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T.

INTRODUCTYON

REASON FOR STUDY

At the request of the Appropriations Committee, U.S. llouse of
Representatives, the Environmental Protection Agency has undertaken
a review of the 1972 decision cancelling many of the registrations of
DDT. The specific language of the request is contained in both the
1974 report of the Appropriations Committee and the November o, 1973
Congressional Record (H 9619):

"The Agency was also directed to inftiate a complete
and thorough review, based o. scientific evidence of
the decision baming the use of DBDT. This review of
DDT must take inco consideration all of the costs and
benefits and the importance of protecting the Nation's
supply of food and {iber."

To this end, the Agency assembled a team of scientists and economists
to review the relevant scientlfic and economic data.

HOW UNDERTAKEN

This review centered on the key findings of the Administrator in his
Decision released June 14, 1972 (Appeudix IA). The initial assemblage
and evaluation of the information was under the direction of the Criteria
and Evaluation Division, Offlce of Pesticide Programs. Comments and
suggestions for the final report were given by sclentists at offices
elsewhere in EPA,

The review was divided into four major arecas for purposcs of conducting
the review by multidisciplinary teams and for presentation of findings:

1. Fish and «#ildlife effects

2. Human effects

3. Reéidues in the environment and man
4. tconomic aspects

The following methodology was used in reviewlng various aspecté of
the Administrator's Decfsion:

1. Ascertain the Administrator's findings in his 1972 Opinion
(Factual Findings Section}.



2. Review the information available to the Administracor in support
of these findines at the time of his decision.

3. Conduct information searches using relevant data banks for more
recently published articles and current research projects in
EPA and elsewhere,

4, Evaluate available sclentific studies and data on DDT in light of
the key findings of the Admninistrator in his 1972 Opinion to
determine which of the following best describes the current
data situation: a) no new data since the decision in 1972;

b) new data confirm (or deny) 1972 findings.

WHAT ‘PHE REPORT DOES AND DNOES NOT BO

The aim of this report was to provide a detailed review of the litera-
ture and data relating to the findings which supported the 1972 decision,
and to impacts it had on soclal, economic, and environment variables since
it became effective January 1, 1973. The review was of the data supporting
the various findings of the Administrator rather than of the overall decision
ftself, which involved weighing of various social, economic and environmental
factora.

DOT RECULATORY HISTORY: A BRIEF SURVEY

A brief survey of the regulatory history involving DDT is presentced
in Aprendix IB. The summary covers the perilod from early actions by USDA
to restrict DDT use in the late 1930's to EPA actions since 1972, such as
those involving temporary registration for use agalnst the pea leaf weevil
(1973) and applications for emergency use of DDT against the tussock moth
in forests (1974) and aga:ast the tobacco budworm on cotton (1973).
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FISH AND WILDLIFE EFFECTS
HUMAN EBFFECTS _
DDT RESIDUES IN THE ENVIRONMENT AND MAN

FCOROMIC ASPECTS



SUMMAKY

This summary ccnsists of an introductory survey and a matrix sunmnari:iﬁg
results in tabular form for each major review area! fish and wildlife effects,
human effects, residue monitoring, and economice (benefit) aspects. The matrices
sumparlize results of the review, finding~by-finding in the 1972 order. The
detalled analyses that led to the results summarized In Part II are preseated
in Part 111, arranged in the same order,



FISH _AND WILDLIFE EFFECTS

- Voluminous literature published in this area since the DIT hearings has

. allowed a more complete plcture of DDI's effects 1lu chis area than was avail-
able at the time of cancellation, Repioductive, behavioral, lethal, and sub-
lethal effects on fish and wildlife have beeu revicwed in detail hased on the
additional literature and data. Also, EPA personn~l conducted intensive on-

site field interviews with persons involved in research on fish and wildlife

effects to cbtain most recent data and results, as a supplement to ° "2 noarly
500 articles that have been published in this area and revicwed since che

cancellation.

New data were available in the case of most findings on fish and wildlife
effects and none of the findings of the Administrator could be denied on the
basls of new data. Certain behavioral effects on wildlife that were not known
in 1972 have been establ shed aince that time.



SUMHARY

BEVIEW OF DATA Of FINDINGS SUPPORT [NG J\IM[NIbTRATUR ORCER ON DOT
Fish and Wildiife Effecis
Adailniserator’s Flndings: Lines of Evidence or Current Data Situatlon
H Rature of Finding/ ___I_Iq._u_ Dlltd- e Bumarks
H Sublindlng Ho T Confirm| Denies
H New 1yi2 1972
: Bata |  Findiug | Finding e
DIy eam Be Concentrated and Transferred in X
Frenimrater .and mdrlne ¢ plankton, ingects,
w0l luses, ol:ht:-_l'___i_l'lvcl‘(é'bl.‘dle:l, .1m1 Elsh,
Enpcrimonral evidesce has deronstrated X An absorption~diffusion upeake
the propenatty of DT to bicsccumnlate mechuatsm has been propossd for the
v #quat i organksms and to be trans- aldge; uptake by algae is also paseive.
Eerred upward dn the fuod web.
Rewidue data collected In the envi rons X Regfdue determinationy o organ!ums.
ment demonstrate thar DOT L2 wbiqui- from natural habltate provide mose
tous bn dguaclc organisma a:r fevels credible evidence. Since the DET ban,
exceeding those occureing in che residues have generally declined,
physicgl cnvironment. Deckines are especltally evident in
salt water molluscs and Lake Michipan
fish.
RUT Affects Phyteplankton Species Compeaition X
and the Matgral Balance In Aquatlc Ecosydtema,
DIE decreas '3 ppotosynthesis by Jdif=- X Expusure to DUT has reselted in
ferent speles of phytoplankton. reduct lon of oxyien production of
' near 0% distorting of cell orpanelies
alao resulted from PUT exposure,
DOT can adversely alfect phytoplankcon X Abllitf to tirlerate RaCl was coduced
growth rate. aftey cxpowyre to DOT.
1
M Can _fave Lethal and Sublethal Effects X !
on LH_L-_!)s.l_ A reshwater Iuv;rrobr.ites,
.nrludingﬁrt podq mnd Mplluscgl
Expirimental laboratory data have X
shown that DUT is Lighly toxic to
miny aquatic lavertebrates.
Expevimental data have Jdeoorstrated X DDT has Leon found to result in A
that very low levels can, redult [o decrcase (n fructose diphosphatase
rproductlve Fatlure and orher aub- activity In quabeg clams, Indicatlng
lethal effects. posuible interference with gluconeo=
genesds. It hag alao been shown to
regult In reductlon of sodium and
potasslum concentratlons In shriop
hepatopancicss,
DUE lias resulied lo acute killa of X Few new Jata are available, with the
aquat [ lavertebrates in the eoviron- exceptlon of prelimdnary data lrow
ment, ) the Tussock Moth Spray Program 1o
the Pacific Nurthwest.  In one squdy
acrepn, the trestoent resulted in
almost total eliminatfon of the
aquatle Insect fauna and no slgnlf-
{eant recevery wae detectabie a moath
later.
DU hay been ¢lows to wlfeer hgher X

trophic. levels an a result ot starv-
atlon following kills of prey in-
veirtebrates,

o



SUMMARY

REVIEW OF DATA ON FINDINGS SUPPOKTIRG ADHTNISTRAYOR'S ORDER O DUT

Fish and Wildlife Fifects {continued)

Adwinistrator's Findlngs: Lines of Evidiace or

H Kature of Findlug/ _New Data; Hemarks
H Subflading Ko Confinos | Denjes
H Hew %72 1572
H Dacp Finding | Finding
DOT #n Towie to Fish. X
Experimencal laberatory data have X Recent acute toxleity daca are sparse,
shown that DDT wili kill wost flsh peimarily because addicional data
specles at very low levels. would be redundant. A chronic study
e Fatbead minnows showed that they
ave particularly sesceptible during the
firat 2-1/2 months of Life and during
the apawning etage.
DEY has bheen responaible for fish X New veporta of fiah kills are lacking
kills, cxcept for locoupiete duta obtalned
from the Tussock Hoth Spray Program
which showed 643 sculpiny wors kFlted
in one study creck follewlag LDT
application,
DT _Can Alfect the Beproductive Succesy X
of Fish,
UDE can be nlighly conceatraied in X In eome cases Tecent data arc more com-
figh and steved in liplds, particularly prehensive, Egg residuce have boen
in the eggs. Thids can result !n in- cotrelated with incrcased fry moctalicy,
creased fry mortatity ducing the srage toth eaperlmntally and In the environ-
whan the fry are utiliring rne yolk. k.
Expetimental results have shoum that X
BDT can result tn delayed maturac[on
of lake Erout.
DI Has a Variety of Sublothal Ehysfoloateal X
and Hehavioral Effects cn Fiah.
DO differentially affecea the normal X
uwtilization of some amino aclds, )
DDT inhibics thyrodd activicy in flsh, X
DDT hoa been shown to alter the tem- X Algo haa bren ahown to alffect ehe amcunt
perature regime selection of fish. of activity st cthe selected temperature.
Cold and warm water temperature shock
hay resulted in death after aftered
temperature aelection resuleing from
DIT exposure.
DOT can afiect the impulae tranae- X
wigalon In the iateral linc ol
{lahes.
DOT can affect leaming proceraes X Mypersensitivity can resule from ODT
of fizhes. exposure,
DDT has been shown to Jisrupt X Expoaure to DUT hua resulted in decrcaged

cellular encrgy.

e

enzymr (ATPases) activity In hidnove
and gllls, sites Intimately lavolwed
lo camoregulation, Expusure ta DOT

bas reavlted in abnormaiities Inm the.
lonle mokeuwp of blood.
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REVIEW OF DATA ON FINDINGS SUPPORTING ADMINISTRATOR'S NRDER ON DDT
Fish and Wildlife Effects {continued)

|

Admialstrator's Findings: Lines of Evidence or ; Current Dala Siruastis ion b
H Ha: uye of Findlng/ . Bew Dalg: Renmarks
' Subfinding No | Couflrms | I)en les |
H How 1912 . 1912
H Data | Fladlog ; r_;_p_q.g_\‘xgj'
DOT alters other “natural® . B ol Exposure te DDT hus resultcd -
behawvior, . ! chamges In ecxploratory Lebavior,

locomotive display potterns, and
achooling behavior.

DDT can cause developmencal effects. b Expasure to DT resulted i increased
; pecteral ray asymeebey.

Birds Can Mobillze Lethnl A.‘lomts o[ﬁl‘.l_l.!'l‘ X

'&culducu.
DOT residues 'p'teacnt 2 hazard to X During mlgraticn or Fosd deprlvatfon
birds during stress periods: = when fat resecves are weillzed, DT

reatdues are relocated through the
bloodutream and accumuloted In the
brain causing death.

Ragldues have been found in areos X ’ DT restduea wp to 4,17 ppm have been

of little or no previous DUT use, ' © found 10 Ayatralian birda In areas far
E from any pesticlde use,

Agsessment of cause of Jdeath {s sometimes X DDE residuce up ko 78 ppm wore found

dli€lcult because of the many pesticldes in alck snd dead caglea along with

preeent ta the enivornment. dieldrein, PCB's and metcuiy.

LIT 18 Concentrated in amd Tr(msfe-rred l‘hrm_sL x

Terrestrial Tnverlobrates,. l‘hun;ﬁ;_._'imphibi.mq,
HKeptilos and _Blnl-:'

Dot Is ublqultous at all trnplnlc levels X DUT haa been found In vitboskly all
in the terrestrial system. . terrestrlal organisme,

Some apectes near the tﬁ{l uf -the trephic X . Daprey,. eaaple, sparrowhavk, percacine
levels are adwersely affected by BUT, . falcon amk other pisclvorous birds

are still affected by BUT in behavior
and reporduct lve Augcesy hut some are
now ghewing some slgud of Tecuvery,

Restdue vody burdena in sote spelces X Migratory songblrds Ln Florlda are

are decliaing. displaying a declining moan bUT
repldues in ppm from 1964 ta 1973
Qaprey have increased (rom & to 26
fledged young per year off Long laland,
Huw York, afsoclated with declining
reaiduss ol DIE.

DDE Cap ¢ C'mse x Thinning uf ded Eggahelle X
an. Thus lnﬁalr Rllarmluctt{_';_g__‘-.uwrw.
Huseun shells and callected shells X Shella now alow pactern of returning
shigwed marked thicknees Jecllne to nearer noraal thicknesas singe
after knotroduction in 1940%e. gugpenstor of uae and reductlon of
i reafduen.
Correlations between degprec af ehell X Hymerous confirming atuwdien,

thimming and amount of tcsldum. in
egxy and blrds.

*Newly fouwrd cffrcts.
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BEVIEW OF DATA ON FINDINGS SUPPORTING ADZANEISTRAFOR'S ORDER o8 DT
Fish ind Wi'dilfe Effects {contioued}

Adninistrator’s Fladings: Liwes of Evldence or _Lurcent Duta Silzoul fon _I
: Nature of Find .ax/ e Bew Data: Remarks
:  sexfinding No i Contitms  Luhirs
H New 1972 1432
: - bata | Fieding  Findin

l;lborator)f ‘atudiesr shuwed the X Confirming studies show that less than
phenomenod to reproducible, L ppr DDE dict couses thinping of shells.
T effects calclun metabellso. Biochemlcal mechanism found; DDE

fnhibits calctum ATPage ("the calclum
pump™) iun the avian shell gland.

"yt Brooding behavior and nesc attentivi-
ness adversely offerted by DDE.
Widespread repredyctive fallures fn X ) Fewer reproductive fallures since
many avian specles fn U.S. ’ suspensfon. Sotw avians populations
returaing to near normal ceprodaction,
¥ other chomleal found to couse ' X Hore chemlcaly cested. Hone cause
thu degreo of thinning caueed by DDE, shinning ke [RE.

*Nuwly Toung of fuccs.

~§a



HUMAN FFFECTS

Prior and current literature and data on carcinogenicity of DDT are
reviewed. The review indicates that DDT 1s a carcinogen in mice, and a
potential carcinogen in man. Valid epidemiological studies of human effects
of ODT ave still lacking. Adequate laboratory studies in species other than
the mouse are still lacking. NCI studies involving the carcinogenicity of
DDT and its metabolitee in rate are scheduled to be completed during the
next year. The extent of acute humen health rigk due to use of DDT substi-
tutes was reviewed, indlcating no large increase in incidents due to the
cancellation. However, data do not permit detailed evaluation of previocus
DDT use patterns. Acute and chronic heaith effects of DDT substitutes
are being evaluated under EPA's Substitute Chemical Program on a coutinuing
basis. FEfforts have been made to protect against acute health effects by
user awareness training and worker reemtry standavds.

-10-
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KEVILA OF DATA O FINMNGS SUPPORYING MUALNISTRATOR'S OimiR Ol Lo

oy nffecey

Administratorts Findings

Lines of Evidence or

wrrent Bata ‘iltmt 10N ‘

t Mature of Finding/ Homarks
1 Subrinding ]
: : b 72 1972 i
: . Data - FPipding ! Findine | L
The powential of N to praduce
. ) . cancet in mun has to date only
DUT is a Potential Humawn Carcinogon. X hoon evaluated on tha results
i obtawned from mouse stwdics.
Thove are no adiepite human
studics which docuwnt DU as on
aciual carcmoyon in Man,
- Bqoriments demonstrate _that BOT X The production of hepatie
causes bumors in labommry anumals. tumors by DOT given by Lhe
aral route has Jeen domenstrated’
) conf il m woveral straing
of mice.
- There is sume indication of X Liver cell tunors have boon
MEEASEasis Of Lumors attribited proaduced 1n hoth moxes, and
to exposure of animals to T in in CF mice wore Cmaxl €0 fonse
the Taba _L_aturx : . metastasized to the lwngs.
~ Respongible scientists beliove X Specific chomicals have been
tnor mdnrtmn in LG 18 A observed to produce tunoss In
Valld wamning of possible mice as well as in the rat,
CArCINOJonle propurtics, deep and monkoy,  In spocifie
cases a chomeal was observed
to produce CarcInomas in man
a5 well,
= ¥t all chemicals show the Same X The pouse for specific chomicals

LWIOT Agenic propecties in

Laboratory cosks in anamals.

'I'mm are_no aloquate nggative X

_x;pnrmntal stigties 1n otT‘r

mareal 1) S]_"CI.IJS.

w]le

has bovn found to serve as a
rellaple inQicacor of e
caminogerycity of a clwmical
in otlwr spacies anel man,

al thotwh the target tissue way
be wifferont,  Therefore,
carcintxonic effocts ih aice
cen be valid when dealing with
thess cirgipogens; howover,
carcinogenic effocls can vary
greatly depending on the ocr'-{xnmd
tosted,

Stwlies in rats have bven incon~
sistont as to cose~responge,

The groups were mmall in numbor
aisl the histonathology omprloyerd
wag inuiecuate to draw definite
gonclusions, The one hamstor
stuly ¢ited in this roviow wag
inponclugive, as a pogitivwe oontrol
wis ot fnconorated.  irtleey,
informntion a3 to carciivspai-
city (., SpOnNtancous Lamon
incdenco; response to Known
garcineions) is not oxtensive
with this spocies.  Stulies
rerformed with tiw dog ad
repdkiey were of too short
duration anl utilized oo smell
2 sample size to yield any
reliable statistical informition.

WCT studiey mow unglorway on
carcinasenicily of N aw! ies
metslolitens oxld e omgletal
durineg the nest yoar rals ast
mice).
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luwmwy Effoctn ol anued)

Admaoistrator's Findirg:  oes of Dewdence or

coture of Finduy
Sul Cundarxg

= Thetre 1§ o Adsquate baman

PRI dit i te

Sarcinogenicnty of G, wir
{8 3t Likely LhAt it c.an bas
ol Ained]

IAMAN EFFILTS OF DOT SUISTITUTES

= Huy poisonings have been atteibuted
@ Ua? U of W Tucatinon,

itrained vsers of Heth
Tropeni iy og

1% uae despite Tabie dindctions.

= Hothyl pyathion can b wsed safely.

= Trasping prodgr 30 averling
the netftiont u g7 dMFathize,

- Wiyl paratbion b a mestitute for

it urop us

Gltimately, parathion 18 dawprrous
iSics and JUERRR A Tia 61 ¥en,

(IS

fovggortuiity o tratn users will
ﬁ_iﬁgzm.'.z%s_'s.t-‘_,c?'_‘*ﬁ—

N
X
X
x
X
X
x

ks
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Ho adlitioni] weli-definad data
were obtained from the cormahity
stklies proaram exvept residue
data,  The carly studies cikbed
ubi) iznd small experimental
moups (35 or less) owor
rulatively short periods of

time (i~11 yoars) as oonpared
£ Ehat which 8 eoguined {20-32
years] o groater, 1o Lest a
potential carcinogen of 1w
metency of DT in man, Medical
fallow-up in the case of llayes'
aantin] jed dose studics was
limited to 4 yoars with only 2
aubjects in each Jose grmp,

In ackdibion, ihe majority of
atudies atilizing ccowpmtional
high exPosure grogis wers Whe
cemtoilal, Sl Bople

Aize, lack of data on the

age of Tirst exusore (o T
iwhich aould b eritical in
development of a corcinemy) along
with otlwr limitations mike

sucl: atudies inomwlusive.  More-
CveE, SANOE I 18 ublultoud,
there is no Yy letely
werpead ang controd qroup.

Definitive conalualons aa eo

the extont of acute luman

health irgacts of the use of

e g Pmpitgtae canyt be

drawm on basas of avallable

data, Data geries do not

pormiit antitative analyas 1
of umen heatth of feets n use !
fattortm appackod by the 1672

decision, €.9., Ccotton. Howwver,

thore is dndicated S oty

hazard to Inmans ipwolving the

use of DO substitutes, such

ag thw orgawphonbaren,

A's pesticlie episxie reviow
syatum ptill lists motiyl
parathion a8 can of Lhe post
fropently retertod jesticides
i vineg homan pnisninee,

Aa Indicated Ly B0 Project
Safesprrd, hiyghly toxae orguo—

‘phesiphates could Le umed safely

with LIALRge] ang 101lowing bimyy ¢
cirections.,  Ceehlry standaeds

alge offer sTe 0teanl Lo
JPObael aALRL PNt tare

e AU TITHE I N AR TITT ENTRLYE

s5uch Btan ardn wete promadasta

e EPA an 874, mther mudwtrtutos
Are used as well i mopt cases,

EPA postbodde agplacator

cortification and trainisyg
Pty rart will antg it o
Fochrel pisk of Lesae 1O
Hyi 8t butes,



DUT RESIDUES IN THE ENVIRONMENT AND MAN

DDT is ubiquitous in the environment due to its past wse and chemical
and physical characteristics, Soil residues will continue to decline slowly.
Residues in food commodities and in man have declined in recent years. Future
declines will be at a slower rate.

-13=



SUMMARY

REVIEW OF DATA O FINDINGS SUPDOWTING ADMINISTRATOR'S ORDER ON COT

DT fesidues in the Moviromment and Man

Ahlbainistrator’s Findings:  Lines of Bviderce or Current Dato £ituation
¢ Mature of Finding/ _ New Data: =~ Rettarks
1 Jubfinding o onficms ]' penics
: New 1972 Le72
: I pata) Findirg | Findig
OO Can Persist in Soil for Yewrs and X The use ©f DUT for ayricultural and

begradation of DT in the soil
ervivopmont is highly variable hut
typically is very slow. "ialf-iife”
values of 10 years or more are
conwonly Found, .

Becawio of Pursistonce, DT s Subject b0
TEANSOTE frum Sitea Of hoplication. -

) =

= B can b transportal by drift“d.t‘\r Cing R
serial application. o

- HOT_can vaporixe from crops e roils. X

= IXF can be attached to eradiig soil . X
pvticlos, -

Wt is a fontominant of Fresh Waters, Estvaries X

and tho Gren Ocean, aid it T4 Bifficult or
Tiposnible to Peovent DU Cram Hoaching
Apatic Areas anl Toprerapliywvijacent and

Hainte Tran the, Site of_Aplication,

[T rosidues are vhiquitous in the arpatic
cnviromment, especially in kpuatic sites

Exd Ly agricultural watersheds, Contaminas
tion of estuaring areas by way of major

rivor systems hag ocourted and coastal

areas are yeaerally pollutol with low lovels
of UIFF, e open ocuwns oakaur considaerably
lens DT, hot nunute tevels can be Fouwl
wobldwide, oven in Lhe pelac peqiong.

(0T Can Persitt an Aquatic Beoaystoms. X

COT apd its netabwlitey DDE and DDD are
comenly found in water, sodimont an
wpatie Life. A dynamiC opilibrivgu
exigth with the main storage reservoir
el the bottam sodimont, ’

. Y

forestry purjoses hag contaminatol

a sustantial poreion of our nation's
productive land, Total soil residucs
of DUT and its rotaboelites will only
doacting vory siowly and substantial
portiong will still ke present atter
extorudxl pecixds of time,

Dritt of DT hag ceasal to Lo a
problum since ¢ancellation 27 all
uses in 1972, eecopt oasibly in
the use of ROT against the Lussock
nth,

The significance of vaporizacion
of DOT veaides from soil, cspocialy
thr more volatile DOE campenent, is
still poorly defined, Of speclal

dnportance s the relative rola

that volatilization nwy play in
causing low lovel residues in domestic
animitl foxls geown on DT contamihatecd
farmlamt,

Logs of YT from terrostrial to
auatic sites due to soil erosion
will continwe to opour for many

' years into the future,

A gratual decling in residue levois
of aquatic organisnd can be expoctod
ag the Bioavailability of DUT is
deeroaand duwe to the combined factordg
of dispersion, degradation, and .
sixlimentation, Ixcuvsuive residue
levels, as noted in fish fram the
Great Lakes in the 1963's arce no
lomger frequent oocurcences.  With
thoe oxception of Jdata an Fish fram
the Great Takes, most available
resicher daka are net applizable to
procdict ion of long bterm trerds with
reshurd to the deoadat ion of T an
Huatic environnent|.

Regidues of PDOT and its mrtabolites
can be expoctod to persise for an
extended period of time,  Puoaail-
abrlity, howowver, can be oxpocted

o Jocrease as a result of dispersion
depracdation and cadibmentarjon
especially in arcas whoere hottom
sodiments are not sub)oct to continued
disruption.,  Gond "laseline® data
fram which future tromds can be
compare) /o prodictod are not yet
svatlable for many tyjes of apatic

| darean
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BEVIEW OF DATA O FLOINGS “UITOIIIG A ML RNIOR'S ORDER O (0T
LT Besidues sn the Bavieosal and Man {continued)

Alministrator's Findings: Lines of Bvidrce or

_Current Dat fituation

r Natwe of Findigs D [Mita: Rewiarky

: Sufinding | ] onfime | lxnies

H Now 19:2 1912

3 pata | Finting | rinding R

© The Accunalation in the Food thain and Cropr
Rosudues Regults in taman Exposvre.

LOT and its motabolives DGE and 100 am
camenly found in human foods,
cgpecially moat, fish and dairy prodests.

lian Beings Store DOT,

DT and it3 metabolites TOF and 06D are
found to store in human adipose tissue.
DOT residucs are found in lnman popula-
tions world-wide with hiqhor residucs
ugualiy assogiated with DDT use 1n
urderdeveloped counteles.

Gradual declines of toral 0T
residues in certain major foaxd
comedities bogan as early ag
1965, but declined tapiily only
aftes 1970, For mvat apd poultry,
theso declines hxd srab:ilized by
FY 1973, lLiovels of the
metatolite DO have incroased
relative to LD over the last
eeveral years tndicating that
much of the current DUT residual
iy coning from pesticide treag=
ments appliod pricr tn DOT's
cincellation in 1972, Due to

the persistence of those conpounds,
residues will contimde to ocour
for many years, evon after
cengation of LOT use,

DOT residues in human adipose

tissue hase tendod to decline
in recont years {1911-1971),
while the percent of DUT stored
az phf: has moved up only
slightly, [uring this same
period, significant declines

in reaidues tn human £000 wore
notad.  llowever, since FY 1973,
levels of DOT asd ita matabnlitea
in food have iovelad off so
tha“ no precipitous chance in
hman tissue levels can be
axpected in the near future.

Ihpan serun levels of LDT in
samrles from ocowationally
exposed irdividuala shiowed a
pronouncer]. downward trend
botwoen 1971 and 1973 siggesting
decreased oxposure during the
period,
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ECONOMIC ASPECTS

Cotton was the major usz of DDT prior to the cancellation, accounting
for more than 80 percent of domestic DBT use. DDT was used on about one-
sixth of U.8. cotton acreage in 1971 and 1972 (one-fourth of cotton farms).
Insectl idns are an impertant input to cotton production, contribating to
improved yields, although they account for only about four percent of
total preduction costs for the average cotton grower. Insecticides range
to near J5 percent of costs 1a some reglons.

Alternagive Insect controls,'chemlcal and non~chemical, are availahle
although there are pest resistance problems in some areas for certaln pests,
and, ar times, msrket scarcities of supplies.

Coats of growing cotton were affected in the Southcastern United States
where DDT was used prior to the cancellation. Costs were increased by about
$7.75 miliion per vear on the average in 1973 and 1974, Natienally this
impact usmounted to an jncrease in costs of slightly over §1.00 per acre
treatod with insecticides (all types), equalling an lnerease In cotton
production casts per acre of about 0.3 percent. This cost impact wag
within the range of estimates in the hearing record (cost impacts up to $54
million per year). This cort Impact was quite significant in the most
affected region as production costs were increascd by more than $6G0 per
farm on tha pverape for about 10,000 farms. Insecticlae costs in this
region were increased by about $6.00 per treated acre, over the 1971/72
average of about $15.50 per acre ic 1971/72. Farms in this southeastern
U.S5. region that uae insecticides average about 70 acres treated per
tarm. Effects on costs elsowhere were much less significant.

The cost impact of $7.75 million translates Into a nominal impact on the
consumer of cotton, i.e. 2.2 cents per caplta per year. The cost impacts of
the cancellation are not cxpecied to genmerate large regional or national
impacts on cropping patterns for cotion and other major agricultural crops,
based on a recent analysis. Studies are {u progress in EPA to evaluate
pessible cotton yield effects of DDT and other cotton inscct pest manage-
ment options as well as cost ilmpacts which were the prime focus of studies
reported in this review due to data limitaticns.

Minor use DDOT cancellations have resulted in Increased insect control
ensts of more than $400,000 per year (estimate for 1973), a nominal impact
nationally. Production and ylelds of minor use crops have not been seriously
affected. Temporary uses of DDT have heen permitted in certain emergency
or special cases such as the tussock moth and the pea leaf weevil, Stulies
are underway to better evaluaiz benefits of DPT and alternative controls
in forest uses under an  EPA/USDA Interagency agrcement.

I
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IEVIZN OF DATA O FLEDINGS SUPPORITNG MPANISUTRTON S R0 G b

Eomxsic Aspects:  Ootton

Adninistrator's fuxlindg: Lines of Evidowe or |__Current Data Sitnation |
t Nawure of Findweg/ e SR Bty
¢ Subfimding % Cont el amics
: New 1972 1972
s Lata | Fanding | Finding

Pemarks

L Sy

a8

Guperal ouooieriic context of
D cotton cancel lation since 1972
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Cotton wag khe major (0T use
acoownting for aore than 80
oreent of domestic use.  DOT

was usad on about 17 pereent of
cotton famas in the WS, prior

to ther caneellation (15,700)

and hout. 2% percent of the
cotton acreage {1928=77 sversges).
DO was usad only in the §.E.

L5, ieacdiately prior to the
carcellabion (5. Atlantic Negion =
ML, bei., Val., W, Wa., N.C.,
H.0., Gy oand Fla.; avd the

Fast S.0enurad lesion = Ky,
Tenn. , Ale,, Miss,, Ak, 5 L),

BOT wag used on pore than half
of the eotton farms and cotton
acteage in the 5. Atlantic
Repion in 1971 /72, ot less
than one frurth of tis Oution
farme arx] acreaye -in U Bast
oy Urnkral faagion.

Iheecticides are an imgorcant
imut in e cotton industry,
b leRs than & toroont of the
cost, Of anaing cotton in the
oG, In the 5.F. LS. where
DOT wag used, oosts of insecti-
CLdes Funad up to 14 wercent
of the inxdnt for qrowine
cotton a8 of 1971/%2,

Feonmmic well-being of the 1.5,
cotion grimer is much more
function of other factors than
chanes ip pestcide redulatory
[lizy. T ootton favmer,
from yvar te year, is hard hit
by such factara as bl woatleer,
Late plant ings loadineg Lo Jost
infestation problems oand
doclining praces which battarod
the indstry in 1974, This
outvame followed a banner yoar
in 197, wlen prices wore the

"himhest in histocy and the 19

CONtE [OF PARN ] aRnCrTRERt (Y-
ment o grovsrs was in ef fegt.
the wnloawrable oconomic cutoome
for qutton urowers in 190 has
Joad to grewtly reduced cotton
plantimgs in 1474,

The cotton industry bas boen
abrbe o fawd market neaxds since
1972, esjerally in 1994 as
fwices deciipnd shaply when the
Crop onrer e rarkot,
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R t—— Y ~ - -

Aliniskrator's Fialior: Lawes of Pyldote or
rature of rindiny/

Sublamiamy

AVALLABILITY O ALTVFRATIVES G pOv

L is ueetul for tne control of corgain
i

Cotton [veats are by resistant o (6T,

Mothyl jarathion amd other orgurgtoshate
S

FAL5 AT OLTOCT LG SOF Ll GONAFD) Of
als ar elfoctive For the cuntrol of

gotien pests.

L ¥

C Nw

1R~

1972

_admta | Fandgwy | Fisding

PORAINETRATOR S CHENIR ON DY
ot

rmarks

A, . s —

Lo they DT Hsarare? Sedaission

Na, 2 che USn oonrdored [N
et il to ol the

ol fuseirey inset post s Dachorm,
oot} weeowil, cotton boliswem,
votton fledeyqer, fatl amy-
wOrm, ardon welsenri, Lywus bags,
mirudy, s, and cutwnte.
waonaer, the 1972 Armnal Confor=
opev Beport. on Jorbon Jnsoes
wesodrcit and Control oly

Fouv Rl IV for Lhee bollwem,
Erklorn», and Ut woenl,

The 1972 Anvial Gonferonce Sepore
o Quten Dt Mergarch aml
Contrrd (USOA) statai many
wot by sl e Faalatant, to
M, Jlswe, leariie Lestimony
atated 0T wan et clfectien
for the oontral of tla bl
wearr]l gl chat outten paeats,
ir2bading ther boddwoim, are
prartiably or tially resistant
te NP, The teorl an ude of
LT wag hesward Ginea 1903,
rresmemanly duer an part Lo
dovelophiv (wrk res)stanen,

Alternative rasticides are
revpintesond Iy [0 and 1ooanrenend
Iy ot stales far all oottan Jnest
sty Al apa aFfeed o oan sy,
arevi. Tkraver, bhere may pw
cavon Whote cinect aeneas nf

soewr altornet pees i irtbed o
develprent of st recrstoewns
il 10 DO r S ATeNRL. usae

of Shivmecals an Ua post or
ertrame pest anfostat 1on outhreak
cunditong,

Tt 4975 Annual Conforeted 1Wiort
an Cotron Tnsoet Eesmaacgs ool
IUEOA] rovrmembnd B30 pefastorsd
Leset il g Top e gonlrnl of tw
various cotton tenkd,  Intoarated
(L3I SR UVIAN ST o 1) S B SUES SR S T
MR R EH] Eier BT of Lhe 140
ALt by et e ot g and
eeparenen) b of T Yitomnat e,
- id i semchoreal Mt s,
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REVIEW OF DATA ON FINDINGS. SUPPORTENG ADMINISTRATOR'S OROER ON 0OT
_Baommc Aspects: Cotton  (continued)

| .
Adrinistrater's Findings: Lines of Evidence or =~ Cyrrent Data $ituation!

+  Nature of Finding/ New Tate
i Subfinding -Ne * onfirms Remarks
: : Nirw 1972 1972
_ : Data | Finding | Finding
Hy Us v Hethyr Parathion or Other X Impacts of DOT Decision on Cotton lInsec-
2

ans_of rest Lontrol, COLton producers
Can Generally Froduce Satlsfactory
Yields at Acceptable Cost.
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tlcTde Losts - comparison of 1971772 and
o735 T3 pre_and_ post-capcellation periods

The comparison of two year averages for the
periods inmediately prior to and following
the 1972 decision provides the basis for
making Judgements of impacts on costs of
growing cotton. Data on the individuatl
years are not available.”

Insecticide expenditures nationally
tncreased from $64.6 million per yoar &
1971722 to $102.9 1n 1973774 [#rom $10. 0?
$13.65 per acre treated with an fnsecticide,
or by $3.58) Of this $38.3 mi}lion
fncrease fn insecticide costs, an estimated
$6.1 million was due to the DDT cancellatfon
{about one sixth). In addition, the can-
cellation Jed to an estimyted fncrease in
application costs of $1.6 million for an
overall total of $7.75 million. This
amounts to an average increase of about
$1.04 per akre for all cotton acres

Lreated fu G US4, 1973/74 average

{7.563 mitlion acres), This tmpact trens-
lates into a rather noming] impact on the
consymer, f.e., about 2.2 cents per capita/
year for 1973774,

These cost Inpacts are well within the
estimates 1n the recard at the DOT hearings
{w to $55 militon per year},

lmputs in the two affected reqions are

much more significant, [n the South
Atlantic, fncreased insecticide and appli-
cation costs, for a total of $6.0 million,
This equailed about $630 per farm, hased-on
the estimated number of farms that would
have been treated with DDT in 1973/74 if €
were avallable {about 10,000 farms), This is

& significant increase in costs, and is

at a difficult time for cotton growers
because of economi¢ conditions of the
industry and the economy generally.

The increase 1n the East South Central was
much tess significant (about $).G million
for insecticides plus $0.75 miltion for
application costs for a total of §$1.75
miltion}. This would be less than $200 per
fevin or 9,000 farns,

Supplies of some DDT alternatives were not
plentiful in 1973/74, as costs increased
sharpiy, particularly in the South tast ILS.
cotton area.



SUMMARY

REVIEW OF DATA ON FINDINGS SUPPORTING ADMINISTRATOR'S ORDER OM OOT

Econaamic Aspoctg:

Cotton (cunt knowd)

Administrator's Findings:

T .
Lines of Evidence or | Q__- rent, Data Sic. w
Nature of Fieding/ | I T lew tata
Subfinding i No
. ; How 1912 THE
Data  Finding Finding

tlentiar Tor o3

Remarks

CancelTation on U.5. turg 1975

Evaluation of Impacts af the DDT/Cotton
Kt euit -

An analysis has bepn ~ade of {mpacts of the
V0T scotton carceliation on 4.5, agriculture
for the year 1975, wtilizing EPA's 1incar
programming rucel for U.5, agricuiture,
This analysis evaluates inpacts of changes
i1 costs ot production upen acreages, total
productior; and prices of cotton and other
major agricultural crops for the year 1975,
as a typicul year derirg the pyst-cancel-
lation period.

The analysiy indicated thet the DOT catton
¢canceflation had minor Inpacts gn acreage
production, costs, and returns for cotlon
and other major craps.
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SUMAARY

MEVIEY OF DATA ON FINDINGS SUPPORTING AUMINISTRATOI'S ORDER (N DODT

Peonomic hspocts:

Minor Yses

mhumstrator 8 Findirgg:
Nature of Finding/s
Sulfindling

P T

Lines of BEvidence or

Qurrent Data Situation |

o
Hew
ka

[ ConEirins]

Now Dnea: -
Donaes
1972
|_Finding

1932
finding

Femarks

0T is useful for controlling insocts that
aftack the fol'fowmq. bears [dry, lu-na,

SRl Towr, el bruEsEls Soute,
tonatoas, fresh warkct com, swet
POPYOTS, pilvntos, unions, garllc, and
oy nl greenhouse plants.  The use

of N is hot necesany for the prodnction
af these crops.

Mequate substitute chomicats, namely,

metnyl parathion ana other organophosphates-=

Torthe most mrr.--ex_gg_g_ Tor, . Jorops excopt:
. heavy iafostations

of corn bou»r, att‘tckmq SWECE LOHDCTS YN

on_the Tal Mirva i\mmsula, and onions

attacked T CUEWOriG

2%

M review was made of the yield
and cost impacts of the minor
uses contested at the hearinms,
which inclwled these crops.

Ho review was made of the
comercial greenbouse use.

BT was not widely used for.
these crons at the time of
cancellation (2.4 petcent of

U.5. acreage in 1971}. Tomatoes
ared calbage had the largest
percontage uses {9 and I6 per-
cont of L8, acteage respectively
in 1971).

Yicld/acee anl total produc-

tion in US for these crops .,
have been maintained since '
the cancellation. The only

erop with 1973/14 yield/acve
notanbly below the 1968/72

average was couliflower for

which there was no reported

DO use in 1971,

Insecticide costa for contested
minor crops were catimatod to
increase naninzlly (by about
460, 000} Aus tn the DO
cancellaticon based on the

yoar 1973, 7his would trana-
late into a rather small impact
on the consumer. Costs ko
grewers in sone local arcas
ocould have been affected
sigmificantly but ro such
effocts are reported, aside
from probloms with the pea loal
weavil, discussod below.

