued

Stonewall 0 100

Throckmorton 0 28

Wichita 0 20

Wilbarger 0 500

Young 0 22

Total 6 5,239

4 Clay 0 61
Collin 0 700

Cooke 0 0

Dallas 0 132

Denton 0 15

Ellis 0 1,000

Fannin 0 40

Grayson 0 12

Hunt 0 250

Jack 0 6

Johnson 3 50

Kaufman 0 196

Montague 0 5

Navarro ] 375

Parker 4 0

Rockwall 0 6

Tarrant 0 32

Wise 0 3

Total 7 2,883

5 Delta 0 175
Henderson 0 1

Hopkins 0 4

Lamar D 30

Rains ¢ 10

Red River 0 8

Van Zandt 0 9

Total 0 237

6 Andrews 0 30
Culberson 7 2

El Paso 250 5

Glasscock 0 135

Howard 0 807

Hudspeth 5 20

Martin 0 460

Midland 0 150
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Table 6.--Number of cotton pickers and strippers operating in Texas

in 19?73--continued

E:::::izn County Pickers Strippers
District 3~-continued

Pecos 20 24

Presidio 0 0

Reeves 20 50

Regan 1 40

Upton 0 40

Total 303 1,763

7 Callahan 0 5
Coke 0 4

Coleman 0 30

Concho 0 230

Irion 0 2

McCulloch 0 15

Mitchell 0 400

Nolan 2 210

Runnels 0 850

Schleicher 0 30

Sterling 1 0

Taylor 0 125

Tom Green 0 650

Total 3 2,551

8 Bell 0 750
Bosque 0 13

Brown 0 0

Comanche 0 3

Coryell 0 70

Eastland 0 0

Erath 0 6

Hamilton 0 20

Hill 0 1,500

McLennan 0 300

Palo Pinto 0 7

Stephens 0 4

Total 0 2,073

9 Freestone 0 5
Houston 8 22

Leon 0 6

Total 8 33
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Table 6.--Number of cotton pickers and strippers operating in Texas

in 1977%--continued

gi;ﬁ?:zzn County Pickers Strippers

10 Bastrop 0 10
Brazos 38 10

Burleson 40 18

Caldwell 0 25
Falls 10 80

Guadalupe 0 25
Hays 0 2

Lee 1 0
Limestone 0 50

Miiam 32 800

Robertson 35 6

Travis 0 246

Washington 0 2

Williamson 0 1,200

Total 156 2,574

11 Austin 10 20
Brazoria 30 0

Colorado 10 0

Ford Bend 310 0

Harris 4 0

Jackson 18 1

Matagorda 20 0

Waller 1 0

Wharton 900 2

Total 1,303 23

12 Cameron 5¢0 16
Duval/Jim Hogg 16 6

Hildalgo 465 4

Live Qak 0 10

Starr . 50 5

Webb 3 0

Willacy 180 24

Zapata 8 0

Total 1,222 65
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Table 6.--Number of cotton pickers and strippers operating in Texas

in 1977%--continued

Extension

District County Pickers Strippers

13 Atascosa 0 430
Dimmit 0 10

Frio 0 0

La Salle aQ 30

Maverick 6 0

Medina 0 6

Dvalde 10 3

Zavala 80 10

Total 96 489

14 Akransas 0 7
Bee 0 12

Calhoun 5 4

Jim Wells 0 200

Kleberg 5 20

Nueces 42 86

Refugio 25 10

San Patricio 62 425

Wilson 0 3

Total 139 867

Grand Total 3,264 35,874

Total Counties 48 148

a Compiled from county agents reports by Metzer, 1978 and Parnell, 1967.
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Table 7.--Regional cotton production practices, acreages and yields for

Texas in 197?a

Yield/ Total
Area Type of Harvest Harvested Acres Production

1,000 Acres Bales
High Plains Stripper 3,514 453 3,156,000
Rolling Plains Stripper 1,483 342 1,144,900
C. Blackland Stripper 584 298 290,400
Valley 90% Picker, 10% Stripper 438 472 431,000

Coastal Bend and

Upper Coast 65% Stripper, 35% Picker 260 532 287,200
Trans Pecos Picker 43 558 50,000
South Texas-

Winter Garden Picker 64 398 53,000
Total 6,386 5,413,000
Harvesting cost per bale:

Stripper $25/bale

Picker $45/bale

2 Source: Metzer, 1978.

Table 8.=-0Oklahoma cotton productiona

Year Planted Harvested Yield Production
1,000 Acres 1,000 Acres Pounds /Acre 1,000 Bales

Harvested

1973 547 526 390 427

1974 570 547 272 310

1675 360 295 217 170

1976 350 335 251 175

1877 535 520 402 436

1978 605 585 292 355

1979° 600 580 372 450

2 Oklahoma Crop and Livestock Rep. Serv, 1978,
P pstimated August 1, 1979,
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In over 95% of the spray operations, the field is treated only once in a season.
The spray is applied by farm workers, farmers, or certified aerial applicators.

The annual exposure time of the ground rig or commercial aerial applicators
would not normally exceed three 8-hour days per year. Crew members for loading the
spray planes would be exposed for approximately six 8~hour days per year.

Aerial Appllcator

In a survey conducted specifically for this assessment team report, question-
naires were sent to all members of the Texas Aerial Applicators Association. Replies
were obtained from 63 businesses, 29 of which applied arsenic acid. Fifty-seven
rilots averaged 20 hours each while applying 95,000 gallons of arsenic acid to an
estimated 250,000 acres in 1977. The planes were loaded by 49 crew members who
worked 2,209 hours or 46 hours each for an average of 6 days. All of the time was
not spent in the actual pouring of the concentrate into the tanks.

All loading operations, whether ground rig or airplane, are dene in the open.
Each pilot applied arsenic acid to an average of 4,386 acres of cotton. The average
acres treated by each ground rig would be about 100 acres and ranged from 10 to
500 acres.

Most of the aerial applicators surveyed, whe used arsenic acid, answered the
questionnaire. No more than 40 businesses are involved in Texas.

Extrapolations of total aerial applications based on the survey (29 of 40) are
as follows: 1) Seventy-nine pilots applied arsenic acid to an estimated
342,618 acres in 20 hours each. 2) Planes were loaded by 68 grouad crew members who
worked 46 hours each within a month period.

Some exposure may be expected during maintenance, but there is no way to esti-
mate the time of maintenance for changing of nozzles, related operations, or actual
exposure.

According to Wolfe, et al. (1967), wind is the most important environmental con-
dition influencing applicator exposure. The highest exposure value determined in his
study was 552 mg/hr for an operator applying parathion in a fruit orchard with an
air-blast sprayer. The application of 0.5 pound active ingredient of parathion with
the use of a tractor-mounted boom ground sprayer in row crops, the same application
means by which arsenic acid is applied, resulted in a mean dermal exposure of
4.7 mg/hr, and respiratory exposure of less than 0.01 mg/hr. The study reported
dermal and respiratory exposures for 31 different work activities involving 10 dif-
ferent pesticides, but not arsenic acid. Exposure to arsenic acid will be similar to
that received from the ground sprayer, not that reported for the air-blast spraver.

The highest amount of As deposited on the coveralls of an aerial applicator was
1,880 mg after the applicator sprayed 450 gallons of arsenic acid in a period of
2 days. This exposure was mostly due to a leak in a line which resulted in a slow
drip on one pant leg. This averaged 117.5 mg/hr. About one-tenth of the As received
by the coveralls would reach the skin, and one-tenth reaching the skin would be
absorbed; thus, 1.17 mg As/hr x 20 hr/yr = 23.40 mg As/yr, 23.40 mg As/yr/80-kg indi-
vidual = 0.29 mg As/kg. The coveralls received the egnivalent of 7.7 ml of spray
over the 2-day period. No inhalation exposure is observed for the aerial applicators
(Miller, et al., 1980).
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Ground Crew Members

The highest amount of As from arsenic acid deposited on the coveralls of a
ground crew member was 1,665 mg after loading 450 gallons of the 75% concentrate in
2 days. This averaged 104.06 mg/hr. It is hypothesized that one-tenth the amount
on the coveralls would reach the skin and one-tenth on the skin would be absorbed,
therefore: 1.04mg x 8 hr = 8.32 mg As/day. 8.32 mg As/day x & days loading
= 49.92 mg As/yr, 80 kg = 0.62 mg As/kg total for 6 days exposure per year. The
ground crew member received the equivalent of 2.269 ml of the concentrate they were
handling on their coveralls in 2 days time. No inhalation exposure ig observed for
ground crew member (Miller, et al., 1980).

Ground Rig Applicator

The highest amount of dermal As from arsenic acid received by a ground rig
applicator in a recent survey (Miller, et al., 1980) was 1,378 mg after the appli-
cator sprayed 240 gallons of arsenic acid in a period of 7.33 hours. This averagéd
187.9 mg/hr. By EPA's assumptions, about one-tenth of that deposited on the cover-
alls would reach the skin, and about one-tenth of that reaching the skin would be
absorbed. Therefore, 1.879 mg As/hr x 8 hr = 15.0320 mg As/day x 3 days = 45.096 mg
As/80 kg man = 0.564 mg As/kg total exposure in a relatively short time per year., The
applicator received a small amount (ca. 2.05 ml of total spray solution} of the spray
deposited on the coveralls.

Some of the ground rig applicators wore an air sampler during the spraying of
arsenic acid. The highest As content in air for inhalation exposure was

17 micrograms As/m3 during a ground spray application. This would be the equivalent
of 0.002 ml of the spray being applied. The average ground rig applicator would
spend about three B-hour days spraying their fields. Thus, the possible inhalation

exposure may be calculated as follows: 17 micrograms As/n)3 x 0.47 m3/hr X 24 hr
= 232.5 micrograms total As or about 0.0029 mg As/kg if no respirator was worn
(Miller, et al., 1980).

Non-Applicator

The air that workers breathe during handling of arsenicals in commerce, or
in Texas even during the ginning season was cleaner than that required by OSHA
Standards.. Attrep, et al. (1975) collected atmospheric As samples with Gelman
Hurricane Air Samplers using Gelman Type A filter paper. The authors sampled

approximately 100 m3; an average of 5 samples were taken each month and a heteropoly-
molybdenum blue method for As analysis, which detects phosphate if it is present, was
used. Even assuming that everything detected was As, which is dubious, only one of

their values was above (.05 microgram/m3 of air. OSHA (1978) set 10 micrograms/m3/
8-hr day as the standard for As in air in the workplace.

Suta (1978) used Durrenberger's study (Durrenberger, 1975) of the particulate
As emitted from cotton gins in Texas, as a basis for the assumption that 2,000 ppm
As would be contained in the particulate matter emitted from cotton gins where
arsenic acid was used. The value should be reduced to reflect the amount of As
(50 to 450 ppm As) actually found in gin wastes (Miller, et al., 1975). Durrenberger
did not have a sensitive means of detection and averaged only the higher values he
could detect. The Durrenberger values were also used to extrapolate through modeling
done by Youngblood to determine the amount of As emitted from gins. Suta (1978) used
the number of gins in Texas as 1,040 in 1972 as a basis, whereas there are only 818
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in 1978 (Price, 1978). All values calculated by Suta should be reduced by a factor
of at least 5.

Oral exposure from arsenic acid to the general population arises from arsenic
in treated cotton seed. The quantity of As in the daily diet due to arsenic acid is
egsentially zero.

Only glandless cottonseed is used as a human food source. It has a tolerance
of 0.2 ppm As, the natural background level. No As can be used on cotton whose flour
will be used for human consumption (FDA, 1964).

Bradicich, et al. (1969) reported values of arsenic in unrefined cottonseed oil
as high as 1.33 ppwm in a 1964 sampling. The amounts in refined oil are essentially
zero. Further, cottonseed 0il in the United States is mainly in salad oil, not in
margarine and shortening. Only about 2% of margarine (Table 9, 10) is composed of
cottonseed oil (Riepma, 1978). Over 80% of the cottonseed o0il produced in the
United States is exported. As a consequence, the amount of As from arsenic acid that
could possibly be found in the U.S5. diet wonld be s¢ small as to be insignificant.

Even if it is falsely assumed that the unrefined oil was used in margarine
whose average annual per-capita consumption is 9.3 pounds, only a relatively small
exposure would result. The exposure may be calculated as follows: 9.3 pounds
x 453.6 g/pound = 4,218.48 g, 4,218.48 g x 0.02 = 84.37 g annually of cottonseed oil.
1.33 micrograms As/g of unrefined oil x 84.37 g = 112 microgram As/yr, 112 micrograms
As/yr/60 kg woman = 1.87 micrograms As/kg/yr. Pennwalt (1978) reported the highest
amount of As contained in refined cottonseed oil from seed of As-treated fields to
be 0.03 ppm. If this o0il was used in margarine the annual exposure would be
0.042 microgram As/kg/yr. Thus, the total exposure through food equals 0.000042 mg
As/kg/yr.

Total Exposure

By using the highest case and the average case, the total exposure of a ground
rig applicator may be calculated as follows:

Source Highest case Average case Total exposure/year
Food 0.000042 0.000042 9 pounds of margarine
Air 0.0029 | - 0.0029 _ 3 days

Dermal = 0.564 0.04 3 days

Total 0.567 mg/kg 0.043 mg/kg

The greatest exposure is 1/176 of the No Effect Level of 100 mg As/kg suggested in
the PD-1 (Federal Register, 1978) and the normal case is 1/2329 of the No Effect
Level.

The average exposure (not the highest) determined from the overall study for
ground rig applicators was calculated as 0.13 mg As/kg when it is assumed that his
annual dose for a 3-day period was all received at the same instant. The average for
the aerial applicators would be 0.06 mg As/kg, again assuming that the applicator's
annual dose was received instantaneously. The average for the ground crew would be
0.30 mg As/kg again with the same assumption.
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Table 9.--Fats and oils used in margarine, 1976

Lard
Total Cotton~- Safflower and

Month 0ils Soybean Corn seed Seed Peanut Edible Palm

Tallow
--------------- Million Pounds = = = = = = = = = = = = = =
January 210.1 176.3  20.1 5.6 1.3 p? 1.8 5.0
February 198.0 166.1  18.0 4.5 p? p? 0.8 8.6
March 170.4 141.7 17.6 4.9 1.0 p? 1.3 3.9
April 155.1 127.2 17.3 2.5 3.1 p? 1.8 3.2
May 146. 4 121.1 15.9 3.2 p? p? 2.7 3.5
June 154.7 133.0  12.7 4.1 0.3 p? 1.9 2.7
July 159.6 127.9  18.0 3.7 p? p® 3.2 6.8
August 153.3 125.6  18.8 3.9 n? p? 2.0 3.0
September 157.0 125.1  19.8 4.1 0.7 p? 4.0 3.3
October 160.2 131.6  16.9 4.5 0.4 n? 6.8 p?
November 179.9 143,9  20.7 4.5 0.7 2.3 7.8 p?
December 188.1 151.6  22.1 4.6 p® p? 9.8 p?
Totals 2,032.8 1,671.1 217.9  50.1 7.5 2.3 43.9 40,0

? (D) Withheld to avoid disclosing figures of individual companies.

Source: Bureau of the Census, U.S5. Dept. Comm., 1977.

*
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Table 10.--Fats and oils used in margarine, 1977

Lard
Month gg;zl Soybean  Corn C:;zgn- Saéiizwer Peanut E;?gle Palm
Tallow
--------------- Million Pounds = ~ =~ = = = = = = = = = = =
January 188.6 147.0  24.4 4.8 1.0 5.6 5.8 p?
February 180.5 148.2  24.4 4.3 p® p? 3.6 p?
March 178.0 150.3  17.9 4.2 p? p? 5.6 p?
April 152.6 123.6  18.6 3.8 p? p? 6.6 p?
May 142.8 108.8  18.8 2.6 p? p? 7.6 p?
June 142.9 111.1  14.9 3.6 p? p® 8.4 p®
July 132.6 99.3  15.8 2.6 p? p® 9.3 p?
August 158.8 122.2  20.4 3.3 p? p® 8.2 2.9
September 166.9 130.1  19.8 3.6 p? p? 8.1 5.3
October 177.5 146.0  19.6 3.4 0.4 p* 3.8 2.6
November 182.4 146.5  23.3 3.7 p? p? 4.1 p?
December 194.9 152.4  25.6 4.5 p? p® 8.7 p®
Totals 1,998.5 1,585.5 243.5  4h.4 1.4 5.6 79.8  10.8

4(D) Withheld to avoid disclosing figures of individual companies.

Source:
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For any particular application day the average ground rig applicator would
receive the equivalent of 0.04 mg As/kg, the average pilot 0.02 mg As/kg, and the
average ground crew member 0.05 mg As/kg.

Fate in the Environment

Alr

The combustion of leaf trash which contained 2,000 ppm As resulted in about 76%
of the As volatilizing into the air (Aboul-Ela and Miller, 1965). The form in which
the As was released was not determined. The source of?zhe leaf trash was cotton
leaves from greenhouse-grown plants that were sprayed with * "As-arsenic acid.

Burrus and Sargent (1976) suggested that As may be emitted during the burning
of gin wastes. It was calculated that 84 kkg As were released during 1968 from the
burning of gin wastes and 296 kkg As from burning of gin trash. These values are
unrealistically high. The 84 kkg value was derived by assuming that 7.7 kg
As/1,000 bales of cotton would be released and that the entire 10,857,000 bale
United States crop for 1968 was treated.

Burning of gin trash has been illegal in Texas since 1973, and only one gin was
issued a permit to burn gin trash in Texas in 1978 (Peters, 1979). If this gin was
in the arsenic acid area and ginned 3 to 5 thousand bales, this would amount to only
about 40 kg of As total emitted and this is 2,000 times smaller than the 84 kkg sug-
gested by Burrus and Sargent (1976).

Cklahoma also does not permit the burning of gin wastes. In 1978, the Oklahoma
Air Quality Control Board did not issue a single permit for burning of gin wastes
(Gallion, 1979).

Based on the discussion above, very little As is emitted into the air from
burning of gin trash.

Peters and Blackwood (1977) conducted a study to determine the amount of arsenic
acid drift that would occur in the United States and concluded that there were
18.5 tons of arsenic acid considered as drift loss during 1971. The loss factors
reported were 12.2 pounds/ton of arsenic acid applied. The exposed population esti-
mate for the number of persons involved was 6,134. Texas and Oklahoma accounted for
98% of the arsenic acid used as a cotton desiccant.

Water

Richardson, et al. (1978) applied arsenic acid at the rate of 6.6 kg/ha to
cotton. Arsenic in samples from the first run-off water ranged from 18 to 250 ppb
depending on time and tillage after application. After 2 to 3 run-off events, the
water content decreased to 10 to 20 ppb As.

Solil

Many soils contain native As. Arsenic acid will rapidly react with calcareous
soils and act similar to phosphorus as far as availability is concerned. Once the
As enters the soil, the fate is the same as that described in Volume I, Chapter 4 of
this report.

The concentration in sediment averaged 20 ppm As and appeared to be related more
to the As content of the scoil than to the length of time or the tillage between As
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application and the first run-off event (Richardson, et al., 1978). By assuming
average run-off and sediment yields, the amount of As that would be transported from
a watershed by runoff and erosion is about 7% of that applied; however, part of the
As moved from a watershed may be native As. The As contained in the 0- to 15-cm soil
layer of the 3 watersheds studied averaged 8.45 ppm.

According to Fuller (1977), numerous factors influence the mobility of various
ions in soil including: soil texture, pore space distribution, content and distribu-
tion of Fe, Al, Mn hydroxides and oxides, pH of soil, reduction/oxidation potential,
soil organic matter and concentration of hazardous ions. Arsenic is listed as slowly
mobile, similar to phosphorus. The most prominent mechanism of attenuation of As
applied to soil is adsorption to the soil colloids.

The rate of accumulation or disappearance of As applied as arsenic acid which
might be applied to Texas' soils is unknown. The Blacklands region of the State has
highly calcareous soils which would tend to decrease the soluble As. The principal
means by which As would enter the lower soil profile would be through the physical
filling of cracks with dustier top soil which may contain higher As levels. The
application of up to the legal limits of arsenic acid should only result in the addi-
tion of about 2 ppm As/year to the top 6 inches of soil that averages 8 to 10 ppm As
normally. Inasmuch as no studies have been conducted to determine the rate of As
disappearance through leaching or volatilization, the buildup rates are not known.
The practice of rotation of cotton with grain sorghum, which is routinely done,
should cut the As buildup in half, because arsenic acid would only be applied every
other year and a theoretical increase of 1 ppm As/year would be the maximum.

Alternatives ,

Historically, the first desiccant used for cotton was pentachlorophenol {(penta)
which became established as a desiccant in 1950. Miller and Aboul-Ela (1969) found
that amounts up to 2 ppm penta were accumnlated in the seed of closed bolls when

14C-Iabe1ed material was sprayed on the greenhouse-grown plants.

The basic manufacturers of penta indicated that they sold more penta to one
telephone pole processor than they did across the cotton belt. Because arsenic acid,
due to its effectiveness and low price, was replacing penta the needed residue,
feeding, and toxicelogical studies were not conducted. As a consequence, penta was
lost as a cotton desiccant.

Paraquat is the only other desiccant registered for use on cotton and it is also
proposed for RPAR. Paraquat was first marketed in 1967 for use as a cotton desiccant
and as an additive to defoliants. Paraquat is formulated as a 2 pound active ingre-
dient per gallon product and is registered for use up to 2 pints per acre. Miller,
et al. (1980) report that paraquat used at rates up to 3 pints per acre was not as
effective in desiccation of regrowth leaves as 2 pints per acre of arsenic acid.
Lower amounts of paraquat have defoliation, but not desiccation properties.

Defoliants, wiltants, and regrowth inhibitors used as harvest-aid chemicals
are not replacements for desiccants. The commercial defoliants include sodium

chlorate, DEF, Folex, and Boll's-eye . All of them with the exception of sodium
chlorate are candidates for RPAR. Currently, three new cotton defoliants are being
developed, but no new desiccants. The three defoliants are Uniroyal N-252 (Ames,
et al., 1974), trakephon (Cruz and Leiderman, 1974}, and NorAm SN 49537 called Dropp.
Miller, et al. 1971 tested a wiltant, NH 30C, a product of Esso Research and
Engineering which was never fully developed for market.
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Gardner and Troutman {(1975) used 7.3 gallons/acre of Vapam applied in irriga-
tion water to defoliate cotton and terminate its growth in California. The practice
was not economical, but did prevent regrowth for 75 days. Cathey (1976) increased
the defoliation response of cotton plants to the action of DEF and Accelerate inp
Mississippi tests with the use of TD 1123, a product of Pennwalt Corporation. Cathey
and Barry (1977) also tried glyphosate in greenhouse tests. Glyphosate, although not
registered, did inhibit regrowth.

Intense heat treatments, which consumed 10 gallons of LPG per acre, desiccated
plants in some tests reported by Wheeler and Ford (1974). The heat treatments
resulted in leaf desiccation. In basic studies, Bashford (1973) found that larger
leaves werg more heat-resistant than younger leaves. Leaf desiccation resulted from
0.6 cal/cm™ of heat and ideal time-temperature exposure for defoliation response was
850 degree seconds above 130° F. At present, none of the major equipment manufac-
turers has started producing the wnits.

Miller and Aldred (1976) reported a new application technique aimed at in-
creasing the effectiveness of desiccants. The technique involves the application
of materials such as arsenic acid to the abraded stalks of the plants. Miller and
Aldred (1977) reported a method for determination of the efficiency of application
of arsenic acid to the abraded stalks.

Kirk, et al. (1972) reported harvesting stripper-types of cotton with a special
broadcast cotton combine picker. All of the efforts of individuals such as Kirk and
companies such as Ben Pearson and John Deere to develop harvesting equipment for use
without desiccants have not resulted in the production of a commercial unit. Perhaps
in the distant future someone will be able to perfect a harvester that will handle
narrow=row cotton without desiccation, but it is not known how far in the future the
accomplishment will become reality.