These uscs have been ruatollod,
but since tho bearing substitutes
have beyn registerod for swoeol
potatoes {storad} and swoet
peppers,  Cost inpacte from use
of alternatives to DOT for sweet
poppars were estinated at §76,000
aver the Del Marnva area, or
ahout $19.00 per acre {4,000
acres). In 1972, ™OT cost 0
farmera wag $6.31 per acre on
1,100 acres, The: onion use wag

limited to a fow acres in California,

and substitues are avajilable.

lLack of altemative controls

far the pea leaf weovil had led
EPA to authorize tompnrary
1wisr.ration of GOT against t:us
pest in Washington and Idahe,
Testing of alternative controls
in vwinnction witly ‘hese rovpistra=
tioms has lad o registration of
altornative controls tor 1975. -



SUMMARY

REVIEW .OF DATA ON FINDINGS SUPPORTTNG ADMINISTRATOR'S ORDER GN OIT
. Economic Aspects: - Minor Uses - {continued) .and Forest Use

Pdnu istrator's Finding: Linea of Evidence or Current Data Situation |

H Mature of Finding/ Hew Datas 1 i

. Subfinding o Qonfims . Denles | Remarks

: New /12 119N !

1 Nato Finding . Finding i
LOT _is Used for Exterminaring Bars and Mioo X Data requestod from the Armod
by tha Military, a) lumigation and Non- . Forces Pest Control Boant have
Chasucal Mothods can Guard Agamst at . not yet been receivod and
infestations, bl Warfarin 15 Effoctive “ovaluated, but probably not a

or_kExteniinating House Mice. great economic impact. ’

DOT is Congidercd Useful to Have in : X A very mindr use of DDT' in
Riferve for Public Health Purposes in thia country; it was not
discase Vertor ConErol. . -cancelled; substicates are

. ' avajilabie,

‘The Administrator found that potential
benofits outweighed possibie hazarda.

FOWIT USES.

1.

2.

3.

The forest usc of DOT was mt contested in the DOT hearings, but since 1972 has been the subject of emergency
use rmmsts.

GUT hadd been used e nsive y against forest insect pests through the mid 196C's when its use was phased out
as & matter of policy by USDA and USDE because of environmental concemns,

An emergoncy request by USDA to use DOT against the Tussock Moth in 1973 was denled by DPA, Jut w Baiuadl
L[OARDE Was qra.ntcd in 19M. Evaluation of the impacts of that attion are un process. Same environmental
diadye ocorrod Ho is, wildlife aw u.m:s.l.c HTOCK, Accoraing to p:.m.j.ndmry data, o

Benefit evaluations of past forest pert oontrol. efforts hava boeen limited by data and metnodology. The
Porest Service 1s presently engaged in a major pesearch effort on the kiology and control of tha gypay

and tussock mothe, EPA has recently entered into an interagency agreement with the Foreat Serrica tn
~mlaats the ehwvirchmental and econonie consogquences of the cancellation of O for eontrol of those posts,
This will be a major study with $250,000 from FPA ani $70,000, Forest Service, and showmild considarably
enhance our abil ity to estimate forest pest losses and the benefits of various control strategies, with
ard m.thout AT, .
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IIX

A. FISU AND WILDLIFE LFFECTS



INTRODUCT LON

In drafting the Fish and Wildlife Fffects Section, we have located,
obtilned, and reviewed nearly 500 scientific publications. Also, we coutacted
approximately sixty individual scientists hy telephone and visited more than
twenty key scientists with unpublished corrent information. We reviewed their
data, verified their protocols, and obtained written and unwritten "personal
communications" and clearance for quotation in this report. In this manner,
we feel that the review 1s quite comprehensive and current as of January 1975,

Many articles collected and reviewed are not cited in this veport
becouse: 1) the sample size of the experiment was too small to allow valild
conclusions: 2} the data were for forelen species; 3) the data were confused
with high residues of other poliutants; 4) the data were not pertinent because
they were for nonwildlife specles; 5) the data were obsolete or represented
excessive duplication of quoted experiments; 6) they were negative data about
noneffects, L.e., lack of effects where posltive findings would not be expected,
in view of other studlea; 7) they were old data and had been discussed in the
DDT Hearings previously. -

Resldue and concentration values are cited as reparted by the ori{ginal

auythors, although available analytical ‘techniques may not always be as precise
as 1nd1cated.
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BTOACCUMULATION I AQUATIC ORGANISMS

Admt nistm.or g Finding: I 2an be corcentrated anl
trans forrvad in f?eehdatpr and rarine plakton, inscets,
molluses, other invertebrates wid fieh,

This issuc is concerned with the evidence that DDT is concentrated and
incorporated into bady tissues of aquatic organisns at levels much greater
than those cccurring In the physical envivonment and that these high levela
may be transferred upward through the food web, with the highest ]evul consumers
rcceiving the greatest pesticid= load,

Arguments used to support this Issuc are:

1. Experimental evidence has demonstrated the propensity of
DUT te bleoaccumulate in aquaric organisms and te be transe
ferred upward in the food web,

2. Becausc of the persisteace and mobility of NDT in the
- environment and its lipephilic properties, DDT is widely
available to and bpiolopically contentratad by aquatic
organisms. Residue dava eollected in the environment
demonstrate that BUT {s almost ubiquitous in aquatie
-organisns in levels exceeding thos2 occurring fa the
physical envirnpwent.

Experimental data presented at the hearing showed that DDT can be bio-
logically concentrated by a varioly of aquatic organisms at all trophic
levels. Phytoplankton, the dominsat oceanic vagetation and primary food source
for marine animaly, concentrates DOT from scawater {nto its c¢ell membranes. Water-
fleas. (Dapknial, a {ood source for many freshwater fish specles, accumulated
9.0 pp in tissues after threc days exposurc to 80 potr. This represents a
bioconcen:ration facter of 112,500 times the exposure level, Rainbow trout
exposed to 1.0 ppm DDT {(wet w=ight) in food and 10 pptr in water for 84 days
contained 2.3 ppm as whole body residues. Exposure to food alone resulted
in residues of 1.8 ppm (a conceutraticn factor of 1.8 X} and exposure to water
alowe yielded residucs of 0.72 ppm {(a concentratien factor of 72,000 X), In
fish fed ) mg/kg DDT/day, 737 of the DDT residues were present 90 days after
the fisi were transferred to clean food.

The ability of DD (TDE), a metabelice of DDT, to concentrate and be
transferred uo the food web {s demonstrated by studies at Clear Lake, Calif-
ornfa. DND was applied direcily to the lake betwesn 1949 and 1957 to control
a gnat at levels calculated to be 0.143 ppm (n the water. During the 1950's,
many western grebes were found dead; body fat resildues were about 1600 ppm,
Resfdues in fish from the lake ranged from 40 ppe in carp to 2,500 ppm in
visceral fac ¢f brown bullheads.,  $ince fish are the primary diet of grebes,
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it {s obvioua that DDD levels in ffsh were transferred upward te the grebes.

An of 1969, residues in grebe body fat were about 350 ppm. Egg lipid residues
were about 124 ppm in 1369 and 305 ppm in 1970, In addition to causing mortality
-among the grebe population, reproduction was very seriously impaired and resulted
in drastic population declines., Similar environmental concentration and trans-
fer, where the source was agricultural runoff from onion fields, was found at
Tule Laske, California. The western grebe, & stationary marsh resident that preys
on the Tule chub, exhibited monthly fluctuations in residues ranging from 1.2 to
3.7 ppnn in the organs and from 2.3 to 142.8 ppm in adipose tissue,

DOT residues in the low parts per trillion were found in ail of the Great
Lekes. Lake Michigan had the highest concentrations. Whole body residues found
in some Michigan fish are: bloater-chub, 8.61 ppm: lake herring, 6.71 ppm; Kivi
chud, 13.28 ppm; yellow perch, 3.2 ppm; lake trout, 6.96 ppm (lake trout eggs,
4,44 ppm); white-eye chub, 7.50 ppm; coho salmon, 3 - 4 ppm in the summer of
thefr second year, rapidly increasing to 12 ppm in late summer as they increased
feeding, Whole body resldues found in fishes in southern waters were: Miwssiasippl
~-grall-mouth buffalio, 8.43 ppm, and carp, 13.02 ppm; Texas--gizzard shad (a plank-
ton feeder), 4.17 ppm, channel catfish, 7.27 ppum, and blue catfish, 3.98 ppm;
Alabana=-~carp, 3.40 ppm, and large-mouth bass, 2.44-5.15 ppm, mullet, 1.56=-2.16 ppum;
Arkansan-~carp, 2.03-2,09 ppm, small-mouth buffalo, 3,10-7,20 ppm, flathead cat-
fish, 3.26 ppm, and channel catfish, 2.31 ppm; Florida--channel catfish, 57.0 ppm,
DDT slso has been found to concentrate in marine organisms, including marine
mammals such as seals and whales., DDT residue data generally showed lower levels
in organisms in the lower trophic levels and higher levels in orgenisms higher
in the food web.

Data afnce 1972

Data collected and published since the hearing fully subatantiate that NDT
fs virtually ubiquitous in aquatic ecosystems and that most aquatic organisms
{(plant and animal) concentrate it from the physical eaviroument and transfer
it through the food web. Residue determinations cn wild organisms provide the
mest credible evidence, while laboratory studies supply additional relevant
data and give gome insight as to mechanioms.

Conceatration of DDT by bacteria (Aerobaecter aerogenes and Bacillus subtilis)
has been documented by Johnson and Kennedy (1973). The bioconcentration factor
did pot change significantly with an increase in the water concentration of DDT
(0.5-5.0 ppb), but was dependent upon the concentration of bacteria in the water.
Uptake was raptd, with 30-90% of the residue being concentrated within the first
30 minutes of the 24-hour test period., With a water concentration of 0.64 pg/l
. and a bacterial concentration of 200 pg/l, A. aerogenes concentrited DDT about
1800 times. At a similar water concentration and a bacterial cencentration of
174 vg/t, B, subtilis had a concentration factor of about 3,200 times. No evi-
dence was found that DDT was degraded during the tests, Patil, Matsumura, and
Boush (1972), in a study of the transformation process of DDT in marine systems,
took samples of scawater, ocean and estuarine bottom sediments, surface films,
algae and plankton, treated them with radiolasbeled DDT at the collectien site,
and incubated them for 30 days in the laboratory, The authors believed that the
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most significant ohservation was chat U fs not nmetabolized In plain scawater,
Most of the srrong desmradation activity was found to be associated with the
metabolism of DOT by algae, ploankton, ovgonisms associabted with surface films,
and microorganisms.  In general, DBD (IDE} was the principle metabolite,

The removal uf dissolved DDT and DDE from water by phvtoplankten has heen
docunented by several authors using a number of speeles. Rice and Sikka (1973)
found that Jhelictoreri cortatun removed 937 of the cempound from the watar;
Cyelotalla nana-737; ivosdhre’s galbana-57%; ipdlwdieora luteun-38%; Auphidintum
carberi=a4hy and Doivaselemfs enydd removed 337 of the avallable DU when these
ovganisms were cxposed to concentraclons of b oppb 1o the medium,  Sodergren (1971)
deternined that when Srlomalla wurennfidoaa was exposed to near gaturation levels
of DM, the cells assimilated 827 of the DM, No difference in uptake was found
between living and dead cells, indicating that uptake §3 a passive precess. An
inverse relationship between cell deusity and bloaccumulation f{actors was noted
by these authors. Very rapid initial uptake of DT by Luplena wpaeilis followed
by nelcher cxcret bon nor degradation alter 5 days has been documented by de Koning
and Mortimer {1971). Slight mctabolism of DPT to DOL was rocorded for diatons
(Vitnaohia sp, ) by Miyvazaki and Thorstdinson (1972) and conversion of up to 12X
was found for scveral specics of phytoplankton bv Rice and Sikka (1973).

Parrish (12774) studied. accumulation and loss of DT by American oysters
(Crasaostrie vipgini ) Which were exposed continuously to a concentration of
0.0t pph POT for 56 weeks. Maximum resldue concentratlions, based on body weight,
{ug/g) occurred after 8 wacks of eaposdre, but absolute amounts of toxlcant .
agcumulated {(np) occurred after 56 weeks of exposure, After B wecks, whole body
residue voncentrations {wet weight) averaged 0.46 pgfg (opm), 2 concentration

.factor of 46,000 timvs the expusure Jevel, Total body residues averaged 1.0 ug,
Afeer 56 woeks, average resbdue conevatration was 0,37 upf/g and the total residue
averige was 7.0 xg per ovater. Residues based on body veight deercased between
457 and 81% during carly July and tate Qctober, apparently a4 2 result of spawning,

-and tncreasced fotlowing these perfeds.  Welther prowth nor mortallity of exposed
vysters wan sianfficantly diffcrent from that of control oysters at the 0.01
confidence level. HBedford and Zablk (1973) exposed-(reshwater mussels (Anodomtia
gresfis} Lo concontrations of 0.14«0.62 pph DOT and found that they concentrate
it about 2400 fold in Iale water, Residue concentrations were highest in the
digestive and vevroductive tissue and lowest fo the muscle, mantle, and gill
tiseues, : : .

Sodergren and Svonsson {(1973) tested navfly nymphs {Fpherera dmiiea) in a
flow-theough system at a concentration of 761 pptr (parts per trillion) for a
pertod of 9 days and (ound aceumulation factors (concentration ln organisms/
water concentration} ramged from 440 to 8250, p,p'-DDT added to the system was
raptdly metaballzed, the srinciple metabolite buing p,r'-DDE. Accumulation
appeared to follow a kinetic ecquation of the flest order, In experiments with
the midge (A ronor tertacs) Decr and Zabik (1972) found rhat exposure of
5,07-2.2 ppb through the 14fe cvele from egg to aduit resulted in accumulatfon
of resldues 10 oxcesa of 20,000 cimes the water concentration. Accumulation was
dose dependent with DDE resfduncs fncrcasing exponentially with {ncreased concentracion
at 3 glven exposure time, At any glven water concentratlon, accumulation
incrcased with exposure time. The process of egg deposition eliminated 11,6-30,9%
of the adult Female DM residurs. In a subscquent paper utilizing the same.
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organisms, Dere and Zablk (1974) found no dlfference in the amount of DDE
accumulated by live and dead fourth instar larvae, Nowever, the amount of

Dbl concentraced by the larvae was Inereased by manipulations of water havdness.
The authors proposed an adsorption=diffusion mechanism to account for the mode
of uptake and bivioglcal concentration capablilities of the midge.

Reinert;, Stone, and Bergman (1974, unpabliszned) studicd accomalation {rom
water and food by lake trout (Jaleclimw mamasceqsn) In the laboratory to deter-
mine how fish (rom Lake Michigan accumulate hipgh concentrations from the
environment where water concentrations are gencrally less than 0.01 ppb.  Groups
of yearling trout were exposed to concentrations of p,p"-DNT ranging from 0,006
to 0.00 ppb in the water and from 1700 to 2300 ppb in the food. After 90 days,
the fish exposed only through the water lud accumubated body residues of 422 ppb
DIT, fish exposed onky through the food contalned 404 ppb DT, and those {ish
oxposed through both food and water contained 7938 pph DOTF.  Manimom BOT uprake
from the food only was noted after 120 days ;md was 712 pph,  After exposure to
DDT stopped, climination of DDT was monitored. Eifminrtion prececded very
slowly and after 125 davs, the residoues of DDT had not significontly deelined.
This vapld uptake and slow climinatfon clearly [llustrate why hiph body residues
of DT are maincaleed by some Fishes.

Jarvinen, fHoffman, and Thorslumd (1974 unpublished) subjected Fathead
minnows to nominal concentrations of ,0% and 2.0 ppb T in water, with some
groups beiuy exposed to 50 pp/y DOT ( 'C labeled) in the dlet,  The study
lastoed 2066 days, through a complete 1ife eyele, In peneral, residues peaked
by 96 davs for {ish expozed to the low DUT ¢ ter concentration and fed elean
food and for controls with DIDT contaminated food, and by 112 days for the rest
of the exposed flsh, Residuce levels rapidly decreased during the spawniug
pertod (L12-224 days) and rose agadn after termination of spawning activity.
After 266 days, fish exposed te control water, but with DET contaminated {ood,
had a body burden 2.4 times thase exposed to low POT water concentration but
fed elean food. Fish exposed to the low water DDT concentration plus DOT
contaminated food had residues 3 tines those exposed to the some DDT concentreations
but fed clean food, Residues from {ish exposed to the high DDT water concentra-
tion and fed DOT contamfnated food vere about 2 tines greater than In fish exposed
to the same DDT water conceatrvation but fed clean food. The percentage of total
tissue residucs attribitable to the DBT foed source remiined relatively constant
after 28 days exposure at about 5% for fish exposed to 2.0 pph DDT in witer plas
BOT food, and 637 Tor fish exposed to 0.5 uwpb DD fn water plus (oond.  Blocon-
centratlon Tactors were 1.2 times from the dict and over 100,000 times from the
water. Total DOT restdues were separated {nto BT, DOE, and TDE.  DDE was the
principal metabolite [ound after 14 days exposure, indicating that DOT was
rapldly metabolized. In the elimdunatfon portion of the study, there wis
virtually oo BOF elimtnacion for che 0.5 ppbh DT witer exposed (ish up to 56
days, but tish exposed to this water concentratlon plas contaminated foad had
o rapld elnination within the first 28 davs 1 lowed by slower elimboatlon,

At 36 days, more than 507 of the total tissuc rosidues were lost and the body
burden was ecqual ro that of the filsh fed celean (ood,

“Reveral studfes applying IDT to either saall natural ceonystens or laboratory
mider ] erosystens have been porformed.  VaantakoreD and Salenen (1973) applled DO
te a small pood o order to deternine the fate of this compound In the aguat fo
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syastem. They noted that the maximum vesidues lo the living organisms were
attained after the water residues atarted to decline. Fiftv=-nine days aftoer.
DDOT fntroduction, the water concentvation was <0.01 ppm while concentrations
in perch, carp, and plke were over | ppm. Mesentarv adipose tissue taken from
the perch showed the highest DIUT concentration at 23.8 + 6.60 ppm. Using a
laboratory model ccosystem, Metcalt (1772) found that DDT was accumulated by
the mosquitofish (Gumbusia affinis} to a level 84,500 times that found in the
environment . '

Residue studies on wild organisms have shown that DDT is wirtually
ubiquitous In marine organisms, from plants and Invertebrates up through the
terrlary carnivores such as marvine mammsls., Levels of the pesticide burden
in body tissuzs offer ample proof that DDT i{s concentrated and transferred
up the food web {(Bjerk, 1973).

DDOT residucs have beea found in plankton from widelv separated tegloas
of the ceccens. Residues up to 34 ppb have been reported In plankton from the
Gulf of Mexico and the northern Caribbean (Gfam et al,-1973). Williams and Holden
(1973) reported total DDT residues of 147 ppb in plankton taken from waters north
of Scotland, This same study indicated that reafdue concentrations declined
scaward, implying a connection between runoff and oven ocran DUT levels.

Bjerk (1973) analyzed liver and muscle tissue from cod (Gaiue rmorriual
taken from Horwegian fjords. DDT residues in the liver ranged from 3.5 te 95.6
Ppm oh a wet weight basis (means ranged from 11.7 to 25.2 ppm). Residues in
the muscle tissue ranped from 0,005 to 0.023 ppm. Delchmann et al {1972) found
that DDT residues in the abdominal fat of the great barvacuda (Sphyracna
barracudal) in Florida watetrs ranped {rom 0.03 to 107.7 ppm in young adult fish
(1.14-4.99 kg) and from 3.48 to 28.77 ppm in older fishes {(12.5~1B.35 kg). Ripe
gonads contained DDT concentrations of 0.02-4.73 ppm, with lean females contalin-
ing the most. About 75% of the DDT was eliminated during the height of the
gpawning period, along with most of the abdominal fat. Castle and Woods (1972)
analyzed white croakers {Genycnemus Lineatus} taken from the Los Angeles-

Long Beach Narbor arca during the fall of 1971. DUT residues ranged from 6.36
to 18.56 ppm in fillets without skin and from 9.44 to 30.64 rpm in Tilets with’
skin attached, Means were 10.82 and 18,23 ppm, respectively, During 1971-1972,
Glam et al (1974) collected groupers of the genera Fpineplhaing and "veteropera
from six sftes in the Carfbbean and the Grand Bahamas, Total residue values

in the wuscle tissue rvanged from very low levels {1-6 ppb) In the Grand Bahamas
up to 139 ppb in fycteropera interstitialis from off the Texas coast. Kelao
and Frank (1974) analvzed whole body residues of three gpecies of fi{sh collected
from Lake FErie during 1972, Total DDT residue averapes ranged from 0.Gl to 0.11
ppm in vellow perch (Perea flavencenc), 0.02 to 0.27 ppm in white bass (‘orone
chrysropal, and 0.01 to 0.26 ppm in small-mouth bass (Meropterae Jelorieni),

Plankton and trout samples sollected In the Atlantie Ocean by ilarvey, Bowen,
Backus, and Grice (1972) contasincd DDT residues at cvery level of the marine
food chain examined, Most zoonlankters had residues of less than 1 ppb.
Mesopelagic fish and {nvertebrates had concentrations ranging from 3 to 12 ppb.
The white tip shark (Carcharinuga lonairemus) a top carnivere, had liver residues
of 100 ppb. Sargassum {(a brown algae}, the onlv rvepresentative of the primary
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producer level, had residues of about 0.5 ppb. - In the Gulf of Maine, Zitko,
Hutzinger, and Chol (1972) found residues of DDT in sea raven muscle tissue

of 0,24 ppu; liver tissue of the white shark (Carcharcdon carchariaaz) had 63

ppm. Numerous specles of marine fish contained low concentratfons (0.01-0.48
ppm) of DDE. Residue analyses of invertebrates and fishes taken from Guatcmalan
estuarfes, where pesticide uf ge has been heavy, showed BT levels as high as

45 ppm (Keiscr, Amado, and Murillo, 1973). The molly (Precilia aphenopsl), an
tmportant food fish, had the highest levels. The mullet {ugil sp.) had residues
as high as 36.56 ppm, Offshare fishes and shrimp had residues much lower than
the estuarine fishes. Shaw (1972) analyzed eight marine fishes in California
and found that liver residues for five species approached or surpassed the FDA
residue action levels. Edible tiasue residues were highest i{n the sablefish
(Anoplomy rimbria) at 6.3 ppmq In Hawaii, Bevenue ct al (1972) studled residucs
in var{ous aquatic systems. - They found that residues in canal water wepe about
0.03 ppb and residues in the sediments (drv weight bas{s) were 600 ppb, Residues
in the biota of cthe Ala Wal Canal (wot weight basis) were: algae, 85 ppb; small
fish, 460 ppb: plankton and detrital feeding fish, 606 ppb; and carnivorous {ish,
864 ppb. FKatios of restdues in those organisus to water concentration were:
algac, 2833; plankton and detrftal feeders, 20,2003 and earnfvores, 28,800, Smith
et al (1974) monlrored PDT levels in Veah fish, DOT was deteeted in 857 and DDE
in 95% of the fish muscle kigsue analyzed, Levels ranged from 0.011 to 0.175 ppm
DDT and 0.007 fo 0.112 ppm DDE. 1In Towa rivers, Johmson and Morris (1974) found
that total DDT levels in Iish cggs ranged from 103 to 715 ppb.

Fairly complete and consistent monltoring rocords have been kept in some
arcas. From these, some trends can be determined. Butler (1973) analyzed
mollusca in filteen coastal states between 1965 and 1972, In many arcas where
the continuity of sample collections was adequate, DDT apparently reached mar-
Imum levels in 1968-1969, A pronounced decline has been evident both in size
and¢ foncidence of DDT residues In molluscs alnce that time. The percentage of
gsamples containing negliglble residues {0.011 ppm) during the last year of
monitoring cowpared to carlier years increased 83% in 12 of the 15 states
monitored. In California, New York, and Virginia, tlic incidence of DDT residues
increased but the number of samples containing more than .1 ppm declined by
about 46Z. The data demonstrated that the decline in DDT residues 1n molluscs
has been nearly universal on the Atlaatie, Fulf of Mexico, and Paclfic coasts,
Tn Maine, levels of POT residucs In Sebage Lake salmon have dropped from 17.2 ppm
(wet weight) In 1964 to 1.42 ppm in 1973 (DeRoche, 1973). - MacGregor (1974)
analyzed monitoring data for marine organisms In the ocean off southern Califor-
nia. He found that between 1949 and 1970, total DDT reridues increased In the
biota. The major source was apparently wastes discharged into the Los Angeles
sewer system by a major manufacturer of DDT. As measuced In myctophid fish,

P, =DBT and p,p'-DBE Incrcased- for several years until metabolism, excretion,
apd dispersion equalled Input, at which point the levels stabilized. The more
persistent, less casily metabolized p,p'-DDE continued to increase throughout

the period studfed., The amount of DDE decteased with distance from the scewer

out falt. Total accumulated residues of DDT dropped steadily from 4.56 ppm to

4.14 ppm between 1970 and 1973, a percentage decrcase of almost 107,

Pata obtalned from Dr. Viecginia Stout (personal communication, {975},
National Marince Fisheries Service, Scattle, 1nd1cated several trends,  Residues
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of DDT and metabolites [n edible portions of commercially imwortant offshore
Paciflc coastal {ish show a north-south gradient, with ibe highey reslducs
generally occurring in California waters as comparced to waters of the Stato
of Washington. No time=trend conclusion can be made as the residues appeared
to be rilatively stable within broad timbts during 1970~-1973.  Hon-figh samples
were limited, but showed relatively low residucs. It should be noted that many
fish had roaidueb in excess of those which labhoratory studies have shown to
cause shell=thinning in certabn birds, and {n some cases approach the 1-19 ppm
DOE residues found Ia anchovies eaten by hrowm pelicans dueving thelr extrome
reproductive fallures in the late 1966's off the Califorvia coast.

Off Long Island, along with increasing reproductive success of fish cating
birds and dropping DDU resfducs, vpward treonds {n populaticns are evident in the
blue crab (Jailincotes sarlidia) for which concentrations of a few parts per billion
are toxic to the larvac. This speclos almoest vanished fro.. nong Island's Great
Soven Bay from the late fifties %o the early seventies, UHowever, 1t began to
veappear and In 1973, wax once agofn a plentiful and lmportant food resour.e
{(Puleston, 1975).

Dr. Robert Relnery, Bureau of Sport Fisueries and WiHTALEfe, Ana Arbeor, Mlch-
igan, has monitored DPT restducs fn Lake Michigdae stuce the late 1960's.  Relnert
{personal comnunlcation, 1975) found that nighly contaninated fish in Lake Mlchigan
are currently showing a downward trend which hepan In the mid-1960's, correspoiding
to the begilnnlre of reduced BOT use.  The trend becams pore evident wher DOT uses
were cancelled in Michigan, Since the nacionwide ban on DT tn 1972, the down-
ward trend has continued through 1974, Concentrations of DD ta whole
fish for years 1969-1974 ave presented in Table 111A. 1. Residues in
bloators ("o eovw aoqcl) dropped frem 2,94 ppm in 1969 to L. 34 ppm in 1974,

Lake trout (Tzine i op e eewtnn) levels dropped from 16,93 pproin 1970
to 9.%6 ppmoin 1973, Colw salmon (onedneing <l ) dropped from 1LLE2
ppm {n 1968 Lo A48 ppm in 1973,

Sumerous reports of MNT res tdues fouud in marine mamm&ls have been published
in the last few years. Harbor seals (FRoeg o Bl ny piohwmiT?) from off the West
Coasit of the Unlted States were examined by Asas (1974) for DOT resldues in toe
blubber. Off San Mguet Island, blubher residues ranged from 380.7 ppa to 2,350.0
ppe wita a geometric mean of 610.7 peni, The lowest resfdues were In seals captured
off Alaska with blubber concentrations rauging [rom 6.3 ppm to 27.8 ppm DDT,
liarbor scals from castern Canadian waters ware found to eontain total DT residues
of 0.38-137.15 ppm In the blubber, from a trace to 2.77 ppm in the muscle, and up
to 0.47 ppm In the cerebrum (Gaskin et al, 1973). Harp seals Qi
areonlan o) from these satw waters were found to have blubbir residues up to
50.0 pra DD,  In European waters, Hoemon ot al (1972} reported tesfdues (n the
compon dololin (D ird S f0ie20) . In the blubbee, DOT ranged from 1,8 te 38
ppm, DRE values were 1.3 Lo §17 ppmy, and BDDY from 0,67 to 22 npm.  Total DT
resfdues found fn British grev seal (70! 2%ommer spcoe) blubber ranged fron
5.39 2 3.57 ppooto 10,714 3,21 pem. In nilae seals, mean DRT vesidues and thedr
standard deviations were reported for dHfferent tissues ioncludiag:  liver, 1.42
1,348 opag heart, 0.32 % 0025 ppng breatn, 0,19 £ 0,52 ppmy and hiuvbber, 12,55 ¢
6.23 ppm (Heppleston, 1921).
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Table I11A.1

DDT Residues in Lake Michigan Fish

Data given as whole body tesidues (wet' weighty
with 95% confidence intervals in p..entheses

—

Xurber of

b/ Composite samples, 10 fish/sample

Year Species Average length Tatal DDT -
| T “Fish - Cfmmy .. {ppm)
1969 Bloaters 120 . 270 .94 (0.33)

Lake trout - - -— _ :
Ccho salmon 11 621 11.82 (2.69)
1970 Bloaters 28 S o 263 9.87 (1.44)
Lake trout 18 ) : 613 15.19 (3.27)
Coho salmon 13 651 14.03 (1.29)
1971 Bloaters 603/ 264 © 6,24 (1.13)
o Lake trout 20 . 579 13.00 {(1.76)
Coko salmon 13 . : 674 . 9.85 (1.41)
1972 Sloaters 120/ o 255 4,33 {0.48)
Lzake trout 9 ) 643 11.31 (3.26)
Ccno salmon 10 693 7.17 (1.0%)
1973 Bloaters 16087 ' 230 ' 2.09 (6.26)
Lake trout 30 602 9.96 (1.36)
Coho salmon 29 620 _ - 4,48 (0, 34)
. 1974 ' Bloaters ET AN 253 1.34 (0.052)
2/ Composita samples, 5 fish/sanpie Source: Reinert, personal comunicat;i'on,

Great Lakes Fishery Laboratory
US Fish and Wildlife Service,
- Ann Arbeor, Michigan, 1975.



. Female California sea lions giving premature birth were found to contain
DDT mean residues in the blubber 8 times higher (924 ppm) than those females
which carried pups to full term (103 ppm). Similarly, mean PCB residues in
the blubber were 6.5 times greater (112 ppm as opposed to 17 ppm) in these
females giving premature birth. Dieldrin residues, when detercted, were low.
High mortality zmong premature pups was observed (Delong et al., 1973).

Pearce et al (1973) provided data on chlorinated hydrocarbon levels in
blubber and liver of three gspecies of seals from the Gulf of St. Lawrence,
Canada. Up to 6é.33 ppm DDE was found in blutber of the harp seal, 3.5 ppm
in the hooded seal, and 24.6 ppm in the gray seal. -Harbor seals from the
Bay of Fundy contained 24.6 ppm DDE; those from the Gulf of Maine contained
33.6 ppm DDE. Marine phytoplankton repregsent the primary stage inm the pelagic
food web (0.007-1.09 ppm) and several species of fish such as herring and
mackerel (0.09-0.67 ppm) form a secondary stage which in turn are consumed
by seals,

Conclusion

The evidence supporting the {inding that DDT can be concentrated in
aquatic organisms and tracnsferved upward through the food web 18 irrefutable.
Experimentsl data have shown thai most aquatic organisms will concentrate
residues of DDT {in their tissues far in excess of levels occurring in the
surrounding medium and that residues cen be transferred upward to predator
organisms. Monitoring data of DDT residues in wild populations demonsirate

- overwhelmingly that they are ubiquitous in aquatic organisms and occur in
tissues at levels much higher than lavels present in the physical environment.
Monitoring data are alwo bemzinning to show downward trends in tissue residues
of DDT as a result of the ban on its use in this country.
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EFFICTS ON PHYTOPLANKTON

Admintetrator's Finding: DUT affeets phytoplankton
speclas composition and the natural balance in aquatic
ecosystems.,

This issue is corcerned with two main, interrelated, facts: 1) DDT decreases
photosynthesis by differeat species of phvtoplaukton, 2} DDT can adversely affect
phytoplankton growth rate. -

Data as of 1972

It has been showm that DDT ecan, in vitro, decrease the incerporation of
carben by phytoplankton, thus decreasing the amount of oxygen evolved by these
same plants. An example of this photosyathetic reduction has been illustrated
by the effect of DDT upon Cyelotella sp., a diatom.

Redurtion of phytoplankton growth rate has been shown for the diatoms
Skeletonema sp. and Cyelciclla sp.  Actual reduction in the number of living
cells has been observed efter exposure of Seencdesnua quadricauda to 0.1 ppb
and 1.0 ppb of DDT. After 3 days, the numbers of cells were reduced by 25%
and 51% respectively.

Data since 1972

Exposure of the freshwater algae Seanedesmus quadricmsia to 5 ppm DDT for
95 minutes resulted in the reduction of oxygen production by about 90% compared
to the contro:. culture. Cxposure to 10 ppm DDT for this same period caused
nearly a 987 drop in exygen evelution compared to the controls (Pritchard and
Dines, 1972), Work by these same scieatists has shown that 1f these algae aro
exposed to 5 ppm or i0 ppm DDT in the dark, then placed fn a lighted situationm,
photosynthesis will procced for ounly 30 minutes before complete cessation.

MacFarlane et al (1972) have demonstrated that expesure of the marine
diatom Nitagchia delicatissima to as low as 9.4 ppb DDT resulied In a signift-
cant reduction In phetosynthetic cfficiency and a reductlon in the amount of
chlorophyll "a" in the cells. Exposure to 220 ppb DPDT reduced photosynthesls
by as much as §27, Chloreplast size was reduced and the shape distorted afterx
exposure to 9.4 ppb DOT.

In studying the green algae Chlorella pyrenoidona, Cole and Plapp (1974)
reported at a cell concentration of 1 mg algae/ml and a DDT concentration of
1 ppm, photosynthesis had been inhiblted 69.4% after 7 days,

While studying the effect of DDT on community structure, Mogser et 3l
(1972) found that a concentration of 10 ppb DDT resulted in a marked change
in the ratio of the diatom Thalaseiosira pscudonma to the green algae Mynaliclla
tertiolecta. This altered ratio of the two species within the same system could
change the relative abundance of foods for grazing zoaplankton.
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Another factor affecting phytcplankton production is phytoplankton's abllity
to withscand euvironmental changes, The bluegreen algae, Angeystio nidulans, is,
under normal conditions, able to withstand waters of relatively low salinity with-
out showing aldverse effects. Wien exposed to 9.8 ppm DDT, this species lost the
ability to tolevate even a 1% (by weight) solutfon of NaCl, This effect may
result from une interference by DDT with Na¥ and &* ATPases, compeunda intimacely
involved in sodium transport (Battercon et al, 1972). This loss of sbilicy to
tolerate low salinity conditions could be of major importance ia estuarine regions
where rivers wash into marine arcas.

Conclug ton

e e ot e A e

Information presented during the Administrative Hearings process and made
available since the end of thosc hearings has cleariy demonstrated that DDT can have
severe detrimental effects on several types of phvtoplankton: both marine and
freshwater speclies. These effects can have a significant impact upon mlcroscopic
aquatic plants, which are a major source of the world's oxygen.
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LETHAL AND SUBLETHAL EFFECTS ON AQUATIC INVERTEBRATES

Adninistrator's Finding: DDY ean have lethal and gublethal
effecte on useful aquatic itnvertebrates, Lnaludzng arthropods
and rolluses,

This issuc is concerned with the fact that DDT can resulc In both acutely
lethal and chronic sublethal cffects on aquatic invertebrates. These effects
include direct mortality, reproductive failure, altered ccosystem species com-
position, and effects on higher trophle specles.

Arguments used to support this issuve include:

1. Txperimental evidence demenstrates that DOT Is highly toxic
to many aquatic invertcbrates.

2. Experimental data have demonstrated that very low levels can
risult {n reproductive failure and other sublethal effects,

3. DOT has resulted in acute kills of aguatic invertebrates in
the environment,

4, DDT has been shown to affect higher trophic levels as a
_result of starvation following kills of prey invertebrates,

Data as of 1972

The evidence presented in the DDT hearings contalns considerable data which
demonstrate that DDT is extremely toxle to aquatic invertebrates and that very
low levels can have adverse sublethal effects,

Experimental data, based on hoth static and flow-through tests, show that
aquatic arthropods are extremely sensitive to DPT at levels below about 5 ppb.
Examples of 48=-hour median lethal concentrations to freshwater arthropods are:
Daphnia pulex, 0.36 ppb; D, ragna, 4.4 ppb; scud, 2.1 ppb; caddisfly {onc spectles),
3.4 ppb; and mayfly (one species), 0.3 ppb, Similar ccamples {or marinc specics
- {96=hour exposurc) are: sand shrimp, 0.6 pb; graas shrimp, 2.0 ppb; and hermit
crabs, 6.0 ppb. Additional data on grass sahvimp showed that no shrimp exposed
to 2.0 ppb were killed at 10°C, but that over 75% were killed at 30°C. Temperature
also affects toxicitv of DDT to other lnvertebrates. It is sceven tinos more toxic
to the scud at 5°C than at 21°C, and twice as toxic to Dapinia at 5°¢ :han at
21°¢

Adult hard clams (Mlereonaria meveenaria) and snails tend to be less suscep-
tible to DDPT. However, shell growth rate in the ovster was reduced by 507 at
concentrations of 7 ppb.

pr09uro;at sublethal levels may result in addicional effects, such as
immobilizacvion and reproductive impalrment. Fxposure for 21 davs at sublethal
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levels hag been shown to result in immobilization of aquatie Insact laevae.
Mayfly and stonefly larvae exposse. to sublethal awounts of DT in one experi-
ment failed to emerge as adults. In another study, Daphnia held at a 1.0 pptr
concentration of DDT in a Clow-through system for 10 days resulted in a 40%
decrease in rveproduction when compared with controls. This tyre of effect could
reduce specles numbers and affect higher trophice levels.,

DDT use has been slown to be responsible for kills of aquatic invertcbrates
in ficld situations, with additienal effects on higher trophic levels., Wien
applied at 1 1lb/acre to Connecticut forests for control of gypsy moth, a variety
of forest stream insects were killed in great numbers. Exposure of the strecam
invertebratres was a result of drift, inadvertant aerial application over streams,
and runoff water contalning seil, leaves, and other organic matter to which DDT
was adsorbed. This type of organic matter also serves as a food source for
aquatic invcrtebrates. Two to 4 yvears may be required subscgquent to a kill fer
complete recovery of the populations. It was noted that less deslrable species
were first to repopulate, Similar results were found after spraylng DDT at the
rate of 0.75 lbs/acre for spruce budworm control in Canada. Studies in Matine
and Canada found that losses of Insccts in this manncr caused slenificant trout
and salmon mattelity as a result of starvacion.

Bata since 1972
Experimental data developed since the hearing on acute effocts are in
agreement with those presented in the heaving., Sanders (1972) using inter-
mittant flow bioassays, found that the scud (Gammarus facciatus) had a 96~hour
LCoo of 0.80 ppb and that the glass shrimp (Palaemonctes kadiakensie) had a
96-hour LCs0 of 3.5 ppb. At 120 hours, the values werce 0.60 ppb and 1.3 ppb,
respectively. Sanders also studied various life stages of the craylish
(Orconccies naia) and found that 96-hour LCsy values were 0,30 ppb for l-day-~old
crayfish, 0,18 ppb for those }-weeck-cld, 30 ppb for those 19-wecks-old, and 100
ppb for mature crayfish. Calabrese (1372), using statle tests in which water
was totally replaced every two days, found that DDT at a concentration of 50 ppb
caused over 90Z mortality of oyster larvac and almost completely prevented
growth. Mulrhead-Thomson (1973) found a marked differentianl cffect in predator
fnvertebrates such as drazonfly naiads (agrionid and Iibelluid) and Nepa as
compared to prev organismz such as mayfly nalads (Bactis sp.) and Simuelium
larvae. Many dragonfly natads could survive an expesure teo 20 ppm DDT for 1
hour, and live leag enough to produce adults, while concentrations as low as
50 ppb for 1 hour could proudce near 100% mortality in Paelfs nalads and Simulium
larvae. Exposur: to concentrations of 20 ppb for 1 hour resulted in B2% and 80%
mortality for Ruais nalads and Simuliwm larvae, respectively. This author also
obgerved that, when DDT wag used as an emulgifiable concentrate formulation,
concentrations preduced a progressive immobilizing ecffect on the naiads during
the l-hour exposure. This effect continued well into the helding period in
clean water but a high proportion of the nalads cventually recovered. The
cffect was not noted when the wettable power formulation was uscd,

New data on reproductive effects algo substantiate previous data. Schoettger |

exposed Daphnia to 10, 32, and 100 pptr of p,p'-DDT in a flow-through system and
found significantly reduced populacion anumbers (USDT, 1973). Reproduction was
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inhibited 10% and 40% by 10 and -100 pptr, respectively. Derr and Zabik {1972)
studied the effects of p,p'-DNE residues on the egg viability of the aguatic
midge, Chironomue tentane. Fgg masses were held in a 30 ppb concentration of

DDE and in control water for about 1 month until the adults emerged., The adults
were allowed to mate and egg masses from exposed and control females were subjocted
to 4 treatments: 1) DBE contaminated eggs placed in clean watery 2) DDE contame~
inated eggs placed in 20 ppb DDE contaminated water; 1) uncontaminated eggs placed
in 20 ppb DDE contaminated water;j and 4) uncontaminated eggs placed in clean water.
There was significaat reduction in the number of adults emerging from aquaria
containing DDE contaminated ecgg masses, but the presence of 20 ppb DDE {n water
-with uncontaminated eggs did not result in a significant veducrion., Neither did
the combination of DDE treaced water and DDE contaminated eggs show significant
differences from DDE contaminated eggs in clean water. Egg masses obtailned from
DDE exposed females were of a less gelatinous consistency and had a shriveled
appearance compared to control eggs. It was also found that about 30-347 of an
adult female burden of DDE residue was lost to the extruded cgg mass, Indicating
that a significantly high amount of residue in the adult was transferred to the

ERED .

. Other sublethal chronic effects of DDT have been demonstrated experimentally.
Engel, Neat, and Hillman (1%72) maintained quahog clams (Mercenaria merccnarial
in concentrations of 2 ppb In flowing sea water for 30 weeks. DDT was fournd to
reduce the glucose-6-phosphate dehydrogenase comtent of gill tissue to negligible
levels and to cause a consistent decrease in fructose diphosphatase activity,
which indicate that this chemical may interfere with gluconeogenesis. Nimmo
and Blackman (1972) determined that concentrations of sodium and potassium were
lowered in the heptopancreas of ghrimp (Penacus aztecus and P, duorarum}, ex-
posed to concentrations of G.05 and Q.10 ppb of DDT for a period of 30 days.

For shrimp held at 0.1 ppb, significant differences {(P< 0.01) occurred in sodium
in all samples while significant differences (P< 0.05) did not occur in potassium
levels until the 20th day. Significant differences in both of the cations were
. found in shrimp exposed to 0.05 ppb DBDT only on the 20th day of exposure. By

the 30th day, differences were no longer significantly different. The authors
noted that the experimental levels were equivalent to amounts of DDT which had
been shown to enter the Gulf of Mexico.

The only recent field information pertaining to effects of DDT on aquatic
invertebrates is contained in an interim report by the Interagency Monitoring
Cormittee and unpublished data submicted by Steven G. Herman, The Evergreen
State College, Olympia, Washington. This information was generated through
wonitoring of environmental effects resulting from the use of DBT in the forests
of the northwestern United States for tussock moth control during 1974, Herman
{personal communication, 1975) monitored three streams, two within the spray
boundaries and a control in a non-spray area. In the control stream, numbers
of riffle-dwelling insects in all major taxa increased steadily throughout the
study pericd. One stream in the spray area vecefved a very light DDT deposit
(equivalent to 0.0-0,023 Ibfacre), Insects In this stream were little affected,
with the exception of blackfly larvae (Diptera, Simuliidae) which suffered
drastic reduction, but recovery began in 2-3 wecks post-spray. The other stream
in the spray area received the equivalent of 0.0-0.6 lb/acre DDT. The treat-
ment resulted in almost total elimination of the aquatie {nscct fauna and no
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significant recovery was detected a month later. Information contained in the
interim veport by the Interagency Monitoring Comm{ttee consists of “casual field:
observations' by environmental monitoring persomnel in the field. No hard data
are contained . therein., However, the qualitative observations are in agrecment
with Herman chat adverse effects on the aquatie invertebrates were substantial.

Congluston

Data presented in the hearing record and obtained subsequently are in
gsubstantial agreement that. DDT can produce lethal and sublethal effects on
freshwater and marine invertebrates. Experimental data and data derived from
monitoring the effects of DDT use in the field demonstrate that many aquatic
Invertebrates are killed, with subsequent recovery of populations being a slow
process; that reproductive Impafirment and other sublethal offects may have
serfous adverse effects on populations; and that higher~trophic levels can be
serlously affected as a rcsult of starvation.
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DDT TOXICITY IN FISH
Adminiatrator's Finding: DT {s toxic to fish.

This tssue is concerned with the fact that DOT can be acutely toxic to Fish.
This may occur immcdiately or sometime after inltial exposuve.

Two central arguments support this finding: 1) Experimental laboratory data
show that DDT will kill most fish species at very low levels; 2) DT has resulted
in numerous fish kills.

Data as of 1972

The evidence presented in the DDT Hearings is replete with oxperimental
data demonstrating acute toxficity to both freshwater and marfne fish. DOT
levels which produced statistically calculated 507 morrality were nocmally below
about 30 ppd, with the more sensitive species being killed at less than 1 ppb.
Examples of 96-hour median lethal concentrations to freshwater fish ave: fathoad
nlnnows, 32 ppby blucegills, 16 ppb; geldfish, 27 ppb; Juvenile striped mullet,
.9 ppb; larger mullet, 3.0 ppb; Atlantic silverstdes, 0.4 ppb; killifish, 1.0
ppb; and bluehecad, 7.0 ppb.

Experimenis with brook trout have shown that DDT can significantly Increase
mortality during the spavning period caused by natural strvess factors (l.e.,
starvaclon, cold, and phystological changes). DDT alsc has been showm to cause
delayed morcality occurring when residues are mobilized during periods of stress,
For example, when rainbow trout fed at the rate of 1 ppm wet welght and held in
a water concenteation of 10 pptre for 140 days, were later fasted and subjected
to 28 davs of forced swimming to simulate thelr spawning run, DDT was mobilized
into tha brain at the rvate of 0.1 ppm/day. At the end of 28 days, 804 cf the
treated fish had died.

Fish kills resulting from DDT use have been documented on numerous occasions.
For example, dead and dving fish have been observed when heavy rainfalls followed
applicatlons of DDT to Miassissippl colton fields. Top predator fish are absent
from this otherwise favorable habitat. Attempts to restock Wolfe Lake in
Mississippl with large-mouth bass were unsuccessful. In addition, carefully
monftored DOT programs for the spruce budwerm in Canada have resulted {n almost
total kills of some year classes of salmon, with severe cconomic losses o the
~commercial Fisheries.

Data since 1972

Acute toxicity daca developed since the hearings in 1972 are sparse, pri-
martly because addivional data would be redundant. HKorn and Earnest (1974)
tested small (14-83 mm standard length) striped bass (farowe saxitilia) in
intermittertly (lowing sca water with a mean salinity of about 28 parts per
choasiand.  The %6-hour LC50 value was 0.53 ug/l (ppb). These authinrs noted
thae DDT levels in bay water in Tiburon, Califorata, an lmportant striped
hass habltat, were found
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to vary from 3-21 pg/i. Earnest and Benville (1972) determined acute koxicity
values to the shiner perch {(Cymatogaster aggregata) and the dwarf perch (Micrometrua
mintrmsi held under both static and intermictent conditions. The 96-hour median
lethal concentration for the shiner perch was 7.6 ppb in the static system and
2,6 ppb in the intermittent flow system. Similar values for the dwar{ perch were
4.6 ppb and 0.26 ppb, respectively. It should be noted that the static values
are less reliable than those from the intermittent flow system because of the
small sample size and test conditions. Cardner (1973) approximated 24~hour LCsg
values for small brook trout (Salvelinua fomtinalis) at aboutr 30 ppb for p,p'-DDT
and about 45 ppb for p,p'-LDE in a flow-through system. These values were
approximate due to small sampie size,

Jarvinen, Hoffman, and Thorslund (1974, unpublished) studied chronic effects
of DDT on fathead minnows (Pimephales promelas) during a period of 266 days, in-
cluding the reproductive phase of their life cycle. They found that two scparate
morcality periods occurred, indicating increased susceptibility to DDT at both the
fry stage up to 73 days of age and at the spawning stage when highly colered males
were most susceptible, Figh that died during the spawning period were in relatively
poor caadition and were not cbserved to feed. The authors suggest that these fish
probably utilized their fat rescrves, which resulted in a release of stored DDT
into the bleod where 1t could become toxic, This agrees with resulis showing
that the fish that died had predominately lower 1ipid values than live fish at
the same time, [t was also obscrved that fish fed DDT contaminated food had a
greater mortality rate, which lasted longer before reaching a plateau, than did
Eish exposed at a corresponding DDT water concentration butc fed clean food.

Reports of fish kills resulting from DDT use aince 1972 are presently
lacking except very incomplete data obtained from the Tussock Moth Spray
Progran ln 1974, Hernman (personal communication, 1975) noted that €43 sculpln
fry were found dead in one stream within 72 hours after DDT drift recached the
stream. The interim report by the Interagency Monitoring Cormittee stated
that figh populations in index arcaas "did not appear” to be adversely affected
by the gpray project. It was also noted, however, that fish in one of the
strcans were dbserved gorging themselves on large numbers of dead and dying
fngect larvac.

Conclusion
Data prosented in the heariong record and developed subsequent to the -

hearing demonstrate that DDT is highly toxic to fish on an acute bhasfs and
that use of DDT has resulted fn fish mortality in the fleld.
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DDT EFFECTS 0¥ FISH REPRODUCTION

-.r:"wu.rw:rm' g Pindivar DOT o affect the
reproductive suzoeas of fleh.,

This issue {s concerned with the fact that concentraticns of DDT which
may show no adverse effects on parent figh may significantly incrcase the mortality
of the eggs or fryv and thus vesult 1o veproductive Impatrment, Because PUT is
highly lipophilic, vesidues arve concentrated In the yolk ¢f the cgps, eventually
utilized by the Fry, and can vesult in their death., DUT has also resulted in
delayed maturation of lake trout.

CArguments supporting this Issue can be delineated as follows:

1. DDT can be highly concentrated in fish and stored in lipids,
which reselts in greater concentyations belng stored in the
eggs. This can result in increased fry mortality Juriag
the stage when the fry are utilizing the volk, which s high
in Jipid content where DDT Ls atored.

2. Epg residues have been correlated with Increased fry mor-
tality, both cxpvrlmchtally and from the field,

3, Experimental reaults have shows thut DDT can rcbu1t tn delaved
paturrtion of lakc trout,

Data as of 1972

tvidence presented In the hearings indicated thact DDT was reaponsgible for
the death of lake trout fry hacched fram oggs taken teom Lake George, a tributary
of Lake Champlain, It has also been implicated fn excessive mortality of Lake
Michigan coho salmon fry, and salmon egps from a Maine lake exhibited lowered
hatchability when DDT levels reached 3 ppm in the eggs. In 1969, reaiducs of
DOT In sea trout En the Laguna Madre (Texas) were correlated with residues ip
menhinden, a major ford of the trout. Reproductive lmpairmenr had been obagrved
since 1964 as evidenced Ly a decline from 30 to 0.2 juvenile trout per acre.
After residues in menhaden declined, the sea trout populations returned to 1964
levels.

Experimental results have shown that DDT at 2.95 ppn in the cggs of lake
trout induced Iry wortalley and that brook trout fry rescted simllariy. Brown
trout wote somewhat less sensitive, o additien, DBT fed to fish can result
in dotayed maturastion. In one study, Y-vear-old lake trout fa{led to spawm
after being [ed DDT.

Data sinee 1972
Addltional ceidence has been publlshed since the hearings supporting the

argument that DDT can fmpalr fish reproduceion.  Bacre and Sceeott (1971} reported
that an unusually high mortality (44.62) occurred in ratabow trout (Calme gaimnderd)
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eggs and fry obtained from Lake Taupo fn New 2ealand. Tatal DDT residues in

the fry were 4.63 ppn.  This level is above that which previous studies have
showm resule in fry mortality ia other species. Smith and Cole (1973) subjeet-
ed male and female winter flounder (Pecwioplouronccetes arericmus) to five test
treatments: ) pph DOT + 1 pph dicldring 2 ppb DDT; 2 ppb dieldrin: an acctone
control cqual in amount to the highest concentration administered with an insecet-
icide treatment; and an unaltered seawater control, Length of cxposure was
variable, but was based upon previous cxperimentation and was generally suf-
ficifent to duplicate gonad levels found in a previous fleld study. In three
spawnings the percentage of fertitfzation differed markedly from that of the
contrel matings (mean = 97.82Z). ¥£ggs containing 4.60 ppm DDT and 0.01 ppm
dicldrin had 4972 fertilization, while 12X fertilization cccurred in epggs contaln-
ing 0.1i7 ppm DDT and 1.74 ppm dieldrin. There was no fertilization in egps with
no detectable DOT but with 1,74 ppm dicldrin. However, in two other spawnings,
cgps which contained 3.70 and 2.3% ppnm DDT, btut no dieldrio residues, had 99 and
80% fertilization, respectivelv., Similarly, cges which had 0.61 ppm dieldrin and
a small amount of DDT (N.39 ppm} had over 997 fertilization. The relations bLe~
tween DDT concentration in the eggs and mortality by the end of the 4th Iay of
development indicated dose-dependent effects. MHortality in eggs with DOT concene
trations of 1.62 ppm or greater was frequently associated efther with faflure to
rastrulate or wlth abnornal gastrulation where the hlastulae, lastead ¢f vnder-
going Iinvolution as in normal gastvulatlon, exvgastrulated and developuent
ceased. At hatching, there was a much higher incidence of scvere vertebral
deformitica in the larvae treated with DDT than in those from the untreated
adults, The mean tncidence of deformed larvae was 39% wich a racgoe of 2 to 777,
No abnormal gastrulation occurred in the controls and incidence of vertebral
deformitica was less than 1Z in both the control larvae and the larvae from
adults treated only with dicldrin. DBoae erosion and hemorrhaging at the verccbral
Jjuncturecs were often obscrved {n conjunction with the vertebral deformities when
oDT in the eggs equalled or exceeded 2.39 ppm.

Jarvinen, Hoffman, and Thorslund (1974, unpublished) cxposed fathead
minnows (F'iruphales promelas) to two DDT conceatrations In the water, one in
the diet, and combinations of water and diet for 266 days through a reproductive
period of thelr tife eycle. Fish were held in aquaria at nominal concentrations
of 0.5 and 2.0 ppb DDT, while clams used as food recclved water containing a
nominal concentracion of 2.0 ppb DDYT, Water was supplied by a proportional
diluter, with flow rates adjusted to maintain disscelved oxygen levels at greater
than 65% saturatfon. The DDT concentration contalned {n clam tlssue fed to
fish was 50 ug/g. Peresence of DDT in the fuod did not signific.atly alter
embryo hatchability, but hatchability was signiflcantly reduced (P'=0.03) in the
2,0 ppb concentration. Tn additlion, there was no survival of fry beyond 3 days
in the 2.0 ppb DBT concentritlons, with or without DNT contaminated food. When
groups of frv svawned from adults under these conditions were transferred [m-
medlately to clean water, the fry from adults exposed to DDT In both food and
water experienced about 2 times greater mortal ity thon those from adults cxposed
in water only. These data agree with egp residuc which show almost 2 times
greater residue levels in fry from adults in the former group. Fry survival
was not signlficantly different from controls at the 0.3 ppb concentrations,
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Conclusion

Data presented in the hearing record and developed subsequent to the hearing
are in substantial agreement that DDT has the potential to adversely affect the
reproductive success of a number of fish species and that it has, 1o fact,
contributed to reproductive impatirment for some species in the wild.

-l



SUBLETHAL EFFECTS ON PISH

Adminiatraton's Pinding: DLT haw a variety of sublethal
phyatological and bekavioral effeets on fish.

This issue addresses all aublethal physiological and behavioral effects
on fish including:

1, DDT differentially affects the normal utilizatjon of some aﬁino
acids, . .

2, DDT inhibits thyroid activity in fish.

3. DDT has been showm to alter the temperature rogime selection of
fish,

4, DDT can affect the impulse transmission in the lateral line of
fish,

5. DDT can affect learning processes of fish.
6. Some fishes can avoid DDT containing waters.

7. ODT has been shown *~ disrupt cellular energy utilizétion._

Data as of 1972

Information presented during the DDT Hearings addressed this 1saue
ag a serles of sub-issues, or toplce, .

After laboratory exposure to BDT, rainbow trout were exerclised,
leading to abnormal urilization of 14 of 1% amine acids,

DDT stimulated at low levels, and at near lethal doses suppresased,
normal operatton of the thyroid gland in some fishes. This gland re-
gulates metabolic rate and other important body functions,

Exposure of some fishes ro DDT has led to thefr seleeting temperature
regimes which proved lethal to the selecting fish. This cemperature
selection has been related to fish kilis i{n nature,

PDT can, under some conditiona, affect the fmpulse transalsszion In
the lateral line of ‘fohes. The lateral line 1s one of the primary senmory
systems in mogt £lshes,

The ability to learn requlred responses and to demonstirate "natural®
behavior can be iahibited by DDT,

The ability of some fishes to avold waters containing DUT hae been

demonstrated, 1In the case of the sheepshead winnow (Cyprinoden varig-
gatus) this avoidance of DDT can lead to deflection from spawning areas.
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The actilon of ATP and its enzymes are affected by DDT. This
ATPase activity is one of the main driving forces of (ellular syn~
thesis, and, in fish, NaKMg AYPase is deeply involved 1n osmoregu-
lation.

Data slnce 1972

Informatlon published recently has further documented the effect
of DDT upon temperature selection in [ishes. Javaid (1972a, 1972b)
has determined that exposure to DDT can alter both temperaturce selec-
cton and the absolute amount of fish activity at the resulting seleg-
ted temperature. lle found that when exposed to DT, Atlantin salmen
{(Sxlmo aalar) selected lower than acclimation temperatures (0-10 ppb
DOT), and higher than acclimation temperatures (10-1CO ppb DPT). Cold
temperature shock was noted feor Atlantic salmen and brook trout (Szl-
velinus fontinalig), DDT exposed Atlantic salmon displayed deareased
activity when compared to control Eish, Rainbow trout (Salwe gairdneri)
showed sclection only for higher than acclimation temperatures, and
exhibited symptoms of warm temparature shock which were followed by
death, The mechanism affecting changed temnerature selection was post-
ulated to be altered metabolic rate.

These effects on fish by DDT also have been noted b. Peterson (1973)
and Gardner {1972}, but the mechanism postulated by Poterson was desta-
bilization of the nervous system by action on nauron membrane function.

Soveral behavicral altecations have been tied to exposure to DDT.
lansen (1972) found that when mosquitofish {(Gambuaia affinie) had been
expased to 5, 10, or 20 ppb DDT they selected waters of significantly
greater (Pa0.03) salinity than did the control fishes.

DDT avoidance by mosquitofish (Hansen et al, 1972) was found to
occur only when the fish could choose between uncontaminated and con-
taminated waters, and then only when the DDT concentration was above
the 24-hr LCgn. When preseanted with a choice between two. contaminated
waters, the fish either did not discriminate or they chose the water
with the higher DBT lzovel.

Exposuve to DDT at near the 96-hr LC., for 24 hours caused Atlantic
salmon parr (Salwo aalarl) to become hyperiensitive to external stimueli
and temporarily improved thelr ability to learn a conditioned response
(latfield and Johansen, 1972a}. Exposure to this level of DDT for 24
hours did not seem to affect the ability of Atlantic salmon parr to es-
cape predation by brook trout {Calvelinug fontinalip) (Hatfield and
Johansen, 1972b),

The effect of DDT upon “matural' Lehavior of fishes has also been
documented. Exposure of goldfish (Caranaus awratus) to 10 ppb of p,p'~
DDT four & days has resulted {n the disruption of normal, nonrandom
cexploratory behavior (Davy et i3l, 1973) and the alteration of normal
spontancous loconot{ve display patterns (Davy et al, 1972). The changes
in the pattern of locomocive display may be due to DRT's effect on short-
term memory.

~47=



After a 7-day exposure to 1 ppb DUT and subsequent placement into clean
water for 3 days, the normal swirmming and schooling behavior of goldflsh was
significantly affected (Weis and Weis, 1974). The treated poldfish swam faster
(P<0.00L), turned more often (P<0.005}, and occupied a greater area (P<0.02) than
did control fish, When discvurbed, the goldfish schools scattered furtler and
‘regrouped more slowly than did control schools. This change in schooling lessens
the protective advantage of schoeols,

Investigations into the disruptions by DDT of processes involved in cellular
encrggy utilization and transfer have provided more than ample evidence that DDT
is capable of interfering with adenosine triphosphate phosphoiiydrolases (ATTases).

Conuentrations of 107%M DDT have resulted in 23% inhibition of WaKMg ATPase,
15% reduction of NaK ATPase, and 34% reductlion of Mg ATlase in rainbow trout gill
microsomes. Further inhibition wzy reported for LOT"M DDT. Inhibition of NaKMg
and Mg ATPases was higher when DDD was used instead of DDT (Davis et al, 1972),

The effect of DDT on mucosal ATPases (Nat, K*, and Mg*) has been invest-
igated by Janicki and Kinter (1971a, 1971b). Inhibition of these ATPases, which
are involved in sodium transpoxt suggests that DDT may interfere with the osmo-
regulatory ability of fishes. More recent work by Weisbart and Felner (1974),
although it doecs not prove a connecticn between DDT and osmoregulatfon, did find
abnormalities in the lonic makeup of blood plasma from goldiish exposed to 0.035

ppm DDT,

Not specifically addressed by the Administrator is the finding that p,p'-DDY
can cause developmental defects in fishi. Fry of grunion (Lewrsathes temuial), after
belng exposed to p,p'-DDT at a concentration of less than 1 ppb, showed evidence
of significant pectoral ray asymmetry, When eggs taken from relatively polluted

waters off California (a region of rvelatively high past DOT input) were not cxposed -

te fuvther DDE, their fry showed significantly greater pectoral fin ray asymmetry
than d¢id fry from a noupnlluted area (Valentine and Soule, 1973).

Conclusion

The Administrator's findings concerning the sublethal physiolegical and
behavioral effects of DDT on fish have been supported by investigations published
gince thoge findings, although data on avoidance suggests that this pheunomenon
nay not occur at environmental levels, Additional behavioral and developmental
affects of DOT have been tlluminated which further reinforce the conclusion that
PDT can cause changes in fishes that arve less Immedlately noticeable than death,
but may lead to an inabllity of those affected fish to successfully compete in
the aquatic enviroument, thus having the same vltimate effect.
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BIOACCUMULATION IN TERRESTRIAL OGRGANTSMS

et

Adniniatpator's Finding: DPT can be zoncentrated and trana-
ferred through terng cgtrial invertebrates, mamais, arphibians,
reptiles, and biidds.

The 1972 opinion of the Administrator, EPA, listed among the findings
a major heading, Activity in Food Chain and Impact on Orpanisms, Basic find~-
ings indicated that DT is ‘concentrated i organismb “and transferred through
food webs, and more precisely, that DDT can be concentrated in and translerred
through terrestrial fnvertebrates, mammals, amphibians, reptiles, and birds
These statements infer chat wost wild vertebrates are exposed to DDT and
metabolites in their dier and these contaminants are bioaccumulated in the
tissues. Kinetics, or movement and change, describes the action and metab-
olism of chemicais cntering the animal body., In the body, chemicals can make
changes or e changed, accumulate in tissues, and ultimately leave through
excretion, lactaticn, deposition Iin eggse, or placental trvansfer to unborn
young. The pattern of events may be somewhat variable, depending upon whether
cxposure 13 at sublethal levels or sufficient to causce death of the organism.

Data as of July 1, 197F

A vast body of information on DDT residue accumulation was presented in
exhibit and traascript form during three years of intensive administrative
inquiry into the uses of DDT. Experimental studies as early as 1947 shouwad
that poultry fed diets containing DDT accumulated DDT in thefir eggs and tis-
sues, particulariy ian far. A slmiltar residue acrumulation in wild birds was
first demonstrated in 1953 when death of birds followed DDT applications.

The early literature on food wel relationships on land Involved contaminated
soil and leaves + carthworms - robins trophic level movement. Flsh-ecating
birds, (such as osprevs and pelicans) and flesh-ecating avian predators (hawks,
owls, eaglesg), absorbed concentrations which affected reproduction, behavior,
and sometimes resulted in death., Very minute residucs, some in the parts-per-
trillion range, may be lethal to the larvae of marine organismws. Wild mam-
mals accumulated DDT residues from food and were affected varlously depending
upon their ability to metabolize or excrete the parent material and metabolites.
Residues in a wide vavilety of organisms confirmed the world-wide distribution
of DDT and metabolites through contamination of sofl, alr, and fresh and
marine waters.

Lonclusion
Data published since canccellation of most DDT uses have corrvoborated and
provided a more substantial data base to confirm earlier f{indings. Recent

Adata can be summarized as follows:

1. DUT and meotabolite residues contlnue to be found wﬂrld-wide
in all trophic levels of the terreatrtal ccosvstom,
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2. Certain species {(fish-eating birds and raptors) at the top
of the food web are still affected adversely as evidenced
by behavioral changes or veproductive failure.

3. Widesprcad agricultural and forestry uses of DDT in North
America and northern Europe have declined markedly since
the mig-i9%60's, Concurrent with reduced applicacion, there
has been a gradual deeline of residuc body burdens in
certain nontarget specles, e.g., songhirds and ospreys.
Slight, but encouraging, recovery of some nearly decimated
local nesting populations has been obscrved.

4. Means of transport for this persisteat pesticide point
towards ultimate deposition in the ocecan environment., Res-
idues in ocean waters may already have peaked.

Data s

Bioaccumulation in Tnvertebrates and Lower Vertebrates

The effects of organochlorine Insecticides on earthworms have been
revieved (Davey, 1963), Results reported vary, but establish that worms are
mere tolerant of DDT than arthrepods, wich little risk of causing worm popu-
lation reductions. However, consumption of DDT-residue laden worms by birds
or ingsectivornus mammals is of concern. In the case of robins, die-cffs
have resulcted from this route of exposure, DDT concentrations in worms in-
creased from 0.15 ppm when soil residues were 1 ppm to aboul 45 ppm where
soil levels were 64 ppm (Davis, 1971).

Worma in soils containing 1 ppm DDT accumulated the maximum amount of DDT
residues from the soill (from 1-4 ppm DDT) after about I moath followed by a
slight loss, ard then reached an equilibyium at 3-4 ppm DDT plus DDE in 5 or
6 months (Edwards and Jeffs, 1974),

Almost all micro- and macroarthropod foreat litter taxa analyzed by
Klee et al (1973) metabolized the two major isomers of IMT (o, p'-DDT and
p.p'-bDY) into p,p'-DDE afcer inctroduction into the food chain via resistant
carrier Collembola, Manley (1971) pointed out that p,p'-DDE accumulates very
little in microarthropods compared with maecroarthropoed predators.

The effccts of pesticides on soil microflora have been studied exten-
slvely, but those on soil protozoa have been neglected., Predatory protozoa
play an important role In ecosystems such as soll, water, rumen fluid, and
sewage by regulating bacterfal populations (Alexander, 1969). Any effect a
pesticide has upon these protozoa may be reflected in the bacterial popula~
tion of the particular ccosystem. Euglena and laramcceium concentrated DDT
in their cells 964 times when exposed to 1 ppm aqueocus mixture of the insec~
ticide without ebvious adverse effects. Applications of p,p'-DDT to a
garden soll at rates of 5 and 50 ppm inhibited soll protozea (MacRae and
Vinckx, 1973).
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Dindal and Wurzinger (1971) showed that the terrestrial snall, Capaea
hortensie, accumulated high whole body levels of DDT wet weight residue
after 3 hours exposure (24 ppm) but were reduced and stabilized after 1 day
at 11 ppm. This invertebrate serves as a food soutrce of ¢oncentrated pes-
ticide to vertebrate predators. Snails and slugs as nontsrget organiems
accuxulated DDT residues at concentrations equal to or considerably higher
than the surrounding environment, The concentration factor varied from
0.14 to 17.93 times that of the surrounding terrescrial ecosysten,

Gish (1970) reported that snails in two agricultural arcas of the
United States averaged 3.5 ppm total DDT residues. Slugs in the came sites
contained up to 200 ppm, and earthworms up to 50 ppm. Earthworms iuo sther
sites sometimes contained 500 ppm. Thus snails In some agricultural areas,
particularly in the United States, are likely to have suffered reduced shell
growth as evidenced by Roman snails (Helir pomatiq) treated with various
awounts of p,p'-DDT from 2 weeks of age to hibernation (Cooke and Pollard,
1973). Relatively low doses of DDT mignificantly reduced shell and oper-
culum weight whercas higher doses of DDT did not cause this response., Res-
idues varied from 7.2 to 160 ppm, depending on the rate of exposure,

Snakes collected near Texas land treated with DDT and in untreated
areas were analyzed for residues. All snakes contained some residues from
a trace to over 1000 ppm DDE., The mean total resfidues from the pesticide
use area were 14 to 386 times greater than in the nonuse area, Insecti-
cide residues were higher in semliagquatic snakea than in terrestyial specles,
In & female cottonmouth, total residues ia brain (1.4 ppm) and muscle (0.4
ppm) were 308 and 1080 times less, respectively, than those in fat, Residues
(296 ppm) in the fat of embryos from this snake were similar to the maternal
fat,but whole yolk residues were only 26.5, indicating placental transfer
(Fleet et al, 1972}, Crocodile eggs from Rhodesia were found with residues
of 1.75 ppm total DDT (Billing and Phelps, 1972).

Bloaccumulation in Birds

Because of its persistence in the environment, widespread appli-
cation, and diseemination through food and water, DDT is found virtually
all over the world in both terrestrisl and aquatic ecosystems, By 1958, there
were indications that DDT and {ts metabolites might be associated with deciines
in avian populations at the top of food chains. Even small migratory songhirds,
not at the highest trophlc level, carry body burdens of DDT and metabolitew.
Such migrants are congplcucusly cbese, especlally in the autumn, when subcu-
tanecus and sbdominal fat depots comprise INX or more of body welght. Anal-
yees of 10 species of migratory songbirds killed when they flew into tele~
vision towers in Florida showed a progreasive decline of contaminante in their
fat from 1964 to 1973, In 196%, the mean for 5 species was 17.8 ppm but in
1973 the mean was only 2.06 ppm. This decline i3 apparently associated with
the decreased usage of DDT in the United States during the same time (Johnston,
1974a),
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Osprey, or fish hawk, population size has been carefully monit.ured for
many vears. A significant decrease in bird sumbers In manv East Coast nesting
colonies had been noted for move than 20 years. ‘ow an {mportant repruductive
increase has besn documented on Gardinmers Island off Long Island, lew York,
The number of fledged young dropped from about 6CO in 1948 to a lov of only &4
each in 1965 and 1966. This Lncreased to 18 In 1973 and 26 in 1974, Eggs
(unhatched and overdue) cellected in the mid-1960's contailnad 11.3-13.8 opm
total DDT. One such egg collected Lo 1974 contained only 3.59 ppm total DOT
and a dead 3-day-old chick, 1.34 ppm {(Puleston, 1973).

Six osprey and two eagle eggs were collected and analyzed from the Gulf
of Bothunia near Finland. Eagle eggs contained about 175 ppm and osprey eggs
about 15 ppm DDE. The higher amounts in eagle epgs were suspected from
1) the longer lifc-span of the eagle and 2) its higher position on the food
chain (Koiwvusaari, 1972),

In 1971 only one~fifth of 113 hen sparrowhawks in a 500 kn? area in
Scotland hatched all their cggs successfully, two-fifths had at least one
cgg disappear, in one-fifch all eggs vanlished, and another fifth failed to
nest.  Some causes of fallure were thin epgshells, egg breakage, and embry-
onic¢ death, These factors contributed to a reduced potential young output
of 61 pevcent., Signlficaut organochlorine residues were found in all ten
eggs taken from the area. DDE varied from 48-441 ppm, dieldrin from 10.0-
110,6 ppm, and PCB from 32-159 ppm, The proportion of occupied sparrowhawk
sites inereased between 1967 and 1971, but the proportion of palrs producing
yvoung and the mean brood size iIn successful nists remained consisteantly Iow
(Newton, 1973).

There were some 160 peregrine falcon eyries in Ireland in 1955. Those
which successfully fledged young decreased from 36 in 1967 to 14 in 1970
{Chambers and Norris, 1971). Changes in land uise, afforestation, and road
bullding may be partially respongible. Residues {wet weight) in tissue
samples (48 birds of 12 species) were p,p'-DDE (0-1.85 ppm) and d<ieldrin
(0-0.71 ppm). In 1970, peregrine falcon eggs contained 9.8 ppm p,p'-DDE.

A preliminary note on organochlorine residues In cogps of fisli-cating
birds on the Florida west coast showed that the eggs contained DDE ranglng
from 2.46 for a brown pelican to 20.9 ppm (oven drv welght) for a snowy egret.
Other spectes showed DDE egg residues In ppm as follows: black skimmer - 4.5
least tern - 3,173 laughing gull - 11.7; white ibis - $.74; great egret =~
10.36; and great biue heron - 20,0 ppm (Lincer and Salkind, 1973).

Restdues of p,p'~DDE in double crested cormorants ranged from §.63-29.4
ppin {wet weight), In herring gulls from 2.83-5,.67 ppm, and black ducks
averaged 1.50 ppm, Sampling sites were from the Bay of Fundy, Canada (2Zitke
and Choi, 1972},

Cormorants In The Netherlands Increased from 80C sreeding palrs In 1962
to 1500 in 1971, Spoonbills declined from 500 paivs in 1950 to 150200 pairs



in 1971. Purple heron increased to 900 {n 1971. UHeron doclined from 8300 {o
1935 to 3730 in 1964. Sandwich terns reached a low of 650 palrs in 1965 and
than increased to 2900 pales by 1971, Chlorinated hiydrocarbons were belleved
responsible, Early in the 1960's, the common tern population greacly de-
clined [rom approximately 16,000 pairs to a few thousand. Little tern de-
clined until the last nests were unsnccessfuly veared in 1957, There was no
breeding in 1972, Kingfishers deelined 80% {n the last 2% years from 250-500
to 50-100 pairs In 1970. Persistent pesticldes may have a lethal effect on
such plscivorous birds as those refurred to above at the cop of a food chain.
Population declines, in most cases, are of a local or temporary nature

{Rooth and Jonkers, 1972),

The use of organcochlorine insecticides has been restricted almost exclu-
sively to tevrestrial areas. Nevertheless, several recent i{nvestigations
have revealed substantial concentrations of residuecs in vertcbrates in
wmarine environments.

Herring gull eggs from Norway varied from 0.2-5.4 ppm DNDE and common gull
eges from 0.2-3.5 ppm. DDT occurred from 0.1-0.3 ppm in only herring gull
eggs. There were only slight differences evident fn oggshell thickness
(Bjerk and lole, 1971).

Swan and pechard cggs from two locations in Denmark were collected and
examined. Swan eggs from one site contained mean values of 0.151, 0,333, and
1.02 ppm of ODT, DDE, and PCB, respectively. The DDT was belicved to come
from the Baltic Sea. Swan eggs from the second site contained $.33% ppm DDE
and 3.34 pnm PCB3 pochard eggs contained 2,015 ppm DDY, and 40.7 ppm I'CB,

This high PC8B content may be attributed to the pollution from an adjacent
town. Pochards are higher on the food chain and concaln more resi{dues than
swans (Rloch and Kraunl, 1972).

Levels of chlorinated hydresarbon pesticides were determined in Rhode-
slan animals., Pesticide residues were widespread, the highest tevels belng
from agricultural regions. Residues ranged from nene found to 43.41 ppm
total DDT in a black flycatcher liver (Billiag and Phelps, 1972).

Quail from Alabama soybean fields with a previous history of insecticide
application had DDT residues averaging 17.10 ppm in thelr meat, while quall
frem soybean flelds with little or no previoius insecticide application aver-
aged 1.68 ppm in their meat (Causey et al, 1972),

Laying Japancse quail were glven 9 mg/kg;day of p,p'-DUT. FEgg produc-
tion, ¢gr welght, and eggshell thickness were not altered. The mean total
residue level in coatrol “irds never exceeded 1 ppm. The p,p’'=DOT metabo-
lite restde in treated birds ranged from 27 ppm in the liver to 444 ppm in
fat., The DDE residues ranged from 8 ppm In the liver to 82 ppm in fat. DOD
was highest in the liver at 15 ppm. DDT and metabolites in eggs and fat
reached a poak at 6 weeks (Mebiain et al, 1974).

DDT and its merabolites were studfed In a diverse Arizona ecosystem
downwind from an area of ingecticide application, Soil residues rianged frowm
3.6 to 6700 ppb and samples of Harlequin and Gambel's quall livers rangcd
from 500 ro 2800 ppb (l.aubscher et al, 1971},
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Bioaccumylation in Mammals

The ubilquitous nature of DDT and metabolite bioazcumulation in mam~
malian tissues is 1llustrated by the following examples:

~ DbT was analyzed in the brain tlssues «f shrows, voles, and mice from
DOT contaminated Canadian forest arcas. Residues occurved in low, but detce~
table,amounts In brain tissue, The average conceuntrations for shrews, voles,
and mice were 0.03%, 0.024, and 0,027 ppm, respectively. Shrews, which are
at a highexr trophic level, accumulated higher residuecs than voles ovr mice
{Sundaram, 1972}). .

Residues of DDT and fts metatolites ranged from 6-929 ppb in white~footed
mice and up to 2770 ppb in cotten rats frem the Tucson-Nogales area of Ari-
zona (Laubscher et al, 1971). Deer fat samples ranped vp to 107 ppb, rabbits
to 235 ppb, and pankrats to 2.9 ppb from the same region.

Two species of shrew, Blarina beevicauda and Sorer einepeus, vere studied

in a 4,05 heetarc old-fleld ecosystem treated with 0.92 kg/ha 3 ClL-ring~-
~labeled DOT in 1969, The mean radioactive DDT levele in Blarina liver (10
ppm), muscle (10 ppm}, brain (4 ppn), and fat (135 ppm) were the same in $1970-
1971, Consumption of slugs may have caused DDT pesks in fat of 243 ppm in
1970 and 236 ppm Ln 1971, Sorex, unlike Rlarina, had increasiug DDT from

1969 to 1971. Mean levels of DDT residee in muscle (4 ppm) and viscera (3 ppm)
werc)not fafluenced by sex, but by breedlng coadit{ion (Forsyth and Peterle,
1973).

Five shovt~tailed shrews, Blarina brevicanda, verc fed earthworms con~
taining about 16.55% ppm DDT for 3 weeks, and filve wern fed DDT-free carth-
worma. After 4 weeks, the DBT-exposed shrews had 2 mean DRT level of 7,59
ppn in liver and 14,70 ppm DUT {n fat, Xo DOT was found in control shreows
(Braham and Neal, 1974).