In recent efforts to determine if alternatives to desiccation could be used,
application of a defoliant alone was not sufficient preparation of cotton at a
Lyford, Texas test (Brendel and Miller, 1978). With ideal conditions and by using
a variety of cotton that would easily defeliate, defoliation alone was sufficient
preparation for cotton in a Sinton, Texas test. More recent extension of the studies
indicates that it is only under special circumstances that defoliation alone is suf-
ficient preparation of the plants for mechanical stripping. The growers cannot plant
stripper-type cotton and hope that the one out of 10 years ideal conditions will be
met so that they could harvest after defoliation only.

Frost will sometimes prepare cotton plants for mechanical stripping. Depending
on weather conditions, most of the cotton on the High Plains of Texas is terminated
by freezing temperatures in some years; however, waiting for a frost is not feasible
in the southern parts of the State. Ray and Minton (1973) reported on the reduction
of lint vyields and the pronounced adverse effect on the color of the lint due to
field weathering. The losses were higher at the beginning of the season, i.e., 3%
per week. Yellowness of the lint increased with weathering, and the seed germina-
tion was reduced by exposure to weather due to delayed harvest.

In summary, at present there is no replacement chemical or new technique which
is suited for preparation of cotton for mechanical stripping. Perhaps in the future
new desiccants will be developed, the heated air technique will be improved, or
changes in harvesting equipment will enable stripper harvesting without the applica-
tion of a desiccant; the removal of either of the two or both of the commercial
desiccants at present would be detrimental to the production of stripper cotton.

47



Insect Control As An Additional
Biological Benefit

Pest management on about 1.7 million acres of Texas cotton today has been
simplified by stripper harvest. The arsenic acid kills the growth of the plant,
halts fruiting, allows the crop to be harvested in a short pericd of time, and kills
the stalks. The food supply for boll weevils that are destined te overwinter is
removed following application of arsenic acid and harvest,

The evolution of stripper harvest with its various components including arsenic
acid brought those fundamental changes to the cotton agroecosystem with long-season
cotton, picker harvest, and high insecticide treatments. All of the components,
collectively, have become a substitute for insecticide treatments.

Because prompt areawide early harvests (and stalk destruction) are routinely
followed in major cotton-growing areas in Texas, the boll weevil has dwindled to a
problem of diminished significance. Successful over-wintering is difficult fer the
pest where the food sources required for winter survival are removed by stripper
harvest. Boll weevil populations are s0 reduced in these areas that often no insec-
ticide is required for control. If chemicals are used, the common practice is to
apply only one or two applications. Bollworms and tobacco budworms, consequently,
are far less of a problem. (Niles, et al., 1978; and Walker, et al., 1978.)

For this system to function, a harvest-aid chemical, with the properties of
arsenic acid, is required. The loss of this component would negate the practica-
bility of stripper harvest. In the absence of an arsenic acid, growers remaining in
production would have only one option--they would return to longer season cottons and
spindle~harvest. There is a wealth of experience to predict the increased insect
problems, boll weevils and worms, that would spring from this production style where
rapid harvest and prompt stalk destruction are impossible. The insecticide input
would, without question, be increased.

Summary of Blological Analysis—Arsenic Acld

Arsenic acid is used on over 2 million acres of cotton grown in Texas and
Oklahoma. It is used to desiccate the cotton plant prior to harvesting with a
mechanical stripper. Low yields in this area necegsitated the development of a pro-
duction system that uses short-season varieties of cotton in which the bolls mature
at the same time so that a once-over harvest is possible. Long-season varieties that
use machine pickers are less economical where growing conditions may be unfavorable
at harvest time, plant growth is limited, and yields are low.

In some years, an early killing frost will prepare the crop for harvest without
the need for arsenic acid. In other years, alternatives may be suitable if there is
no rainfall to stimulate new growth at harvest time; however, in all years, regard-
less of regrowth conditions, arseaic acid is the only desiccant that will effectively
prepare the crop for harvest. Loss in the quality and quantity of both seed and
fiber results if harvest is delayed or if complete desiccation of green leaves is
not achieved. Green leaves in seed cotton stored in modules will raise the moisture
content. The resulting high temperature causes a decrease in grade of cotton and
seed through thermal degradation. At proper moisture levels (8 to 12%), cotton can
be stored for a month without loss in grade or yield; however, severe losses can
occur in 5 days if the moisture content is above 16% in the module.
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Exposure to applicators is not large when proper safety techniques are employed.
Dermal exposures were measured during application and results are as follows:

Expeosure During Application Annual Average
Operation :
Highest Average Highest Average
- ~ - - mg As/kg/day - -~ ~ ~ - - - mg As/kg/day - -
Ground rig applicator 0.188 0.013 (for 3 days) 0.0016 0.0004
Aerial applicator 0.116 0.0088 (for 20 hrs) 0.0008 0.0002
Ground crew 0.103 0.0088 (for 6 days) 0.0017 0.0008

These levels are well below the No Effect Level of 100 mg/kg suggested in PD-1
(Federal Register, 1978).

No envirommental problems have been associated with the use of arsenic acid when
it is applied according to label directions. It will add about 1 ppm As to the sur-
face 6 inches of s0il each year. Cotton is used as a clean-till rotation crop with
wheat, milo, or sorghum in some areas. Its use in the rotation helps to control
Johnsongrass. Without cotton, the other crops could not be grown, because Johnson-
grass could not be controlled. The use of arsenic acid allows cultural practices
.which reduce insect populations and resulting insecticide use. In some cases no
insecticide is necessary.

A summary of testimonial letters solicited from the Texas Agricultural
Extension Service is summarized in Table 11. Responses of some individuals are also
included even though their inputs were not requested.

Economic Impact Analysis of Canceling Arsenic Acid

Arsenic Acid—Cotton Desiccation

Current Use Analysis

Arsenic acid is registered for use as a harvest aid on cotton. Specifically,
it is used to desiccate the plant in preparation for mechanical harvesting, primarily
with a stripper-type harvester. Although the use of arsenic acid as a cotton desic-
cant dates to 1956, its utility to Texas and Oklahoma cotton growers has been ampli-
fied with the development of the short season production system and the module
process for storing bur cotton prior to ginning.

According to preliminary results from an unpublished survey conducted for USDA
in 1977, approximately 1.4 million acre-treatments of arsenic acid were applied in
that year. At the most commonly used rate of application (3 pints or 4.4 pounds a.i.
per acre), total usage was approximately 5.9 million pounds of active ingredient
(Table 12)}.

As indicated in Table 4, sales and thus use of arsenic acid differs considerably
from year to year, varying from a high of 1,159,000 gallons in 1973 to a low of
470,000 gallons in 1976. The 1977 sales of 700,000 gallons are approximately 20%
less than the average sales (880,000 gallons) for the period 1964-77, because there
was a strike by the lead smelter workers in that year which curtailed production of
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Table 11.--Summary of testimonial letters for the use of arsenic acid in cotton production?

Name® P/I/CS 1 2 3 4 S 6 7 8 9 10 11 12
L. Linney | X X X X X Column Headings
M. A. Burkholder P X X X X X X 1. Loss of arsenic acid will
cause loss to self.
W. Roberts, Jr. P X X X X X X X 2. Loss of arsepnic acid will
cause loss to county.
D. E. Reue P X X X X X X X 3. Loss of arsenic acid will
cause severe economic
R. Upshaw P X X X X X X impact on product.
4. Loss of arsenic acid will
H. 6. Hoermann P X X X X cause loss in grade of
cotton.
L. E. Winkler P X X X X X X X 5. Loss of arsenic acid will
cause loss to cotton
B. L. Greenway P ¥ X X X X X X X X yield.
6. Loss of arsenic acid will
W. E. Ruth P X X X X X X X cause loss to seed
quality.
J. R. Supak P ¥ X X X 7. Want to retain arsenic
acid use.
V. A. Walton P X X X X X X X 8. Alternative measures are
not as good as arsenic
R. Corbin P X X X X X acid.
. 9. Arsenic acid is cheaper
J. R. Supak P X X X X than alternatives.
10. No alternative crops are
C. ¥W. Green P X X X X X X X X X available.
11. Have had no trouble with
B. R. Percival P X X X X use of arsenic acid.
12. Loss of arsenic acid will
D. Reeves P X X X X X X increase insect problem.
J. D. Swift P X X X X X X

D. Doggett P X X X X
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Table 1l1.--Summary of testimonial letters for the use of arsenic acid in cotton production?--continued

Name? P/I/Co" 1 9 10 11 12
B. McCutchen P X Column Headings
W. B. Griffith P X X 1. Loss of arsenic acid will
cause loss to self.
G. Sears P X 2. Loss of arsemic acid will
’ cause loss to county.
B. Filty I X X 3. Loss of arsenic acid will
cause severe economic
M. Cheek I X X X impact on product.
4. Loss of arsenic acid will
B. Mahe Co cause loss in grade of
cotton.
R. Butler I X X 5. Loss of arsenic acid will
cause loss to cotton
J. Griggs I X X vield.
6. Loss of arsenic acid will
V. L. Kelly I X cause loss to seed
quality.
R. Green I X X 7. Want to retain arsenic
acid use.
J. R. Watkins I X 8. Alternative measures are
) not as good as arsenic
R. M. Clack I X acid.
9., Arsenic acid is cheaper
M. and K. Thornton I X X than alternatives.
10. No alternative crops are
W. E. Malone I X available.
: 11. Have had no trouble with
E. Lowrey I X X X use of arsenic acid.
12. Loss of arsenic acid will
D. Clinard I X X increase insect problem.
G. Clinarxd I X X
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Table 11.--Summary of testimonizal letters for the use of arsenic acid in cotton productiona—-continued

Nameb P/I/Coc 1 2 3 4

5 6 7

8 9 10 11 12

London 1

S

P. Lowrey I

J. Lowrey

L
¥

A. L. Cooper I

A. Z. Puckett I X X

Total Responses (40) 15 33 27 19

L2
b4
b
b

18 8 29

Column Headings

1.

2.

27 9 20 & 2

10.

11.

12.

acid will
self.
acid will

arsenic

loss to

arsenic
loss to county.

Loss of arsenic acid will
cause Severe economic
impact on product.

Loss of arsenic acid will
cause loss in grade of
cotton.

Loss of arsenic
cause loss to
yield.

Loss of arsenic
cause loss to
quality.

Want to retain arsenic
acid use.

Alternative measures are
not as good as arsenic
acid.

Arsenic acid is cheaper
than alternatives.

No alternative crops are
available.

Have had no trouble with
use of arsenic acid.

l.oss of arsenic acid will
increase insect problem.

Loss of
cause
Loss of
cause

acid will
cotton

acid will
seed

a Lo . .
X indicates that the topic was mentioned

For more information on the respondents,

c , . .
P = Profesgional from Extension Service;

in letter.
see references.

I = Individunal

A blank indicates no mention

farmer; Co = Company.

of topic in letter.
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Table 12.--Estimated use of cotton desiccants by region for 1977

Cotton Total Ars?nlc Ars?nlc Arsenic Acid Paraquat- Paraquat Paraquat
. X Acid- Acid . .
Region Planted Desiccated Pounds a.i. Treated Acre Pounds a.i.
a Acres Treated Acre c d e £
Acres Ac resb Treatmen 1:511! Applied Acres Treatments Applied
--------------------- Thousands = - = = = = = = = = = = = =« = = = = = - =
Coastal 696 416 291 315 1,386 125 135 34
Blacklands 593 511 476 479 2,108 35 38 10
Relling Plains
and Cklahoma 1,813 588 333 339 1,492 255 275 69
High Plains 3,486 1,588 220 220 968 1,368 1,478 370
Trans-Pecos 166 11 0 0 0 11 12 3
Total 6,754 3,114 1,320 1,353 5,954 1,79 1,938 486
2 1977 Texas Cotton Statistics, Oklahoma Cotton County Estlmates 1977, New Mexico Agricunlture Statistics 1977,
Arizona Agricultural Stat13t1cs 1977.
b

Preliminary data from unpublished survey conducted for USDA in 1977.

€ Derived by multiplying acre treatments by the maximvm recommended application rate of 4.4 pounds a.i. per
acre.

d Estimated from unpublished survey conducted for USDA in 1977.
€ Assessment Team estimate.

Derived by multiplying acre treatments by .25 pound a.i. per acre, the common rate of application.



arsenic acid. Results from an industry survey (Pennwalt, 1979) indicate relatively
little annwal variation in arsenic acid use in either the Blacklands or the Coastal
region. Thus, it is the Texas Plains and Oklahoma which accounts for the consider-
able annual variation in arsenic acid use cited previously. This fluctuation would
appear to be due mainly to varying weather conditions (Supak, 1978).

Use Impacis

Short-Season Production System.--The short season production system, as recom-
mended by the Texas Agricultural Extension Service, (Metzer, 1979) consists of the
following six elements:

1. Selection of short-season (120-140 days), determinate varieties of cotton.

2. Early planting.

3. Management of irrigation water (if used) and fertilizers (primarily with
regard to nitrogen use) to promote early maturity.

4. Early season insect control with IPM approach: This implies chemical treat-
ment as a curative rather than a preventive, first for fleahopper, and sub-
sequently for boll weevil when the cotton is squaring. Such procedure
presupposes good scouting practices,

5. Narrow-row pattern: With greater plant density, relatively more bolls
mature early at any given level (height) of the plant. Here again the
objective is early maturity, hence early harvest.

6. Early destruction of postharvest crop residues to reduce the number of dia-
pausing boll weevils. To the extent that such over-wintering populations
are reduced, the need for boll weevil insecticides in the following crop
season is diminished. This in turn conserves the population of beneficial
insects which prey upon Heliothis spp.

Thus, the key element in the short season production system is earliness, early
planting, early treatment for insects, and early destruction of crop residues. To
ensure early harvest, a desiccant is used to crack immature bolls and to kill the
cotton plant.

Short-season practices have also received the attention of States other than/
Texas and Oklahoma, and thus may have the potential of becoming the universal basis
of IPFM approaches te profit maximization in cotton production. The record to date
lends wvalidity te the belief that potential (future) benefits of a more widely
adopted short-season system far outweigh benefits currently realized.

In response to processing constraints at the gin induced by the evolution of
rapid harvest machinery {eg., 4-row strippers), Cotton Incorporated developed what
is known as the module process for storing bur cotton adjacent to the field prior to
ginning. In the module process, growers can harvest as fast as weather conditions
permit, without spending time in line at the local gin. Rapid harvest capacity also
facilitates early crop residue destruction which reduces insect damage in the fol-
lowing season; however, if the bur cotton placed in the module contains greater than
16% moisture (whether due to atmospheric moisture or the presence of green leaf or
stem trash) (Metzer, 1979a), it will not store properly; and thus a substantial loss
in both seed and fiber quality is likely. To minimize such losses, extension agents
recommend that the moisture level at harvest should not exceed 12%. Given this con-
cern, an effective desiccant is essential for stripper harvesting.

Lest the impression be given that the module system has no disadvantages, it
should be noted that its adoption entails new investments of a substantial magnitude.
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The grower must purchase a module builder (special compactor), at a cost of approxi-
mately $20,000, and the ginner must purchase specialized intake equipment to handle
the modules (Southwest Farm Press, 1979). In addition, transport of the modules from
field to gin requires the acquisition of a flatbed tractor-trailer (such purchase to
be made by either the grower, the ginner, or some third party entrepreneur).

Adoption of the module technology has been rapid in Texas., Whereas in 1974,
only 3% of Texas cotton was moduled, by 1978 this had risen to 23% (USDA, 1974-79);
however, this system would result in increased harvesting costs for smaller growers.
Reportedly, one module builder can accommodate two strippers--which implies an annual
harvest capacity of approximately 370 acres? per crop season. Though many growers
exceed this acreage (especially in the Texas Plains), a substantial proportion of
grovers (especially in the Blacklands) have considerably less cotton acreage.

Alternatives to Arsenic Acid.--Paraquat and a killing frost are arsenic acid
alternatives for certain regions within Texas and Oklahoma. Paraquat is a chemical
alternative applied at a rate of 0.125 to 0.25 gallons (.25 to .50 pounds a.i.) per
acre at a cost of $40.00 per gallon. Producers in the Blacklands and Coastal regions
of Texas would apply paraquat at a rate of 0.25 gallons per acre (Table 13),

It should be noted that the quantity of paraquat used in the Texas Plains and
Oklahoma in 1977 (Table 12) was atypically high--a situation brought about by two
factors. First, weather conditions were such that cotton matured earlier than usual,
thus creating an unusually high demand for arsenic acid. Second, in view of the
limited supply in 1977 (see above) growers apparently substituted paraquat for
arsenic acid.

As dxplained previously, defoliants cannot be substituted for desiccants in the
preparation of cotton for stripper harvesting. Although paraquat has defoliant prop-
erties (Miller, et al., 1968), its primary mode of action is as a desiccant, and it
is designated as such by the Texas Agricultural Extension Service (Metzer and Supak,
1975). Among the variety of harvest aids available, only paraquat and arsenic acid
are desiccants; therefore, in the ensuing analysis, paraquat is considered to be the
only chemical alternative to arsenic acid.

In the Texas Plains and Oklahoma, growers generally rely upon a killing frost
(28° F or less) to desiccate the cotton crop. Because the Blacklands and the Coastal
regions may not receive a killing frost (National Oceanic Atmos. Admin., 1968-78),
however, frost cannot be considered an alternative to arsenic acid in these regions.

Use Patterns.--Usage patterns of arsenic acid (Table 14) indicate substantial
differences in the relative importance of arsenic acid as a cotton desiccant in three
different regions: Coastal Bend and Lower Valley; Blacklands; and the Texas Plains
and Oklahoma. Consequently, the economic impacts of the cancellation of arsenic acid
will be determined for each region.

2 Derivation: (FEDS Budgets, 1977) Purchase price of new stripper = §$8,715;

depreciation per hour = $7.058; performance rate of stripper = .667 hours per
acre, Hence: §8,715 + §2ﬁ%§§ = 1234.77 hours; 1234.77 hours + 10 yrs.

_ . 123.48 1 acre _ . 184.3 acres

= 123.48 hrs./yr.; “Jear hrs, x 0667 brs. - 184.30 acres; year x 2

369 acres per year.
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Table 13.-~-Change in treatment cost when substituting paraquat for arsenic acid

Paraquat
Arsenic
Item Unit Acid (All High Rolling
Regions) P1 g Plains and Blacklands Coastal
ains
Qklahoma

Chemical

Price $/gal. 6.00 40.00 40.00 40.00 4G.00

Rate gal./acre 0.375 0.125 0.188 0.250 0.250

Cost §/acre 2.25 5.00 7.50 10.00 10.00

Change $/acre -- 2.75 5.25 7.74 7.74
Change in

application cost

Aerial $/acre -- 0.25 0.25 0.25 0.25

Ground $/acre -- -- - -- -
Change in

treatment cost

Aerial $/acre -- 2.50 5.00 7.50 7.50

Ground 3/acre - 2.75 5.25 7.75 7.75
Method of arsenic

acid application

Aerial Percent 51 54 38 89 2

Ground Percent 49 46 62 11 98
Average change in

treatment cost

Change $/acre - 2.62 5.16 7.53 7.74




Table 14.--Relative importance of arsenic acid and desiccation practices

to cotton production in Texas and Oklahoma, 19772

Proportion of Acres Treated With:

Cotton
Region Acreage '
Base Harvest Defoliant® Desiccant Paraquat Ars?nlc
Aidb Acid
----------- Percent - - = -~ = = = =~ = = =
Coastal d
planted 86 80 60 18 42
treated 100 93 69 21 49
desiccated NA® NA 100 30 70
Blacklands
planted 98 19 86 6 80
treated 100 20 88 6 82
desiccated NA NA 100 7 a3
Relling Plains
and Oklahoma
planted 33 2 32 14 18
treated 100 7 97 42 25
desiccated NA NA 100 43 57
High Plains
planted 49 6 46 39 6
treated 100 12 94 81 13
desiccated NA NA 100 87 i3
Trans-Pecos
planted 11 4 7 7 0
treated 100 40 60 60 0
desiccated NA NA 100 100 0
Total
planted 52 14 46 27 20
treated 100 27 89 51 38
desiccated NA NA 100 58 42

2 ¥rom Table 12.

b This includes defoliants and desiccants.

¢ Unpublished survey conducted for USDA in 1977.

d Read as 86% of cotton acreage planted is treated with a harvest aid.
€ NA: Not applicable.
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Assumptions and Procedures for
the Economic Analysis

Blacklands.~-In view of comparative efficacy data (i.e., arsenic acid vs.
paraquat) and given the relative non-availability of pickers in the Blacklands, some
assumptions must be made in order to estimate the impact of arsenic acid cancellation
in this region:

--50% (or 238,000 acres) of the cotton acreage treated with arsenic acid in the
baseline year of 1977 (476,000 acres) will instead be treated with paragquat,
and will be successfully stripped and ginned;

--40% of the cotton acreage treated with arsenic acid in 1977 will be treated
with paraquat, but due to the presence of substantial quautities of green leaf
material, will not be ginned. There will be a total loss of output on this
acreage;

--10% of the cotton acreage treated with arsenic acid in 1977 will be treated
instead with paraquat, but will be picked (as opposed to stripped), with an
associated yield loss of 25% (Parvin, et al., 1979) owing to the lack of a second
picking.

The assumptions regarding the acreage that can be successfully stripped are only
subjective estimates; thus, it is essential to determine the sensitivity of the
aggregate regional impact to variations in these assumptions. Hence, the aggregate
impact will be stated as a range of values.

Although the impacted acreage that will be picked cannot be documented, it
nevertheless has some empirical basis. In 1977, an estimated 45 pickers were used
in the Blacklands (Table 6). If one assumes a performance ratio of 0,788 hr/acre for
a 2-row picker (FEDS Budgets, 1977), a harvest season of 120 days (Texas Crop and
Livestock Rep. Serv., 1968-78) at 6 to 8 hours of operation per day (Metzer, 1979),
this number of pickers implies an annual harvest capacity of approximately
48,000 acres. When it is further assumed that the 35,000 paraquat-treated acres in
the Blacklands (Table 12) are picker harvested, there would appear to be about
13,000 acres of "excess picker capacity" available for use on acreage currently
treated with arsenic acid.

Finally, in two counties adjacent to the Blacklands (Robertson and
Brazos Counties), there were 73 pickers in use on 24,800 acres (Table 6; Texas Crop
and Livestock Rep. Serv., 1968-78) in 1977, a fact which implies an excess picker
capacity of some 53,000 acres.® With a total excess capacity of 66,000 acres
(13,000 + 53,000), there would appear to be sufficient picker capacity to harvest
once-over at least 10% (i.e., approx. 48,000 acres) of the acreage currently treated
with arsenic acid, assuming that the pickers are sufficiently mobile.

3 s ., 13 pickers x 120 days - .
Derivation: 0.988 hr/acre x 7 hours/day = 77,800 acres;

77,800-24,800 acres = 53,000 acres.
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The following prices and technical parameters will be used in the subsequent
estimate of economic impacts in the Blacklands:

Cotton yields (Texas Crop and Livestock Rep. Serv., 1968-78):
225 pounds lint/acre
365.6 pounds seed/acre

Harvest aid treatment costs: Table 13

Custom harvest rates (Table 7): $25/bale ($0.011/pound) for stripping
$45/bale (50.029/pound for picking

Ginning costs (including bags and ties) (Lovell, 1979):
$2.05/cwt of seed cotton (Note: On the average, 2,225 pounds of stripped seed
cotton yields a 480-pound bale of lint)

Associated marketing services (USDA, 197%a):
Charges for receiving at the wvarehouse are $1.64/bale, plus storage charges
at $1.00/bale/month for an average storage period of 3 months.

Cotton prices (Texas Crop and Livestock Rep. Serv., 1968-78):
$0.519/pound lint
§87.75/ton (50.04388/pound) for seed.

Coastal Regions.--The analysis of the Coastal region is divided into two dis-
tinct sub-regions: The Coastal Bend and the Lower Valley (Figure 2). These are
geographically distinct regions with different average yields and cultural practices.
The impact on each sub-region is calculated separately.