Samples of rabblt and deer meat frem Alabama soybean flelds subjected to
varylng degrees of insecticide use weve analyzed. DDT and its metabolites
waere the only insecticides occurring consistently, averaging 3.00 and 2.47 ppm,
respectively, for deer and rabbits from treated fields, Flelds with little or
no history of Insecticide uwge averaged 0,10 and 0,05 ppm DOT, respectively,
for deer and rabbits {Causey et al, 1972). '

Residucs of DDT and its metabolites from Mississippi deer collected in
1970 ranged up to 1.29 ppm (Bactcke et al, 1972).

DDT was aprayed in 1964 at } lb/acee on a 525,000 acre area [n Idaho with
the periphtery of 41,000 arres receiving 0.5 lbfacre (Benson and Smith, 1972).
Decr were analyzed in 1964 and 1969, In 1964, total adipose tissue DDT was
<0.1 ppm ie contrel animals, but deer [rom the sprayed area had 4 mean of
19,36 ppm. The mean level of p,p'-DDE in exposed deer was 17 times higher
than controls and 350 times higher than controls for p,ns'-IDT. Adlpose pes-
ticide residues in deer from ‘an unsp-ayed area in 1949 differed litele from
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those tn 1964 (mean of 0.08 versus 0.85)., The mean total DDT of animals in 1969
from the sprayed region was only 0,18 ppm compared to 19,36 ppm in 1964,

Chlorinated hydrocarben iesecticide residues were measured in wild mink
by Franson et al (1974). Total residues of DDT and related compounds in the
adipose tissue ranged from 0.27-9.31 ppri, Of the total, p,p'-DDE comprised
23-80%, p,p'~DDT 4-50%, p,p'-bDD 6-41%, and p,p'-DDT 2-34%.

Total DDT in fish fed to mink ranged from 0.12 to 18.23 ppm. No clinf-
cal signs were observed on wmink with this diet although reproduction was
lessened. Two months of feeding 10 prm PCB's plus 10 ppm DDT produced a highly
significant reduction in growth and, after 4 months, loss of welght (Aulerich
et al, 1973). :

Badgers in the Netherlands contained uﬁ to 0.50 ppm DDE, 0.13 ppm DDD,
and 0,13 ppm DBDT. The badgers were not threatened by this degree of pesti-
¢ide contamination (Kei}l and Krulzinga, 1972).

Black bear were analyzed for pesticides in Idaho. The highest p,p'-DDE
level found in ony bear wuas 2.055 ppb; total DUT was only 2.8% ppb. The
lowest amount was 0.320 ppb total DUT, Bear meat had little or no signifi-
cant pesticide residues to endanger the health of people (Benson et al, 1974).

Analysis of 30 British bats from 1963 to 1970 showed 100% contained DBE
in the liver (0.30-53.7 ppm), and 82% contained DDT (1,3-28.6 ppm). The
mean levels of these materials {n the liver were 10.68 ana 4.62 ppm, regpec-
tively. Pilpistrelles were very scasitive, and when fod DDT, none died at
iess than 45 mg/kg, half died between 45-90 mglkg, and all died when fed
more than 90 mg/kg., Mortality began when liver and whole body residues of
DDT plus DDE reached 43 and 45 ppm, respectively (Jeffries, 1972).

Five samplcs of adult Australian bats (988 animals) had a mean of 15.9
ug total DT 1In their bodies while two samples of juvenile bats (28 animals)
contatned only 8.8 ug total DDT/bat. One wild bat contained 36 yg total DDT.
The DBT levels {n these bats are a cause for coticern particularly since this
was not an area of extensive DOUT use (Dunsmore et al, 1974).

Livers from Rhodesian herbivores were analyzed for DDT and its metabolites.

Elephants and impalas showed traces of Dbp, DDE, and DDT; total DDT in waterbuck
liver reached a high mean of 0.24 ppm (Billing and Phelps, 1972).

~55=



TOXICITY OF DDT TG BIRDS

Administnator's Pinding: Birds can mobtlize lethal amounts
of BOT regidues.

Some wild birds have been affected adversely by mobilized DDT and its
retabolices. The residues are absorbed from their diet and bicaccumu-~
lated inte tissues, The {dentificattion of lethal and sublethal toxic
residue limits has been well documented under controlled condicions.

Of parcicular importance is the movement or mobilization of residues
through the body. Sex, age, and stress conditlons (migration, cold
weather, starvation, etc.) are proven contributing factors affecting both
residue limits and species tolerance. While it is difficult to assess

the impact in ficld pupulations, the identification of abnormal toxicant
levels (consistent with those established under laboratory conditions)
Justifies the assertion that DDT and fts metabulites are responsible for
lncreased avian mortality and, at sublethal levels, may cause mutagenicity.
Birds ¢an contain concentrations in amounts sufficient to prevent carrying
out normal functions; death can be coansed if conditions favor mobilization
of astored residues to sites of action or target areas such as the brain.
Only the presence of toxle residues, consistent with levels known by con-
trolled study to be assoctated wich lethality, can justify the conclusien
that a certain ciemfcal agent is responsible for mortality.

Data as of 1972

Birds are endangered when DDT and DDD reszldue levels reach 30 or
more ppm in the brain. Birds store DDT in thefr fat. Under atress,
body far is utilfzed, DDT enters the bloodstream, and hence, finds its
way to the brain. The brain does not tend to lose its fats and accunmulates
DDT from other body parte. Death from mobilization can occur more than 4
months after DDT intake has ceased. DUT and DDP body residues as low as
10.10 ppm can concentrate to 41.27 ppm in the brain,

Heavy appllcation of UDT in forests (up to 5 lbs/acre) have
eliminated or reduced local bird populations in Peansylvania, Maryland,
amd Texas. Many birds died when elms were treated for Dutch Elm disease
in urban areas. DDT has proven lethal to ducks, pheasant, and black birds
exposed to treated rice; songbirds fecding In treated vegetable plots; and
thrushes in apple orchards,

Data since 1972

DDT residues are hazavdous to bicds during stress perfods. DDT stored
in fat deposita can be metabolized and eliminated very slowly without _
apparent 111 effects as long as the organism does not ut{lize fat rescrves
for energy. Deprivation of food was used to simulate the stress situation
encountered on long migratory flights. Prior to thelr semiannual migratfons,
birds build up large fat reserves to be used as energy sources for their
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long flight. Robing wintering fn colder areas are often exposed to condi-
tions requiving mobilfzation of fat reserves (Sodergren and Ulfstrand,
1972). Fat metabolism proceeds at an accelerated rate and residues are
relocated via the bloodstream. * when the carcass loses some fat, levels of
organochlerine residues, in terms of fresh welight, decrease. Consequently,
due to the remainiug low fat content, residue levels, In terms of Fat
welght on a ppm lipid basis, increase. Although the fat content decreases
in the breast muscles, the residue levels, in terns of hoth fresh and fat
weight, lncrease., :

Van Velzen et al (1972) cvaluated En cowbirds the lethal mobilization
of DDT and the effects of feod deprivation oa the distribution and loss of
DDT, DPD, and DBE. Cowbirds were fed 100 ppm DDT for 13 days, followed by
a full ration of uatreated food for 2 days. The following 4 days, the
ration was reduced to 6 grams food/hird/day and thern for 10 days untreated
food was presented. During the 4 days of food restriction, 7 of 20 bLirds
dicd, No birds died when fed 100 ppm DRT or when the ration was reduced,
indicating that neither welght loss nor :dasage alone was sufficiont to
cause mortality. Also, 2 male kescrels died after B4 and 16 moaths on a
dicr contalning 2.8 ppm DDE (Porter and Wiemeyer, 1972). The kestrels
died during the season weight loss and depletion of fat reserves caused by
the stress associated with reproduction and melting.

When fat reserves are utilized, there Is an increased concentration of
nBT and {ts metabollites In the fat tissucs, as well as a corresponding ine
crease In other tissues because DT is generally lipophilic and found In
Liptd~rich organs and tissues. DBobwhites fed 100 ppm DDT for 10 weeks had
a much higher quanticy of liver l{pids than blrds not fed DDT (15.4 versus
12.9 pevcentage dry weight) (Havnes, 1972). Thlg fncrease in liver lipids
fe enhanced by an accelerated mobilization of liptds from the adlpose tis-
sue during food deprivation. Mobilizatfen Is known to be affected both by
substances toxic to hepatic cells and hormonal influvnces. Bobwhites, de-
prived of food after BOT administration, had liver lipids of 34.4 percentage
dry weight for BbT-fed birds compared to only 20.6 percentage dry welpht for
birds not glven DOY, This increase In liver weight, llver residues, and
percontages of lipld in tne liver was also noted by Dicter (1974) for coturnix
and Jeflerles and French (1972) for plgeons. '

buring stress perieds resulting in welight losg, toxicants stored in
fat are releascd as lipids, are discharged into the bleod, and are redeposited
at other sites. When sufflcfent quantitles of toxicants are present In
the braln, death results. The brains of the 2 dead kestrels contalned DBE
residues of 211 and 301 ppm (wet welght) compared to 14.9 ppm for 11 adult
males not deod after 16 months (Porter and Wicmeyer, 1972). Welght lous
for birds on a DT diet was much greater than for birds not given DDT. DDT-
dosed cowbirds on full ration lost 0,2% body weight while untreated birds on
full ration gained 2% (Van Velzen ot al, 1972). Cowbirds, that died ducing
welight Josa, exhibited a rapid lncrease in the braln residues when compared
to blrds sacrificed immediately before food restriction (61 versus 3 ppm
total DDT). '



To better establish the role of DDT as the cavse of illncss and
death in wild birds, the effects of varfous dietary levels of DDT on
several species were studied by Hill et al (1971). Weight losses In
farm-reared bobwhite quail were significant when concentraticns of
DDT reached 400 ppm in the diet (about 3%). The average wet weight
of DDD + DOT residue levels ia brain assoclated with death were: house
sparrow, 43.2 ppm (with 32.6 ppm giving an indication of DDT polsoning);
wild bobwhite, 31.3 ppn; farm-reared bobwhite, 28.4 ppm; cardinal, 26.7
ppm; and bluejay, 23.0 ppm. With the latter species, only 20-25 ppm
appeaved to implicate DDT as che lethal agent.

Comparison of atressed versus unstressed birds ascertained that
atress was associated with Iacreased brain aand liver residues, bet
decreased carcass resldues. Penned cormorants were fed daily 2, 5,
and 10 mg of DDT, DDD, and DDE, respectively (Creichus and Hannon, 1973).
At 9 weeks, food was cut in half for some birds, creating & streas
aituation, A marked increase in the proportion of DPE and a decrease
in DDD and DDT was found in the brains of stressed birds compared to
controla. Braln:carcass restdue ratios were higher in stressed than
nonstressed groups. Average bralh concentrations of DDD ranged from
24-85 ppm wet weight In cormorants whick died from the toxic effects
of DDT, DDD, and DDE and from 0.4-29 ppm in survivors. Appatently,

30 ppm was diagnostic of lechalicy. DDT residues, in carcasses of cowbirds
dying during welght less, decreascd from 119 to 97 ppm wet weight (Van
Velzen et al, 1572). Cowbirds, sacrificed prior to food restriction,
showed no such reduction in DDT residues. In contrast, DDD and DDE
regidues increased from 19 to 41 ppm and 8 to 18 ppm, respectively; birds
sacrificed prior to food restriction showed no Incrcase in residues.

Stress caused a mobilization and redistribution of DOT residues from the
carcass to the brain.

Sex and age also influence the quantity of DDT-related residues
present in the gystem of birds. DDE residues were more varisble and
attained higher levels in male mallard and black ducks than in females
of the same species (Heath and H1ll, 1974). This may be due, in part,
to the female's ability te eliminate some pesticide residue through
egps. Grocki and Johnston (1974) found that adult cuckouvs had higher
total DDT levels than first-year birds (1.55 vergus 0.95 ppm lipid weight
total DDT)}; an adult would have more time to accumulate pesticides chan
an Immature bird.

An -accurate agssegsment of the cause of wild bird abnormalities as
death 15 extremely difficult hecause many pesticides are present in the
envirenment. Body residues i{n these birds may not be uncosmonly high
and even less than the normal vange of toxicity. DDE residues ranging
from 0.16-78 ppm wet welght were detected in 39 bald eagles found sick
or dead in 1969-1970 (Belisle et al, 1972)., All 37 bald eagles found
slck or dead in 1971-1972 contained DDE (Cromartie et al, 1975). Dieldrin,
PC3's, mercury, and other foreignsubstances also were present evphaslzing
the difficulty in identifying cause of death. Belisle et al {(1972) found
one eagle contalning a possible lathal level in the brain of 385 ppm DDE.
A warbling vireo, found dying in tremors nearly four weeks after a field
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was sprayed with up to .75 lb/acre of DDT, had 459 ppm total DPDT wet welght
in the brain {Herman, 1975}, DDE residues in the brafns of 7 white-faced
ibis found de-d or dying in Texas in 1970 ranged from 0.1-0.7 ppm (Flick-
inger and Moeker, 1972).

A significant relationship between liver and whole body residues of DDE
in dead guillemots oceurred as 407% of thefr body welght was lost and depot
fat mobilized in their livers coutained 18.8 percent DDE (Parslow and
Jefferies, 1973).

The incidence of abnormal chicks (feather loss, and eve, bill, and foot
deformities) in 2,000 common and 800 roseate terns Iln Long Island {acreased
from 0.1 to 1.3% from 1969 to 2970 {Hays and Risebrough, 1972). Median con-
centratfons of DDE and PCB {n the breast muscles of young terns weve 2.1 and
2% ppm wet welght, respectively., The search for the causes of wild bird
abnormalicies is made difffcult by the nature of the relationship between
envirenmental teratogens and the i{ncidence of observed effects. Exposure of
a large popuiacion of organisms ¢o comparable concentrations of a teratogen
could be expected to produce abnormalities in only a few ind{viduals., Con~
centrations of the chiemical vesponsible could be as high [n apparently normal
birds as {n theuse with obvious abpormalities. TIncreasing the level of ex-
posure, however, would increase the probability and, therefore, the incidence
of the effects., Within a given ecosystem, such as the marine econystem sup-
porting the cerns on Long Island, it may not be possible te relate the ab-
normalitles to concentrations of any one or a combination of pollutants in
the birds,

Biologists are comstantly slert to new situations concerning pesticlde-
wildlife relationships., Of particuelar importance, {» L2 continual monli-
toring on a yearly basls of wildlife species. This f: an Important actien
because when birds are subjected to heavy pesticide cnnceonteations, thelr
resultant death frequently goes unnoticed, Ducks collected in lowa In 1969«
1970 had higher total DDT resfdues {n the fat than other tissues, ranging
from 67-662 ppb wet welght (Johnson et al, 1971)., The breast muscle con-
tained from 0-97 ppb and the liver residucy ranged from 8-247 ppb.  Analvses
of 5,200 mallard and black duck wings in 1'}69-1970 revealed DDE ar the pre=-
dominant organochlorine reridue, ranging from 0.06-5.27 ppm (leath and Hill,
1974). These concentrations alone, however, would not be hazardous to duck
populations, but coupled with stress conditions could contribute to sickness
or death,

Although almost all chukar, pheasant, and waterfowl samples taken in
Utah Erom 1970 through 1071 contalned pesticides, no phessant or chukar
breast nuscle tlssues exceeded the 5.0 ppm tolerance guideline for DPT +
DDE restdues established by the Food and brug Administration for edible
portions of fish (Smith et al, 1974b). Mourning dove hreast muscles, col-
lected in 1970-1971 in the Eastern United States, were found to contaln
DDT + DDE + DDPD in all 145 samples tested. The average vesidue level was
0.068 ppm wet wolight (Kreitzer, 1974), The amounts identificd. are not
considered hazardous to higher order caraivores,
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Bivds sampled in acecas of high pesticide use, as expected, contained
higher realdues than those from uonuse arcas. Bobwhite qualls collected
in Alabama in 1968-1969 {Mclntyre and Causcy, 1971) from untreated [iclds
contalned an average of 1.68 ppm DDE fat basis (range of £.55-3.10 ppm)
wvhile quaill frem nearby treated flelds (BDT, Toxaphene, or methyl para-
thion) averaged 17.08 ppm DDT fat basis (range of 2.07-46.40 ppm}. This
concentration exceeds the 7 ppm telerance guideline established by the
Food and Drug Administration for commercial poultry, The same rosules
were obtained from botwhite in South Caraelina in 1969-197C (Percival et al,
1973y and from ving-necked pheazants in Idabo ian 1969 (Messick, 1972).

Hhen residues are detected In arcas where there has been little or we
pesticide use, it can Ye concluded that they were transporcad from othoer
areas, A survey was made during 1970 and 1971 of organochlorine pesticlde
regidue in the fatty tissues of two blrd species (about 47 Individuals) in
Australfa (Besc, 1973). 1In areas Car from human -griculrural activicy,
total DOT was found in birds ranglog from <0.01-4,12 npm fat basis, [t has
been supgested that DDT levels above 2 or 3 ppm in the rissgucs may cause
serious damage to bird populations,

Greichus ot al (1973) exanined cormorants and pelicans for pesticide
residue concentration., The p,p'-DbE was Lhe most prevalent coptaminant,
reaching 154.50 ppm wet weight In pelican fat and 107,.t4 ppm tn cormorant
fat. Penned cormorants approachlng toxicosis had 20 ug/g of I'D In tae
brain. S5tress condlitions for cormerants (mipration or discase) may canse a
decrease {n body lipld stores and it {s qulte posatble that 20 ug/g of DDD
could occur {n the hrains. Analyses of ten wild cormorants from South
Dakota showed average concentritionas of 9,56 ppm DDE in the brain, 9.12 npuw
in the earcass, and 2.70 ppm wet welpht in the liver (Greifchus and Hannon,
1973). Carcass levels in these cormorants were 20 times greater than fu penned
bieds, although braln concentraticns differed little, This evidence suggested

-atorage of residues in body Fat as a means of adjusting to residue fntake and
maintalning low brain levels. Low hrain restdue levels indtcated the wild
birds were in ne {mmediate danger.

Yost species continually monitored exhiblted a gradual decline In
amounts of pesticide residucs associated with decicased DBT use. ‘When 319
migratory songbirds were sampled In Florida, all contained UDT in their
fat depogits (Johnston, 1974a). There was a decline in ODT frem 17,80 ppm
in 1969 to 2,06 prm l{pid welght in 1973, The same result was evident In
gongbivrd species which contained 15.48 ppam in 1909 comparced to L.66 ppm
in 1973 (Jehnston, 1874L). Sampples of Louwistana woadeock fn 1971 had
fower mean DDE residues (6.88 ppm) in the carcass than did the 1965 sample
(17.90 ppm) (Clark and MclLane, 1974). Starlings also showed a decline
from residue levels of 1.9 pprm tn 1247=14968 o 1970 values of 1.0 ppm {Martin
and Nickeraon, 1971}, The decline in DDT restdues in sctarlliags {n 19722 was
not as great as thar shown fn the (970 values but generally still decrraslng
{Nickerson, 1972). These declines aee attributed to decveased usapgs of DDT
in the United States.
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Exposure to organochlorine pesticides remafned relatively constant
from 1965 to 1970 for golden eagles in the United States (Reidinger and
Crabtree, 1974). DDE was the most prevalent residue ranging up to 84 ppm
in the fat. Exposure was appavently through dlet and not sufficient to
warrant concern for dlrect nonsynergistlc acute toxic effects. Sublethal
effects are not precluded, however.

Conclusion

DDT residues presesnt an intensified hazard to birds duriug stress
periods includiog migration and partial food deprivat{on even with normally
sublethal concentrations. Mortality occurred when blrds werc fed DDT
simultaneocusly «with food restriction. However, there was no mortality when
the same DDT dosage or the same food restiictlion was applied separacely in-
dicating that neither weight loss nor Jdosage alone was sufficlent to cause
mortality. Under stress, body fat is utilized: DDT is mobilized and may be
translocated via the bloodstream to the brain in sufficient amounts to
cause death. Death [rom mobilization of stored DUT residues can occur long
after the dosage has been eliminated.

An accurate assessment of cause of death {n the field is extreaely
difflcult because many pesticides are present in the emvivonment. Birds
carvying DDT residues may hove traveled long distances from DDT contact
polnts making it difficuit, if net impossible, to relate the cause of
death to one pollutant.

The conclusion reached From the new data agrees with the Administrator's
prior decision: DDT is toxic to birds and can be mobilized from tissues in
lethal amounts,
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EGGSRELL THINNING AND REPRODUCTION

Administrazor's Finding: DDE ean cause thinming of bird
egqrshells and thua inmpalr veproductive swocess,

Certain wild birds, in thelir natural breeding arcas, are affected by
UDT-related residucs in the diet and biocaccumulated into tissues in such
a way as to produce reproductive impairuent, This impalrment is assoclated
with the production of eggs with shells thinner than the historical norms
and results in such deleterious phenomena as cracking, crushing, egg-eating
Ly the parents, and nest abandonment, -These phenomena result in reducea
reproductive success among natural ocpulations, and in some cases, fallure
of large breecding colonies to veproduce the young needed to sustain the
population. These effects can result ultimately in pavtial or completo
logs of whoic specieq.

The statement that DDT-related residues produce this eggshell thinning
is based upon at least three lines of evidence: 1) museum eggshells of the
affected species show that a marked decline In average thickness occurred
during the late 1940's corresponding to the time DDT :ame Into prominent
use; 2) affected species have a negative corrilation between the concen-
tration of DDT-related residucs in the egg, bird, or colorv and the thick~
ness of eggashells. These kinds of ‘residue correlations altuong with shell
thickness, population status, and reproductive fallures are field research
evidence; 3) controlled studies on this chenmical effoect o~ shell thickness
have shown the phenomenon to be repeatable in the laborat:ry.

Data as of 1972

Testimony presented during the heavings included pro and con informarion
vegarding cach of the three lines of evidence., Museum studies were presented
by Dr. Joseph Hickey and others describing the decline in shell thickness of
certain species in the US, ‘lestimony was also presented showing a lack of
change in certaln other species. Testimony was presented showing a negacive
correlatlon between shell chickness and egg residues for some species and no
correlation for others. Earlier laboratory studles, such as thoge of the
Upniversity of Wisconsin and the Patuxent and Denver Wildlife Research Centers
af the USDI, were presented which showed that dietaxy or single oral dosages
of the DDT complex, particularly DDE, could cause shell thinning in some species
but not in others. While several witnesses expressed the opinion that DDE-
impatred calctum metabolism was responsible, no definitive biochemical rechanism
was demonstrated, though several possible mechanlsms were proposcd. (Puli»
Hearings on DDT, 1971-1972)

Data since 1972

Since the Admtnistrative Hearlinpgs, more information has become availabhle.
An excellent, in-depth review of shell thinning in avian eggs 'is been written
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(Cocke, 1973}, Auy serious atudent of the phenomenon should read this well-
refercnced 68-page review for a thorough grasp of the subject's history and
an analvsis of research to that time. Other recommended background reading
15 the most comprehensive American study of egpshell thickness ever con-
ducted {(Anderson and Hickey, 1972},

These reports document the decreased shell thickness certain American
specles have displayed siace the late 1Y40's., Species of wild birds studied
in North America not demonstrating any slgnificant shell thinning included
the golden eagle, great horned owl, gvrfalcon, rough-legged hawk, whooping
crane, and mourning dove.

Species in North America showing recent decreases in shell thickness
Include the peregrine falcon, bald eagle, prairie falcon, osprey, red-
taliled hawk, merlin, white pelican, brown pelican, double-crested cormorant,
common egret, grear blue heren, guillemot, herring gull, and ashy petrel.

The species showing thinning are generally rmong those at the top of food
chains, such as fish-caters, bird-eaters, and other finsh-ecatlng birds, Her-
bivorous species such as pheasants, quall, and certain waterfowl have not
displayed this shell thianing.

Numerous authors present praphs of shell thickness plotted against time.
The decreases [irst appeared te have happencd in the period 1946~1952, typi-
cally In 1947, continuing in m ny cases to the present., In certain cases,
thickness increases toward hi: terical norms have occurred wery recently
{(Anderson and Ilickey, 1972).

The degree of shell thinning in affected wild colony populations has
waried from over 34% (with egzs collapsing as a result) for the California
brown pelican (Keith, Weods, and Hunt, 1970) tc none for many species.
Within a given specles there are geographical differencey in average degrees
of shell thinuiing.

There ar: many research napers giving negative correlation coefficients
between the degree of shell thionning and the concentration of NDT-reclated
residves for affected species (Blus et al, 1974; Faber and llickey, 1973;
Cade et al, 1971). '

Blus et al (1972) have developed the mathematics for the relationship
between DDE residu < and shell thinning for several specles., The relation~
ship between the logaritim of the dosc and the response is well known in
toxicological theory. Blus ¢t al extend this to the assocfation between
residue and respupse. Wis calculations show a concentration-ctfect rela-
tionship involving the legarithm of DDE (wet weight basis) in eggs and the
thickness of the shells for affected species, Thae resulting regression is
linear and similar for differont specles. Bowevnr, he notes that this re-
lationship oporates on a differeat lovel for different species. For exam-
ple, in the beown pelican, which seems to bhe extremely susceptible, a 15%
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thinning is agssociated with DDE residues of 4-5 ppm. In contrast, the herring
gull shows no thinning at 4-5 ppm and only 11% thinning at 80 ppm.

In cortain cases, this shell thinning-DDE restdue corvelation led to pop-
ulation studies and on-site reproduction assessments, One set of studies con-
cerned the brown pelican off the coast of California and Baja, California. A
report, prior to 1972 (Risebrough et al, 1971), showed this population exper-
lencing extremely low reproduction in assoclation with thin shelled-egg pro-
duction and ahnormally high DDE residues. The residues resuited from the
brown pelicans' diet of northern anchovies and other fish carrying high DDE
residuea.

Dr. Daniel Anderson (personal communication, 1974) is studying this popu-
lation. His data demonstrate that a change has occurred since the 1960's Ffor
the islands of Anacapa and Coronades off the southern California coast. A
significant drop In the average levels of DDE, DDT, and TDE in the anchovies
began in 1971.3 A significant improvement in the reproductive success of the
brown pelicans has occurred since 1971, For 1969, it was reported (Riscbrough
et al, 1971) that the colony was littered with eggs that had collapsed under
the weight of the Incubating adults. Shells of these oggs averaged 53% thin-
ner than those collected bafore 1943, 1Ino 1969, a maximum of five young
hatched from 1,272 nesting attempts. In 1970 and 1971, there was little im-
provement. More improvement occurred fn 1972 and 1973. For 1974, Anderson
has data showing that approximately 1,200 voung were successfu'ly hatched from
the Island of Anacapa. This ceproductive improvement was assoriated with a
significant improvement in shell condition, as well as inerecased survival of
eggs and reduced DDE residues. This reproductive success 1e attributed both
to luproved rate of reproduction and an increased nunber of breecding adults by
1974, The increase In number of breeding adults is thought to be brought
about by possible recrultment of first breeders from motve southerly popula-
tions as a responsc to an increased food supply (fish).

This increased reproductive success is not enough to be called "normai’
for these pelicans. Anderson states it as a "clhronic lower lewel of adverse
effects"” as opposed to the acute problem of almost total reproductive failure
which had just previously occurred. The numerical data supporting this his-
tory have been evaluated and are to be publighed.

James 0, Kelth, of the Denver Wildlif+ Rescarch Center, has also been
involved in the on-site study eof West Coast brown pelicans for many years.
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1/ Montrose Chemical Company, DUT manufacturer, Installed a separate treat-
ment syatem and no longer used the Los angeles sewer asystem in 19713 this
accounts for some of the lower DRT related residuess thereafter.
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He states (personal communtcation, 1975) that "the average productivity of
browa pelicans In the Gulf of California during the last five vears

appears to be ' adequate to maintaln thefr population.” Whereas existing
data on mortal vy rates for the specles suggest that a recruitment

standard of from 1.2 to 1.5 young per adult pafr is nccessary (Henny, 1972)
to malntain the population, production has averaged less than 1.0 young per
palr in the Gulf. Average productivity was reduced primarily by two kinds
of {nadequate performance on Jhe part of adult pelicans., In two of the
[1ast]) five vears, only ahout one-half and one-tulrd of the adults came to
the colonies to breed; the remafuing proportion uvf the adults did not pro-
duce young during those years. In addition, during cvery vear a proportion
of the adults (10 to 95%) deserted egga or young sametime during production.
Keith notes that, in addition to DDE residues carried by the adult pelicans,
food availability was possibly related to this inadequate performance.l/
Keith's rescarch on food deprivation and its effect on birds carrying DDE
resldues is reviewed elsewhere in this report.

Like Cress (1970}, Kelth noted erratic behavior in the ficld such as a
tendeney of breeding adults to leave normal nests unattended, He also neted
that a tendency toward less intense courtship behavior than normal was cor-
related with higher DOE residues than occurred in "normal" pairs. Experi-
mental evidence has substantiated this phenomena under controlled conditions
and is presented elsewhere In this report,

Schireiler and Risebrough (1972) described the historical status of
brown pelicans throughout the United States and its relat{onship to DDE
regidues. Rischbrough (personal communication, 1974) was concerncd about the
biochemical moechanism by which DDE could cause thin shells,

Blus et al (1974) studied egg effects from 13 or more colonies of brown
pelicang from South Carolina, Florida, and Califorxnia fn 1969 and 1970.

They observed a 177 oggshell thinning in South Carcolina which was associated
with subnormal reproductive suecess. Sinez the T cancellation, thece has
been a significont decline in residues of DDE, DDD, and DDT in cggs (brown
pelicans in South Carolina); at ihe same tlme, reproductive swvecess of the
pelicans returned to near normal for the flrst time In manvy years f(fAlus,
personal communication, 1975). This 1s consistent with other findians for
brown pulicans off the Califorala coast {Anderson, personal communication,
1974) and ospreys In the Eastern US (Stickel, personal communication, 1974),

Controlied laboratory studles, both hefore and after the cancellation,
have demonstrated the shell-thinning phenomenon to be reproducible., Chickens
and related wild gallinaceous birds have shown little or no thinming upon
exposure to DDT or DDE in the dlcet (Davison and Sell, 1972}, On the other

1/ Restricted food intake can lead to mobilizatlon of DOE rosidees from
body fat. .
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hand, waterfowl, such as the mallard (Movison aud Sells, 1974) or black duck
(Longeore et al, 1971; Longcore and Samson, 1973}, ring deves (Maegele and
Nudson, 1973}, and sparrow hawks (Peakall et al, 1973) have shown signifi-
cant shell thinning of a degree lmpairing reproduction even vhen the epns
arc areclflefally incubaced, Studies have not been performed in the labora-
tory with the same species showing reproduction problems (n the wild, with
the exception of the prairic falcon and sparrow hawk. The reason for this
is the other species are net amcaable to laboratery rearing practices.

To determine if mercury or lead compounds caused significant shell
thinning or svnergized the thinning causced by DDE, lacgele et al (1974) (od
them singly and io combination with DDE, to mallard ducks. DDE alone caused
154 reduction ia shell thickness: but netther mercury nor lead caused sig-
nificant thinning or additive thinning, either alone ar {n combination with
DDE. Furthermove, Haegele and Tucker (1974) orally administered {{ftreon
coamon environmental pollutants fo both ecoturnix aod mallards to determine
tf pollutants, other than DBE, caused shell thimming. The chemicals tested
fncluded Aroclor 1254, 2,4-D, dicldrin, heptachlor, chleordane, parathion,
godium arsenite, Toxaphene, and tetraethyl lead. Results showed that several
chemicals and pesticides cavsed temporary production (2-5 davs) of thin-
sh2lled epgps in assoclation with treatment levels producing severe siens of
intoxicat{ion. When the overt intoxication remitted, the next egps subse-
quently returned to normal thickness, except for the DIi-treated groups where
thinning persisted throughout the 1B-day studv, in the absence of signs of in-
toxication. These authors studied DDE-produced shell thinntng in mallarda which
persisted in excess of a year after the binds were returned te normal, uncon-
taminated diets (Haegele, personal communication, 1974). Peakall et al (1975a)
studied the prolunged nature of this thinning using the white Pekin duck. They
concluded that izcovery of shell thickness following cessation of exposure to
DDE was less than half-way to normal in 27 weeks and that DDE resicdues in egg
yolks producoed at that time Nad decrcased 40%. The authors noted that recovery
would be slower In the wild for affected species sbnce they lav far lewer engs,
Fggs are a major route by which female birds rid thefr bodfes of DDE residues.

Some significance of shell thinning is shown by Longcore and Sampson
(1973) whe fed black ducks Just 3 ppm wet weight p,p'=IDE.  The ducks pros
duced eugs with shells 22¥% tihinner than normal. Wien the hens were allowed
to lncubate these eggs, the [acrease (n total percentage of cpgs with
cracked shells was statisticaliy highly significanc (57.77), four times the
percentage of cracked contrel epzs (123), Onlv 18,77 of the epgs lald by
DDE treated ducks hatched, compared to 80675 of control eges., Most other
studles willized artificial incubation techniques and thus, {n part, misxed
the cracking effect. These authors in nrior years conducted the same study
but -artiffcially {pneubated the cpgs and found that of the control cpes,
2.27% cracked and of the DPE group epes, an unimpressive bat statistically
significant 11.97 cracked.

One major thrust of current laboratory shell-reproductinon rescarch has
becn to clucidate the Liochemical mechanism by which DY could cause thlnning.

“hbw



Previously, a number of mechanisms, all related to calcium metabolism, had
been proposed., One by one, each proposed mechanism has been elther dis-
nissed as further experimental evidence became available, or been relegated to
a minor reole.

Such mechanisms proposed and studied include carbonic anlydrase
inhibition, thyroid destruction via liver enzyme induction, premature ovi-
position, parathormone dysfunction hydroxylation of the steroid vitamin D
causing poor calcium absorption from the gastrointestinal tract, hormonal
changes, and numerous cother theories. These were thoroughly discussed by
Cooke (1973) and,more recently, by Mueller and Leach (1974).

In the last few months some very important breakthroughs have been made.
The most popular thecry of the early 197Q's, carbonic anhydrase inhibition by
DDT, has now been rather successfully refuted by Maren et al (1974}. Car-
bonic anhydrase inhibitioen in the shell gland by DDE had been presumably
demonstrated by previous authors and should have been responsible for reduced
laying down of calcite {CaCO4), the major constituent of eggshells. Previously,
Pocker et al (1971) showed in asasays that a false inhibition resulted from ¢o-
precipitation with insoluble DDT, thus occluding carbonic anhydrase from solu-
tion. Maren et al (1974), using DMF with ultrasonication to kecp any carbonic
anhydrase and DDT in suspension, demoustrated a lack of inhibition of anhy-
drase activity by DDE and DDT. Peakall et al {1975b) have now shown that DDE
does not reduce biood calclum levels in either the Pekin duck or the ring dove,
both of which are susceptible to shell thinning. Thus, the mechanism had to
iavolve the function of the shell gland in laying down calcite rather than
decreased calcium pupply to the gland.

Finally, Miller et al (1975) rveported that calcium ATPase present in the
shell gland may act as g calcium pump to produce the active transport of cal-
ciun lons across the avian shell gland from the blood to the developing shell.
Thelr cxperiments demonstrated that caleium ATPase in the shell gland of Pekin
ducks I8 strongly inhibited by DOE both in vivo and in wvitro. As little as
0.2 ppm DDE in the shell gland produced inhibition in the susceptible duck
species. 1If this biochemical explanation is valid, once should expect little |
or no calcium AlPase ifnhibition in the shell gland of a DDE-treated chicken.
In fact, this has bcen verified Iin recent weeks (Kinter, personal communicatien,
1975}, thus finally explainieg the difference botween susceptible spectes and
the nonsusceptible chicken.

Lonclusion

Based upon previcus data avallable to the Administrator and additional
material which has since become available, we conclude:

1. Because there is a mags of {nformation showing that the shell-
thinning phenomenon was not a problem prior to the {ntroduc-
tion of DDT Into the environment, and because there Is a cor-
tesponding rew'ssion in severs shell thinning io many affected
species takilng place across the nation since the cancellatlon,
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wve feel a clear~cut time relationship exists between thin-
shell preduction, concomitant reproductive fallures, and
DDT use in North America,

2. There is a spatial relationship showlr . that the arcas,
colonies, and birds of susceptible species most exposed
and carrying the highest residues have been the most
affected. ’

3. Time and time agaln, negative correlations between the
DDE content of eggs and parents versus thickuess of shells
produced have been shewn. The only exceptiouns, to our
knowledge, were the lunk of correlation found by one
mosquitc abatement district manager on a few eggs and one
graduate student who found yet another negatlve correla-
tion coefficient, albeit a norstatfatically significant
onr (Switzer et al, 1971). .

4. Controlled studies have shown repeatedly that many
species are susceptible under laboratory conditlons of
exposure (o envirommental levels of DDE. - However,
cnlekens and related gallinaceous birds are generally
refractory both in laboratory studies and their natural
habitat. A plausible explanation for how thinuing occurs
in susceptible specieg but not In chickens or other non-
susceptible specles 1g the bicchemical nechanism (caleium
ATPase inhibition in the shell gland) previously discussed.

5, No other cthemical has been shown to produce the degree
and duratlon of shell thinning produced by DDR.

For all these reasons, we conclude, as did the Administrator, that DDE
can cause thinnring of bird eggshells, thus tuvairing reproductive success.
This phenomenon has been so general snd widespread as to, in our opinion,
present serious environmental risk to the many avian spacies involved,
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CARCINOGENICITY OF DDT IN MICE

Adminigtrator's Findinga: 1) Erpepimonts demonatrate
that 0OF eauaes Gwmors in laboratory animuls, £) There
15 some indication of metastasig of tumora aitvibuted to
exposure of animale to DT i the !aboravnnfh

Datas as of 1972

In a published preliminary note, 18 male and 18 female (CS7BL/6 x C3H/
Anf) Fl mice and a similar number of (C57BL/6 x AFR) Fl mice were given
single dogses of 46.4 mg/ky bw p,p'~DDT by stomach tube at 7 days of age.
The same absolute amount was given daily until the animals were 28 days of
age; they were then transferrved to a diet containing 149 ppm p,p'-DDT.
Mice were killed at 81 weeks. In both strains, about 30% of the females
dicd durfng treatment, Illepatomas (liver cell tumors} were found in 11/18
male and 4/18 female (C37BL/6 x CIH/Auf) mice compared with 8/79 male and
0/87 female controls, and in 7/18 malc and 1/18 female (CS57BLJ6 x AFR) Fl
mice compared with 5/90 male and 1/82 fomale controls, Tn addition, 6/18
(C57BL/6 x AFR} Fl females died with malignant lymphomas, compaved to 4/82
controla (Innes et al, 1969).

A S~generation experiment, originally devised to investligate the effects
of DDT on belavior, provided animals for a carcinogenicity study., One test
and one contrel group of BALB/c mice were taken from cach of the 5 gener-
atlons and their tumor incidence studied. A total of 683 reccived a diec
contsining 3 pom p,p'-bOT and 406 a control dlet, Lung carcinomas were
ohserved in 16.9% of the treated mice and 1.2% of the controls (the inci-
dence of lung adenymas is not reported, although the authors note an average
incidence of ‘57 In their colony of mice), The incidence of lwmphomas was
5.8% in treated and 1.0% in control mice; leukemias 12.4% and 2.6%, and
other tumors %.3% and 1.0%, respectively (Tarjan and Kemeny, 1903).

At this time, the multigenceration Lvon study was ongoing and prelimin-
ary data Indicated that Intcrnational Agency for Research on Cancer (IARC)
also had observed an Increascd incidence of hepatomas in nice but uwe con-
cluslve data were available for publicatfor (TARC, Sclentifilc Advisory Com-
mittece to EPA Administrator, personal communication, 1972). The commiitee
agreed at this point that the unpublished evidence made available to them,
indicated an overwhelming production of hepatomas in mlce by DDE. However,
they admittedly were in disagreement at this time, for lack of evidence,
whether or not hepatomas signified eventual Jdevelopment of carcinomas.