The short-seasun system is 2 relatively new practice that was implemented in the
Coastal Bend region as recently as 1974. Results from agricultural research in
short-season conceptz led to the rebirth of the cotton industry, as shown in
Figures 3 and 4. From the 1969 period through 1975, cotton acreage in the Ceoastal
Bend fell from 155,000 acres of dryland plus 8,000 acres of irrigated to 54,000 acres
of dryland and 1,000 acres irrigated. This decrease is an average of approximately
16,000 acres per year. Beginning in 1974, the introduction of the short-season
practices resulted in the yield increasing from 200-300 pounds per acre to 450 to
550 pounds per acre (Texas Crop and Livestock Rep. Serv., 1968-78a).

The foregoing discussion provides information on the adoption of arsenic acid
as part of the short-season system, but it does not provide any indication on the
impacts of change from arsenic acid to an alternative. Discussions with cotton pro-
duction specialists on the Assessment Team indicated they could not estimate the
relative efficacy of paraquat versus arsenic acid. Therefore, the economic impact
onp the Coastal region will contain an estimated minimum and maximum impact of an
arsenic acid cancellation, which are based on minimum and maximum estimated differ-
ences of efficacy between arsenic acid and paraquat.
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. The minimum partial budget estimate of the economic impact in the Coastal region
is based on the following assumptions by the Assessment Team:

1. All 291,000 acres of arsenic acid-treated cotton in the Coastal regions were
managed under the short-season system: 170,000 acres in the Coastal Bend and
121,000 acres in the lower Valley.

2. Paraquat, when applied at a sufficiently high dosage, is equally effective as
arsenic acid. This rate is 2.0 pints per acre in the Coastal regions.

3. Arsenic acid is applied at 3 pints per acre.

A maximum estimate of the partial budget impact is useful for establishing an
upper bound for the expected economic impact. This maximum estimate assumes that
weather conditions will be unfavorable and that producers will absorb the impact
without substantially modifying their production decisions. If growers continue to
produce cotton, the production adjustments are limited and depend upon regional
characteristics.

The maximum partial budget estimate for the Coastal Bend and Lower Valley
regions is based on the following assumptions by the Assessment Team:

1. All 291,000 acres of the arsenic acid~treated cotton in the Coastal regions were
managed under the short-season system: 170,000 acres in the Coastal Bend and
121,000 acres in the Lower Valley.

2. With the cancellation of arsenic acid, a quality decrease equivalent to a yield
loss of 3% would occur during the first year in the Lower Valley, and during the
first 2 years in the Coastal Bend. Although the members of the Assessment Team
were unable to project the magnitude of this loss, they nevertheless accepted 3%
as a reasonable estimate. Such losses are the result of harvest delays imposed
by a temporary shortage of pickers.

3. A further ramification of the temporary shortage of pickers would be the sacri-
fice of a second picking in the Coastal Bend for the first year with a resulting
vield loss of 25%. Given that pickers are presently more widely used in the
Lower Valley than in the Coastal Bend, no such losses are projected in the former
region.

4. The reversion to picker-type cotton varieties (i.e. long season) will entail a
yield loss of 10% on all acreage beginning in the second year following cancel-
lation.

Based on their professional experience, the members on the Assessment Team made
the following additional assumptions:

1. Insect treatment costs would be $19.60 higher after the first year of impact.
Without arsenic acid as a dessicant, the growing season would lengthen with sub-
sequent increased time for the bollworm/budworm complex to increase populations
that would overwinter. This cost estimate was made by the Assessment Team and
wag based on costs without short-season technology.

2. Paraquat will be used at a rate of 2 pints per acre.
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3. - An average of 25% of the impacted acreage will be adequately prepared for
stripper harvest. The remainder will be machine-picked with acreage picked
twice (once in the Coastal Bend the first year due to a picker shortage).

&, Harvest costs will increase by $15.50 per acre with the shift to machine picking
{620.00 for the first year following cancellation in the Lower Valley). This
impact would be due to the increased costs of two pickings per acre. Picker
scarcity in the Coastal Bend region would result in only one picking during the
first year with no increased picker costs, but yields would decline 30%.

Texas Plains and Oklahoma.--Growers in Oklahoma and the Texas Plains rely pri-
marily upon frost for harvest preparation. The impact of canceling arsenic acid can
be measured in terms of weathering losses sustained on that portion of the cotton
crop that matures prior to the first hard-freeze date.? Implicit in the foregoing
procedure is the assumption that acreage treated with a harvest aid chemical approxi-
mates acreage harvested before the mean freeze date. This cannot be verified in any
rigorous sense, but there is nevertheless some evidence supporting this contention.

For the period 1964-76, the annual average sales of arsenic acid were estimated
at 813,000 gallons,® which implies (over the long run) the annual treatment of
approximately 2.17 million acres (813,000 gal. + 0.375 gal. = 2.17 million acres).
When the 767,000% acres treated with arsenic acid in the Blacklands and Coastal Bend
regions (Table 12) are subhtracted from this total, the remainder of 1.4 million acres
represents the annual average treatment in the Texas Plains and Oklahoma.

4 The mean first hard-freeze date (for convenience, referred to hereafter as "mean
freeze date") was calculated in the following manner: For each year in the
period 1968-78, the number of days was observed between an arbitrary date (e.g.
Oct. 1) and the first fall day on which the temperature falls to 28° or less.
Annual temperatures follow a normal distribution (Ortom, 1979), and therefore an
arithmetic mean can be calculated from the annual observations. Thus, if on the
average a hard freeze occurs 50 days after Oct. 1, the mean freeze date would be
Nov. 20.

5 The annual average sales of arsenic acid for the period 1964-77 was reported to be
880,000 gallons (Table 4). Missing from this time series, however, are data for
1971, 1972, and 1975-years when the percentage of acres harvested prior to the
freeze date was low. Moreover, due to a strike in the lead smelting industry in
1977, production and sales of arsenic acid were unusually low for that year.
Given the foregoing distortions, the observation for 1977 was dropped. Subse-
quently, sales for the missing years were estimated by regressing cotton acreage
harvested on gallons of arsenic acid sold (b = +0,105480, s(b) = 0.08118;
t = 1.299). It should be noted, however, that the foregoing estimate of (b) is
significant only at (approximately) the 0.88 level.

8 It is assumed that the acre treatments in 1977 are representative of the annual
average for these two regions. First, results from a recent survey (Pennwalt,
1979) ‘have shown the percentage of acreage treated with arsenic acid to be rela-
tively stable over the period 1971-78. Second, because the cotton harvest begins
as much as 2 months earlier in the Blacklands and Coastal Bend regions than in
the Texas Plains and Oklahoma, it is highly likely that the 1977 "shortage" of
arsenic acid manifested itself more strongly in the latter region.
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The average annual acreage harvested prior to the freeze date for the period
1968-78 was 1.07 million acres (Table 15), or 0.33 million acres less than that
implied by arsenic acid usage. Although this would appear to negate the hypothesis
that acreage treated with harvest ald chemicals approximates acreage harvested prior
to the freeze date, there are several factors which might account for this disparity:

1. Decreasing Dosage Rates--It has been alleged that in earlier years farmers
tended to apply arsenic acid at relatively higher rates. In more recent times,
factors such as increased treatment costs and educational efforts by extension agents
have diminished the dosage of arsenic acid. Any current applications in excess of
0.375 gal/acre would tend to overstate estimates of treated acres that are based on
arsenic acid sales volume,

2. Acre Treatments vs. Acres Treated--Arsenic acid is sometimes used in
combination with defoliants (e.g., sodium chlorate) or other desiccants (e.g.,
paraquat). In addition, according to cotton production experts, when a rainfall
immediately follows application, some growers resort to a second application.
Neither of these factors was taken into account in the derivation of acres treated
from the sales data.

3. Sales Information on Arsenic Acid--According to industry sources (Culver,
1980), approximately 20,000 to 30,000 gallons per year of arsenic acid are sold and
used outside of Texas and Oklahoma. If the registered application dosage is assumed,
then annual usage in Texas and Oklahoma has been overstated by approximately 53,000
to 80,000 acres.

4. VUncertainty Due to Weather--As illustrated in Table 15, the acreage actually
harvested prior to the freeze date for the years 1968-78 was highly variable. To
some extent, fluctuation in the freeze date is responsible, and can easily cause
growers to estimate this date incorrectly. Another scurce of variation is the com-
bined effect of the planting date, rainfall, and temperature during the growing
season, all of which determine the date and uniformity of boll maturity. Finally,
acreage harvested prior to the freeze date is partially a function of total acreage
harvested, which is a function of both weather and economic variables,

5. Data Uncertainty--One of the key elements in this analysis is the harvest
schedule, which permits the determination of the percentage of cotton harvested prior
to the freeze date. The data for the harvest schedule is a product, not of surveys,
but of an informal reporting system carried out by the extension service. No criti-
cism of the extension service is intended; however, it is recognized that the ex-
penditure of resources necessary for an accurate survey might well exceed the derived
benefits. Under these circumstances the accuracy of the data is open to question.

The acreage where there is a potential need for a harvest aid chemical is de-
fined as the base average. In the absence of any information te the contrary, it is
assumed that the need for such a chemical is the same for both irrigated and dryland
cotton. In view of the foregoing considerations, the assumption of equivalence be-
tween acreage harvested prior to the freeze date and acreage treated with a harvest
aid chemical would seem to be a reasonable basis for estimating base acreage and
subsequent weathering losses. Thus, base acreage for a given production region is
established by multiplying the average acreage harvested by the mean percentage of
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Table 15.--Total cotton acreage harvested and acreage harvested prior to the freeze date for the
Texas High and Rolling Plains and Oklahoma, 1968-782
1978 1977 1976 1875 1974 1973 1972 1971 1970 1969 1968 Aggregated
verage
Northern High Plains
Cotton Acreage
Harvested (1,000) 660 624 400 362 500 430 400 408 365 314 251 --
Acreage Harvested before
Freeze Date (1,000} 99 175 0 51 0 90 4 0 0 9 30 --
Acreage Harvested before
Freeze Date (percent)} 15 28 0 14 0 21 1 0 0 3 12 --
Souvthern High Plains
Cotton Acreage
Harvested (1,000) 2,825 2,890 2,100 1,978 1,630 2,275 1,877 1,822 1,722 1,545 1,281 -
Acreage Harvested before
Freeze Date (1,000} 1,017 1,850 504 297 359 956 56 383 413 247 346 -
Acreage Harvested before
Freeze Date {percent) 36 64 24 15 22 42 3 21 24 16 27 --
Northern Rolling Plains
Cotton Acreage
Harvested (1,000) 700 725 570 456 441 520 449 624 393 447 381 --
Acreage Harvested before
Freeze Date (1,000) 154 326 143 18 123 156 67 47 126 124 83 --
Acreage Harvested before
Freeze Date (percent) 22 45 25 & 28 30 15 11 32 29 23 -—-
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ER "Table 15.--Total cotton acreage harvested and acreage harvested prior to the freeze date for the

Texas High and Rolling Plains and Oklahoma, 1968-78%--continued

Aggregated
1978 1977 1976 1975 1974 1873 1972 1971 1270 1969 1968 Average
Southern Relling Plains
Cotton Acreage
Harvested (1,000) 620 611 480 424 434 550 547 510 543 528 442 --
Acreage Harvested before
Freeze Date (1,0090) 186 391 130 93 152 352 98 194 1563 164 301 --
Acreage Harvested before
Freeze Date (percent) 30 64 27 22 35 64 18 38 30 31 68 -
Oklahoma
Cotton Acreage
Harvested (1,000) 560 520 335 295 547 526 510 396 450 465 380 --
Acreage Harvested before
Freeze Date (1,000} 123 234 84 12 153 158 77 44 144 135 87 -
Acreage Harvested before
Freeze Date (percent) 22 45 25 4 28 30 15 11 32 29 23 -
Total Acreage Harvested
before Freeze Date,
All regions (1,000) 1,579 2,976 861 471 787 1,712 302 668 846 679 852 1,067

2 Sources: Acreage harvested from Texas crop and Livestock Rep. Serv., 1968-78 and Oklahoma Dept. of Agric., 1967-78.
Percent of acres harvested prior teo the freeze date from Table 16.



acreage harvested prior to the mean freeze date.’” Based on the 90% confidence
limits, an interval estimate of base acreage is derived in Table 16.

Unlike their counterparts in the Blacklands and Coastal regions, growers in the
Texas Plains and Oklahoma have the option of waiting for frost to prepare cotton for
stripper harvesting. Frost frequently terminates the growth of the cotton plant
(Supak, 1978). Thus, in years when weather conditions favor early maturation, such
as 1977, farmers tend to increase the use of chemical harvest aids. At the same
time, the decision to treat is also a function of lint price, yield, etc. To the
extent that a farmer makes a conscious economic decision not to treat, the grower can
be said to rely upon the frost. Evidence of the reliance upon frost can be found in
Table 12, wherein the percentage of acreage treated in Oklahoma and the Texas Plains
in 1977 was substantially lower than in the Blacklands and Coastal Bend regions.
Further confirmation of this practice is evident in the fact that most of the cotton
acreage in the Texas Plains from 1968-78 was harvested after the "first hard-freeze
date" (Table 17). The "first hard-freeze date" is the first autumn day when the
temperature falls to 28° F or less. Due to certain physiological properties of the
cotton plant, a hard freeze at 25° ¥ or less is required to prepare it for mechanical
stripping (Quisenberry, 1979)}. It should be noted, however, that the temperatures
reported by the Naticnal Weather Service are typically measured at 4.5 to 5 ft. above
the ground surface. Depending upon such factors as type and moisture content of the
soil, the ground level temperature is generally 4 to 6° F colder than the level where
temperature is normally recorded (Hildreth and Orton, 1963; and Orton, 1979). There-
fore, it would be reasonable to assume a threshold of 28° F for the definition of a
"first hard-freeze date" used in the analysis. As might be expected, the percentage
of acreage harvested prior to the freeze date was greater in the Southern High and
Rolling Plains than in the Northern High and Rolling Plains.

Although there is no information available for Oklahoma concerning the extent
of pre-freeze harvest activity, it was found that the freeze pattern for the cotton-
producing area of that State is nearly identical (Nov 20 vs. Nov. 18) to the adjacent
Northern Rolling Plains of Texas. Thus, for the purposes of this analysis, estimates
of pre-freeze harvest activity for the latter will serve as a prpxy for Oklahoma.

Waiting for the frost to prepare cotton for stripper-harvesting is not,
however, without potential yield/quality losses. Research over a 3-year period at
Lubbock, Texas has shown that field weathering (i.e., lint deterioration starting
from the day of boll maturity) results in reduced lint weight, darkening of the lint,
shor;er staple length, and decreased germination rate in the seed (Ray and Minton,
1973).

7 This approach ignores the use of paraquat for the following reasons: 1) there
is no time series of data available by which usage patterns of paraquat can be
inferred; and 2) although generally efficacious at low dosages, in some years,
weather conditions are such that paraquat does not adequately prepare the cotton
plant for stripper harvest (Supak, 1978). In view of these comsiderations,
paraquat was not considered in this calculation.

67



Table 16.--Average pre-freeze cotton harvest time span and base acreage for

irrigated and dryland cotton in the Texas Plains and Oklahoma®

Cotton Production Regions

Parameter to

be Estimated Units North South North South b
High High Rolling Rolling Oklahoma
Plains Plains Plains Plains
Pre-Freeze harvest
time span Days
Low® 4 27 30 50 30
Intermediate® 13 36 38 55 38
Hign® 22¢ 45 46 60 46
Acreage harvested
before freeze Percent
Low© . z.g 18 18 29 18
Intermediate 9 27 24 39 24
High® 149 36 30 49 30
Acreage harvested
before freeze Percent/day
Low® . 0.47 0.63 0.56 0.56 0.56
Intermediate 0.69 0.75 0.63 0.71 0.63
High® 0.91 0.87 0.70 0.86 0.70
Dryland base® 1,000 acres
Low® . 6 282 114 170 82
Intermediate 14 423 151 229 109
Hight 21 563 189 288 136
Irrigated baseh 1,000 acres
Low® . 20 233 15 8 NA
Intermediate hi 349 20 11 NA
Highf 69 465 25 14 NA
® Yources: Mean values for pre-freeze harvest activity and percentage of acreage
harvested prior to the freeze date from Table 17 mean values for dryland and
irrigated acreage.
b Parameters for Oklahoma are assumed to be the same for the Northern Rolling Plains
in Texas. Actual acreage harvested, however, was used to calculate hase acreage.
¢ Average number of days of pre-freeze harvest activity minus one standard deviation
times the t-value at the 90% confidence level for 10 degrees of freedom
(i.e., X - 82 -t oo for 10 d.£.).
d X .
Given the high degree of skewness in the underlying distributions (Table 17),
caution is warranted on any inferences made from the resulting confidence limits.
Average number of days of pre-freeze harvest activity (i.e., X).
. X + Si ’t.90 for 10 4.f.

Average dryland acreage harvested X percent acreage harvested before freeze = non-
irrigated base acreage.

Average irrigated acreage harvested x percent acreage harvested before
. freeze = irrigated base acreage.
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Table 17.--Observed freeze data, days of pre-freeze harvest activity, percentage of cotton acreage harvested before the freeze

date for various regions of Texas, 1968-78"

Northern High Plains Southern High Plains Rorthern Rolling Plains ‘Southern Rolling Plains
Cotton Cotton Cotton Cotton
Observed rifi;e nﬂﬁiﬁiﬁia Observed riﬁﬁ;e H::':::f:d Observed Fz::;e H::E::gd Observed F::;e H:g::f:d
Free:e Harvest  before Free:e Harvest  before Free:e Harvest  before Free:e Harvest  before
Date Activity Freeze Date Activity Freeze Date Activity TFreeze Date Activity Freeze
Date® Date® Date® Date®
Davs Percent Days Percent Days Percent Days Percent
1978 11/14 34 15 11/28 60 36 12/2 43 22 12/3 52 30
1977 11/2 31 28 11/10 56 64 11/10 56 45 11/10 56 64
1976 10/8 0 oo 11/12 33 24 11/12 38 25 11/12 43 27
1975 11/10 14 14 11/13 15 15 11/10 6 & 11713 42 22
1974 11/12 | 0 0 11/14 45 22 11/30 53 28 11/29 60 35
1973 11/20 25 21 11/27 39 42 11/28 43 30 12/5 57 64
1972 10/30 2 1 11/14 & 3 11/20 31 15 11/20 51 18
1971 11/6 0 0 11/19 35 21 11/7 23 11 12/18 64 38
1970 10/9 0 0 10/28 39 24 11/15 37 32 11/3 44 30
1969 10/13 3 3 10/13 33 16 11/19 54 29 11/1% 70 3
1968 11/11 17 12 11/11 42 27 11/11 37 23 11/28 61 68
Average 11/2¢ 13 9 11/11d 36 27 11/18d 38 24 11123d 55 39

? The weather stations from which the data have been taken are as follows: Nothern High Plains--Amarillo; Southern High Plains--
Tubbock; Northern Rolling Plains--Childress; Southern Rolling Plains--Abilene.

b Observed Freeze Date: The first autumn day when the temperature falls to 28° F or less, from National Oceanic Atmos. Admin.,
1968-78. '

c Interpreted from data in bar chart format {Yexas Crop and Livestock Rep. Serv., 1968-78).

d Although temperature data are available for 1948-78, harvest activity data are available only for the years 1968-78. It should be
noted, however, that the means calculated for the 31-year period differ little from those for the ll-year peried (% 2 days for
a given region).



Based on the findings of Ray and Minton (1973), the following potential lint
weight losses in percentage terms have been estimated:

-~0.43% per day for the period 1-7 days following boll maturity;
-=0.24% per day for the period 8-28 days following boll maturity;
--0,08% per day for the period 29-77 days following boll maturity;

Lint can be expected to darken after the first 3 weeks following boll maturity,
such that its grade decreases from white middling to white strict low middling by the
end of 8 weeks. By the end of 12 weeks, the lint grade will have further deterior-
ated to white low middling. According to USDA's 1979 cotton grading schedule (USDA,
1979b), the decrease from middling to strict low middling implies a loss of 165 basis
points, and from strict low middling to low middling, a loss of 280. Therefore, if
lint is left in the field 12 weeks following boll maturity, the cumulative loss would
be 445 basis points, or 4.45cents/pound of lint. The base grade for purposes of cal-
culating premiums and discounts is presently white strict low middling with a staple
length of 1~1/16 inches.

Staple length can be expected to diminish by 1/32 inch with exposure of 6 to
7 weeks or more. This decrease implies the loss of 155, 150, and 115 basis points
for cotton graded as middling, strict low middling, and low middling, respectively.

Finally, seed germination might decrease by 2.5% per week (Ray and Minton,
1973); however, the economic consequences of such effects can not be estimated in any
meaningful manner. Given that only about 2.5% of the cottonseed harvested is used
for replanting (8 pounds planted/acre x 100 + 320 pounds yield/acre = 2.5%; Brints,
1979), it would appear that the economic impact of such losses is limited. Although
seed deterioration can also lower the resulting oil quality, this effect was not
investigated by Ray and Minton (1973). Reductions in the germination rate would not
reduce o0il quality significantly when it is designated for crushing. Understating
the losses for field weathering and effects on seed quality will be ignored in the
analysis.

It should be noted, however, that chemical treatment is also not without poten-
tial risks. In an effort to hasten maturity of the 1979 crop, many Texas Plains
cotton growers used a chemical desiccant/defoliant, instead of waiting for the frost.
The physiological reaction of the plants to this treatment is not precisely under-
stood; however, the maturing crop's growth was stunted. As a consequence, the micro-
naire for Texas plains cotton in 1979 was considerably below average (Cotton Grower,
1980).

Lint quality declines with time after the boll opens and harvest occurs. To
determine the number of days that the lint might be exposed to weathering, the aver-
age time span of harvest activity between crop maturity and the observed freeze dates
for the period 1968~78 was estimated (Table 17). In the absence of any knowledge of
the cumulative frequency distribution of acreage harvested prior to the freeze date,
a simple averaging procedure of dividing the mean percentage of cotton acreage har-
vested prior to the freeze date by the mean number of pre-freeze harvest days is used
(Table 17). For example, in the Northern High Plains, the average acreage harvested
prior to the freeze date is 0.69% per day {Table 16).

As explained previcusly, there are three components of potential weathering

losses: reduced lint weight, stated as a percentage reduction of the normal lint
yield; reduced staple length; and lint darkening. Reduced staple length and lint
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darkening are measured in cents per pound. To continue with the previous example,
annual weathering losses for the Northern High Plains can be calculated as follows:

Weather Losses = [13 days x 0.69% X average acreage harvested x average daily
percentage of lint weight reduction x average lint
yield x average lint price] + [(reduced staple length + lint
darkening factor) (average lint yield x base acres)].

The prices and technical parameters to be used for the impact analysis are
detailed below:

--Cotton yields: For Oklahoma, only a Statewide total is available for both
irrigated and dryland yields. Because po trend is evident, a 1967-78 average
of 291 pounds lint/acre is used (Oklahoma Dept. Agric., 1967~78; and USDA,
1979b).

For Texas, data are available for the High and Rolling Plains by crop reporting
district. Inasmuch as there was a slight negative trend apparent in the years
1967-78, an average yield for the period 1974-78 is used (Table 18). Harvest-aid
treatment costs given in Table 13) are $2.5/acre for arsenic acid plus either
§2.25/acre or $2.00/acre for aerial or ground application, respectively,

In recent years there has been a sharp upward trend in overall cotton acreage in
the Texas Plains (Texas Crop and Livestock Rep. Serv. 1968-78a; and USDA, 1979b).
Hence, only 1977 and 1978 will be used for the calculation of average acreage
(Table 19). No such trend is evident in Oklahoma; consequently, an average for the
period 1967-78 will be used~-namely, 448,000 acres,

Table 18.--Average yields of lint for 1974-78

Lint Yield
Crop Reporting District
Dryland Irrigated
----- Pounds/Acre - =~ - ~ -

Northern High Plains 223 376
Southern High Plains 249 383
Northern Rolling Plains 263 413
Southern Rolling Plains ' 291 429
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Table 19.--Average cotton acreage harvested for the years 1977-78 by crop
reporting district

Dryland Irrigated Total

1,000 Acres

Northern High Plains 152 490 642
Southern High Plains 1,565 1,293 2,858
Northern Rolling Plains 631 82 713
Southern Rolling Plains 587 29 448
Oklahoma NA NA NA

State average prices for the years 1977 and 1978 of 51.9 and 50.3 cents/pound
of lint for the Texas Plains and Oklahoma respectively, will be used for calculating
lint impacts.