The prisence, hovever, of lung carcinomas aad malignant lvipromas (lymph
gland tumors) {n addition to the hepatomas signated tho ability of DOT to
produce cancerous prowtha in other tissucs a-d gave welipht Lo the pntonllal
carc.uogeniclty of this chemical In other rarmalian systems,
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Dstn since 1972

A 2-peneration dose-response studv on the feed’ng of DDT to CFl mice
involving a total of 881 treated and 274 control mice has been reported
(Tomstis et al, 1972). Dletary concentrations of 2, 10, 50, and 250 ppm
technical DDT were administered for lifespan (approx. 18 months). In
both parent (P) and offspring (Fl) geecrations, there was excess mortality
from week 60 onward among mice recelving 250 ppm DD{. Only the incidence
of liver-cell tumors was affected by expos.ire to DDT, and in the two sexes,
it ranged as follows: :

Sroup Maleh FemaleX
0 ppm 254113 4111
2 ppm 57/124 4/10%
10 ppm 52/104 117124
50 ppm 67/127 137104

- 250 ppm 82/103 69/90

(* Number of animals demonstrating the appearance of the
first tumor at any site.)

The excess of liver-cell tumors in wice of both sexes fed 250 ppm DDT
over the controls was significant at the 1% level. The excess of liver-
cell tumors in males fed 2, 12, or 50 ppm over the controls was significant
at the !X level in animals surviving more than 60 weeks., “n females, »11
liver-cell tumors we=e fouad afcer 100 weel's of age, and the excesn over the
controls was slgnificart 8z the 5% lovel only in the group fed 50 ppm DDT.
Four liver-cell tumors., uvi ¢zcurring in DDT-treated mice, gave maetaatases,
No remarkable differences vete observed between P ang Fl mice in this study.

These results wers confirmed by a later study reporting the effect of
DDT on 6 comseccutive geneta:zions of CFL mice. CFl nminimal lubred mice of
6 consecutive generations {parcnts, FI-F5) were fed technical DUT mixed
into the diet at dose levels of 2, 10, 50, and 250 ppm for their lifespans.
The experiment involved > %87 mice, including DDT-exposed and negative and
positive conrenls.

Exposure te all 4 levels of DDT significantly Increased liver tumors
(hepatomas) In males {(50-55.9%7 in the 2, 10, and 50 ppm groups and 867 In
the 250 ppm ODT groups, cempared to 29.5% in male controls). In females,
hepatema incldence increased considerably only after exposure to 250 ppm
DDT {65.57% sompared to 4.7% In contrals), Tenm and 50 ppm DDT only
slightly incrcased the Incidence (9% and 13% respectively), No effect
wada seen at the 2 ppm Ievel in females,
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The averase lifesnan of males with hepatomas decreased in BOT-treated
groups (84 wk at the 250 ppm DDYT level, i01-104 wk at the 2, 10, and 50 ppn
levels, as compaved to 114 wk in controls). In females, only the highest dose
levoel shortened the average lifesoon of hopatoma-bearing mice (94 wk compared
to 104 wk {n contrels), DOT did not alter tumor incidence at sites other than
the liver, although an apparent, hut not significant, increase in lung tumor
incidence was noted ac the levela of 2 and 10 ppm DOT. No progressive increase
of hepatoma {ucidence from generation to generation was noted in DDT-treated
mice, However, coansidevable varfations in the incidence of tumors of the liver,
lungs, and hematopoletic tissue were ohscerved between the generations within
each treatment group, including controla. One metastaslzing hepatoma was {ound
in contrels and 13 were found in 4 DOF-(reated groups. Malignant liver tumors,
tentatively termed hepatoblastomas, slso oceurred, with a sligotly increased
tncidence in the 10 and 30 ppm groups (1.9% and 3.1%, respectively, as compared
te 0.97% in controls) and a sigalficant increase in the 250 ppm group (7.12).

~Ten of 56 tumors of this tvpe found in DDT~treated mice metastasized to the
lungs  (Turusov et al, 1973).

In a 2-gencration study, a total of 513 fewmales and 431 male BALB/c mice
were administersd dietary concentrations of 0, 2, 20, or 250 ppm technical DDT
for lifespan. Only liver-cell tumors were found in excess, and only the 250
ppie dose level was effective,” In females, the survival rates were comparable
in all greoups, and liver-cell tumors were found i{n 0/131 control mice, 0/135
mice fed 2 npm, L/128 mice fed 20 ppm and 71/121 mice. fed 250 ppm DPT, In males,
early deaths occurrcd fn all groups as a consequence of fighting and (at highest
dagage level) because of BDT toxicity. In wmales surviving over 60 woeeks of age,
liver-cell tumors were found in 1762 control mice, 3/58 veceiviag 2 ppm, 0/48
recefving 20 ppm, and 15/31 receiving 250 ppm DDT, Liver-cell tuwor distribution
wag unrclated to the litter of oriuin, No metastases were found. The tumors
grew after transplantatieon into syngenetlic animals (Tervacinil et al, 1973a).

Confirmatory results wore obtained in twe subsequent gencrations of BALB/c
miece fed DT, although F1=-F3 milce, exposed to DRT boch fn. utero and after birth
for 1ifespan developed more Liver tumors than did P mice exposced to DDT only
after weaning (Tervacini et al, 1971b).

In a multigencration study in A sctrain mice, DDT {n 0.1 ml sunflower-roed old
wag administered vo 234 mice by stomach tube at doses of 10 ppm. In two control
grouvps a total of 206 mice received efther no rreatment or sunflower-seed ofl
{0.] ml) alore, Similar treatments wors applied te the FO, Fl1, F2, F3, F4, and
F5 generations. An additional 10 mice were given doses of 0.1 ml of a 50 ppm
solution which adversely affected progaancies, thus no subsequent genetations were
ohtatned at this level. Approximatelv 30-530% of th: animals in the treated groups
dled before 6 months; all antmals were killed alter 12 months, Only lung
adenomas were found. The Inecldence: fa FO-F5 generations treated with 10 ppm
bhT were: '
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FO, 8/42 (197): FI, A4/26 (157} F2, 6/25 (24%): F3, 19/41 (4e%);
Fh, 16/37 (437): F5, 8/61 (1"7); conteols FO-F3, 15/206 (77).

Of the 30 mice recelving 50 ppm doses, 14 died bLefore 6 months, and 3 of
these (21.5%) had lung adenomas; of the 16 dving after this time, 8 (30%)
had lung adenomas. The average nunber of lung raluies/mouse, about 7.2,
was similar {u both sexes, compared to 1.0-4.7 nodules/meuse in the 6
generations vreceiving 10 ppm doscs and 1.6 nodulefmouse in controls (Shabad
et al, 1973).

Diets containing 50 or 100 ppm 1 ,p*~-DDT were administered to groups of
30-~32 CFl mice oc each sex for 2 years. The control greoups iacluded 47 mlice
of each sex. In males given 0, 530, and 100 ppm, liver tewmors occurred in
13%, 375, and 53% of the animals, rvespectivel:, Ta females, the corres-
ponding incldences were 17%, 50%, and 76%. The ratfo of liver tumors, char-
acterlzed by simple nodular prowths of solid cords of parenchvmal cells,
classified as benign tumers {type a), to tumars growing with papillary or
adenoid growths with cells prolifevaring in conflaent sheets with necrosis

Cand increascd mitosts (tvpe h) was greater than 3:} In the treated group no
type b tumors cccutred in concrols. The {ncidences of other tumors were
comparable {n controt and DDT-treated mice. Metastises were found {n one
treated female (Walker et al, 1973),

In a subsequent study 30 male and 30 female C¥l mice were fed 190 ppm
p,p'=DUT for 110 weeks, The animals were not autopsfed until the ulcra-
abdominal massces vcached o size cuuskng the animals to become anorexic or
clinically affccied. In this enserimeat, 79% of the wales and 967 of the
females compared with 24% and Z3Y In the contrels developed liver tumors
within 26 months. The ratio of type a to tvpe b tumors was ahour 1il in
the MOT~treated mice (Thorpe and Walker, 197)).

Conclusion

As a resuli of additfonal studles concluded after 1377, the hepatow
carcinogenicity of DDT by the cral route has heen dewonstrated in several
strains of tlce. Liver-cell tumors have been produced in hoth sexes, and
fn CFl mizd were found to have merastasized, An foereased incidence of
hepatic tumors has heen obscerved with doses of DDI as low ag I ppu.
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TUMOR PRCDUCTION IR MICE AS AN INDEY OF
POTENTIAL CARCINOGENIC.TY IN OTHER SPECLES

Adninietrater's Findings: ) Dot all chemicale show the
same twmorigente propertig s in laboratory tegts in animals.
2) Respongible scientisgts velieve tumor tnduct’on in mice
i a valid vaming of poseible carcinogenic properties.

Data as of 1972

Tomatis el al (1973) in a review of the literature containing over 350
refevences dating from 1937 througk 1972 concluded that a positive corvelation ap-
pears to exist between the capacity of a ¢hemical to induce liver tumors
in the mouse and 1ts capacity to induce tumors at any site In the rat or the
hamseer., The strongest positive correlation was found when the chemical,
given to the mouse during adult lif¢, induces tumors of the liver in both
sexes as well as tumors at othey sites. However, the inductien of liver
tumors in the mouge by a chemical dees not necessarily imply that the liver
Wwould be the target organ in the rat or the hamster.

Tomatis, in the same review, further indicated that among the 58 chemicals
considered, seven are recognized or suspected human carcinegens (3N-benzopyrene
4-aminobiphienyl, benzidine, auramine, 2-naphthylamine, stilbestrel, and afla-
toxin). With the possible exception of aflatoxin, rhere f{s no evidence that
the target organ for man would be the liver, All were hepatocarcinogenic in
the mouse and s{x were carcinogenic for the liver and/or other organs in the
rat, In the hamster, four were teuted and found carcinogenic,

Data since 1972

The chemical vinyl chloride when given by inhalacion has been observed
to produce lung adenomas and mamwary catcinomas in w:ice and hepatic angiosarcomas
and anglomas of the liver in mice and rate (Maleoni and Leferine, 1975). '
Anglosarcomas of the liver have also Leen observed in wothers employed in the
nanufacture of polyvinyl chloride resins (Creech and Johnson, 1974; Creecch et
el, 1974},

Current studies on carcinogenicity of DDT and metabolites 1o mice and rats
at the National Cancer Institute are to be completed within the next 12 months,

Conclusion

Although the target tissue may be different, the mouse can, Ln specific
cases, serve as L reliable and proven indicator of the carcilaogenicity of a
chemical in other species {ncluding man. However, although carcinogenic
effects in mice are valid when dealing with certain chemicals, the resulis cin
vary greatly depending on the compound tested and may not always be a reliable
basis for extrapolaticn tv other species,
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CARCINOGENICITY OF BDT .IN OTHER MAMMALAN SPECIES

Administratots Findina: There aee no adequate nega-
tive expepimental atidlea n cthor mamalie gpeeies,

Data as of 1972
Rat

In twy 2-year experiments started at an Interval of [ year, a total of
228 Oaborne-Mendel rats veceived diets containing techuiczl DDT {as a powder
or selution in nil) at concenrratlons of O ppm (24 males and 12 females),
100 ppm (12 males), 200 rpm {24 males and 12 femates)., 400 ppm (24 males aad
12 Cemales), 600 ppm (24 males and 24 females), and 809 ppm (36 males and 24
females). OF the 192 rats exposed to DDT, 111 died before 10 menthg of
treatment only 14 rats given 400 ppm, 23 rats glven &00 pom, 1o given 400
ppm, 246 glven 200 ppm, 5 given 100 ppn and 20 contvols weve alive at this
time., Tumor Incidences for cach dose level were not given, Among the B)
rats surviving at least 18 monchs, 4 had low-grade hepitic-ccli carcinomasg
{measuring op o 0.5-1.2 cm) and 11 showed nodular agenomatotd hyperplasia
{rodulies measuriog up to 0,3 em), Ho liver lesions were found 1n concrol
rats (Fitzhugh and Neleon, 1947). Hepatic-cell tumors are reported by these
authors to accur spoataneously {n 17 of the rats {n this colony, and nodular
adenomatous hyperplasia {8 repotted to ba rare. :

Two experiments on Osborne-dendel rats reported from the same fnstitu-
tion, exposcd groups of 30 males and Y0 females for at least 2 years to
oither B0 or 200 rpm DDT (recrestallired, purity unspecifivd) and comp.red
them to twe control groups of 30 animals eof cach sex. Undifferentiateo
bronchogenic carclnomas weve scen in 8/60 rats fod BY ppm DDT, in 2/60 con-
trols and ia none of the animals recelving 200 ppm DR, Incldences of othwr
tupers were sintlar fn control and treated vats (Defchmann ot al, 1967;
Radomski et al, 1965). These vesults are Inconclusive since carcinogenic
effects were rot seen at 200 ppm, ‘

A group of 15 male and 15 female Flacher rats vas given deses of L&
mg/rat DT (unspecified comtosition) by stomach tube, 5 times/week, stariins,
at weaning. Treatmnent lasted 1 vear, and survivors were obsrrved for a
further 6 mentns; the average survival was 14.2 months. No hepatomas were
found. Yo data are available on the occurrence of cther tumnrs (Welsburger
and Welsburger, 1968).

Honstey

Groups of 25=30 Syrtan golden hamaters of ocach sex were fed 2 dicet con-
tatning eitter 500 or 1000 ppr, »,1 =BT in oltve ofl for 44 out of 48 weeks.
Survivors at 57 weceks were 70/113 tresated versus 59/29 caoteol animalsy all
treated antmals and 02/79 controls were dead by the 99:h week, Eleven
trcated antmals develioped tumors at Jdiffevent sites (Incieding | hepatoma),
as did 8 controls (agche et al, 1970}, ’
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Dog

A total of 22 animals, approximately equally divided by sex, were
fed either 0 (2 dogs), 400 (2 dogs), 2000 (4 dogs), or 3200 ppm (14 dogs)
DDT. Only the control dopgs, the 2 dogs given 400 ppm, and 2 of the dogs
receiving 2000 ppm survived to the tlme of sacrifice (29-49 monthsg).
Functional liver damage but no tumors were observed (Lelwman, 1952, 1965).

HMonkey

Pietary concentrations of either 5 or 200 ppm technical BDT were given
to rhesus monkeys (Durham et al, 1963). Seven and a half years after the
beginning of treatment, 3/5 animals fed 200 ppm were alive and clinically
well., In 2 additional groups totaling 6 animals receiving 200 ppm DDT
(either technical or the p,p'~-1isomer}, 3 were alive after 3.5 years. Animals
which did not survive died from intercurrent diseases not related to carcino-
gensis,

Data since 1972

No studies, other than in mice, were reported concerning long-term
DDT testing after 1972,

Concluston

No studles have become available since 1972 to adequately demonstrate
the presence or absence of carcimogenic effects of DDT in species other than
the mouse,

With animals such as the dog and monkey, which live considerably longer
than mice, the studies cited are of short duration, and too small a sample
size to yleld any reliable information relevant to carcinogenicity.

Although the evidence presentud is limited in scope, it is apparent
that BLT ¢id not comsistently enhance the growth of well-defined hepatic
lesions in rats or hamsters. However, the experiments avallable using speciles
other than the mouse are too limited to make definite conclusions.
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CARCINOGENICITY OF DDT IN HUMANS

Acriniatrator's Finding: There is no ade uate human . pi-
dermiologieal dasa on the carciiogenieity uf por, nor is
it likely that it oun be obtained.

Data as of 1972

In the first study, 40 men ranginy in age from 3%-50 years enpnged in
the manufacture or formulation »f DDT were medically examined (Orteice,
1958). Twenty-four workers had also been cxposed to other pesticidea.
The leagth of exposure was less than 1 year {or 2 workers, 1-4 years for
21 workers, and 5-8 years foy 17 workers. Examination included a complete
medlcal history, physical and neurological examinations, hemoglebin tritre,
white blood cell count and differential, plasma and erythrocyte cholines—
terase determinations, and measurvement of urinary DDA concentration., DDT _
intake was calculated from urinary DDA for 38 workers; in 10 cases {t was |
10-20 mg/man/day, 30 mg/man/day in 15 and 40 mg/man/day in 13, No evi-
dence of neoplasia was found among the 40 workers at the time of Investi-
gation.

Anotier study was carried out on 33 workers with intensive occupational
exposure exclusively to DDT (Laws et al, 1967). Ages ranged between 30 and
63 years. The range of exposurewas 11-19 years. Investigations include
medical histories, physical examinations, chest x~rays, blood and urine tests,
and measurements of fat, urine, and serum concentration of DDT residues. On
the basis of DDT storage and DDA excretion, the daily intake of DDT was esti-
mated to be 3-6 mg/man in 3 workers with low exposure, 6-8 mg'/man in 12 with
moderate cxposure, and 17-18 mg/man in 20 with high exposure, Ho cancer was
reported in any of the workers, ’

A study invelving 24 volunteers from a penitentiary was started in 1956
(Hayes et al, 1971). The average age was 34 years, and exposure to DDT lasted
21.5 months. Four wmen were used as controls, and technical DDT was glven at
datly doses of 3.5 mg/man to 6 men and 35 mg/man to 6 other men. Another
group of 8 men received 35 mg/man day p,p'-DDT. Two men in each group were
kept under supervision until & years after beginning of the study, and the
remainder completed an additional year. MHowever, no cases of tumors were
recorded although adipose tissue concentration of DDT reached 280.5 ppm in
the high dose group.

Autopsy studies have been performed attempting to corcelate cancerous
diseases to the amount of DDT stored in tissue (Hoffman et al, 1967). In
one investigation, an average concentration of 9.6 + 6.5 ppn total DDT and
DDE in abdominal wall fat was reported among 292 paticnta with cancer; this
did not differ significantly from an average of 9. 4% 6.5 ppm among 396
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patients with other discases., Avnother study dealing with autopsy material
from 38 persons aged over 36 years vevealed that, of 19 patients with lower
tissue levels of organochlorine (total DDT + dieldrin + heptachlor epox-
ide), 4 hat malignant tumors, whereas the corresponding flgure for 19
patients with hipgher levels was 9 (Casarett et al, 1968). 1In another ine
vestigation, the average level of DBT in lat tissues at autopsy was 21.96
ppm in 40 cases of carcinoma, 2t.37 ppm in § cases of leukemia, 13.66 ppm
in 5 cases of Hodgkin's disea e, and 9.75 ppm in 42 control cases. Samples
frem 6 patients with brain tumors showed fat and brain levels of DNT res-
{dues comparable to those of controls, In patients with nonneoplastic
liver diseases, fat and liver concentrations varied considerably chroughout
all groups, and, therefore, veliable statistical analysis of differences in
group averages was not possible, )

Daa_since 1972

Since the 1972 PDT Hearlngs, no additional human studies wich DDT in-
volving detailed medical followup over an extensive peviod Lave leey
published.

Conclusfon

The epideniolopical studies discussed are of toe short duration and
too {imited sample size to permlt conclusions regarding carcinogenicity.
No addlttonal studics have becoms avallable since 1972, The studies ox-
amfaing DDY residues in adipose tissue of terminal cancer patients are
inconclusfve since patlents with nonneeplastic liver diseases also showed
higher adtpose tissue levels of DDT than controls,
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CARCINOGENICITY OF DDT METABOLTTES

‘The activity of hepatic microsomal enzymes vartes preatly hetween dif-
ferent strains of the same aniwal species, different animal specles and
animals and man, Since DBT is metabolized by hepatie microsomal essnywes,
its degradation itn vivo may be affected by drugs and chemicals which fncuce
drug metabolizjog c¢nzymes. Drugs such as diphenylhydantoin and phenobarb-
ital have bteen shown to induce (accelerate) the hepatic mecatolism of LIT
in animals (Connev, 1967) and man (Edmundson et al, 1969; Sechoor, 1970).

In fact DDT, befng an inducer, also could conceivably accelerate its (un
metabolism,  Consequently, it is of Importance to review the In vivo metab-
olism of DDT and evaluate the activity of its metabolites,

Metabolism in animals
DDT is metabolized 4n a variety of mammalian species by reductive de-

chilorination of TDHE (Klein et al, 1964) and/or by dehydrochlorination to

DBE (Mattson et al, 1953; Pearce et al, 1952}, Both TDE and ODE are further

degraded {n the liver and kidnev to more polar metabolites which are ex-

ereted in the urine or bile (Datta, 1970; Suggs et al, 19703 Judah, 1949;

Pinto et al, 1965).

A considerable specfes variation existy in the rates of detoxiflication
of DDT to TDE or ULDE giving rise to varfable stavage levels of DOE in the
adipose tissue {(Ortega et al, 19563 Durham ot al, 1963). An example is the
higher ratio of DDE versus TDE in liver and perirenal lat aftcr DRT adminis-
tration to Swigs mice, compared to the corresponding values In hamsters
{Gingell and Wallcave, 1274).

- Conversion cof DDT to TDE alsoe has been reported to occur via rat intes-
tinal flora (Mendel and Walton, 1966).

Storage in animals following continuous feeding
A comparative studv with mice and hamsters ghowed that following a H-week
admintstratlon of a diet containing 253 ppm p,p'-DDT, levels of total DDT in
botht liver and fat were 7-8 times greater in mice than in hamsters, i.e.,
56=70 ppm and 8-9 ppm {n mousc and hamster liver, respectively, and 2400-2500
rpm and 290-310 ppm in mouse and hamster fat, respectively. Tt must he taken
inte consideratlion that food consumption in mice per kg body weight was 3 times
greater than in hawsters, DDE residues in fat represented less than 17 in
both species; in the liver, DDE rvepresented about 20% of residues in mice and
2% of residues In lamsters, the DDE:TDE ratio being about 0.5 In mice and
§.02 {1 hamsters (Gingell aud Wallcave, 1974},

Feeding rats 200 ppm p,p'~-DDT for 140 days led to fat concentration of
DDT in the order of 500 ppm in males and 1500 ppm in females; 10% of this was
present as DDD,  DDT and DM concentrations in the liver were in the order of
13=25 ppm, with a DDT:DDE ratlo of about 5:1 (Dale et al, 1962).
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Metabolism and stovage of DT and its metabolftes in man

Ingested DDT yieclds, following a reductive dechlorination, TDE, which is
further degraded and readily excreted in the urine as DDA (Roan et al, 1971).
DDT is also slowly converted, by dehydrochlorination, Into DBE (Morgan and
Roan, 1971), which is retaired in adlpose tlssue (Abbort et al, 1968; Hayes
et al, 1971; Wasserman et al, 1967). UNo {ncrease in the urinary excretion of
DDA was noted afcer the oral Ingestion of DDE by human volunteers; however,
such an Increase was observed after inpestion of TDE or DDT (Roan ct al, 1971).
The observations of Laws et al (1967) of occupationally exposed people indicate
that urinary levels of UDA are correlated to the levels of exposure to tech-
nical DDT and thac DDT and its metabolites are stored in adipose and other
tissues.

DET is also excreted in human milk (Curley & Kimbreugh, 1969; Quinby et
al, 1965; Zavon et al, 1969 Hornabrook, 1973; Kroger, 1972; Ritczy et al,
1972; Hewton and Green, 1972; Wilson et al, 1971} «nd rransferred through the
placenta (Curley et al, 196%9; Q'Leary ot al, 1970; Zavon et al, 1969).

The ingestion of technical or p,p’-DDT during 21.5 monchd was stuuafed in
human volunteers. The concentration In adipose tissue after adminlstration
of rechnical DDT to man at a dose of 35 mg/man/day rose from a precxposure
level of 4.1 ppm to 280.5 ppm after 21.5 months. After a rccovery period of
37.8 months, 56.8 ppu DNT were still present., The conceatration of DBE
amounted to 8-11% of the total DDT in adipose tilssue during the dosing period;
ite proportienal concentration relative to that of DDT increased during re-
covery phase and represented 47% at che end of this period (Haves et al, 1971).
A high percentage of DUT is also stored as DDE in the genecral populaticn
(Durham, 1969),

Carcinogenicity

TDE (DID)

Mouse: A group of 59 female CF mice was fed a dict containing 250 ppm
p,p'~TDE for lifespan, and tumor incidences were compared to a control group
of 98 males and 90 females, Hepatomas were found in 52% of treated and 34%
of control wales and only sporadically in females. Incidences of lung tumors
were 867 in males compared with 54% in controls, and 73% fn females compared
with 41% {n controls (Tomatis «t al, 1974).

Rat: A group of 10 adult male Wistar rats was fed a low-protein, low-
riboflavin 4iet containing 60 ppm o,p’-TDE and killed at intervals frem



24-469 days. Testicular damage was observed from the second month onward.

0f the 3 animals killed after 348 or more days, one rat had mlcroscopic
adenomatous nodules and 2 had tumors of the interstitial cells of the testes.
These leslons are considered related to specific degenerative changes in-
duced on the adrenal cortex by o,p'-TBE. (Lacassagone and Hurst, 1965).

DE

Mouse: A group of 53 male and 55 female CF mice was fed a dlet con-
taining 250 ppm p,p'~DBE for lifespan, and tumor incidences were compared to
those observed in a control group of 28 males and 90 females. Hepatomas
were found in 74% treated males and 98% treuted females compared with 34%
and 1% in the controls. Incidences of other tumors were not increased
(Tomatis et al, 1974), '

Concluston

The DDT metabolites, p,p'-DDE and TDE (DDD), were tested by oril admin-
istration to mice. An increase In hepatomas was ohscrved with both metab-
olites; also an increase in lung tumors occurved with TDE. lepatomas were
not observed in rats with a high dose of 60 ppm o,p'-TDE although testicular
damage was scen, It is Interesting that, in a comparative feeding atudy,
reaidues of DDE in rat llvers weve 10 fold greater (as a fraction of total
liver DOT levels) thian amounts observed in hamster liver (Gingell and Wall~
cave, 19}4), These studies sizlh DPT metabolites are limited and results are
not conclusive. The fact that these metabolites and DDT accumulate fn
adipese tlssue of animals and man, and the fact that they do have tumor
producing potential, would suggest that the mecabolites may act with DBT
or other DDT metabelites in vivoe to potentiate a tumor produciap capabllity;
oY that the metabolites themselves may be the active tumorigens in mice,
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EFFECTS OF DOT SUBSTITUTES M HUMANS

ndminiatpatorts Findings (VI, Mattevs Relating to Methul
Fapatiien): A, Basie Pimdivan 1} tmy potsontngs have
Feon ativibuted to ihe wse of nethyl pavathion, 2) Un-
trafned users of mothni pupathion «an Prequentlu not
mirllelentln eaveful tn ite nee daspite label directions,
3} Mechyl parathion em fe usad p1fely, ) Training pro-
g are uaesul inoaverting the regligent use of methyl
pavathicn, §) Methul parathion {s a substitute for most
erop uges off DIT. K. Ultimate Findinga 1) Methu. parathion
iz dargeroun to wueers anld presents a riak to them., F) An
opportunity to train wscrs will winimize the piske ond
keep coum ths mber of aceidenta,

Data as of 1972

The availability of efficacious alternatives to DDT which would not
present undae or uarcasonable risks to man was addressed in some detail
in the Administrator®s Dectston to caancel DI (particularly part V,R), The
above findings were a key element in the decision leading to the cancellation,
Methyl paratlilon was found to te the principal substitute for mast crop uses
of BUT. Though many polsonings were attvibuted te the use of methrl parathion,
it was found that it can be used safely (Tr:6366; Tr:248). Many accldents
connected with the use of metbhvl paratlifon are the result of untrained
workarg who are not sufffciontiy carveful In its use (Tri6406), Therefore,
training programs were found to be useful fn averting the luproper use of the
pesticide (Tr:3118), .

Dacta since 1972

A source of Iaformatfon on acute {and chronie) effects of NPT subscitutes
i1s the reviews conducted by the Criterfa and FEvaluation Division, Office of
Pescicide Programs, EPA, under the Substitute Chemical Program (S5CPY, The SCP
was iniciated under Public Law 93-13% of October 24, 1974, to "provide research
and testing of substitute chemicals,” The leglslative intent was to prevent
use of substitutes, witich may be more deleterious to man and the environment
than a problem pesticide (one that has been suspended, cancelled, dervegistered,
or in an internal review for suspected "unrvasonable, adverse cffects to man
or his environment"). TFourteen substitutes for DOT are being studied uvnder
the SCP, Excerpts from the studies on DUT suhscitutes published thus far in
this 3CP series velative 1o acute human health hazards are presented in
Appenaix I1LIKL.

These evaluations of occupationai safety hazards nssociated with the SCP
reviews are based on available stare and federal accudent monitoring svstems.,
Analvsis of the Pescicide Accident Surveillance Svstem (PASS), shows that
between 1972 and 1973 parathion and methvl parathion wers associagted with 78%
of the reported eptsodes {(Osmun, 1974).

A more recent amilysis of data based on FPA's Pesticlde Episode Reporting
Svstem (PERS) tends to confirm the impression developed in the SCP reviews
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{sec Appendix IT1B2). That 1is, it appears that the above-.named compounds
together with methomyl and several vegistered substltutes have been associated
with numerous vreports of occupatlional poisonings (Appendix IIIB2}., VYetr, it
appears that in many cases, these accidents were aveidable bhad label pre-
cautions been heeded. In facr, on the whole, there is no evidence in
available state and federal accideat monitoring systems which would indicate
the DDT decision has increased the number of accidents associated with the
~dse of substitute pesticides,

One mugt move with cautlon, however, in assessing available data. The
most reliable accident data appears to be reported from two state sources —-=
California and Florida —- but, netther of the states were major DUT users,
Thug, in ovder to evaluate the DDT decisions, we must return co the natlonal
data In the EPA's PASS and PERS. However, careful examination of all the
cpisodes in these systems indicaces that these data are n.t sufffcient to
rigorously evaluate impace of the DDT decision, in specific use patterns where
DDT was used. Although the naticnal reporting systems are being strengthened,
for present purposes, they do not permit establishing incident vates by com-
pound and crop or other use patterns, Until this 18 accomplished, precise
evaluations will not be possible on the relative occupational safety of varlous ;-
pesticides,

Since the cancellation, there have been several FPA program actions
taken to forestall and evaluate the possibllity of adverse effects stemming
from the use of acutely toxic pesticides, These are discussed below,

Immediately following the DDT carcellation, concern for the possibilicy
of poisonings among former UDT users unfamiliar with the hazards ol the
more acutely toxie substitutes prompted the inftfation of Project Safeguard
(1972), Small acreage cotton growers were designated as a key target group
in thias effort, The program was organized jointly by EPA and USBA and funded
by EPA (about 52 million) and USDA, The tarpget area included Alabama, Arkansis,
Florida, Georgla, Kentucky, Loulsiana, Mississippi, Hissourl, North Carolinm.,
Oklahoma, South Carolina, Tennessce, Texas, and Virginla, New Jorsey was added
to the project later beeause It was considered a “pocket problem" area,

Project Safeguard's first priority was contacting farmers but, dealers,
applicators, formulators, and medical personnel were contacted also in an
effort to produce an Integrated safety program, Safeguard was succegsful in
its efforts, its major strengths being: the abiliiy to effectively reach
small-acreage farmers and ancillary populations; the production of effective
licerature and media; and the splrit of cooperation fostered among various
federal agencies, state governments, community groups, and industry. Some
weaknesses existed in the program due to its short-term, vapld implementation
nature, For exanple, some concern should be rafsced about the extent to which
non-English speaking groups were sensit{zed to the danger. bDespite these
problemg, Project Safeguard proved quite effective (n petting pesticide
safety information to the targpet audiences, to prevent an incrcase of pesticide
poisoninga (Cannon, L1974).

More recently EPA has taken an additional programmatic step to forestall
accidents associated with agriculewral use of toxic pesticides. 1In March
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‘1974, the Office of Pesticide Programs, EPA, proposed promulgation of health
and safety standards for field workers potentially subjeet to poisoning by
toxic pesticides (EPA, 1974). These standards were based on a varletv of
frquiries designed to specify the problem, including a series of public
hearings in various reglons of the country. The thrust of these standards
is the setting of a minimum unprotected worker re-entry standard (48 hours)
for yields treated with specific toxic pesticides, e.g., ethyl and mechyl
parathion. Anvone entering the field prior to the conclusion of this safety
interval 1s required to wear protective clothing. These worker re-entry
standards are now in effect,

During FY 1975, two contract research efforts were inltiated by EPA in
order to examina acute toxicity safety standards more closely, The first
was concerred wirh estinmation of che extent te which soll, afr, and plant
surface residues are avallable for exposure of the fleld worker. This 1l
a4 continuing study chrough FY 1976. The second study, now vearing completion,
was concerned with thie extent of heaith effects from ethyl parathion
exposure of vorkers in peach archards in Washington state. Prelim’rivy indi-
cations in the peach study are that workers are suffering no {11 effects from
expoaure.

EPA's applicator certification and tralning programs now {n process of
implementation will contribute to safer application of DDT alternavives.

The Administvator, in his decision, quite cledrly took into account the
acute healeh risks of DT alternatives, specifically methyl parathion,
Later in this ceport data will be presented on use patterns of pesticides
on cotton which Indlcate that there were several otlwer registered alternatives
for most cotton pests and that increases occurred in the use of other
alrernatives. Use of Toxaphene/methvl parathion combinarions on cotton
- increased greatly, MHowever, ethyl and/or methyl parathlon use actually de~
c¢lined sliightly In 1973-1974, .

Concluafon
At the present time, there §8 no basis in the avatlcble evidence to
link the DDT declsfon to a precipitous increase in pesticide polsonings
among those shifting to new or hcavier reliance on the reglscered alternatives
© to DDT,

As will be scen later in this report, wethyl parathlon (and some of the
other more acutely toxic insecticides) were already in general use prior to
the cancellation, In the case of (otton the major DDT use, DDT was not
generally used alone, but in combiratlon with one or more of the chemlcals
which replaced it. For this reason, as of 1973, most farmers who had been
using DDT had some knowledpe of or working experionce with acutely toxic DNT
cubstitutes. llowever, dosage and frequency of applicatlons may have increased
in some areas, thus Increasing risks to exposed persons. Some of the DDT
gubdtitutes are not highly acutely toxtc, c.p. Toxaphene, '
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PERSTSTENCE OF DDT IN SOIL

Administrator’'s Finding: DDT can pergigst in goils fbr
years and even decades.

A typical degradation curve for DDT in sofil leads to half-life values
ranging from several years to a decade or more. The major DDT metabolite
in s0il, under normal condicions of aeration, is DDE, This compound 1is
also highly persistent. Since DOT and DDE are strongly adsorbed to soil
particles and are hignly insoluble in water, they do not move readily from
thelr asite of application and thevefore a substantial amount will rvemain
at the site of application for long pericds of time,

Dava as of 1972

The high degree of persistence of DDT, under many typical environmental
conditions, has been well established by many {nvestigators. Prectiie pre-
diction of the long-term disappearance rate, however, is very difficult aince
a large nuwber of factors can affect soll persistence: 1) rate of applica-
tion, 2) mode of applicattion, 1) soil type, 4) soil fertility, 5) typc of
formulation, 6) topography., 7) climatic conditions, 8) cropping practices,
and 9) sotl pH.

Breakdown of DDT in soil can proceed by several routes depending in
part on the redox potentlial of the soil matrix., Under aerobic conditions,
slow convereion to DDE [1,1-dichloro-2,2 bis{p-chlorophenyl)ethylene] will
normally onccur. Under flooded anaerobic conditions, direct and rapid con-
version to DDD (TDE), 1,1-dichloro-2,2-bis(p-chloruphenyl}ethane can occur
which, in turn, can be converted to more polar compounds such as DDA,
{bis(p-chlorophenyl) acetic acid]. DDE is quite resistant to wmicrobial
attack and unleus lost from the soil it can be stable for extended periods.

A study of DDT persistence in Qregon orchard solls indicated that
40% of the totral amount originally applied remained at the end of 20 years
(Tr:721-722). Another study in a Maine forest showed no significant decline
of DDT after a 9-year period following aerial treatment for spruce budwerm
control (Tr3:3523). The National Soil Monitoring Program showed that at
least five statas had scll residues averagirg greater than L ppm DPT
(Tr:3535).

Data gince 1972

A number of studies related to time decline of DDT tn soils have been
reparted, Some of the more significant reports are described:

Kuhr et al (1972) in a study on Hew York vinevard soll showed that after
24 years, 22% of applied DDT could still be recovered., Of this amount, 272

was present as DDE.
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Another study (Chisolm ct al, 1972) gave a halt-life value of 15 years
for DDT in a field experiment conducted in Nova Scotia on sandy loam soll.
The authors also ~laimed that significant reduccions in bean crop yiclds
were assocliated with the high DDT residues.

Ware, Estesen, and Cahill (1974) reported an "almost Imperceptible"
decline in totai DDT residues in Arvizona soils over a 4 year period follow-
ing the 1969 DOTV state moratorium.

Additional studles on DDT residues in forest solls have become
available on Canadian land spraved for spruce budworm control (Yule, 1973).
Treatments totalling 70 oz DDT/acre had been applied betwesn 1956 and 1967.
Samplee were taken between 1967 and 1971. A projection of the average loss
rate for DDT residues found on the plots give an estimated hali-life in the
order of 10 years.

Wiersma et al (1973) surveved total DDT residues in solls from eighy
major US cities, Levels varied significantly among cities with the average
level varying from a high of 5.98 ppm to 4 low of 0.35 ppm. Residue levels
in lawn arcas were siguificantly greater than in unkept urban aveas.

A taiga forest, treated for control of mite encephalitis with §.44 lby
DDT/acre,showed 7.4 ppm in the upper soil horizon after onc year, Aftar 14
years, this level decreased to 0,47 ppm (Konstantinov, 1972). Since the
combined residues of TDE and DDE vepresented lcss than 10% of total residues,
lvss mechanisms other than microbial degradation are suggested.

Other new informatfion relating to persistence concerns varlous enviren-
mental parameters which can affect the longevity and nature of DDT resldues
{n solls. Collyard et al (1972) showed that DBT in soll can be degraded to
TODE in the presence of cattle manure.

Albone et al (1972) demonstrated 3 new noupolar netabolite from anaercbic
microbial decomposition, bia(p-chlerophenvl)acetonttcile or p,p-NDDCN. Jensen
et al (1972) found up to 0.6 ppm of this product in aquatic bottom gediments
from Lake Maeloren, Sweden,

Several studies involving f{n vitro microbial degradation under anacroblc
condftions have been reported (Jensen et al, 1972; Pfaender, 1972: Albone,
1972; Zoro, 1974). 1In all cases, substantlal amounts of TDE were formed
which did not further degrade. Similar findings in natural ecosystems have
not heen reported, Striking differences in degradation rate of 14C-labeled
DDT in estuarine sediment in s{tu compared with iaboratory incubated samples
under hydrogen were noced by Albone et al (1972a). These observations ave
consistent with real life situarions where cnly small conversions of p,p'-DNT
to dehydrochlorinated products occur {n many aquatic systems, even oaver a
period of many years.

Also, the stabllity of GUT and related compounds was studled under
alkaline conditions, Based on data developed, normally encountered environ-
mental pH variations should have little [f any effect on the dehydrohaloge-
natlon reaction (Smith, 1972).

~107-



The quantitative aspects of pesticide decomposltion have recently
been reviewed by Hamaker (1972) and It {s clear that d:gradation pro-
ceases of many pesticides, {ncluding DDT, cannot be defined in terms of
gimple reaction kinecfes. Untfl superseded by better descriptions, the
concept of Wheatley (1964) seems most appropriate where the logarithm
of the half-life {g related divectiy to time on a lincar basis. This
affirms mech of the current field persistecce data wherefn high initial
loss phases are succeeded by slower changes.