Impacts of Arsenic Acid Cancellation

Blacklands.--By varying the acreage for which there is a total loss of output,
a range of potential impacts is generated (Table 20). Thus a 25% change in the acre-
age (on which production is totally lost) in either direction from the assumed inter-
mediate level (i.e., 190,400 acres) results in approximately a 19% change in the
aggregate dollar impact. Given the sensitivity of the results to change in produc-
tion losses, combined with the general uncertainty surrounding the assumptions upon
which the intermediate level impacts are based, there is potential for substantial
error in the estimated impacts. The calculations of the impacts are as follows:

Calculation of High Level Impacts

A. Only 40% of acreage can be sucessfully stripped. The increased
desiccant treatment costs are $7.53/acre.

a. 0.4 x 476,000 acres x §7.53/acxe. . . . . . . . . . . . . . 81,433,712
B. 50% of acreage cannot be ginned. This effects three cost/

revenue changes: (a) increased treatment costs; (b) total

loss of lint and seed net revenue on affected acreage;

(c) elimination of stripping, ginning, and associated

marketing charges. Thus:

a. 0.5 x 476,000 acres x $7.53facre. . . . .« . . . .+ 4 . . . . $1,792,140

b. {($0.519/pound lint x 225 pounds lint/acre)

+ (365.6 pounds seed/acre x $0.04388/pound)]

X 238,000 . . . . e e e e e e e e $31,610,684

-
-
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c. ($4.64/bale + 525/bale + $45.61 bale)
x (225 pounds/acre + 480 pounds/bale) x 238,000 . . ., . . . $8,395,078
d. Total =a +b - C . . . « v v v v « v v v e e e e e v . §25,007,746
C. 10% of acreage can be picked with: {a) increased treatment
costs; (b) a lint and seed yield loss of 25%; (c) increased
harvest costs of §20/bale.

a. 0.1 x 476,000 X $7.53 + « +« + + « 4 v 4+ e u e e+ . . . . $358,428

b, [($0.519 x 225 x 0.25) + (365.5 x 0.25 x $0.4358)]

X 0.1 X676,000 . « . « . v v v v s e e e e e e . .. . 51,580,528

c. (545 - $25) x (225 + 480) x 47,600, . . . . . . . . . . . . §$446,250

d. Total =a+b+c . . . . . . v v v v v v v v v v v« . 82,385,206

D. Total A+ B + C High Level Impact . . . . . . . . . . . . . . §28,826,664

Calculation of Intermediate
Level Impacts

A. Only 50% of acreage can be successfully stripped and $7.53/acre
for increased desiccant treatment costs. Thus:

a. 0.5 % 476,000 X $7.53 « . .+ v v 4 v 4 e e e e e ... 81,792,141

B. 40% of acreage cannot be ginned, thus effecting net revenue
changes as in the High Level Impacts above:

a. 0.4 x 476,000 x §7.53 . . . . . < . 4 0 o 0 e e e e e e $1,433,712

b. [($0.519 x 225) + (365.6 x $0.04388)]

X 190,800 . . . . . . . . . . 4 4 4 e w4 o e e« e« . . $25,288,547

c. ($4.64 + $25 + $45.61) x (225 + 480) x 190,000. . . . . . $6,716,063

d. Total = a + b = C . . . v v v « 4« « « « « v+ « « « +« + « . §&20,006,196

C. Bame as for High Level Impacts. . . . . . . . « « + « « « + & 52,385,206
D. A+ B + C Intermediate Level Impacts. . . . . . . . . . « . . 324,183,542

Calculations of Low Level Impacts

A. Only 60% of acreage can be successfully stripped and §7.53/acre
for increased desiccant treatment costs.

a. 0.6 x 476,000 X $7.53 « + + + « « « v 4 4 . 4 4 .+ . . . 852,150,568
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B, 30% of acreage cannot be ginned, effecting net revenue changes as in
the High and Intermediate Level Impacts above:

a. 0.3 X 476,000 x $7.53 . . . . . . . v« 4 v e v v« « . . 81,075,284

b. [($0.519 x 225) + (365.6 x $0.04388)]

X 142,800 . . . . . . . . . 4 . i w4 e w4 e e e e . . 518,966,343

c. ($4.64 + $25 + $45.61) x (225 + 4B0) x 142,800. . . . . . 55,037,047

d. Total=a+b-¢c. ... ... ... ..+« . 515,004,580

C. Same as for High and Intermediate Level Impacts . . . . . . . 52,385,206
D. A+ B+ C Low Level Impacts . . . . . . . . . . . « « « « .« . $19,540,354

Table 20.--Estimated impacts of arsenic acid cancellation to growers
in the Blacklands

Acreage Change in Change in
Impact with Total Acreage from Impacts Impacts from
Level Production Intermediate P Intermediate
a Level Level
Loss
Acres Pexrcent Million Pexcent
Dollars
High 238,000 +25 28.8 +19.0
Intermediate 190,400 - 24.2 --
Low 142,800 -25 19.5 ~19.4

2 Derived by multiplying 476,000 acres by 0.50, 0.40, and 0.30.

The 1979 Upland Cotton Program authorizes disaster payments for yield losses
caused by events beyond the producers' control (Cunningham, 1980), and therefore
cotton growers will not sustain the full losses shown in Table 20. The disaster
payment {DP) to a given farmer is a function of the disaster payment rate (DPR)
(which is set at 1/3 the annually established target price (TP), and the farm payment
yield (FPY). The latter is the average yield on harvested acreage over the previous
3-year period. Finally, disaster payments are made only for production losses below
75% of the farm payment yield on planted acreage for the year in question. Thus, for
such acres, the disaster payment (on a per-acre basis) is: DP = 0.75 x DPR x FPY
(USDA, 1979).

To determine the aggregate disaster payment (in the event of the cancellation
of arsenic acid), the per-acre payment must be multiplied by the number of acres on
which production is lost. Farm payment yield is based on a 206 pounds/acre yield,
the average for the Blackland region for the years 1974~1976; the payment rate is
estimated at 16.66 cents/pound based on a target price of 49.9 cents/pound.
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As shown in Table 21, the resulting disaster payments range from 3.7 to
$6.1 million, depending upon the assumptions made concerning the acreage on which
cotton production is totally lost. These payments are then subtracted from the
impacts shown in Table 20 to arrive at net financial impacts to the grower as a
result of the cancellation of arsenic acid. These net impacts are 22.7, 19.3, and
$15.8 million for the high, intermediate, and low impact levels, respectively. These
payments would decline over time, however, as the losses become part of the base
period, and eventually would be eliminated.

Finally, it should be noted that some growers are also covered by crop insurance
written with the Federal Crop Insurance Corp. (FCIC, 1979). In addition to the dis-
aster payments authorized under the 1977 Act, growers covered by crop insurance would
receive indemnities on 65% of average yield at a payment rate approximately equal to
market prices. It should be noted, however, that use of FCIC insurance by Blacklands
farmers has been steadily declining in recent years--from 69,168 acres in 1968 to
16,000 acres in 1978 (FCIC, 1979). Moreover, acreage insured as a percentage of
acreage planted has declined from 9.5% in 1968 to 1.3% in 1978. If the present trend
continues, it is reasonable to expect that the acreage covered by FCIC insurance will
become negligible and, for this reason, inclusion of any potential indemnities is
ignored in the present analysis.

Table 21.--Estimated impacts of arsenic acid cancellation to growers in the
Blacklands receiving disaster payments

Disaster

Impact Level Impaces® Payment Payments Inpacts
Miilion 1,000 - -« Million Déllars - - -
Dollars Acres ’

High 28.8 238.0 6.1 22.7

Intermediate 24.2 190.4 4.9 19.3

Low 19.5 142.8 3.7 15.8

2 3ee Table 20.

b Derivation: Aggregate disaster payment = 0,75 x 206 pounds/acre x $0.166/pound
x affected acreage.

Coastal Regions.--The impact for this region will be approximated by a minimum
partial budget estimate using assumptions discussed previously in this chapter. A
maximum partial budget estimate is also made. The two estimates provide the extremes
for the likely true impact of arsenic acid cancellation.

The total increase in treatment costs from the minimum partial budget estimate
is approximately $2.2 million ($7.74 increased cost per acre from Table 13 times
291,000 acres treated). As stated above, this estimate is based on the assumption
that the alternative, paraquat, is equally effective.

The maximum economic¢ impact of a loss of arsenic acid would be approximately

$9.3 million the first year after a potential cancellation, increasing to $15.2 mil-
lion the second year and decreasing to $14.3 million in subsequent years (Table 22).
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The increased impact in the second year would be due to increased insect control
costs on all acres and to yield reductions on stripped acres because of reduced
insect control without short-season cotton. The loss of net revenues could decrease
in subsequent years when the Coastal Bend producers obtain an adequate number of
pickers.

Table 22.--Maximum partial budget impact of canceling arsenic acid use
in the Coastal Bend and Lower Valley regions of Texas

, a
Decrease in Net Revenues

geglogi. Acres Per-Acre
Teiigg e treated First Second Subsequent Impact for
1 Year Year Years Subsequent
Years
------ 1,000 Dollars - - - - = - Dollars
Coastal Bend
Picked 127,500 6,740.9 7,564.6 6,677.2
Stripped 42,500 328.9 1,919.7 1,919.7
Regional
Total 170,000 7,069.8 9,484.3 8,596.9 50.57
Lower Valley
Picked 90,750 2,037.3 4,442 .2 4,442.2
Stripped 30,250 234.1 1,262.9 1,262.9
Region
Total 121,000 2,271.4 5,705.1 5,705.1 47.15
Total 291,000 9,341.2 15,189.4 14,302.0

? Acres treated times respective decrease in net returns per acre from Tables 23
and 24.

b Total acres treated from unpublished survey on cotton pesticide usage conducted

for USDA in 1977. Portion in each region and portion harvested with each
technique estimated by Assessment Team.
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Table 23.--Maximum partial budget impact of canceling arsenic acid
use in the Coastal Bend region of Texas

Harvest Decrease in Net Revenue
Technique
and Item First Year Second Year Subseguent Year
----------- Dollars/Acre - = =~ = = = = « = = =
Picked acreage
Treatment costs
Harvest aid 7.74 7.74 7.74
Insect control - 19.60 19.60
Sub~-total 7.74 27.34 27.34
Harvest costs® “- 4 15.50d 15.50d
Gin, bag, ties -24.78 -16.26 -16.26
Yield loss® 64.49 25.79 25.79
Quality loss 5.42 6.96 --
Total 52.87 59.33 52.37
Stripped acreage
Treatment costs
Harvest aid 7.74 7.74 7.74
Insect control -- 19.60 19.60
Sub-total 7.74 27.34 27.34
Harvest costs® c -- -2.503 -2.503
Gin, bag, ties - -5.46 =5.46
Yield loss® - 25.79 25.79
Quality loss - - --
Total 7.74 45,17 45.17
4 Table 13.

Assessment Team provided this estimate based on expected increased insect pres-
sures due to longer season with paragquat as the harvest aid,.

Calculated from FEDS Budgets (1977) as decreased processing cost at the gin due to
yvield reduction.

Negative values represent increases.

$64.49 = 124.2 (25% of yield of 497 pounds per acre) x $0.519 (price in dollars
received for cotton). $25.79 = 49.7 (10% of yield of 497 pounds per acre)
x $0.519 (price in dollars received per pound of cotton). {(Texas Crop and
Livestock Rep. Serv., 1978).

§5.42 = 347.9 (yield after 70% yield loss} x 0.03 (3% vield loss) x $0.519 (price
in dollars received for cotton). 6.69 = 447.3 (yield after 10% yield loss)
x 0.03 (3% vield loss) x $0.519 (price in dollars received per pound of cotton).
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Table 24, Maximum partial budget impact of canceling arsenic acid use in the

Lower Valley region of Texas

Harvest
Technique
and Item

Decrease in Net Revenue

First Year

Second Year

Subsequent Year

----------- Dollars/Acre === ===
Picked acreage
Treatment costs
Harvest aid 7.74 7.74 7.74
Insect Control -- 19.60 19.60
Sub-total 7.74 27.34 27.34
Harvest costs® 20.00d 15.50d 15.50d
Gin, bag, ties -12.00 -16.26 «16.26
Yield loss® -- 22.37 22.37
Quality loss 6.71 - --
Total 22.45 48.95 48,95
Stripped acreage
Treatment costs
Harvest aid 7.74 7.74 7.74
Insect control -- 19.60 19,60
Sub-total 7.74 27.34 27.34
Harvest costsc c - -2.503 -2.503
Gin, bag, ties - -5.46 ~-5.46
Yield loss® - 22.37 22.37
Total 7.74 41.75 41.75
3 Table 13.