Base-line data for DDT in US soils have been cstablishied by, the
National Scils Munitoving Program., Therefore, future time-rate declines
should be comparatively simple to establish by means of programmed re-
sampling. The monitoring programs for FY 1969 and FY 1973 showed that
DDT levels in sofl have signfficantly decreased, The overall average de-
creased fyom 0.36 ppr to 0.23 ppm, and the geometcic mean estimate, with
95% confldence levels shown In parenthesis, deereased frem 0.015 ppm
(0.017-0.013 ppm) ro ¢,010 ppm (0 011-0.008 ppm) (Carey, porsnnal communi-
cation, 1975).

.

Couclqgion

" The preponderancc of evidence clearly demonstrates that DDT is
stable In soil under natural envivoamcatal conditions., While under
certain conditions, transformations to the metabolites DDE and TDE can
occulr, these also resist further degradation.

Due to the scvere restrictivas placed on the usc of DDT {n recent
vears coupled with DDI's high degree of persistence a gradual leveling
out of the residues of DPT can be antictpated.  Future residue levels In
crops grown in soils last treated with DOT {n 1972 can be expected to
remain at current or only slightly lower levels,

While average levels of DT are cexpected to decline slowly, the ratio
of DDE to DDT can be expected to Increase, As notied clsewhere in this
document, levels of DOE relative to DNT have Lncreased canstantly in many
fond commoditles {n recent years, reflecting the slov trend in soils away
from parent DDT pcqticide to the DDE metabolite.
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TRANSPORT OF DDT FRUM AERTIAL APPLICATION SITES
BRIFT.

Admintetrator's Fimiing: 00T ean Lo transported by drift dur-
tng applivation,

Pesticides drifting as minute particles, especlally from aerial applica-
tlon, have caused widespread contamination of nontarget poretions of the en-
vironment. Since about only 50% of an aerially applied pesticide reaches
the target area, a substantfal portion of the environment 13 exposed to such
drift, Localized drift has contributed significantly to contamination of
food and feed, whereas more distant movement has probably contributed sub-
stantially teo the world-wide distributfon of DDT,

Dats _as of 197

H

brift of UOT, when applied acrially, is "virtuvally fmpossible to prevent”
{Tr:749). Even with the most up-to-date aerial application devices, up to 6%
of an aerfal spray can exist as particles with dilameters of less than 50 microns
(Tr:467; 502). These particles are known to be highly mobile and it i3 {mpos=~
sible to control their movement to nontarpget sites.

Data since 1972

Ingsecticide applicatien technology has not {improved in the last several
vears so as to significantly reduce drift problems.

Conglustion

Problems encountercd wlth the drift of DDT can be expected to recur 1f
DDT were to agafn come into general use as a pestleide,

VAPORIZATION

Adminfatrator’s Finding: D07 ean vaporize from evops
and soile.

DDT, Ilke many organic pesticides, tends to vaporize. DDT lost- to the afr
can contribute to afr pollution, soil resldue dectines, and to low=level crop
resldues by redeposltlor, Quantitative estimates of these various factors are
extremely fmportant with regard to predicting leng-term changes in environmental
residuees of DDT and ity metabolites,

Data as of 1972

DDT may substantiatly vaporize given tha proper phyaical cﬁvironmcnt (Tr:
727). Onece vaporlzed, the pesticlde can attach itself to asuspended particulate
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natter {(Tr:718) and be carried to the far reaches of the Earth (Tr:?41-742;
LDF=16; EDF-17). It has been estimaced that up to 250,000 pounds per year
can vaporlsze from southern cotton solls alone (Tr:7757),
Data since 1972

Additional data (Cliath and Spencer, 1972) are provided in support of the
high relative volatility of p,p'-DDE as compared to DDT with the suggestion
that the major pathvay of loss is probably via this route. An attempt to mod-
ify the volatility of DDT resldues in soil was by means of [loodlng and organic
matter amendments (Spencer et al, 1974), Only mlnor changes ie vapor concen-
tration were noted but, regardless of treatments, DOE venained the major con-
stituent to volatilize, Total DDE wolatilizing from such trecatments will ulti-
mately be decreased, since TDE rather than DDE is the malor product from
flooded soil (anacrvbic) degradation. The volat{lization of DUT or DD, as a
major source of global atmospheric contamination, was discounted by Freed et al
(1972) primarily cn theovetical grounds,

The translocation of chlorine-3¢-labeled DT in an cld-field ccosystem was
studied by Bandy (1972). The leaves of 10 herbaceous plant spectes carcviced DT
residues at one or more periods durlng the growing scason. BDDT vaporization
from the zo1l, followed by condensation on the plant surfaces, is thought to be
the mechanism of contaminatfon. The exact role of volatilization versus root
translocation in terms of low-level resldues in feed and forage crops [s worthy
of additional srudy.

Plimmer et al {1970) and Moilanen and Crosby {1973} have shown that DT can
be photochemically converted to polychliorinated biplienyls (PCB's). The Impli-
cations of this finding in light of additlonal enviroomental PCB burden is dig=
cussed by Maugh (1973). However, darvey (1974) and Plimmer and Kliingeblel (1973)
dlscount the significance of this finding. %Thelr recasonlng is that PCi‘s de-
rived from DD would contain a much lower percentage of chlovine than those
normally encountered in the enviropmeny.

Kerner et al (1972) report two new photopraducts of PDE from vapor phase
photolyals. Physical properties of these products are not described, so that
their lpophilic (bicaccumulative) potentlal canuot be estimated. Miller et al
(1973} report that a triplet sensitizer, decyl bromide, can senaitize the pho-
tolvais of DOT by way of the intcrmediate TDE.

Several addltional reports on measurements of particulate matter, rainfall,
ot fallout of DDT in varlous parts of the world are available: particulate
matter {Lloyd~Jones et al, 1972; Prospero et al, 1972}, rainfall (Eduards, 19733
Craig et al, 1973; and Hughes ot al, 1972). Nene of these adds signlficantly to
previous observations that low lovels of DT can indeed he transported by alr to
the far reaches of the world, Cramer (1973) proposed a model for the global
transport and accumulation of DDT bssed on a low mean residence time In air and
a low rate of transfer from land to air.

Sodergren (1972) measured fallout with silicone-impregnated nvlon filter
nety near Swedish agricultural areas. Levels ranged from 100 to 2,000 mg!m3!munth
depending on the season, It could not be establlished whethor the DDT origlnated
within the local agricultural region, or had been transmitted from far away.

No addftional alr monitoring dats are available on DOT.

=110~



Concluslon
Vaporization of DDT and DDF from soils {s qualitatively well established.

However, the contribution such volatilization makes to overall global

digpersal has not as yet becn determined. DDT may be deposited on plant

surfaces and may be volatilized from the surface} these processes are

dyramic in nature and will ultimately approach an equilibrium,

SOIL ERDSION

Aduinistrator's indiny: DOT e be attached
to ereding soil particles

Runoff of soil particles has long been established as a primary route
of chemical transfer from terrvestrial to aquatic sites, Vast quantlities
of particulate matter are yearly carried by water to low=lying avreas and,
to a cartain extent, on Into the oceans, Some of our richest agricultural
areaz {delta lands) are associated with the end product of numerous such
anual occurrences. Since DDT 15 extremely insoluble in water but readily
adsorbed on soll particles, soll erosion is8 a major transport mechanism
from agricultural areas lnto aquatic eavironments, Similarly, DDT can be
transported by means of treated sewage sludge draining from sewer systems
into aquatlic sites. :

Data as of 1972

Runoff is a major source of DDT cuntamination in aquatic enviroaments,
occurring particularly after heavy rvainfall, DDT {s strongly bound to
solls (Tr:717) and crosion of soil particles has been established as the
principal means of contamination of lakes, streams (Tr:729; R-107; R-26),
rivers, and estuaries,

Data aince 1972

A number of studies concerning aquatic sediment fractions as they
relate to pestlcide content of water systems have been descrlibed., Some
of the most relevant studies are described below:

Bradley, Sheets, and Jackeon (1972) found that over a 6~month period
following DDT applicatlon to cotton plots, 2.83% of the DDT applied was
present in runoff watera, Of thls amount, 967 of the DDT was assoclated
withh the sediment fraccion, ’

_Nigh restdues in certain portlons of bottom sediments from a Salinas

River monitoring nrogram (Routh, 1972) were found to be assoclated with a
fine-particle, light-weight sediment as compared to a dlfferent textured
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material collected from other sampling sites. Sediments precipitated from
the collected water samples contalned about 5 times as much total DDT as
bottom sediments from the same sites.

Ahr (1973) discussing long-lived pollutants in scdiments from the
Laguna Atascosa Natfonal Wildlife Refuge, Texaa, sugpests that envivon-
mental studies made by geologists are needed to assess the significance
of sedimentary layers which may ultimately be releocated by post deposi-
tional, biologlcal, or mechanical processes,

Contamination of clsterns with DDT-laden sediment is a frequent occur-
rence on the fsland of St. John in the Virgin Islands. Previously DDT was
used extensively 1o agriculture on these islands (Lenon et al, 1972).

Schulze, Manlgold, and Andrews {(197)) determined that pesticide con=-
centratlions in western streams were always highest in water samples con-
taining appreciable amcunty of suspended sediments.

Several studies hav: been reported dealing with the adsorpcion of DIT
on 80il particles. For example, Weil, Duke, and Quentin (1973) determined
the heat of adsorption of DDT to humic substances to be 2,5 kcal/mole,
Siggar, Donecn, and Ripgs {1966) reported on the adsorptive behavior of
various insecticidea, Including DOT in solution, onte soils. The adsorp-
tion of 14C DDT on coloring collotds in surface water also has been deter=
olned {(Polrrier et al, 1972}).

Finally, the ability of sodium humate to solubllize DDT {8 Jiscussed
by Khan and Schmltzer (1972). Such a phenomenon could possibly increase
the tetal amount of DDT solubilized from bottom sediments and thercby
make It move avaflable to fish and other aquatic life.

Coneluysion

All available evidence suggeste that erosion is a significant scurce
of transport for DDT vla runoff of particulate matter. Continved long-
term contamination of aquatic sftes from agricultural soils cen be antici-
pated since localized flash {looding of fresh plowed fields can never be
controlled and such events can lead to sfgniflcant lesses of particulate
watter., Some decline of the environmental burden of DDT can be expected
from the continucd sedimentary deposition of DDT residues Into the upper
soll horizons coupled with overlayering of fresh sediments containing
smaller amounts of adsorbed DDT. This may lead to a partial decline of
available DUT per unit arca of surface,
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CONTAMINATION OF THE AQUATIC ENVIRONMENT

Adme letrator's Finding: DT {o a contcninant of frech vaters,
eatuurlieg and tha oper ocean, and it ia difficult or imposaible
to prevent rom reeiing aguatie arcas aud topoapaphy
nonadjacemt emd remote from the site of applicution,

DDT residues are ubiquitous in the aquatic environment, especially
downstream Lrom tributary waterways draining elther urban or agricultural
areas. This contanination generally permeaces the major river systems
and the estuaries receiving land based runoff. Transport into remote
ocean areas ~an take place in a number of ways including movement on sus-—
pended particulate matter; dissolved in ocean watcer; movement of plankton
by ocean curreats; and as an accumulated residue {n free swinmming fish.

A final source of transgfer is rainlall which can carry not only velatilized
DOT from other witer bodies but alse DUT adsorbed on particalate matter
divectly from terrestrial environments.

Data ag of 1972

DDT is commonly found {n lakes, streams, ponds, estuaties, and ocean
sediments (Tr:3808; Tr:5730: Tr:3699-3700). Although these levels are
often quite low, DDT 1s concentrated and mapnlfied’ in aquatic organisms
(Tr:3714) zud is being transported Into the ccecan (EDF-30). Residue
buildup wn fish and other aquatic organisma is also transferred to marine
manmals and blrds (Ref~1}) and to remote gections of the world such as
Antarctica (Kef-2}).

pata since 1972
Leland ot al (1973) found a strong relatlonship between quantity of

adsorbed total BDT on Lake Michigan bottom sediments and orpanic content

of sediment, DDT was the principal component of sediments cxcept in the

eastern edge of the South Basin where reducing conditlons (anaerabile)

are found. Here, the predominant form was TDE.

Ocrtzen et al (1972) calculated that 2,78 x 104 tons of DNT are
introduced into the ocean cach year by precipitation or rvunoff. Georgil
{1973} calculates a similar amount.

Two reports stemming from the National Water Monltoring Program
have boen issued recently., One deals with pesticide levels Ia seleeted
western stroams over the period 19681971 (Schulze ot al, 2973} and
another with chlorinated hydrocarbons in sediments from tributary streams
of San Francisco Bay (Law et al, 1974). Both authors show the ubiquity
of DDOT residues stemming from watersheds within clhie Unfted States,
Similar stroedm monlcoring projects are underway In Canada, & receat
report hy Harris et al (1973) revicvs resulry of o 1971 survey of streams
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draining agtricultural, urban-agricultural, and resort areas of Ontario,
Of thesa areas, the greatest total DOT tranepert was noted in the Muskoka
River which drafns a resort area where DDT was used for control of biting
flies until 1966. A peak of 1L.8 lbs total DDT/week was recorded in May
with a May te October average of 1.9 Ihs/week,

DOE contamination of f the southern Callfornia coast (MacGregor, 1974),
stemming primarily from sewage plant effluents from a DDT manufacturlng
plant, is approaching a maximum level where metabolism and dispersion of
DBT equal system I[nput. UDT was entering the coastal system from 1949~
1970. A best it accomulaclon formula, based on residue patterns In
myctophid fish between 1950 and 1966, utilized 2%[/year as the valuc of ODE
degradation. This supgests half~life valaes for DDE numbering in decades.

Conclusion

Contamination of aquatic arecas with LT and 1ts metabolices can be
expected to remain for a considerable perlod of time. Much contaminatlon
is associatod with aquatic sediments and therefore, the ultimate fate of
DOT will depend on what happens to this materfal. For example, DDT-laden
sediments can be overlayed with Fresh uncontaminated sediments) or they
may be resuspended at a later tfme only to be redeposited elsewhere,

Persistence of a chemical in an aquatic ecosystem fmplics a dynamic
relationship between the various components within the system, slow deprada-
tion of the chemical in question, and a high retention index within the
system. In the case of DDT and its signif{cant metabolites, the bottom
sediments act a9 the primary reservoir or storage compartment for excess
quantities of DDT. Thase bottom sediments, are composed of mineral fractions
having a wide discributlon of particle sizes along with orpanic smacter
including animal detritus and humie substances associated with ceroded
soll. DDT in excess of the water golubllivy (0.0(H2 ppm) Ls adserbed
onto these sediments and In turn Ls avallable lor direct fnpuestion by
bottom dwelling orpanisms or for resolubllizat{on back Lnto the aqueous
phase, In turn, the DO solubilized Ln the iaquatic phase s awvallable
for direcct Incorporation to varyfag degrees inte all trophic levels of
the aquatic food web, bventually, much of thig DDT s recycled back to
the sodiment reservoic from which bt can again become availlable.
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PERSISTENCE IN AQUATIC ECOSYSTEMS

Administrator's Finding: DDT can persist in aquatic
ecogystems.

LDT and its lipidesoluble metabolites, DDE and TDE, adscrb readily
onto aquatic sediments and from this storage reservoir transfer to the
benthos and free-swimming organisms including plankton, crustacieans,
avd fish., The aquatic phase, per se, can hold only a limited amount of
the total DDT in many existing contaminated environments and serves
mainly as a transfer mechanism between the sediment and aquatic organisms,
Much DDT is constantly recycling, but with time is also slowly metaboliz-
ing, DDE, the main metaholite of DDT, 1s alsc perelstent and capable of
recycling In aquatic systems.

Data as of 1972

Persistence of pesticides in aquatic enviromments was recognized in
the early phases of environmental concern over DDT. Residues in fish
have been monltored since 1965 in the Great Lakes {(Reinert, 1970). The
Natfonal Estuarine Monitoring Program, established in 1965, was also
concerned over the persistent chlerinated hydrecarbons, eapeclally DDT,
existing in our natiou's estvaries. Numerous other incidents had clearly
established that long-term residues of DDT and similar compounds could
cycle through the aquatic environment, Model ecosystem studies reported
by Metcalf (1972} clezrly demonstrated the potential for DDT and its
1lipid soluble metabolites to penetrate into every component of an aquatic
environment,

Because of the low water solubility of DDT (0.0012 ppmi and fhe
frequent contamination of aquatic arcas from local applications due to
erosion and runoff associated with heavy rainfalls, cxcess DDT tends to
he taken up on sediments, living organisms, and other particulate matter.
in:e to the highly variable nature of bLottom sediments and more immediate
concerns over residues in fish and drinking water (filtered water),
most efforts almed at defining problems In aquatic environments gave
secondary emphasis to sediment analyses. However, a striking example of
long-term persistence of DDT wes given by Dimond et al (1972), where
rveslidues of DDT 1in stream bottom muds, plants, insects, mussels, and
fish existed for s period up to 10 years following single applications
of DDT. In animal samples, 60-85% was present as DDE whercas mud
samples contained 35%, 45%. and 20% DOT, DDE, and iDE, respectively.



Pata since 1972

Vind, Muraoka, and Mathews (1973) depnrsited a number of chlorinated
hydrocarbons, including DDF, on diatomaceous ¢o v and cultured them with
marine microorganisms Lo seawater, No appreci. ie degradation occurred
after one year. Degradation of p,p"<DDT in situ by estuarine sediments
{Severn estuary) proceeded much more slowly than companion studies con-
ducted under hydrvogen in the laboratory (Albone et al, 1972)., This is
consistent with findings of substantial residucs in these sediments
resulting from agricultural runoff from the watershed serving this
estuary. - '

Harvey {1974) concludes that the half-life of DDT iIn occan water
is only 10 days. However, his informatlon source (Wilsen, pergcnal
communication, 1975) has conducted more extensive tests where, during
short ecxposure periods, solubilized DDT in seawater is found to be
transferred to suspended material but not neceassarily lost or extensively
-degraded, Rice and Sikka (1973) found that various organisms are able to
remove dissolved DOT and DDE from seawater.

Pacril, Matsumura, and Boush (1972) found, in laboratory incubation ex-
periments using filtered sea water, that no significant degradation took
place. 0On the ether hand, particulate materials in the presence of sca
water caused further degradation te both polar and nonpolar metabolites.

Conclusion

Persistence of NDT in aquatic ecosystems has been well documented
and long-term studies support the conclusion that contaminated watcrs
and scdiments wlll purge themselves of DDT only after a long hiatus of DDT
usage. In thosé contaminated areas, a gradual conversion of DDT to DDE and
TDE can be expected, Residue levels of ilsh taken from the Great Lakes
indicate that cither there fs a gradual loss of DDT and 1its metabolites
from these areas or that the DDT laden sediments are being overlaid with
fresh sedimentary deposits contalpiag lower levels of DDT. Similar
regidue findings are noted with oysters taken from various coastal areas
wvhere, in genetal, residues have decliped In recent years. There are
few direct observations of residue declines in aquatic soediments over
extended periods of time, so conclusions with regard to persistency have
largely been based on indirect measurements of residues in aquatic
organisms, The fate of DDT in the open ocean Is not at all clear and
the relative roles of sedimentaticn of residues into the deep abyss
versus other forms of degradation are not well defined. The relatively
high levels of DDT associated with coastal cavironments compared with
the open ocean are closely assoclated with the increased blomass and
particulate matter load existing over the continental shelf. The rate
cf diffusion of ceastal residues into the deeper oceans 1s currcotly
unknown. Data clearly show, however, that coastal area contamination
with DDT can be expectnd for an extended period.
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HUMAN EXPOSURE 1O DDT RESIDUES

Admintatrator's Finding: The accuwmilation in the food
chain and erop restduee results in hwun exposure.

Aside from the effects of DUT on certaln forms of wildlife and its
persistence in various envivonmental components, the greatest concern
over DDT has been its routine occurrence In staple human foods, especially
meat and milk. High per capita US consumption of these commodities leads
to relatively high residues In human tissues. Human cxposure to DDT has
been a censtant occutrrence since its carly use on various food and feed
crops, Efforts in the last decade have led to significant reductions of
average DNT levels in all commodities including meat and dairy products.
However, low-level residues of DDT and its metaboliies are still commonly
found in these commodities. Sinece DDT levels in meat and dalry products
are dependent on levels in feed and forage fed to domestlc ruminants, the
limiting factor im a future residue decline in humans is directly assocla-
ted with these items.

Data ag of 1972

FDA data (Dugpan and Corneliussen, 1972) indicate that DBT and fce
metabolites are the most commonly found pestlicide in market basket
samples. The average daily intake of total DDT residues per day in
1970 was calculated to average 0.0004 mg/kg of body welght, down from
0.0009 in 1965,

DDT and DDE residues are routinely found in dairy products and meats.
Average levels in total diet samples were 0.047 ppm and 0.233 ppm respec-
tively for these two commodities (Cornelfussen, 1972). There is little
doubt that food fngestion represents the primary route of human ¢xposure
in the United States (Tr:1987). Exjosutre by way of drinking water, [n~-
halation, and dermal exposure, while not quantifiable, are not believed
to be highly significant.

Data since 1972

The Food and Drug Administration {Corneliussen, personal communica-

tion, 1973) evaluated pesticides in FY 1973 samples of food and compared them
with composite results for FY 1964-1969, Their report stated that. “there has
been a distinct decline in relative occurrence of DDT-related residues in all
major commodity classes except thac DDE (degradation product of DDT) remained

constant in eggs and showed a slight relative increase In fluild whole milk.
This phenomenon is likely a result of the environmental burden of DDT, since
usage has been drastically limited. Continued occurrence of the DDT

degradation products in foods of animal origin (particularly fish) is
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reasonably expected.® Comparative analyses of baby foods (infant and junior)
for FY 1973 versus FY 1964-1969 showed a decline La posltive DDT f(indings hut
lictle change in DDE interceptions. These data are:

% Sampleg Positive

FY_1973 FY_1964-1969

DDE 13.8 12.7
{ DDT 4.8 9.3

Total diet residue studies involving analysis of ready-to-eat foods in 12
food class categories taken from 30 markets im 28 different citles have been
conducted by the Food and Drug Admin{stratlon since 1965. Major sources of
DT food contamimation lie in two specific categories: dalry products and
meat, fish and poultry products. Data for Fiscal Years 1966 through 1971 are
shown i{n Table ITIC.1 and Figures ITIC.1-6 (Pesticide Monitoring Journal:
1(2)2-12, 1967; 1(4)11-20, 19685 2(4)140-147, 19693 4(3)89-105, 1970: 8(2)110-
124, 1974). Those data show that DNT and its metabollites have been dropping
gradually since 1965, Figures IIIC.1-6 represent statistically computed besc.
fit plots for the raw data, '

The restdue declines are undoubtediy due to numerous factors, the most
likely being increased public awareness and caution in pesticide usage, state
restrictions prior to the 1972 Federal cancellations, and gradual phascout of
DDT in preference to less persistan! materials.

Diecary intake valves based on prorated food quantities of the various
food commodity classes ijased on typlecal diet of a 19 yecar-old boy} have also
been summarized in Table ITIC.Z.

Although a gap exists in the data for FY 1971 and FY 1972, a rapid decline
in all members of the DD family is evident, especilally for DDT and TDE, From
FY 1969 to FY 1973, raspective declines of 86%, 89%, and 647 took place for DDT,
TDE, and RDE,

A significant decline of DDT residues in poultry betwoen 1968 and 1971 was
reported by Spaulding (1972). Data tables for these studies follow (Stadelman,
1973):

DDT Residues in Poultry (ppm Fat Basis)

———— otk ity

Toral Samples Analyzed
¥.0.  0.01-0.1 0.1-0.5 0.5-3.0 3.0-5.0

1968 1 406 1781 465 13

1971 138 412 1062 192 0

—— -
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Table IIIC.1

Total Diet Studies

FY 1966-1971

Parts Per Billlon (Fat Basis)

Dairy Products Meac, Fish and Poultry

FY  pbr DDE_ TPE buT DDE TDE
1966 w1515 299 253 139
1967 5 s 19 195 172 110
1968 30 63 19 103 116 62
1969 - 23 48 10 100 100 43
1970 17 16 6 52 n 29
36 60 11

1971  trace 36 -—

Sources

Pesticide Monitoring Journal
Pesticide Monitoring Joyrnal
Pasticide Monlroring Jouwrnal
Pesticide Monitering Journal
Peaticlide Monltoring Joumnal

1¢2):2-12, 1967.
1(4):11-20, 1968,

-

2(4):140-~147, 1969,

4(3):89-105%, 1970,

8(2):110-124, 1974,
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Table LILJC.2

Estimated DMetary [ontake (microgramsfday)ﬁf

FY 0 DhE THE
1905 31 18 13
1966 41 : 28 18
1967 26 17 13
1968 19 15 11
1969 16 11 5
1970 15 10 4
19710/ - - —
1972b/ -— - —
1973¢/ 1.88 4.98 0.72

Sources

a/ Duggan, R.E., and P.E. Corneliussen. Dietary Intake of pesticide chemicals |
in the Unfted States (YII) June 1968-April 1970, 1972.

b/ Data for 1971-1972 not available.
¢/ Corncliussen, T.E,, Persconal communicatlon, Food and Drug Administration, 1975.

NOTE: Less precise values were veported for the period 1965-1970 in the first
printing of the reporc.
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Similar declines were not noted between 1967 and 1973 for lvestock
except fer the frequencies of higheresidue samples greater chan 1.5 ppn,
These data along with a peneral discussfon of the APHIS (Animal and Plant
Health Inspection Service, USDA) residue monftering program are given by
Mussman {1975) and summarized below:

—.DOT lestdues fn Livestock (ppm Fat Basis)

b el ok e

Percent of Samples

.315.: D. 9.:.0..1‘.':.1.3_2 ,1_:.5.:3.-.0... _..'.E
19467 21.3 12.8 2.2 1.5
1973 26,1 72.7 0,6 0.6

A review of similar data from USDA, APHIS for calendar vears 1.72-1974
(Conrey, 1975) does not reveal additional trends for poultry or any cther
meat product. Howoever, it must be remembered that many residue problems are
identificd and dealt wich in varlous manners prior to a product's entering
into fnterscare tvade channels. A summary of 1972-1974 data is given in
Table IIIC.3,

The USDA, AFHIS conducted a special monttoring program exposing domesatic
ruminants to 1974 Tuzaock Moth spray residues and monitoring for DDT residues.
The animals were grazlng in and around the tmmediate understory of treated
foresta. However, sincere cffores were made not to treat open pasture land
within the forest complex. A slgnificant number of anfimals developed 1Ilegal
residues and were guarantined to allow residue decline to oceur, Yaung
calves wore released from quarantine on April 1, 1975 whereas older cows hav-
ing a greater body ponl of adipose tisszue weve not released until June T,
1975, or later, Dara available to date involve oblect{ve phase analyses of
358 sanples entering Interstate commerce. Only two of these samples were
found to contaln levela of DDT above the curreat tolerance. The total number
of antmals being held back for later slaughter i{s unkaown (Spaulding, 1975).

Wiihdrawal of DDT use in Arfzona agriculture in 1968 resulted {n a drep
in total DDT residue in green alfalfa from an average of 404 ppb In 1967 to
4% ppb in 1970. Rewldues in beef fat during the same perlod dropped from
0.97 to 0.49 ppm (Ware et al, 1971}, Ware et al (i974) in a recent update
of this work found still lower leovels corresponding te about 30 nph of DDT
residucs In alfalfa,. Stovistical analvsia of data for the sampling dates
hetween 1969 and 1972 showed that in three of four arcvas sampled, levels of
total DOT in green alfalfa have ascabilized at about 0,03 ppm,

Data on the decline of figh residues from sanples taken in the Great
Lakes bave been reported elsewhere in this document. In summary, precipitous
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Table 111C.3

‘DDT Westdues in Donest fe Animals From Nationwide Meat and
Poultry Tnapecrion Programs

| foeoneme PR TOtal BOY (Fary
. None . . h

Spectes | No. Samples | Violatisns | Warnings| Detected (X)) § 0.00-0.3%(X) | 0.31-1.00%¢X} | 1.0 (2)
[EOU SPRUNNY (RSNSOI AU EUOUI I SOOI SUSTUNUUY SS
Cattle )

1472 To202 0. 0 59 (29 | 135 (b6} B (3 G

1973 ) o 0 132 (18) 464 (63} s a1 {19 @
1974 e )1 ) 0 165 (16) 155 {74} IR ¢F 1
zlves |

1972 n 0 ¢ s @5 6 (56) 0 0

1973 8y o t 3 () 13 (86) 4 4y “ )
1076 282 O 8@ | U5 (R6) 23 @ 6 (2
Hoxses

1973 &4 1 0 W (s5) 18 (40) 3 (@ 3 (6)
1974 266 0 e a9 176 (56) | 25 (9) W
Swine _ . :

1972 18 o | o 66 (49) 59 ey |6 ) 1.7
1973 232 o e { na Gn | ol @3 e (29 5 (0.2)
1974 3.29 o I 0 LT 1) 229 {69} B ER b {0.3)
Turkess _ |

1972 206 0 ° 39 (48) | 155 (75) 10 (9 d(0.4)
1973 s e v s (1) 376 (72) 0 an 15 @
1974 734 1 o (10} C10 (81 () 3 (0.5)
Chickens

1972 357 0 o 50 (14) 281 (A1) 1 (3 2 {M.S)
1973 531 ] [ I B$ () 191 (74} 46 (3 1 {0.5;
1924 ]6)4 G [ 66 (6} 925 (89} () 5 {0.4)
Limbs

1972 110 ] ¢ 22 QN 81 (6} 5 1) 1 {0.7;
1974 49 . 0 %oy | osE (38 IS S A (S 1Y)
RS (Y SR U St S . s AL,

00,5 (197D
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Soutce: Convey, perdonal commmnicatlion, 197%,
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declines were noted with average residues in coho salmon (Pneorkynehus
kisuton) declining from 11.8 ppm fn 1968 to 4.48 ppm in 1973 (Reivert,
1975). An evaluation of fish residue data in ocean fish from a recent
NOAA survey (Stout, 1975) for fish off cthe Pacific Coast showed a res-
tdue rrend which generally declined with the nortiward progression of
sampling from California to Oregon. In gencral, the vesidues were well
within the current actior limit except for samples taken off the coast
oi Southeien California. :

Butler (1973) described the results of a national program [or mon~
itoring estuarine molluscs in 15 coastal states for the period 1965-1972,
"For most estuaries monitered, detectable DT residues have declined in
both number and magnitude in several species of estuarine molluscs in
recent years. DIT pollution in many estuaries as judged by the magnitude
of the residue in molluscs, peaked in 1958 and has been deelining markedly
since 1970."

The North Carclina Agricultural Expericent Station {1974 and Sheots
(1973) found significant reductions in DDT and TDE levels in fluc-curced
tobacco berwean 1968 and 1972, These decrcases are shown In Tables TITIC.4
and TITC.5. in 1970, a docrease tn use of DDT for tobacco occurred and
gince 1970, a certiflicacion that DDT and TDE would not be used hus been
necessary for tobacco preducers to obtain price support. When revicwing
these data, it should be remembered that a 2-year poeriod normally occurs
between time of tobacco planting and final sale of cured praduet at auc-
tion,

Domanski, Hailre, and Shects (1973) proposed that the low levels of
DT found in recent samples (1972) of auction market tobacco resulted pri-
marily from existing environmental contamination rather chan direct appli-
catlon. Recent experiments by the North Carolina Agricultural Experiment
Station (1974} confirmed that tobacco preoducaed with currently recommended
cultural procedures will in general have resldue levels similar to che
1972 survey cf US auctlnn market tobacco.

Residue levels found fn the lower stalk portion correlated linearty
with those in the soil and were in agreement with vecent radiochemical =
boT-uptake studies conducted by Rosa and Chong (1974) Drift of airborne
goil containing DDT was considered to be a possible contaminant source,
egpecially for upper tobacco leaves.

Domanski and Guthrie (1974} reporting on residues of DDT {in cigars
found ifttle difference in the residue levels between the years 1969, 1971,
dad 1972, However, Sheets (1974) found a decrease from 15.6 ppm In 1971 to
10.5 ppm in 3973,

Due to the varlable time lag between harvest and marketing of finished
tobacco products, it may take 5 vears or more for the decline in DDT and

THE to manilest {t=self fully i{n such products.
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Table ITIC.4

Frequency Distribution ef DDT and TDE in Flue-Cured Tobacco

US Market

Concentration | Samples within Range
Range (ppm) T % '
: 1968 1970 1672
o.'o-o.o_gg 0 0 0.9
0,1-0,49 0 11.6 63.9
0.5-0,99 | 0 27,7 15.7
1.0-2.99 0 1.3 12,0
3,0-9.99 1.2 15.& . 1.4

> 10.0 98,8 14,3 0

‘Souvce: North Carolina Agricultural Experiment Statien, 1974,
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Table IIIC.5

Average DDT and TDE Residues in Flue-Cured Tobacco from the Auction Market
Us, All Belts

Average Conc.

Year {ppm)
1968 53.0
1970 ' 5.9
1972 0.85
1973#% 0.21

*Additional information from limited survey,

Source: Sheets, 1973,
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Conclusion

Between 1965 and 1970, levels of DDT and DDE in the two commodity
groups, dafry and meat, fish and poultry, gradually decrecased. Then,
between 1970 and 1973 a precipitous drop occurred in residues of DDT
and TDE with respective decreases of 86% and 8%%. DDE on the other
hand decreased only 27Z, In FY 1973, these two commodity groups repre=
sented more than $5% of the total body burden of ingested total DDT
residue with dalry products contributing about 30X of this amount.

Based on domestic ruminant monitoring data since 1972, no signiffi-
cant change has occurred in the residue profile through 1974, If cure
rent ievels of DDT exposure to dumestic ruminants are caused by inges~
tion of food and feed produced from soil havieg past, but no current
exposure, to DDT, diminution of these levels cannot be expected to occur
in the near future,

DDT tesidues in agricultural commodities other than dairy producte

and meat, fish, and poultry do not currently pose a slgnificant problem
with regard to direct human intake.
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HUMAN STORAGE AND DDT RESIDUES
Adminiatrator's Finding: (than beinge atore DOT,

DDT and its metabolites, DDE and TDE, are highly moluble in fatty sub~
stances. Thus, when humans are expoesed to resfdues of DOT in food, a cer-
tain portion will be retained and stored in the body fat. The major source
of this DDT is dairy and meat products ing.sted as part of the total diet,

he source of this DDT in food is our natlon's agricultural sofls, Swall
quantities are taken up by plant materials. Thus, the simple food chain
(soil -+ plant + domestic ruminant - human) accounts for most of DDT found
in human tissuecs,

Adfpose tissue data from the Natfonal luman Monitoring Programs (Yobs,
1971) ylelded mean levels of total DDT, including metabolites, in the gen-~
eral populaction of -6.26 ppm {n 1968 and 5.97 ppm in 1970, Significant d1f-
forences were noted between black and white populations {TR:1984). Blood
serum levels of DNT varied signtficantly with the socioeconomic background
of the subject and "loweast values are found in the more affluent groups,
and higher values in poor" (TR:2022).

Analysis of DDT in the human food chain using a system modeling approach
was done by 0'Nelll and Burke (1922) for the DDT Advisory Committee. This
approach revealed that a reduction of DDT levels in human fat to 25% of that
existing at the time of cancellation of all WDT uses would take approxlmately
28 years. :

A comparlison of 1970 thru 1972 National llunan Monitoring data has been
prepared by Kutz, Yobs, and Strassman (1974) and Rutz (1275) aud 1s shown below,
The geometric mean of BT in human adipose tissue declined from 7.%5 ppm in
1971 to 5.89 ppm in 1973, which may signal a downward trend. Sioce 1970, the
percent of DNT regsiducy found as IDE Increased slightly (fvom 77.15% to 81.19%).
Detalled analyses of FY 1970 data were described by Kutz et al (1974).
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National sumnary of Total DDT Equivaleat
Residues {n 'uman Adipose Tissue

(total US population basis)

FY 1970 FY 1971 FY. 1972 FY 197}

Sample ize 1,412 1,616 1,916 1,092
Freaquency 99.37% 99.75% 99,957 100.00%
Geometric mean 7.87 ppm 7.95 ppm 6.88 ppm 5,89 pPM
Percent PDT found as DDE 77.15% 79,70 80.33% 81.19%

Total DT equivalent = (o,p'-DDT + p,p*-PDT)
+ 1,114 (o,p'~DDD + p,p'~DDD +

pop'=DDE + o,p'-NOR)

As part of an epldemiological study, Griffith (1975) monitored serum
levels of p,p'=DDT, o,p'-DDT, p,p'-DDE and o,p’-DDE in a cohort of 382 ex-
rosed buman subjects during 1971, 1972, and 1973, The data (Figure IIIC.7)
clearly show that p,p’'-DBT serum vesidue levels have decrcased over the 3=
year perlod 1971-1973 supgesting diminished exposure to DOT.

Residues of p,p'-DDE, on the other hand, do not show such a pronounced
downward trond (Figure TIIC,8), 1I: has been suggested by a number of {n-
vestigaters that serum p,p’-DDT Ievels reflect recent exposure to DOT, while
p,p'=-DOE levels seem to correlate well with long-term exposure und the ator-
age capacity of the human body (Keil et al, 1972 FEdmundson, 1970: Morgan,
1971 and Selby, 1968).

DDT residues {n human adipose tissue have tended to decline in recent
vears (1971 to 1973}, while the percent of DOT stored as DDL nas maved up
only slightly,
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INTRODUCTTON

Adminigtrator's Findings: 1} The use of DDT {8 not neces-
sary for produstion of cotton, beans, pewmwits, cabbage,
cauth?ouer, brusgels spreuts, tomatoes, fresh market corm,
pimentos, garlic, and commercial greenhouse plants but may
be mecessary to protfeot sweet potatoes tn storage, Bweat
peppers agatnst heavy corn borer infestations (in the Del-
marva Peninsula only}, and oniong during an interim cancel-
lation period, 2) Nonmerop uses of DDT for moth proofing
and to eontrol bats and mioe are proprietary uses for
which DDT is not necessary.

These are the Adninietrator's Uleimate Findings in Parc V of his decision,
Benefits. These ultimate findings on ‘benefits were based on 12 Basic Findings
vhich generally velate to eccpomic mattera, In view of these findlngs by the
Mainiatrator and the more recent regulatory actions involving ewmergency re-
queats to use DDT against the tobacco budworm on cotton, the tuseock wmoth and
the pesa leaf weevil, the followlng crop use patterns were reviewed for this
report:

1, Cotton
2, Other crop uses

a) sweet corn f) tomatoes k) 1lima beans

b) peanuts g) garlic 1) snap beans

¢) cabbage h) lettuce ) aweet potatoes
d) caulifiower 1} potatoes n) swect peppers
e) brussels sprouts j) dry beans o) oniong

3. Hilitnry'uaes
4. Public Health use
5, Forest use

Information avatlable to the Administrater in 1972 was found in the testi-~
monies of the DDT Heariog Record., Current information since the cuncellatfen
was located in a variety of sources.

Commodity specialists in the dlsciplines of agronomy, entomology, and eco=
nomics were contacted in the USDA and the Land Grant Unfversities. Data
gources, both public and private, were veferred to and fnclude USDA publica-
tions, Lxperiment Station and Extension bulletins, Tariff Commisaion Reports,
EPA-contracted rescarch projects, and others. '
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DBT PRODUCTION AND USE

In the early 1950'¢ thirteen companies were involwed in the manu-
facturing of DDT, Among the last firms to cease producing DDT weie:
Geigy Corporation (1966), Allied Chemical (1969), Olin Corporation
{1969}, Diamond Shamrock Corporation {1473}, and Lebanoa Chemicals
(1971;.

Domestic productlion reached a meximum of ahout 188 aillion pounds
in 1963. By the late 1960's DDT ourput had declined by about ene-
third, c.g., 123 million pounds in (979, Then produccion declined
precipitously, to an estimated 6) rillion puunds per year fu. the
carly 1970's (Table IIID.1).

Domestic use peaked at near 79 milllon pounds in 1959, and de-
clined to abou: 18 million pounds fn 1971 (22 willion pounds In 1972).
More recent estimates of use are not avallable.

Export lagged behind domestic consumption up to 1958, and the

maximum did not occur untfl 1963, From 1958 onward, the quantity of
VDT exported continued to exceed domestic consunption,
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Table 1IID.1

Domestle Production, Consumption, and Exports of ODPT in
the Unlted States, 1950-1972 (1002 basis)

- - - ——

Year Froduction Domest {c Consumption - Exports
(1,000 1bs)

- - e A A — - - - -

1950 67,320 57,634 71,898
1951 97,875 72,686 NA
1952 115,717 70,074 32,253
1953 72.802 62,500 31,410
1954 90,712 45,117 42,743
1955 110,550 61,800 50,948
1956 137,747 75,000 54,821
1957 129,730 71,060 61,069
1958 131,862 66,700 69,523
1959 156,150 78,682 76,369
1960 160,007 70,146 86,611
1561 175,657 64,068 103,696
1962 152,632 67,245 106,940
1963 187,782 61,165 113,757
1964 135,749 50,542 77,178
1965 140,785 52,986 90,414
1966 141,349 46,672 90,914
1967 103,411 40,257 81,828
1968 139,401 32,753 109,148
1969 123,103 30,256 82,078
1970 59,316 25,457 69,550
1071 63,1343/ 18, 0003/ 45,134
1972 57,4273/ 22,0003/ 35,424

A - v i e . - L

A/ EPA estimates based on Pesticlide Review 1973, i)p. 1o, 11, 22, 23.

Source: USDA, ASCS, Pesticide Review 1973 and carlier yecars,
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COTTON

The mafor areas covered fn this review are: the avallability of
alternative pest contvols, chemical and nonchemical; impact of the can~
cellation on cottun production costs (1971-1%72 average compared to 1973-
1974 average); and impact of changes in cotton production costs on
acreage, production, and prices of cetton and other crops in the US, by
reglon, based on a representative year since caneeilation. This latcer
analysis presents results in terms of the vear 1975, Throughout the
analysis, only cost impact is considered, as inadequate data were
avallable to systematically evaluate.passtble impact of alternatives upon
cotton yields throughout the areas where DDT wis used.l

Before prvsenting resuits of the review, a brief summary of relevant
hackground information is presented on the cotton industry,

T —— LA A e it

1/ Additlonal rosoarch {3 curreatly in progress fn the Office of Pesticides,
PPA, in cooperation with cotton specialists in the states addressing vield as
well as coat impact n detall. Basic data on the contomology and economics of
alternative cotton producing nrograms, fncluding those with DDT, are now be-
ing received from the states but analysis will not be completed until well

into FY 1976, Data are being obtained for 57 individual cotten growing reglons,
which will be utilized fn an analysis of impact of yield and cost effects of
the availabillty of DDT and other pest management optionsg on the performance

ot the cotton and other sectors of agriculouve (e,p., acregge, production,

and price of cotton and other major agricultural crops).

As past of the cotton pest management study, states were requested to
provide Information on cotton yield differentiafs assocfated with alternative
control techniques, including the use of DLDT. As of July 1975, efght of the.
14 states contacted have rvesponded. This data iy therefore fncomplete at this
time and the summary statements below provide tentative conclusions only.

It the Southeast, the two states responding indicate that growers would
use DDT on cotton pests, principally for control of the tobacco budworm, boll=~
worm, and the boll weevil, byt yields would not change. Three vestern states
expect very little LOT would be used if avaflable. One state Indicated cotton
and alfalfa are frequently grown in adjacent flelds and DDT would cause restdue
problems in the alfalfa. Yield improvements would not be expected except in
the case of bollworm contvol. Three states in the Delta reglion have responded
and two provide specific numerical information on vield [mprovements [f DDT
vere avaflable., Fstimates of yicll locreases range from 37 to 14%, dependling
upen spec: fic regionel arca, One deltx state does not expect anv change In
yields,

The yield information is obtalned trom the professional fodgement of ento-
mologlstys knowledgeable on the prevailing growing conditions In thelr respee-
tive regions and i3 bascd on actual field xrericence, experimental data, labor-
atory tests and othcer accumulated experfence.



QVERVIEM OF THE COTTON ECONOMY

Cotton [s one of oyr most important agricultural crops. It contributes
53 to 54 billion to cash receipts of Farmers and is grown commercially on
about 125,000 farrs in the United States. Ll as many as once-fourth of tiese
farms have less than 25 acres of cotten. The major cotton production reglons
of the US are shown In Figure ITTID.1.

The cotton industry {s one of the most Intensive users of {nsecticides.
As of 1971, pearly one-half the total Ilnsecticides used in agriculture were
for protection of cotton. About two-thirds of the cotton acrcage in the US
fs treated with {nsecticides. DDT was a major fnsecticide used in the cotton
industry through 1972, Additioaal background on the use of DT and other in-
seeticides, as well as ocher aspects of the cotton economy, are discussed be-
low (based on recent USDA evaluatlons, USDA, ERS, Cotton Situation, 1975 and
other sources as cited).

The economic success of t.e cotton farmer s affected from year to year
much more heavily by a number of other factors than by changes én regulatory
policy-on pesticides. Factore such as weather, government acreage allotment
and price support programs, the market price of cotton, competition (rom
other crops, limited i{nput suvplies, and costs of other fnputs often have a
major {mpact on cotton production costs and returns. Average total costs of
Producing an acre of harvested upland cotton In the US were estimated to be
$254.,63 in 1974, of which Insectfcldes accounted for only 59.64 or about 3,487
(Table 111D,2) (Starbird et al, 1975).2/ Since 1972, the total costs of pro-
ducing upland cotton have increased from $193.48 to $254.63 (by $61,15 or
about J2Z). According to these USDA estimates, increasing costs of insecti-
cides censtituted a very minor part of the overall Increase in cotton produc-
tion costs (from 37.74 to $7.84 per acre or by $1.90) (Table [I1D.2)., This
is not to say that Insecticide cost increases have been so nominal 1n all
a:ea: or that insecticfdes are unimportant factors contributing to cotcon
yields. -

Costs of growing cottun varled signifficantly among the US cotton produc-
ing regfons. [n £972, che latest year for which cuats hy reglon are avallable
from LSLA, total costs per harvested acre varied {rom $95.49 to over $500 per
acre {Table ITID.3) (Starbicrd et al, 1972). Insectlctide costs per acre also
varicd greatly, The regions wich heaviest fnsecticide costs as of 1972 were:

et 8 e S L TR R,

1/ There were estimates of as many o8 150,000 farms with cutton allotmeats
for the year 1972 (USDA estimate, baved on ASCS & ERS data sources). How-
ever, as of 1974 the pupbec of farms growiag cotton on & commercial basis is
about 125,000 (based on market rescarch reports avatlable co EPA),

2/ These preliminary USDA 1974 cstimates of costs for insecticidesa are sub-
stantially lower than those presented later in this report, based an another
data source. They are utilized here for purposcs of indicating the Importance
of Insecticides fn the overail cost of growing cetton, as cstlmated by USDA,
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Table II1D.2

Production Costs per Acre of Upland Cotton Harvestead,
United States, Selected Years, 1964-1974

Averace Cost per Acre Harvested

Ttem 1964 1866 1969 1972 19740/
Labor . 42,40 27.83 21.97 23.33 27.49
Power & Equipment 34,04 37.28 42,46 43,50 56.90
Moterials .

Seed . 3.26 - 3.56 4,20 4,40 7.59

Fertilizer 11.44 12,67 10.90 10.95 17.56

Herbicides - 1.59 .n 4,56 6.18 7.70

Insccticides - 5,69 6.42 6,79 7.74 9.64

bafoliants . 1.00 1.00 1.17 1.48 1.85

Other Chemicals 0,30 0.25 6.20 0.52 0.65

Tota) Materials 23.26 27.62 27.83 31.28 44,99
Cinning, Bagging 1¢.11 19,82 18.44 23.34 25.28

& Ties ) '
Cugtom Services 7.74 8.90 9.91 11,28 14,39
Trrigation 8.37 9,19 7.86 11.12 13,71
Interest on

Operating Capital 2,49 2,29 2.72 2.79 4.75
Total Direct Costs 137.46 132,94 - 131.18 . 146,82 i87.51
Land _ 24.49 24,44 21.11 34,15 51,32
General .Ovechead 18.74 13.99 13.64 12.49 15.80
Total Cost per Acre

Harvesteda/ 180.69 171.38 167.93 254.83

193.48

a/ Totals do not necessarily add because of rounding.

b/ Preliminary.

Sources

Starbird, T.R., ct al.
on Cotton Farms in the United States, 1972, 1975,

Costs_of Producing Upland Cotton and Selected Crops

starbird, [.R, Costs of Producing Upland Cutton in the US - ProcaduresL

Results, and Tmplications, 1

14974,
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Table IIID,3

Average Total Production Costs and Insecticide Costs per
Acre for Upland Cotton, US by Reglon, 1969 and 1972

1969 1972
Inezcricides Insecticides
Total . Percent of Total Percent of
Regions Cost Cost Total Cost Cost Total
{doliars) (dollars) (percent) (dollars) (dollars)} {percent)

Southern Pledmont 179.6% 11.52 6.41 KA A o
Eastern Coastal Plain 214,17 18,22 #,51 230,57 25,41 10,59
Southern Coastal Plain 202,60 16.19 7.59 226,40 3,96 14.i2
Linestone Valley~Sand Mountain 165.49 8.ub 4,87 218.46 15.86 7.26
Clay Hills 184.23 6.74 3.66 184.70 8,51 4.49
Black Belt 176.92 12.40 7.01 NA RA XA
Brown Loam 178,57 4.78 2,63 196,21 3.21 1.84
Migsissippi Delta 145,98 10,92 5.87 210,12 10,31 4,91
Northeast Arkansas 165,33 2,41 1.46 179,33 3.29 1.89
Black Prairie 76,84 2,40 3.12 95,49 3.68 3.85
Coastal Prairie 108,57 3,27 2.98 160.15 11,43 7.14
Lower Rio Grande Valley 183,90 11,10 6.04 194,19 17.38 8,83
Rolling Plains 89,21 1.26 1,41 103,77 0.61 0,59
Righ Plaians 126.0GC 0,53 0.42 150.94 6,72 0.48
San Jaoquin Valley 313.65 10,92 3.48 371.95 9,55 2.57°
California & S, Arizona 414,94 35,99 8,67 487,73 38,32 T.86
Central Arizona 359,32 21.81 5.60 503,13 31.12 6.1%
High Southern Desert 330,64 3.01 0,91 RA RA NA
Upper Rio Grande~Pecog Valleys 252.02 3,38 1.34 332,98 2.42 - 0.73
Trans Fecos 333.92 14,39 §.31 KA RA RA
United States 167.93 6,79 4 .04 163.48 7.74 4,00

Sources

Starbird, T.X. and B.C. French. Costs of Crowing Cotton im the United States, 1969, 1972,
Starbird, I.R, et al. Costs of Producing Cotton and Selected Crops on Cotton Farms in
the United States, 1972, 1975,




Southern Pledmont, the Eastern Coastal Plain, Coguwial ¥rairie, Lower Rio
Grainde Valley, and Southern California/Southwest Arizona. In these veglons
the costs of insecticides ranged up to 147 of total production costs come
pared wich a national average of 4.07 In 1972. lLater In this analysis nd-
ditienal cost data are presented for insecticides by chemical for purposes
of estimating the cost impact of the DPT Decislon on the average during
1373 and 1974 in comparison with the 1971-1972 average.

Competition from man-made fibers and declining demand, due to the un-
favorable geaeral economic conditions in the US and world markets during the
last year have had significant impact on cotton prices {Figure IIID.2).
Cotton prices recelved by farmers have declined sharply from the high of
near $0.60 per pound which occurred about & year ago. The high market
prices for cotton during the 1972-197) and early 1973-1974 seasons generated
very large plantings in 1974 (nearly 14 million acres compared with an
average of 12.95 million acres for 1970-1974),

Although bad weather battered cotton producevs all scason long in 1974,
particu.arly in the Southeastern and Delta areas, thus reduclag yields, the
1974 crop totaled 1l1.7 million bales. 1In the face of decllining demand, the
crop precipitated dramatic price decreases. For example, the February price
received by farmers in 1975 was only $0.32 per pound compared with $0,52 per
pound in February 1974.

Inprovenent {n the national market situation {n cotton depends upon
recovery of the economy and reduction in praductioen in 1975, to
adiust to needs in the domestic and export markets. The latter {35 expected
to happen as prospective planting in 1975 ia 2.5 milllon acres, down 22%
from 1974, to the lowest level in many years,

The cotton commodity market In which one can contract for delivery at
gpecified prices nas been a disconcerting factor for the cotton farmer during
the last 2 years. In 1974, 207 of the cotton crop was contracted compared
with 757 in 1973 and only 15% in 1972, In 1973, farmers recelved attractive
prices for cotton. Cottor was contracted at prices acceptable to farmers,
and the $0.15 price suppoet was In effect. However, cotton prices continued
to increase throughout the 1973 season, and holders of the contracts were
the beneficlaries, not uecessarily the farmers. Farmers' anticivation of
windfall galns in 1974 appear to have resulted in only 20% of the crop being
s0ld under contract at future prices. However, since cash prices in 1974
were declining and farmers had not protected themselves by contracting at
higher prices, BOZ of the crop was on the opea market at current lower cash
prices.

The Federal Covernment's cction program is a very significant faetor
affecting the cotton producer. The Agricultural Act of 1973 represented an
important change In US agricultural policy, This Act reflects a tread away
from goverasment controls and guarantees to a more open market-orfented
philosaphy. Uader free-market agricultural policics, fart: murkets tend to
become more unstable, Annual prices can {luctuate, subjecting farmers to
"shocks" in inceme,
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Figure I1ID.2

Whioa

U.S. COTTON PRICES*

. ¢ PER LB. I

. rrnnanr

YEAR BEGINNING AUGUSTI

D N TH

‘ |
Pt Spot market SLM 11/16"
80| L R SRERE T U S——
{3 ] '{ N
:
60 s e .............‘...-i:v ‘\'..\ ‘-. [ S ——
Spot market SLM 3“ “
40 e e b omme. o e Ny e
_;;'."'f\."-\ cL\
Pricol rocqived by farmaers
() 11111||1I=;I1;I1:Iz11 : 11'11i111'1 11'-i|r;lri||111511}!'j ol
969/70 70/7V  7V72  72/73  73/74  74/75

MG ERSHCAT TN

=156~




The Agricultural Act of 1973 first went into effect in the 1974 growling
season, Including new cotton allotmwent provisions. One important feature
was the target price concept to replace the $0.15/1b lint price payment.
Farmers would no longer automatically recelve a price supplement. Instead,
a target farm price floor was sct for their erop. As loag as the market
price of cotton equals or exceeds Che target price, no payment i{s made.
Farmers receive per pound payment when cotton prices at the farm level fall
below the target price, which for cotton was set at $0.38/1b lint. The farm
price of cotton exceeded this level, and no payments were made to farmers
for the 1974 crop.

The disaster provision of the lawv gives some Income protectiop in the
event of crop loss due to a natural catastrophe. The provision becomes ef-
fective 1f over one~third of the cotton crop grown on allotment actenge is
lost. 1If, for example, a farmer has 100 acres of cotton allotment iand the
normal yield per acte (s 500 lbs of lin{, the farmer's normal yield is
50,000 ibs of cottor:.t/ If one-half of the crop 1s lest, the farmer quali-
fies for disaster payments on 25,000 lbs of cotton. He receives a payment
of one-third the current target price multiplied by the pounds of cotion
lost if the loss {s equal to or greater than one-third the normal yield.

T
'h

In some circumstances the farmer can suffer a disaster to his crop yet
not qualify for the disaster pavmenta in the program. This can happen as
follows. Consider the same farm as above with the 100-acre allotment, Now
agsume the farmet chooses to grow 200 acres of cotton, 80 that 100 acres
under the allotment while the other 100 acres is not. Expected yleld in
this case iz 100,000 lbs of 1lfnt, If 50,000 lbs of cotton are lost due to
a disaster and the farmer produces only 50,000 Ibs at harvest, he iz not
eligible fox disaster payments. Jis disaster payment is based on 50,000 lbs
of his normal yield. The cotton allotmént applicable in this case assumasg the
farmer has received his normal yield and thercfore does not qualify for .iisaster
payments.

There are no restrictions on the number of acres of cotton planted. llow-
ever, the risk to the farmer increases if he plants on nonallotment acres. In
1974, for every 100 acres of allotment cotton in the US, there were about 27
acres of nonallotment cotton grown. A combination of bad weather and insect
damage in some areas such as the Southeast and the Delta appear to have resulted
in yleld reductions. However, as a result of growing a large amount of the
crop on nonallotment acres, many farmers experlencing damage elther did not
qualify for dlisaster payments o received less than the full benefits of these
payments.,

1/ Although the allotment is stated in acres, the provisions of the cotton
allotment pragram are basoed on normal yield, Normal yield is derived from®
a moving average of yields on each farm from previous vears. :
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TRENDS 1IN COTTON ACREAGE, YTELDS, AND PRODUGTION IN THE US AND IN MAJCR
PRODUCING REGIONS

Fconomic performance of the cotton industry since the DPT cancellation
must be viewed withiu the context of trends during carlicer years as indi-
cated in Figure IIIL,3 and Tables ILID.4, 5, and 6. These data indicate
that cotton acreage, yield, and productien vary greatly from year to year,
that there are long~term trends in the cotton industry, and that results
in 1973-1974 are not grossly cut of line with past performance of the In-
dustry. The high degree of annual varfablility in the cotton market is
‘typleal of agricultural markets.

. The cotton industry has been .able to maintain lts production to meet
domestic and export needs since the DDT cancellation., Although production
has declined slightly at the nacional level, it has been mure than adequate
to mect market needs, as prices declined very significantly $n 1974, The
raecord high prices for cotton in 1973 are not attributable to tho BptT
Dcciaton.

The two regions of the U?ited States in which DDT was used as of 1972
are the belea and Southeast.l/ DD was used much more extensively in the
Southeast Reglon (Va,, N.C., 5.C., Ga,, Pla., and-Ala.) than the Delta
Region {lfo., Ark., Tenn., Miss,, La., Iil., and Ky.). 1In the Southeast, it
wag used on about half the acrecage compared with less than one-fourth of
the acreage in the Delta. These fnsecticide use patterns will be discussed
in more detail later in this report,

Cotton yields In Southeast Region fn 1973 and 1974 are equal to or
greater than yields during vears immediately prior to the declsion and are
above the long-term average for the regica (Figure ITID.J3 and Table IIID.4).
[ the Belta Reglon, cotton ylcelds loercased slightly 1in 1973 over 1972 and
were above long-term average yield. MNowever, the Delta cotton yiceld declined
from 555 lbs in 1973 to 406 lbs kn 1974, the lowest yleld in the last 14
yearé., Most of this decline Is credited to flowds and adverse weather condi-
tfons as discussed {n USDA's cnalvsis of the situation presented in {ts recent
‘Cotton Situation reports (January and April, 1975). Changes In pesticide
policy are not cited as a significant factor in yield reduction tn USDA's
1974 cotton situations. fiverall production Iw the Delta arca did decllne
gignificantly in 1973 and again in 1974 as a result of redyced yield and
acreage harvested. In the Southeast, productlon has been mainraiued in 1973
and 1974 at levels comparable to 1972 and prior ycars.

—— Y A S

1/ Regions are defined in Figure ITID,3, YNote that these USDA regional
definitloas dlffer from those for which preduction cost data were presented
in Figure IIID,1 and Table XIID,2.
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Figure IIID.3

COTTON: ACREAGE, VIELD, AND PRODUCTION
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Table IIID.4

Cotton Yield Per Harveated Acre, US by Reglon, 1061-1974

— Reg Lon
Year West Sonthwest Delta Southeast Toral
{lbs of lint)
1961 959 343 489 138 438
1962 1,356 339 510 363 457
1963 1,034 354 642 &461 517
1964 1,035 338 643 488 517
1965 1,047 294 620 453 527
1966 918 375 532 392 480
1967 828 364 462 356 447
1968 1,047 404 569 342 516
1969 81 203 528 363 434
1970 798 6 546 410 438
1971 724 261 578 476 438
1972 937 399 539 427 507
1373 875 427 555 459 520
1974 983 280 4086 451 443
Average 937 348 544 413 477
Yield
1961-1074

West: California, Arizona, New exico, and Nevada.
Texas and Oklahom:.
Delta: Missouri, Arkansas, Tennessce, Miraissippi, Louisiana, Illinois

Southwest:

and Kentucky.

Southeast:

and Alabama.

Source: USDA, ERS,

Cotton Situation, 1975,
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Table ILID.3

-atton Praduction; US by Region, 1961-1974

M e e it e — - - —

Region

- amm—

Year West Soufhwcst Delta Soutlhieast Total
(1,000 bales)a/

—— - - Y e g e S

1961 2,813 5,145 4,485 1,840 14,283
1962 3,118 5,026 4,710 1,973 14,827
1963 2,822 &, 744 5,407 2,321 15,294
1964 C 2,810 4,403 5,468 2,461 15,145
1965 2.707 5,030 5,051 2,150 14,938
1966 1,925 3,393 3,077 1,162 9,557
1967 1,651 2,958 2,179 655 7,443
1964 2,482 3,786 3,612 1,046 10,926
1969 2,104 3,138 3,691 1,057 9,990
1970 1,796 1,402 3,819 1,175 16,192
1971 1,780 2,191 4,468 1,438 10,477
1972 2,593 4,609 5,119 1,363 13,704
1973 2,550 5,126 3,990 1,308 12,974
1974 3,716 2,947 3,672 1,367 11,702
Average 2,691 4,036 4,198 1,525 12,247

Product fon

1961-1974

¢ e m  — - . s - - —— et

West: Californin, Arizona. New Mex'co, and Hevada.

Soutlweat: Texas and Oklahoma.

Delea: Miusouril, Arkansas, Tennessee, Mississippi, Louisiana, Illinois,
and Kentucky, :

~ Southeast: Virginila, North Carolina, South Carolina, Georgla, Florida,
and Alabama. -

2{'480 1b net weight bales.

Source: UShA, ERS. Cotton Sltuation, 1975,
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Table IILID.6

Cotton Acreage Harvested in the US by Regilon, 1961-1974

Region

Yenr West Svuthwest Delta Southeast Total
{1,000 acres)

- —— —— - -

1961 1,409 7,205 4,404 2,616 15,634
1962 1.418 7.112 4,434 2.605 15.569
1963 1,310 6,440 4,062 2,420 14,212
1964 1,306 6,250 4,080 2.421 14,057
1965 1.241 6,120 3.974 2.280 13,615
1966 1,006 4,348 2,274 1,424 9.552
1967 957 3,895 7.262 883 7.0
1968 1,138 4,505 3,049 1,468 10,160
1969 1,159 5140 3.358 1,198 11,055
1970 1,079 5. 346 3,355 1,375 11.155
1971 1,180 5,132 3.708 1,451 1140
1972 1,328 5. 544 4.578 1,534 12,984
1673 1,399 5,757 3,448 1,366 11,970
1974 1.814 5,059 4,344 1,453 12,670
sverage 1,267 5,561 3,701 1,764 12,293

Acreage

1961-1974

— e ————— - .

West: Californfa, Arizona, New Mexico, and Nevada,

Southwest: Texas and Oklahona. '

Pelta: Missourl, Arkansas, Tennessce, Miaslusippl, Loulsiana, Illinois,
and Kentucky.,

Southeast: Virginia, North Carolina, Soutih Careolisa, Georpgia, Tlorida,
and Alabana,

Source: USUA, ERS. Cotton Situation, 1975,
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Trends in cotton yields slnce 1961 are presented bv scate in Tables
TIID.7 and 8 for the Dclta and 3outheast regions. These data indicate
a high degree of variatility in cotton yields within the regions and from
year to year at the state level. These data do not preclude the possibilicy
of significant yield impacy from the DDT Dectision, However, yleld reduc-
tiong such as these have occurred at earlicr times, due to ather factors,

The Administrator's dectsion on the emergency request for the use of
DDT against the tobacco budworm on cotton In Loulsiana presents a review
of pest problems and che impact of available controls on yiclds in the
State of Lowslana, which L3 an important state In the Delta producing
area, Ia that decislon, the Administrator found that the State of Loulsiana
had "presented no substantial evidence -~ new or old - to support the premise
that the tobacro budworm problem is new, that recognition of its oceurrence
and gseriousness ls new, or that the DIT mixture is the only insecticide that
can be expected to prevent economically significant damage arising from a
possible tobacco budworm outbreak this year.”™ (EPA, 1975)

An unfavorable economic situation was faced by cotton praducers In 1974
as seen in the basic cost/price relationships for that year. The 1974 US
average yleld of 443 lbs of lin% per acre (Table [1ID.4) and the c¢atimated
average production cost per acre of $254.63 (Table TEID.2) give a cost por
pound of 57.5 cents. Thils cost compares with a cottow lint price of 45.9
cents per pound frem Avgust to Januvary 13 (1974-1975) and an allowance of
10.4 cents for the value of the secd (a total of 56,3 cents per pound), to
give an average net loss of 1.2 cents per pound {(USDA, ERS, Cotton Situation
and Starbird et al, 1972). This outcome has led to greatly reduced plantings
in 1975 and probably hit some arcas much harder than others (e.g., as a
result of very low yields in some areas [n 1974)., Ylelds In the Southwest
and Delta Regions werce down markedly in 1974, while they were up in the West
and i{n line¢ with recent ycars in the Southeast (Table (11D.4).,

AVATLABILITY OF ALTERNATIVES TO DPT

Adminiatrater’s Findings: 1) DT {8 uncful for the
contral of eertain cotton tnsect peots. £) Cottom
peats are becoming resfatamt to DDT. 3) Methyl
paratiion and other organophosyhate chemicala ave cf-
feetive for the control of entton pepts, 4) DOV is
lathal to mamy ingects beneflelal to ajrienlture.

On Decembey 30, 1970, the USDA submitted a tizt of essential uses of DDT
to the EPA, witlch was recorded by EPA as Hearing Admission Number 2. The
USDA caonsidered DDT essentlal to contral the following pests: bhudworm, boll
weavlil, cotton bollworms, cotton flealiopper, fall armyworm, garden webworms,
Lygus bugs, mirids, thrips, arxd cutworms,
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Table 11ID.7

Lint Yield Per Harvested Acre in the Delta Reglon,

by State (Major States), | ~1974
Year  Arkansas Louisiana Mississippi Mlssourl Tennessec  Replon
. (lbe)

1961 512 429 493 469 493 489
1962 a2 464 512 582 494 510
19631 582 628 709 630 621 642
1964 605 544, 732 564 640 643
1965 572 540 678 359 611 610
1966 418 602 633 408 475 532
1962 33 621 567 314 293 462
1968 302 636 660 495 432 369
1969 518 351 534 333 505 528
19/0 " 470 553 658 431 481 546
1971 522 576 613 614 397 778
1972 488 509 399 - 520 543 339
1973 313 481 651 501 472 - 555
1974 Jes 445 459 356 298 406
Sources

USDA, ERS, Statistics on Cctton and Related Data, 1920-1973, 1974,

usba, ERS.

Cotton Situation, 1975,
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Table ILID.B

Lint Yield Per Harvested Acre in the Southeast Region,
by State (Major States), 1961-1974

Year Georgia South Carolina  Nortl: Carolina Alabama Regilon
(ibs)y -

1961 354 337 anz 327 338
1962 369 373 327 In 363
1963 453 405 449 511 461
1964 467 496 470 512 488
1945 467 . 486 287 505 451
1966 398 442 290 392 392
1967 408 4549 217 282 356
1968 i 352 310 362 342
1969 351 3z 287 405 363
1970 373 349 464 453 410
1971 465 412 37 351 476
1972 395 435 137 470 427
1973 499 473 459 423 459
1974 480 456 440 431 451
Sources

USDA, ERS. Sctatistics on Cotton and Related Data, 1920-1971, 1974,
USDA, ERS. Cotton Situation, 1973,
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Heavy dependence on DUT in cotton production was related to the control
of the boll weevil and the bollworm, Mowever, Dr. Brazzel of the USDA
testified thatr DOT used for boll weevil control also destroys beneficial
predators of bollworms {Tr:d07, App. 1:159, 161). Also, evidence presented
fndicated that cotton lasect pests are res!stant to DDT and that methyl para-
chion was the most commonly used insecticide to control the boil weevil In
every state byt Mississippi (Tr:6332-6334, App. 5:1940).

Cotton entomologiste parcicipating in the DDT Hearings generally agreed
that a suceessful Loll weevil "diapause" control program, which teads to re-
duce insecticide use, would contribute to the effective control of the boll-
worms. This particular control program includes the destruction of cotten
plant refuse after harvest and the use of Insecticides prior to the boll
weevil's diapause, Since this practice delsys the use of insecticides until
late 'In the growing scason of the year, bYollworm predator populationy are
glven some protectlon.

Testimony at the 1972 Heaving presented DDT alternatives for the control
of cotton pest infestatfona. Methyl parathicn and carbaryl vwere two insecti-
cides avajlable for bollworm control and the merits of the boll weevil dia-
pauge program were stated. In addition, the possibility of future implemen-
tation of sex traps, sterilized insects, and trap crops werc mentioned (Tr:
314 p. 15, App. 1:166-167 and Tr:191, App. 1:102).

Dr. Young of Missiesippi State indicated that within 3 to 5 years the
bollworm wiil have catablished a very strong resistance to DUT, as well as
other insecticldes (Tr:102, App. 1:13). Dr. Newsome of Loulsiana State
University contributed to this contention, aince he believed that overuse of
insecticides by cotton producers would hasten the development of cotton pest
resigtance mechanisns (Tr:l02, App. 2:737).

ftistorically more insecticides have been used for cotton than for any
other domestic agricultural crop. Insecticides have contributed to cotton
produccion, but cxtensive vse of insecticides has contributed to pest
managenient problems due to development of resistance in pests.

Shortly after World War 11, chlorinated hydrocarbons were successafully
Intvoduced as effective pest controls for cotton. Ilowever, many target peats
proved to be very adaptive and developed a resistance to these pesticides
(Adkisson, 1973). ' ‘

The resfatance problem was initially met with gveater quantities of the
chlotinated hydrocarbons by increasing the number of applicarions or the
rate per acre. Alse, cotton producers began to use new chemicals (e.g.,
organophosphates or carbamates) or they combined different chemicals to
achfeve cither a broader spectrum of control or a higher probability of
target pest deeimation (NAS, 1974).
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Both the increased quantity of insccticldes as well as the use of dif-
fercent compounds have had s detrimental impact on populations of natural
predaters. Natural predater reduction contributed to larger infestatie .s
of the increasingly resistant primary pests and enabled sceondary problen
insccts to achleve primary pest status (Adklsson, 1973),

In certain cotton producing regfons, the chemicals used for boll weevil
contrel cnahbled the bollworms to surpass the initial target pest in terms of
importance, Also, the tobacco budworm has attained a high leve) of vesis-
tance to chlorinated hydrocarbons, organophosphates, and carbamates, wiilch
wlil hinder control In the future (Adkisson, 1973).

At the Annual Conference on Cotton Inscct Research and Control in 1972,1,
eight insect pests were declared resistant to DT in one or more states
(Table IT1ID.9)., The bollworm and cobacco budworm were ¢ach determined to be
resistant to oDl in several southeastern states, as of 1972 {Table IT1D.10),
PDT was rvecommended only for 3 of cthe 21 {nsects cited ag cotton pests at the
1972 confercuce: bo'lworins, budworms, and cutworms {Table TIID.L10Y}, Altez-
natives to DUT were rccommended for each of these throe pests,

Datg since 1972

Chemical alternatives '

By 1975, the Annual Cotton Confererce recommended several additiomal
alternatives to DOT for the vollworm and budworm (Table ITID.11). liowever,
only three chemicals were vecommended for cutworms, Thin conference also
cited numerous promising new futuve chomical contrels for the bollworm, but
only three for the budworm, and none for cutworma (Table LTLD.1L).

A review of EPA registratior data indicatea aeviral alternativea to DT
for control of cotton {nscct pests for which DDT was considered essential by
the USDA (Table ILID,12) (DDT ¥ ~ring Admission 2}. There may be other
alternatlve controls than those listed fo Table TIID,12, which held regis-
tratfons since 1972 or were recormended by the states. Alternatives to DBT
arc not cqually efficacious or economically feasible in nll arcas due to
pest resistance and other factors,

Under EPA's Substitute Chemical Program, a series of Minfeconomic Re-
vlews have been conducted on the efflcacy and cost effectiveness of varfous
chemicals for control of cotton inacct pests. These reviews contaln sur-
veys of available literature and data oun the capacicy of substitute chem=
fcals to control target pests and return a profit over costs when used by
the grower.

et I T e

1/ The recommendations of the “Annual Conference” are based on the best
avallable current rescarch data known by representat ives of the varfous
cotton states and are generally follewed tn making vecommendatlons te
growers on controls for cotton pesatd, '
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Table II1D.9

Cotton Insect l'ests Stated to be Resfstant to DDT, 1972

——

Pest

States

Bollworm

Cabbage louper

Cotton leafperforator
Lygus bugs

Southern garden leafliopper

Tobacco budworm

Saltmarsh caterpillar

Pink bollworm

Alabama, Arkansas, Arizoma, California,
Georgfa, Louisiana, Mississippi, Missouri,
Oklahoma, Tennessee, North Carclina, Texas
Arizona, Georgla, Tennessee, Texas

Arizona

Arizona, California

Cali{fornia

Alabama, Georgla, Louisfana, Missisgippi,
North Careolina, Texas, Arizora

arizona, California

Texas

Source: USDA, ARS, 25th Annual Conference Report on Cotton Insect Research

and Control, Memphis, Tennessee, January L1-12, 1972,
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Table TTIR.1D

Recomrerndad Dosages of Technical Material in a Dust or Emulsion Spray for the Principal
Insecticides Used for the Control of Cotton Insectsd! (1972)

Insecticide Boll Bollworm Cabbage Cotton Corton Cotton Cutworms  Fall
waevil or tobacco looper aphid leaf leafwornm aroyworn
budworm i perfovator
1b/acre ib/acre 1h/acre 15/acre 1b/acre 1b/acre 1b/acre lb/acre

aldicarb(lemtki™f - - - 0.30-0.5 - .- - -
azinphosmethyls/ G.25-0.3 - - - —_— 0.25-0.5 — -
Arrillus

cxr.a;feﬁafaﬂf - - 4 to 8x109 - - - - -
carbaryl 1.00-2.5 1.00-2.5 - - 2.0 1.00-2.5 1,00-1.5 1.60-2,0
carbophenothion - - - 0.20-1.0 - - - -
puth/ : - 1.00-3.0 - - - - 1.0 -
dereton - - - 9.12-0,38 - - - -
dicrotophos{Eidrin) - — - 0.10-0.5 - - - -
disulfoton® -~ - - 0.56~1.0 - - - R
endosulfan - - 1.0 -_— - ~— - — -
endrin 0.5 0.30-0.6 — -— - — 0,29-0,4 ——
ethion - - -— 0.20-1.0 - - . -
EPR 0.5 1.0 ~— - - - - -
malathionS/ 1.00-2.0 - - 0.30-1.0 - 0.25-1,25 - -
sethyl parathiasn 0.20-1.0 1.00-2.0 1.0 0.25-0.5 1.0 0.12-0.38 - 6.25
Sethyl Trithionf! 0.5 _— - 0.20-0.5 - - -— -
Donacrotophos -

(Azodrin) 0.60-1.0 0.60-1.0 0.606-1.0 0.3 — - - -_
parathion(ethyl) - - - ¢.10-0.5 - 0.12-0,25 - -
shorated! - - - 0.50-1.5 - — -~ -
phosphanidon - - - 0.12-0.5 - - - -
Toxaphene 2,00-4,0 -— - e — 2.060-3.0 2.00-4.0 -
trichlcrfon —_— -_— - - 1.00-1.5 - 1.00-1.5 0,5C-1.0 .

al/ For information on recomnended insecticides for the following insects see source report: Beet amayworm, p. 463
darkling heetles, p. 56; field crickets, p. 72: seed corn maggots, p. 63; whitefringed beetles, p, 69;
wireworas, p. 59; vellowstriped and western yellewstriped aroyworms, p. 70.

5/ In-furrow granule treatment at planting.

{continued on next page)
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Table I1ID,10 {continued)

Cotton

Lygus bugs & -

_Saitmarsh

Thrips

Insecticide Garden Crass=- Pink - Stink
fleahopper webworm  hoppers other nirids  bollworm cater=- bugs
) pillar

- ib/acre Ib/acre 1b/acre ib/acre ib/acre-  )b/acre 1b/acre lb/ucre
aldicarbl/ 8.60-1.0 - M- 0.60-1.0 T = - - 0.30-0.5
azinphosmetiyl 0.10-0.25 R L e . N,10-0.25 ¢.50-1.0 - - G.08-0.25
carbaryl 9,.50-1.5 1,25-2.5 ° 1.2 0.70-2.9 - 2,00-2.5 2.0 1.25-2,5 0.35-1.0
diazinon -— - S -— -~ - 1.0 - -
dicrotophos

{Bidrin) 0.10-0.4 - - - 0.10-0.4 - - - 0.10-0.25
dizethcate 0.10-6.4 - - 0.10-0.5 - - - 0.10-0.2
disulfotoa’ -— —-— - -— - - - 0.50-1.0
endosulfan - - — - -- - 1.0 . =-
malathion 0.70~1.0 1.00-2.0  1.00-2.0 0.70-1.0 - S— - 0.40-0,7
~ethyl parathion 0,25-0.5 0.25-0.5 0.25-0,5 0.25-0.5 - 1.0 0.%0~-1,0 0.12-0.3
Yethvl Trithion 0.5 - - - - - - 0.12-0,25 .
ronacrotophos 0.25-0.5 - - 0.25-0.5 0.60~1.C - - -
naled. - - 0.25-0.5 - - - - -
parathion 0.25-0.5 .= - 0.5 - - 0.50~1.0 -
phorat :8/ - - - - - - - -— 0.50-1.5
phosphanidon 6 50-1.0 - - 0.50-1,0 - - -~ 0,25-0.5
Toxaphene 1.00-4,0 2.00-4.0  1.50-3.0 1.560-4,0 —-— - - 0.5%0~1.5
trichlorfon 0.25 + 0.50-1.0 - 0.23-1.5 - 1.00-1.5 1,07-1.5 -

¢/ Azinphosmethyl and malachion may be applled ulrra-low volune as technical naterxal at 0, 125-0 25 and at
4.5-1.2 lbs/acre, respectively.
4/ fnrernational units (1 te 2 quarts) per acre.

W/ Pending the fi:

e/ In-furrow granule at planting.

Seed treatment at 0,25 to 1.5 lbs/owt seed.

certain fusects on cotten are Included in this report,

Source:

USDA, ARS.
January 11-12, 1972,

25th_Annual Confere

ence Report on Cotton Insect Pesearch and Control,

Seed treatment for cotton aphid and thrips control at 0.25 to 0.3 lb/owt seed.
I/ Research indicates that higher dosages of Methwl [rithion than those 1epistered are required 1o some areas.