Assessment Team provided this estimate based on expected increased insect preas-
sures due to a longer growing season with paraquat as the harvest aid.

€ Calculated from FEDS Budgets (1977) as decreased processing cost at the gin due

to yield reduction,
Negative values represent increases,
$22.37 = 43.1 (10% of 431 pound per acre cotton yield} x §0.519 (price in dollars

m

received per pound of cotton).

=

cotton.
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The total impact in subsequent years would be $8.6 million in the Coastal Bend
region and $5.7 million in the Lower Valley. The per-acre impacts in subsequent
yvears would be $50.57 in the Coastal Bend region and $47.15 in the Lower Valley.

Texas Plains and Oklahoma.--Weathering losses are sustained in terms of both
lint quantity and quality. Quality losses, stated as average daily percentage reduc-
tions in lint yield, are shown in Table 25. BShown in the same table are the esti-
mated per-pound losses due to degradation of quality. Only in the Southern Rolling
Plains, where the cotton lint matures early in relation to the mean freeze date, are
quality losses significant.

Use of the foregoing loss parameters permits the calculation of the economic
losses due to weathering, the results of which are presented in Tables 26 and 27.
In the Southern Rolling Plains, where exposure to weathering effects is the longest
(i.e., the most number of pre-freeze harvest days Table 25), potential weathering
losses are the greatest.

When arsenic acid treatment cost savings are subtracted from weathering losses,
the remainder represents the net financial impact to growers resulting from the can-
cellation of arsenic ac¢id (Table 27). The annual net impact to growers ranges from
2,22 to $12.95 million in the aggregate (i.e., Texas plus Oklahoma) and from 2.40 to
$7.35 on a per-acre basis.

At the price/yield levels used in the analysis, it may be economically irra-
tional for growers in the Northern High Plains to treat with a harvest aid chemical,
which is consistent with a contention of the Texas Agric, Ext. Serv. (Supak and
Metzer, undated); however, at the high range of the estimated impact, chemical treat-
ment is financially justified. Moreover, were it possible to measure the growers'
risk preferences, and given the extreme variability of the weather-related parameters
which determine the ranges of the estimated impacts, use of a harvest aid chemical
may well be economically rational in all regions.

Limitations of the Analysis

Blacklands.--There are two critical limitations to the foregoing analysis:
1) the lack of sufficient data to quantify the expected yield/quality loss as a
result of arsenic acid cancellation; and 2) use of the partial budget framework,
wherein no adjustments by economic agents are permitted. Although there is little
doubt that the wmost widely used alternative (i.e., paraquat) does not perform as
reliably as arsenic acid, this differential performance has yet to be accurately
measured. Moreover, in view of the highly variable performance of paraquat across
localities, it is unlikely that any meaningful test-plot data will be forthcoming in
the near future,

Coastal Regions.--This study has limitations regarding the magnitude of the
impacts of a cancellation of arsenic acid use.

1. The agricultural scientists experienced with cotton production in this
region could only place reasonable limits on the magnitude of expected
yield impacts.

2. Additional pickers may not be available to enable two pickings per vear.
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Table 25.--Cotton weathering losses for the Texas Plains and Oklahoma

Quality Lossesb

Quantity
Losses
Cotton Pre-freeze Lint Staple Value of ——m—u—
Production Harvest Dar;enin Length Total Quality Lint Weight
Region Time Spana 2 Reduc- c Reduction
tion Losses Factord
Daysg - = = Basis Points - -~ - Cents/ Pexrcent
Pound Yield Loss
Per Day
Northern High Plains
Low 4 -- - -- - 1.72
Intermediate 13 -= .- -- - 0.34
High 22 -- - -— -- 0.30
. Southern High Plains
Low 27 -- - -- - 0.29
Intermediate 36 -- -- - - 0.24
High 45 - 155 155 1.55 0.21
Northern Rolling Plains
Low 30 -- - -- - 0.27
Intermediate 38 -— -~ -- - 0.23
High 46 ~-- 155 155 1.55 0.14
Southern Rolling Plains
Low 50 - 155 155 1.55 0.13
Intermediate 85 -- 155 155 1.55 0.11
High 60 165 155 320 3.20 0.09
Oklahoma
Low 30 -— -- -- - 0.27
Intermediate 38 -e -—— -- - 0.23
High 46 - 155 155 1.55 0.14

a See Table 16.

b The decision framework for assigning basis points is as follows:

(1) Let X = the number of pre-freeze harvest days (i.e., lint exposure time)

--If X <56, then assign white middling
~-1f 56< X <84, then assign white strict middling (WM - WSM = 165 basis

points)

-~If X >84, then assign white low middling (WSM - WLM = 280 basis points).

(2) Reduction of staple length by 1/32 inch for white middling implies reduction
of 155 basis points,

€ 100 basis points =

1 cent per pound of lint,

d Lint weight reduction as a function of lint exposure following boll maturity.
To take an example, the high lint weight reduction factor for the Southern
High Plains is calculated as follows:

[(0.0043 x 7) + (0.0024 x 21) (0.0008 x 17)]
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Table 26.--Estimated

cotton weathering losses for the Texas Plains and Oklahoma

n
Lotton Z:Ehysa Harvested Average Daily Average  Average Value of Average .
Producing h x IerDay . acreage . x Yield x Lint _x Lint Quality x Lint Base, | _ Weathering
. i=1 Before . c | c Acres Losses
Regions where Freeze Harvested Loss® Yield Price Lossesd Yield
n -
Days Percent 1,000 Factor Pounds Dollars Dollars Pounds 1,000 1,000
of Acres Pexcent Per Per Per Per Actres Dollars
Acreage Acre Pound Pound Acre
Yorthern High Plains
(irrigated)
Low 4 G.47 490 1.72 376 0.519 - 376 20 77.30
Intermediate 13 .69 498} 0.34 376 0.519 - 376 44 204.14
High 22 0.91 490 0.30 376 0.519 -- 376 69 660, 44
Northern High Plains
{dryland)
Low 4 0.47 152 1.72 223 0.519 - 223 16 14.22
Intermediate 13 0.69 152 0.34 223 0.519 - 223 14 37.56
High 22 0.91 152 0.30 223 0.519 - 223 21 121.51
Southern High Plains
(irrigated)
Low 27 0.63 1,293 0.29 383 0.519 - 383 233 1,774.99
Intermediate 346 0.75 1,293 0.24 383 0.519 - 383 349 3,081.14
High 45 0.87 1,293 g.21 383 a.519 4.0155 383 465 7,620.55
Southern High Plains
(dryland)
Low 27 0.63 1,565 0.29 249 0.519 -- 249 282 1,396.73
Intermediate 36 0.75 1,565 0.24 249 0.519 - 249 423 2,424 .53
High 45 0.87 1,565 0.21 249 0.519 0.0155 249 563 5,997.27
Northern Rolling
Plains (irrigated)
Low 30 0.56 82 0.27 413 0.519 - 413 15 123.58
Intermediate 38 0.63 82 0.23 413 0.519 - 413 20 188.72
High 46 0.70 82 0.14 413 0.519 0.055 413 25 346.24
Forthemn Rolling
Plains {dryland}
Low 30 0.56 631 0.27 263 0.519° - 263 114 605.56
Intermediate a8 0.63 631 0.23 263 0.519 - 263 151 924.78
High 46 0.70 631 0.14 263 0.519 0.0155 263 189 1,682.90
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Table 26.--Estimated cotton weathering losses for the Texas Plains and Oklahoma-~continued

a Harvested . R
Cott?n E:Days Per Day Average D§11y Av?rage Av?rage Valu? of Av?rage Base _ Weathering
Producing h = Acreage . ¥ Yield x Lint x Lint + {Quality x Lint x =
Regions Before Harvested a vie1d® Priced d Yield® Acres Losses
where Freeze Loss Losses
n-=
Days Percent 1,600 Factor Pounds Dollars Dollars FPounds 1,000 1,000
of Acres Percent Per Per Per Per Acres Dollars
Acreage Acre Found Pound Acre

Southern Rolling
Plains (irrigated)

Low 50 0.56 29 0.13 429 0.519 0.0155 429 8 113.13
Intermediate 55 0.71 29 0.11 429 0.519 0.0155 429 11 150.80
High 60 0.86 29 0.09 429 0.519 ¢.0155 429 14 184.55

Southern Rolling
Plains (dryland)

Low 50 0.56 587 0.13 291 0.519 0.0155 291 i62 1,677.40
Intermediate 55 0.71 S87 0.11 291 0.519 €.0155 291 217 2,217.10
High 60 0.86 587 .09 291 8.519 0.0155 291 280 2,700.60

Oklahoma (dryland
plus irrigated)}

- Low 30 G.56 448 0.27 291 0.503 - 291 82 461.05
Intermediate 38 0.63 448 0.23 291 ¢.503 - 291 109 704,09
High 46 8.70 448 0.14 291 0.503 0.0155 291 136 1,308.12

2 Tables 16 and 25.

b rable 19.

€ Table 18.

d
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Table 27.--Weathering losses, foregone treatment costs, and tetal financial impacts
to cotton growers resulting from the cancellation of arsenic acid in

the Texas Flains and Oklahoma

Foregone

Cotton Total . Aggregate
Producing Base Weathering Treatm?nt Net Impact Net
. a Costs with Impact
Region Acres Losses . ; to Growers
Arsenic Acid
1,000 - ---- - 1,000 Dollars » = = = « « Dollars/
Acre

Texas
Northern High Plains b

Low 26 91.5 113.9b (22.4) (0.86)

Intermediate 58 241.7 254.0b {12.3) {0.21)

High 20 781.9 394.2 387.7 4.31
Southern High Plains b

Low 515 3,171.7 2,255.?b 916.0 1.78

Intermediate 772 5,505.7 3,381.4b 2,124.3 2.75

High 1,028 13,617.8 4,502.6 9,115.2 8.87
Northern Rolling Plains c

Low 129 729.1 561.2C 167.9 1.30

Intermediate 71 1,113.5 743.9 369.6 2.16

High 214 2,029.1 930.9° 1,098.2 5.13
Southern Rolling Plains c

Low 170 1,790.5 ?39.5c 1,051.0 6.18

Intermediate 229 2,369.9 996.2C 1,371.7 5.99

High 288 2,885.2 1,252.8 1,632.4 5.67
Oklahoma

Low 82 461.0 356.7¢ 104.3 1.27

Intermediate 109 704.1 4?4.2C 229.9 2.11

High 136 1,308.1 591.6 716.5 5.27
Texas and Oklahoma

Low 922 6,243.8 4,027.0 2,216.8 2.40

Intermediate 1,338 9,932.9 5,849.7 4,083.2 3.05

High 1,762 20,622.1 7,672.1 12,950.0 7.35
? Table 26.

Derivation: $2.25 cost of arsenic acid + $2.13 application cost = $4,38/acre,

The per-acre application cost is a weighted average, with the weights reflecting

the respective percentage for ground and aerial application. Cost of ground
application: §2.006/acre. C(ost of aerial application: §2.25/acre. Thus:

[(52.00 x 0.51) + (82.25 x 0.49)] = $2.13/acre. The total treatment cost is the

product of per acre treatment cost times base acres.

© Derivation: $2.25 cost of arsenic acid + $2.10 application cost = $4.35/acre,
calculated in footnote b, the per-acre application cost is: [(§2.00 x 0.62)
+ ($2.25 x 0.38)] = §2.10/acre. The total treatment cost is the product of
per-acre treatment cost times base acres,

As
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3. The maximum impact assumption was based on the expectation that pickers and
strippers had sufficient mobility to harvest all acres dried adequately for
strippers or pickers.