Ef_ [n-furrow granule treatmen: at plantiong,
nal decision by the Administractor of EPA racommenda-aions for the use o DUT for the control of

Memphis, Tennessee,



Table IIID.1l1

Recommended and Promigsing Controls for Bollwerms, Budworms,
and Cutworms Advocated by the 1972 and 1975 Annual
Conferences on Cotton Insect Research and Control

Pest 1972 Recommended 1975 Recommended Future Promising
Controls Controls Contrels in the Field
Bollworm  carbaryl carbaryl Orthene (acephate)
endrin endosul fan Bay NIN 9306
EPN endrin carbofuran
methyl pavathion EPN Cela 5~2957
Azodrin methyl Lorsban (chorpyrifos)
{(monocrotophos) parathion
DoT Azodrin Ciba~Geigy CGA
{monocrotophos) 18809
Toxaphene FMC 33297
Chevron Ortho Hoechst HOE 2960
9006 (Monitor) . .
chlordimeform Leptophor .
me thomy X Zectran (maxacarbaru}
NPV

San I 52, 159
Stauf fer N-2596

Budworm carbaryl carbaryl Bay NTN 9306
endrin endosul fan FMC 33197
EPN endrin NPV
methyl parathion EPN
Azodrin methyl parathion
{wonocrotophos)
opT Azoutln
{monocrotophos}
Toxaphene
Chevron Ortho 9006
(Monitor)
chlordimeform
methomyl
Cutworm carbaryl carbaryl
enarin Texaphene
Toxaphene trichlorfon
trichlorvfon
DOT
Sources

USDA, ARS, 25th Annuai Confcorence Report on Cotton Insect Research and Cuntrol,
Memphis, Tennesgec, January Ll=-12, 1972, |

USCa, ARS. 28th Annpal Conference Report on Totton Insect Research and Conlrol.
New Orleans, Louisiana, Jannary 6-2, 1975,
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Table LTID.12

Altematives to DOT for Control

of Cottoun lowect Pestu, 1974

—— e

Pest

—————— e b e e

Boll Weovll

Cotteon Bollworms

———————r

D A )
L]

Cotton Fleahoppor

Fall Armyworm

Carden Webworn

Lygua Buﬁs

Alternatlive
aldlearh malathlon
aztnptosmpethyl (Guchbion) metbildathion
varbaryl methyl parathion
dicrotophos (Bhdrin} monecrotuphos (Azodria)
endgsulfan parathilon
cndrin Strobhane
EPN Toxaphene
azinophesimethyl (Guthlon methonyl

carbaryl

ghlorilm:forn hydeachlovide
dlerotophos {(Mdrin}
endosulfan ’

endrin

EIN

meEhldathion

aldfcarh -
nzinphosacthyl {Guthion)
carbaryl

carbophenothlon
dicrotophos (Bidrin)
dimethoate

A ]

caclaryl
endrln

azluphosmethyl (Guthion}
carbaryl
cemdrln

.malathion

aldfecarh

azInphespethyl (Guehion)
carbaryl

dicrotophos (Bibrin)
dimethoate

endrin

melathfon

methyl parathlon

methyl parathion
monocrotophos (Azodrln)
naled .
patathion

Sterabane

Toxapliane .

malathion
naled
parathion
phosphamidon
Strohane
Toxaphene
telielilorfan

malathion
methyl parathion

methyl pavathion
parathion
Strobane
Toxaplene

wonocroetophos {(Azodrin}
naled

oxydemetonmethyl
parathten

shosphamidon

Strobane

Toxaphene

trichlorfan

Thrips aldicar) malathion
azlnphosoethyl (Guthion) methiyl parathion
carharyl Monitor
“dematon monocrotopinos {Azodein)
dicentophos {(Bldrin) parathfon
dimethoate phorate
disulfoten phosphamidan
ehdosul fm Strabane
cmlrin Tazaphene
EPN

Cutworm carbaryl Strobane
endela Toxaphena -
methyl parathlon trichl.azfan

Source: EPA, Summary of Possible Altermative Repistered Testicldes for ¥

Ivgect{cides, 1434,
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Information on efficacy and cost effectivencss is exerpted from svveral
veviews of alternatives to NDT in control of cetton pests and presented In
Appuadix [TID.1 of this report (parathion, methvl parathion, aldicarb, and
malathion). Alchough corrent {(1974) offlcaey and cost effectivencss Aata
are limited, there are {ndicatlons tual these chemleals can serve effectively
tu cortrol the cotton pests vnce controlled by DDT combinations, Whether an
alternative is cffective in a given state or arca Jdepends greatly on how long
the chomical has been used and at what intensity. Additional reviews of DDT
alternatives are In progress under the Substitute Chemical Program.

Improved use of chemical and nonchemical sltersative contro
Substantial economic and envirenmental benefits can be obtained by use
of the least hazardous pesticides, and by their use only in line with economic
thresholds of pest iunfestation, i.c., when the level of infestation actually
justifies use. There has been a tendency to uwse insecticides on @ regular
schodule as part of a cotton growing program designed to {nsure agalnst {nscct
pest damage, with little or no regard for whether an [nfestarion exists. o~
creasingly during recent vears Interested Federal Agencies, such as USDA and
LPA, the states, and {ndustry have promoted sa-called intagrated pest management
programs, which are usually devoted to improved use of hoth chemical and non-
chemical contrels of cotton pests.

Integrated pest management (IPM) s a concept which will probably become
more prevalent as a control of cotton pest infestations, It appears to he
slowly gaining accepeance in many different reglons of the country, cven
though many of the basic concepts are [rom 50 to 70 years old. Publicly run

~IPM programs have been encouraged in at least three states for 10 years or
longer. These states are Arabama, Arkansas, and Texas.

The objective af the concept Is to improve pest control systems., An TP
program gormally has three goals:

1. Dlagnaosis of the pest problem (by scouttng, also referred ’
to as "fileld checking”; pest trvappiag; and/or other ’
methods).,

2. bDetermination If and when {ntervention (pest suppression)
Is required (mostly based on damage thresholds),

3. Suppression of the pest(s) by the most aporopriate tool(s)
available.

[P prograng vary {rom state to state, but most are orlented toward im-
proved Inscet contrel hy delaved chemical application, The delav of Ensces
ticide applications facilitates population growth of natural predator itnsccts,
which helps toe control the pests, A munber of programs have rnade progress (o
the use of thie most appropriate toeol(s) avallable, v.g., biologlcal or cul-
tural contrels, as well as tn fnproved post dlagnosts and suppression.
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In states with publicly run IPM, program participants appls insecti-
cides only on a recognized need basis, rather than treating according to
4 designated time schedule. This approach is not as scphisticated as some
integratel pest management prograus, but Lt has generally contvibured
toe a 30 {o 40% reduction In the wurber of insecticide applications.

Specificaliy, in the Texas High Plains reproductive~diapause boll
waevil control efforr, a comparison of expected inseccticlde use with and
without an IPM program ind{cated an 82% decline in the treatment level
over a id-year period. For that region, 1t meant a reduction of 8,240,000
1bs of chemicals such as malathion, Toxaphane, methyl parathion, azin-
phosmethyi, and Bidrin. This involved a $12 milllon decrease in production
costs, while 76,000 bales of ¢atton were added to the total yield. Also,
no adverse effects on wildlife (especially beneficial insects), domestic
animals, or human beings have been detected (Lacewell and Casey, 1974).

In another program conducted f» a previously high insecticidal use
area, strong positive results were demonstrated by an IPM program at Pecos
Station, Texas, buring 1968-1970, insccticidal application was inftiated
baced on accurate asscssment of insect populations in the field. Systen
support was provided by guod crop management, Including a diversified
cropping system which supported beneficial insect populations naturally.
The exneriment demonstrated that Pecos area cotton producers could reduce
their treatment costs by over 90%; saving over $60/acre (Pate et al, 1972},

Taitiation of IPM programs for cotton production requires {ntensive
grower education programs. These education programa center arcund work-
shops for pest scouting. In Arkansas a small ifondustry of consultants
speclalizes in private scouting,

In vecent years, the US Departmeat of Agriculture has agsumed a much
stronger role through federally funded IPM programs. 1In 1974, 14 states
woere involved in cotton scouting programs. Initially implemented as J-
year projects, funcing from USDA was formula distributed io cach state
through the Couperative Extensfon Service. In addition to required proof
of economic feasibility to the groweis, these projects had to provide in-
sect control comparable or better than cuatematy practices.

Grower participation has {ncreasced significantly since the 1972 inig-
iation of thy l-year programs. In 1972, only 349,000 acres were invzlved
in the progr: = compared to 868,000 acres projected for 1974 (67 of the
plantings).

Less thae 1,000 acres ware In each of the federally sponsored pro-
grams in New #-zfco, Missouri, and Oklahomai but in many states over 202
of the cotton acreage was conmitted to IPM programs., These states Included
Arkansas with 250,000 acres; Alabama with 154,000 acres: South Caroiina
with 135,000 wanres; and Arlzona with over 50,000 acres (Good, 1974), Ad-
ditional acreages (often sizable) in these states were acouted by private
consultants.
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In the future, as confidence increases with the use of thesg con-
trels, more fully integrated pest management programs can be expected.
As these programs progress by upgrading field checking capabilities,
expanding data bases of actual field histories, and experimenting with
artifictally introduced predators and parasites, more sophisticated
biological and cultural contrels can be expected. Hewever, it has been
stated that IPM systems ar: not being actively promnted by Federal regu-
Iatogy agencies despite taeir potential for the future (RVR Consultants,
1974).

Presently, a bacterlal spore formulation of Faeilluys thumngiensis
13 reglstered for use om cotton, but the level of control is not as .con-
sistent as existing chemical insecticides. This particular pathogen has
potential, since strains 15 to 20 times nove effective than earlier
varieties have been developed. However, additional research is needed
to improve upon the pathogen's Insecticidal properties (USDA, ASCS, 1973),

A class of microorganisms that is often wentioned for cotton peat con-
trol is the nuclear pelyhedral viruses (NPV), Viral dfseases have been
gtated to be Lighly cffective apainst the cabbage looper, since pest des-
cruction occurs before yleld-reducing damage results (UsDA, ERS, 1870).
Alsc, there is an experimental permit to use leliothis virus to control
bollworms (USDA, ASCS, 1973}, :

However, onc study tndicated that the following characteristics of.
pathogonic controls merit increased attentfon before widespread acceptance
can occur (NAS, 1974)lf:

1. TlLonger shelf life 4. More reliable and consistent
: control of the targer pest
2., Creater persistence .
: . 5. Lower cost
3. Ease of application :
o 6. Capability of mecting EPA
' registratlion standards

if A study of the commercial potenttial of now genevation pesticides, Includ-
ing cotton I{nsecticldes, has been funded under EPA's Substitute Chemicals
Program which will give added data on tne potentfal for blological and other
novel controls. The study is to be completed by Fall 1975,
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Insects that are elther exotic or indigenous tu cottuon producting arcas
can be uscd for pest control purposes (NAS, 1974),  Some scientists have
advacated scarching Central America and Moxico to find exotic predators,

It has also been sugpested to pass yvear natural cotton predators for re
lerse in areas of heavy infestatfun.  lowever, large-scale rearing of pre-
dators has not vet been tried, and exotic predator importation has not
been suceessful.

Some of the iadigenous insects found in different produciag regiouns
consldered helpful te control cotton pests include lady beotles, nablids,
parasitic wasps, wminute pirate bugs, and the larvae of green lacewing
{Ledbetrer, 1972).

In 1972 one specific biolugtcal control program released steritized
pluk bollwern moths in the San Joaquin Valley of California {USHA, ASCSH,
1973}, About 282 aillion mothy were reared in Phoenix, Arizona, and over
99 million were sterilized for release, to prevent the escablishment of
the pink bollworn {n California. Surveillance with a2 large nuomber of
attractant=baited traps indicated that the project was successful,

Another bialeglical coutrol is the use of cotton plant varicties that
have characterlstics incorwmat(ble to pests {(NAS, 1974}, Por instance,
crups that mature for harvest in late August or early Septemoer, rather
than Yctober or Sovenber, reduce the opportunity for tobacco budworms to
faflict heavy damapge. There [s also a frego-bract varfety of cotton that
ls reststant to the boll weevil and a nectariless variery that is moderately
resistant te Lygus bugs and flesheppers and slightly resistant to che holl-
worm conplex (Shuster amd Maxwell, 1974 and Juenkins and Parrot, 1971).

. Trap crops are one cultural teclnique that can reduce damage rolate:d
to infestatlons, A small portion of the cotton field can be planied carly
to attract overwinteriong boll weevils., The trap crop can then be treated
with an Ingecticide, shredded, and plowed under the sofl (NAR, 1974),

Alfalfa ean he used as a trap crop specific to Lypas buga, silnce this
insect prefers alfalfa to cotten as a faod source, AMfaifa ecan be planted
In arecas of heave nfestatinus and treated with relatlively small amounts
of insccticides for control {(Prosley, 1972),

There are other cultucal pest control practices that merit brief atten-
tion. Cotton producers have used desiccants and defoliants to faciiicate
rapld harvest and (o foree a sheddinng of Iruiting ferms that are food
sources for certaia pests. Plant stalks can also be destroved and plowad
ander, sinee the stalks may harbor overwintering pests, DiversiTicd cron-
ping mav be usod to Increase populations of beneficial insects,  Atso, She
use of mechanical strippers, rather than spindle plickers, wifl leave fewer
harmful Larvae in the ficlds after harvest (NAS, 1374,
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Conclusion

DLT substitute chemicals are available for cotton pest contrel., The
chemical subscitutes are generally effective, but pest resistance problems
are ercountoered in some areas.

In additfon, fPM programs are substitutes for DDT use in cotton pro-
duction. These programs can combine chemical, bivlopical, and cultural
controls and may achieve results comparable on better than eonventional
cotton pest control practices. However, most IPM programs are still {n
the inttial scages of development and Implementation.

INSECTICIDE U'SE PATTERNS

Data as of 1972

At the time of the DDT Hearings and the decision In 1972, ltimit+d cur-
rent data were avatlable on insecticide use patterns., There were estimates
that up to 342 of the cotton acreage was treated with NDT {(Fri6171-6172),
which accounted for as much as 85Z of domestice DDT use (seybeans, 5%
peanuts, 973 and other uses, 17) (Order of Adaintstrator, p.2Y. The 1964
and 1966 ESDA surveys woere the most receat data. Since thar tiwe, USDA has
conducted a survey for the year 1971 (published In 1974) and private market
tescarch data are now available and will be discussed herein.

USDA data: 1964, 1966, and 1971 surveys

Historically more tnsecticides are used iun cotton production than any
other domestic agricultural cfop. From three Insceticide use surveys cone
ducted by the ERS of the USBA for 1964, 1966, and F971, cotton wa. estimated
to account for 53.07, 47.274, and 47.6% respectively, of all agricultural
crop insceticldes (USDA, ERS, 1964: USDA, FERS, 1970; USDA, FRS, 1974). For
these 3 years, DD accounted for 3.0, 29,60, and 17,97 of the total cotton
insecticides and represented 74.1%, 73.04, and 94.07 of the total DDT uscd
on crops.

A profile of quantities of the varfous i{nsecti-~{des used In cotton pro-
ductlon prior to the cancellation of DIE {s provides in Table TITN.13 and
provides a hasis to study past trends, Whil. Toxaphene, exhihited gtabifity
of consumption, use of DDT declined from over 23 million pounds in 1964 to
near 13 million In 1971. Cooversely, organophosphate use abou® doubled.

The USDA pesticide use sarveys indlcate a similar pattern on the basis
of cotton acreage treated with varfous {nsecticides {Table 1HID.14), Quite
clearly DDT use was on the decline (and the uvse of organophosslates on the
increase) prior to the 1972 cancellation order.
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Table TITD.13

United staces, 1964, 1966, and 1971

Quantities of Selocted Types of Insecticides Used on Cotton,

USPA, ERS. Quantfties of Pesticides Used by Farmers (n 1964, 1968.

Usba, ERS  Quantities of Pesticides Uged by Farmers im 1306, 1970.
USDA, FaS, Farmers' Use of “Pest leides in 1971 = Qu1ntitiea, 1974,

A
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Type of Insecticide Product 1964 1966 1971
: {1,000 1bs)
Inorganic Insactinides 2,518 . -_— 69
Botanicals and Biologicals NA 2 -
Synthetic Organic Insecticides
Orggnochlgigggg '
Liandanna 540 163 -
Strobane NA 2,016 216
TDE {DDD) 191 167 -
obT 23,588 19,213 13,158
Kethnxyclor - NA 6 o
Endrin 1,863 510 1,068
Heptachlor - — -
Dieldrin -— 11 )
Aldrin : 17 123 o
Chlordane - i NA. 3 -
Endosulfan T NA 51 -
Toxaphene - 26,915 27,345 28,112
Others ' 2,660 85 -
Total 55,778 49,703 42,619
Orpgsnophosphorous
Digulfoton 565 300 . 225
Bidrin ) NA 1,857 778
Hethyl Parathicn 8,760 7,279 22,983
Parathion 1,63 2,181 2,560
Halathion 1,811 559 670
Demeton 47 RA NA
Plazinon : -— - -
Trichlorfon : NA 963 144
Azinophosmethyl 250 200 288
“ Phorate 10 - 100
Ethion " NA 73 €
Othar 2,177 212 . 1,617
Total 15,196 13,624 29,376
Csrhamates _
Bux _ ' NA NA -
Carbaryl 4,510 1,571 1,214
Carbofuran - Na A -
Methomyl NA NA 40
Others NA - 37
Total 4,510 L5n 1,291
other Synthetic Organics . 14 - 2
Total Syntheric Organics 72,973 64,898 73,288
Total Inscecticides (Not Including
Petroleun) 18,016 64,900 73,357
Patroleum 6 468 8
Total Insocticides : 78,022 65,368 73,365
Sourcen



Table ITID.1l4

Acres of Cotton Treated with Selected Types of Insecticides
United Staces, 1964, 1966, and 1971

Type of Insecticide Product 1964 1966 1971
. ' (1,000 acres)

Inorganic Ingsecticides 57 - 23
Botanicals ard Biclogicals NA 8 -
Synthetlc Organic Insecticldes
Organochlorines
Lindane 636 )8 -
Strobane NA 225 13
TDE (DDD) : 61 "3 -
podT 6,901 4,767 2,383
Methoxychlor KA 6 -—
Endrin - 1,194 - 40 262
Heptachlor negugibic — -
Dieldrin - 36 174
Aldrin 16 161 —
Chlordane NA 6 -
Endosul fan NA 86 s
Toxaphene - 5,016 3,881 3,275
Others 428 285
Qrpanophosphorug
Disulfoton 619 473 553
Bidrin NA 1,416 1,787
Methyl Parathion 5,420 3,577 6,384
Parathion 751 860 682
Malathion 213 245 2
Demeton 322 NA -—
Mazinon - - —
Trichlorfon NA 512 191
Azinophosmiethyl 641 222 119
Phorate 35 KA 182
Ethion HA 26 30
Others 2,236 534 1,216
Carbamates
Bux : NA NA —
Catbaryl 1,002 415 244
Carbofuran NA ' NA -
Methomyl : NA NA 84
Others NA - 66
Other Synthetic Crganics 102 - 24
Petioleum A 7 11 -
bourcea

USDA, ERS. qu_r}_t_;‘t_l_.gg af_Pesticices Used by Farmers in 1964, 1963,

USDA, ERS, Guantitics of Pesticides Used by Farmers T 1966 1970.
USDA, ERS. Farmers' ise nf P Pcsrlclr't's in 19?1 - q_uantu.lasL 1974,
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Therefore, it would appear that DBT and other chiorinated hydrocarhons
were diminishing In importance as factors of productic. in cotton at the
national level. Concelvably, {f EPA had not 1ssued the cancellation ovder,
factors such as development of DDT-resistant cotton pests aand effective
chemical and nonchemical substitutes would have contributed to further de-
¢line in the chemical's importance.

The USDA surveys did not provide uge pattern data by reglon for indi-
vidual chemical/erop combinations such as DDT on cotton,

Data since 1972

The above USDA data on cotton Insecticide use at the national level
are conpleménted with market research daca which show more recent national
trends and use patterns of DDPT and other insecticides bv regions of the
Cnited Stases, These data are utilized to obtaln a piclLure of shifts after
the cancellation in the number of farms and acres with treatment of DDT,
treatment with other insecticldes and with no treatment. In this analysis,
data are presented for the 2 years prior to cancellation (1971-1972 average)
snd for 2 years since (1973-1974 gverage). Table ITID.15 contains a summary
of use pattern data for these 2 periods.

Raview of these data indicates:

1. DIT treatments were used on about 17% of US cotton
farns In 1971«1972 (18,744 out of a total of 110,724
cotton farms fn the US). An additional 52,066 farms
(297 of the total) treated with other incecticides,
while slightly more than half of U5 cotton farms used
no insecticide treatment on cotten (59,914 farms cr
54% of LS total),

2. DDT treatments averaged 11.7 million acre appiications out of
a total of 47.0 nilllion acre anpllcations with cotton Insectl-
cides (257 of the US total). 1/ This resulted in 51,B% of US
cotton acreage being treatad one or more times per year during
the 1971-1972 period with the overall average number of applica~-
tious beiprg 7.3,

1/ An acre anplicaticn [+ the use of a chemical or chemical combination on
one acre one time. The nunmber of acre applications exceeds the number of
acres treated (i there are multiple trcatments duvring the yvear. For eoxample,
a farmer treating five times on 100 acres of cotton would have 500 acre ap-
plications c¢ven though his total treated acreage is oanly 100 acres.
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Table ITI0LLS

oot Corton Insecticide Uew Fnttnrﬁs in LIS, by Reglon, E971-1972 and 197%- 974 Avevages

82101972

Hurber of [arme .
DOF tyestments
ther treatmente
Na treataents
Total faema

{in thounands)
UDT trea.sents

AcTes treated/farn

1973:297%

Nurber of faems
VI tresimenty
Other treastnents
lo Lrestmonts
Total Larme

{in thouasnds}
T treatmeni«
Gther treatnents

Arraes trested/farm

South
Atiantic
Ko, %)
9,%i6 {56}
1,76% {22}
e (22)
16,946 {100}
funber of acre applications
' - TP3 EE 1
Other treatnents but oo PHT &6 {4
Total acre aprlicscions 9438 (1o
Total acren ireated - any
chentea1d! {in thousana) 1 LD
L3 2% S
Bumber of applicatlons/scre 10,27 ~=
1,544 {31}
2,304 17
13,848 {j00)
Nwtbet of acre applications
1,0 Gony
Tora) scra applivatlons 91 (1)
Total acros tros"ed « any o
chamical®F [in Lhoeusanta) Hh). 5 {92.9)
b S
14,41 ==

Kunber ot applicationn/facre

B T L T e e

Edant South

Centtal
Ko, {Z)
8,5% (20}
14,904 (15}
PROBES (4%}
43,256 {tom
6,18 (20
0,8 (D)
7,135 {100}
1,040 {25.60)
133.9 -
9.62 -
29,30 (KD
16,74% (18}
6, 09 {100)
10,15%  (L00)
0,355 {ioo)
1,450
12,2 ==
B.5% =«

West Scuth

Centrel

Ho, 21
1,578 (24)
32,8%6 (Th)
47,6424 (100}
3,194 (100}
L% (L}

1,AB6.5 (25,4}

14,3 =w

1.6 ==

16,60 (3
1a,4%% - (6N
51,118 (}u0)

1,682 (1om)
7,482 (109

ALY O LLRIO (29)

Wh,? s

403 ==

ALl Other
Reg.onn

B o m A A Ry e R R A At B T E R e MRS - oS ke e

No. (D)

A7 (A)
4,5 (%M
B0l (100)

3,040 {100)
9,046 (100)

¥4 (58,7}

2148 -a

5.29 -

0,176
4,622

(59}
(41)

FL400 (o)

2301 (I00)
d.260Y (10N}
1,71 (67,3)
[T -
I 7] R

./ Percent of total cotton Acfyage In replon rreate onv ur nare [imes {any lnsccltéldel.

Towicet  EPA cenputations aged o &
Festiclie Vrograns, 1973
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Total US
Ro, [$3}
18,756 (17)
z,060  (29)
59,%14  (54)
HN, 724 (100)
B,738 (2%
3,260 {25)
&1,006  (140)

f,501  {31,3)
127.9 =
7.3 =
66,2846 (52)
B L I 1. 4]
122,45 {100
5§, 068 (100}

1,40 (100)

Y {5%,9)
116.1 ==

6,79 ==
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7‘

DPT was used raely in the South Atlantic and East South
Central Regions (rogluna deftnitions provided oo
Flgure T11D.4). :

The South Atlantic Reglonr was more Jdependent on NET,

as more than half of its cotton farms used It compared
with less than one~-fourth of the facms in the East South
Central Reglon, lMore tham 90X of cotton was treated
with an insecticide in the South Atlantic Reglon com-
pared with only 75% In the East South Central. The
number of applications por year was also greater in the
South Atlancic (10.3 compared wiih 8.6),

Acreage treaved per farm is considerably smaller in the
Sauth Arlancic than in the East South Central Region
(69.1 acres compared with 133.9 acres in 15°1-1972},

In 1973-1974, total cotton acreage and the number of
farms declined in the South Atlantic Reglon while in-
ereases occurred in the East South Contral Region

The percentage of acreage treated one or more times re=
mained near 93% in the South Atlantic Reglon in the
pre~ and postcancellation perlods while it {ncreased
quite skgnificantly in the f£ast South Central Region
{(from 74.8% to 82.72).

The number of applications per year Increased between
the pre- and postecancellation perieds in the South
Atlantic Reglon (from 10.3 to 13.4 trecatments per vear)
while remalning essentlally constant in the East South
Cencral Reglon at near 8.6 treatments per year.

The percentage of farms treating with oue or more fn-
goctictide treatments Increased between the pre- and
postcancellation periods fa both regions (from 787 to
837 i{n the South Atlantfc and from 55% to 647 In the
Eusst South Central Region).

Conclusion

DLT was widely used as a cotten ingsecticide through 1972, although s
importance was on the decline. Ky 1971-31972 it was used on about ane-gixth
of US cotton farms, and it equalled abour one-fourtl of total cotten !u~
secticlde acre applications.
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Figure 11ID.4

SPECIAL PESTICIDE MARKET SURVEY: COTTON REGIONS
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IﬁSECT CONTRO[. COSTS

Adminietratob’s Finding: Ry uuing methyl perathion
or pither meana of peat conlirol, corten producars
can generally produse aataafkezory yields at accep-

table codt.

Data as of 1972

The DUT Hearing Record includes test'mony by Dr. Ridgeway from Texas
{Tri2495) who referred to an ungpeclfied study which estimated that the
replacement of DD with ovganophosphates would increase cottom prouwuction
costs by 515 millien (presumahly per vear). RIdgeway wss not conccrned
as much by the $13 million production cost fupact as by possible cconomic
8ide effects o industry 2nd regional econvnies that could be assoclated
uith cancellation:

Ridgeway contended that increascd use of orgacophosphates after DDT's
cancellation would accelovate the development of resistance mechanisms of
cotton pests, which would fncrease the chance of not havln,: adeqeuate ¢ o-
trols for cotton pests at some future time, Inadequate controls for cotton
pesats could force cotton production out of certa.n geographic regicns,
which would have economic impact oa other segments of tie local economy
{ntrrrelated with cotton production, '

Cooke of the USDA vestiffed that use of Toxaphene aud methyl parath’on
as substlturtes for DDT would {ncrease the number of insecticide applica~
‘tions, thuo iacreasing cotton productlon costs., Alsoe, Cuoke submitted a
USDA study (USDA, ERS, Octoher 1970) which estincted that annual cottor Lne
scecticide and application costs would double (L.e., locrcade by about
§54.5 million over thosc axsoclated with present average inscctictsde prac-.

tices) Lf DO wore cance)led (Tr:2472-2578),

The above estimate was Limited to the Southeast, Appalachia, Delta
States, and Southern Plains Reglons. [Tt .as lased on 1969 data and the
two DDT substitutes Toxaphene and methvl parathion. Cooke indicated
that the cost per treaterd acre in the reglons would have increased $9,9%
{or $3.24 for a)l cotton acres). Expressed in terms of 197¢ data, the in-
creased cost per pound of Iint was 1.2 cents, which was estimated :0 be
ahout a 57 Increase iIn the cost of production,

Cooke also Indicated that the relative increase In insecticide costs
wiuld be higher for low Insecticide users relative to the high users (Tri
2578). The insecticide cost per pound of Iint producced by the higu use
farmers was estimated to increase from 4,38 ceonts te 5.09 ceats. For the
low use farmers the same cost Item wag ~stimated to change from 2.57 couta
to 4.67 cents.
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The above ustimates of impact on the costs of cotton production (§15
million to $534 million per year) are much greater than those indicated by
Dr, Ueadley, an economist from the University of Missourl who testified
at the DDT Hearings, Dr, Headley testiffed that the cancellation of DOT
would vwot have a significant (or adverse) effect upon the cotton economy
{Tr:6180-6184), as he believed that pest control costs and the cotton
mirket price would nec be Influenced by the wmavailability of the chemical.
This contention was baced on the premise thac only half of the cotton farms
used any insecticide and further that only 387 used DDT. Also, Headley in-
dicated that DDT use was concentrated in the Southeast, Delta States, and
eastern half of the Southemn Plains with larger farms probably using more
DDT than small farms.

Data since 1972

Total expenditures, national level

Expenditures for insecticides to protect cotton have increased sharply
gince the cancellation. WNationally, annual average Insecticide expendi-
tures for cotton increased from $64.6 million in 1971-1972 to $102.9 million
in 1973-1974, while che average number of acre applications per vear in-
creased only slightly (from 47.0 to 51.1 million) (Table IIID.16). Costs
per acre application on the average Increased from $1.38 in 1971-1972 to
$2,01 in 1973-1974. Total insecticide costs per treared acre increased from
$10.07 (7.3 applications x $1,38) to $13.65 (6.79 applications x $2.01).

The largest single shift from the use of DDT combinations obviously was
to the use of Toxaphene/methyl parathion combinations, as total acre appli-
cations of this combination increased from 2.4 million to 10.4 million.
Substantial Increases are noted in several other individually named chemi-
cals such as temik, galecron, guthicn, and fundal plus endrin/parathion
combinations and other miscellaneous combinations. These data at the
national level are provided as general background for the review of changes
in expenditures for cotton insecticides in the twoe regions in which DDT was
used prior to the cancellation.

Total expenditures, regional level

Catton insecticide expenditures are presented for the pre~ and post-
cancellation perilods for the South Atlantic and East South Central Regions
of the US in Tables ITID,17 and 18 including data for all ingecticides
combined and individually for specific major pesticides inecluding DDT com=-
binations. Average annual expenditures increased very sharply in both
reglons in the postcancellation period compared to the precancellation
period.

In the South Atlantic Reglon, average annual expenditures increased
from $14.2 million per year in 1971/72 to $26.6 million in 1973/74 and
from 51,51 to $2.41 per acre application. Costs per acre application mere
than doubled f{or ethyl andfor methyl parathion (from $1.89 to $4.35) and {n-
creased rather sharply for other miscellaneous combinations $1.37 to $2.53).
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Table IIID.16

hverage Annuzl Expenditures and Use of Cotton Insécticides in the US, 1971-1%72 and 1973-~1974

Average Annual Average Annual Average Cost per Average Annual Number
Expenditures Acre Applications Acte Application . "Farms Using Insecticides

Type of © (1,000 dollars) (1,000 acre appl.) {dollars)
Insecticide . 197i-1972 1973-1%74  1971-1972 1973-1974 1971-1972 1%73-1974 1971~1972 1973-1974
Bidrin 1,118 1,481 1,076 1,380 1.04 1.07 5,392 8,752
Azodrin 5,243 - 2,384 -~ 2,20 - 3,630 3,319
Ji-3yston ’ 3 1,640 220 746 1.78 2,20 1,644 4,950
Toxaphensa . 376 1,280 512 1,134 0.73 1,22 2,254 3,394
Toxaphene/methyl :

parathion 3,835 19,916 2,407 10,369 1.59 1.92 5,083 14,618
DOT/aaethyl parathion/ .

Toraphene 15,008 — o 11,402 - 1,32 - 17,905 -
Ethyl and/or methyl

parsthion 15,265 22,640 14,691 14,135 1.04 1.61 17,020 18,1359
Temik - 1,636 -— 287 - 5.70 - . 2,602
.Galeeron - 3,399 -— 2,790 - 1.22 - 5,026
Guthion ) -- 1,634 — 616 -~ 1.68 - 4,882
Fundal - 1,320 —-— 954 -— 1.38 - 1,312
Endrin/parathion - 3,086 - 1,186 - 2,60 - 2,720
Other miscellaneous _

chemicals 10,296 16,179 6,214 6,930 1.66 2.33 20,046 26,072
Cther miscellaneous - _ )

combinationsd/ 12,754 27,503 . 7,992 10,110 - 1.60 2,72 10,19¢ 14,302
Unidentified 119 121 18 56 6,61 2.16 292 688
No answer 221 103 75 54 2,95 1.91 -~ ‘1,362
Total 64,63} 102,930 46,978 . 51,140 1.38 2.01 50,810 64,283

a/ Inclules DDT/Toxaphene treatment in the South Atlantic Region as reported in Table IIID.L17

Source: FEPA computations based on Speciél Pesticide Marker Researcir Survey Information for EPA, 0ffice of
Pesticide Programs, 1975.
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Table 111D,17

Average Expenditures and Use of Cotton Insecticides in South Atlantic Region, 1971-1972 and 1973-1974%

Average Annual Average Annual Average Cost per Average Annual Xumber
Expenditures Acre Applivations Acre Application Farms Using Insecticides

Tepe of {1,000 deollays) (1,000 acre appl.) {(dallars)
Insecticide. 1971-1972 1973-1974  1971-1972 1973-1974  1971-1972 1973-1974% 1971-1972 1973-1974
bDT/methy) parathion/

Toxaphene 6,374 - 4,889 - 1.3 - 8,677 —
SUT fmethvl parathion 434 - 336 - 1.29 - 840 -
Toxaphene/metnyl _ _

rarathion - 3,445 - 2,125 -- 1.62 - 3,224
Ethyl and/or methvl '

parathion 3,528 4,706 1,852 1,082 1.89 4.35 3,116 2,804
Other niscoellaneous .

chemicals 2,323 5,629 1,210 2,724 i1.92 2.07 8,5G8 13,711
dther niscellaneous '

cazbinations 1,548 12,718 1,i26 5,626 1.37 2.53 4,150 7,654
Unidentified -— 121 - 56 - 2.16 — 658
No answer 16 3 8 8 2,00 .33 453 190
Total users 14,226 26,624 9,432 11,032 1.51 2,41 13,280 11,544
Total nonusers - - - - - - 3,706 2,304

Source: EPA computations based on Speciuzl Pesticide Market Research Survev Information for EPA, Office of
Pesticide Programs, 1975.
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Table IIID.18

Average Expenditures and Use of Insecticides in the East South Central Region, 1971-1972 and 1973-1974

Average Annual
Expenditures

Average Annual
Acre Applications

Average Cost per
Acre Application

Average Annual Number

Farms Using Insecticides

Type of (1,000 dollars} {1,000 acre appl.)} (dollars)
Insecricide 1971-1972 1973-1974  1971-1972 1973-1974 1971-1972 1973-1974 1971-1972 1973-1974
Bidrin 224 - 260 - 0.86 - 1,020 -
Toxaphene/methyl

parathion 712 13,747 517 6,843 1.38 2.0} 1,330 8,618
0T /Toxaphene/

methyl parathion 8,351 - 6,319 - 1.32 T e 8,576 -
Ethyl and/ar

parathion 8,601 11,864 16,442 9,915 0.82 1.20 9,102 10,343
Eadrin/parathion - 2,890 - 1,092 - 2,65 -~ 2,640
Other niscellaneous

chemficals 6,351 5,012 4,726 5,110 1.34 1.57 8,753 17,806
Other niscellaneous

combinazions 5,999 15,616 4,825 7,346 1.24 2.13 5,648 7,714
Unidentified - - - - e - - -—
Ho ansver 116 72 34 34 3,41 2.12 223 729
Total users 30,348 52,202 27,133 30,354 1.12 1.72 23,481 29,302
Total nonusers - - -- - - - 182,815 16,789

Source:

EPA computations based on Special Pesticide Market Regearch Survey Information for FPA, Office of

Pesticide Programs, 1975.




Total insecticide costs per treated acre more than doubled between 1971-1972
and 1973-1974, 1i.e,, from $15.51 (10.27 applications x $1.51) to $32.37 (13.43
appli.ations x $2.41). It is very difficult to determine which clhemical com-
binations were used as alternatives to DDT ceombinations Iln the South Atlantic
Region. Most of the increases in farms reporting insecticide use occurred in
ungpecified chemicals or combinacions of chemicals (Table IIID.17}.

During 1971-1972 cotton Insecticide costs in the South Atlantic Region
averaged $1,071 per farm for all farms using insecticides ($715 per farm for
DDT combinations). Costs per farm more than doubled in 1973-1974 (52,306 per
farm for ali users) (average computed from Table IIID,17).

For the East South Central Heglon, average annual expenditures for cotton
insecticides increased from 5$30.3 million during the precancellation period to
$52.2 million after canccllation (Table IRID.18). Average costs per acre ap-
plication increased from $1.12 to $1.72 and insecticide costs per treated acre
increased from $9.65 to $14.71. In this particular regiton, ethyl and/or methyl
parathion applications increased about 50% in contrast with a more than 1002
increase in the South Atlantic-chion.uf

During 1971-1972 cotton insecticide costs in the E. Scuth Central Reglon
averaged $1,292 per farm per year for all farms using Insecticides (5973 per
farm for use of DDT combinatfons). These costs per farm increased by aboul
38% in 1973-1974 (from 51,292 to 51, 781), considezably less Lhan in the South
Atlantic Ragion.

Impact of cancellatfon on insecticide costs

This part of the report is concerned ¥ith estimating the impact on the
costs to cotton farmers for Insecticide materials and application costs in
the two regions where DDT was used prier to the cancellation, f.e., South
Atlantic and Fast South Central (Tables TIID.17 and 18).

The procedure to be used in estimating impact of the DDY cancellation on
cost is as follows: . )

1. The numbcr of ‘acre applications with NDDT in 1973-1974 ls the
actual number of acre applications in the region, with all
chemicals, times the percentage of acre applications which

- contained DDT in 1971-1972;

1/ Average costs per acre application were generally lower in the East Soutn
" Central Region than In the South Atlantic Region, In the precancellation
period the average expendituvres per acre anplication wecie $0,39 (51.51 versus
$1.12) less in the ELast South Central Region and in the postcancellation
period costs were $0.69 less (52.41 versus $1.72) (Tables I1ID.17 and 18). The
reduced number of acre applications of ethyl and/or methy! parathion together
with subatantial Increases in costs of these insecticides suggest a shortage
of such materials, particulariy Iin tie South Atlantic Region,
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2.  The cost of DDT combinations in 1973-1974 is estimated
as the 1971-1972 cost per acre application for DUT com-
bination plus 20% to allow for price increases st a
rate of dbout 10% per year:

3. The cost of DDT alternatives In 1973-1974 iz the actual
average cost per acre application for all ingecticides
(some of which are not used as alternatives to DDT)1/;

4. Compute. impact of DDT decision on insecticide costs as
number of projected acre applications in 1973/74 with
DOT times difference between DDT cost/acre applicaticn
and other chemicals cost/acre applicationg

5. Add $1.00 per acre application for application coats
assumed to be attributable to DPT cancellation, computed
as the total change in acre appllcations between
1971-1972 and 1973-1974, times the percent of anre appli-
cations with DPDT in 1971-1972.

Alternative methods could be used; however, this method is thought to
give reasonable approximations of cost impact, TImpact on yield and changes
in crops grown which can affect costs and income (as well as acres grown
and production) is not considered in this particular cost analysis,

South Atlantic Region

In the South Atlantic Regionaf, DPT was used Iin two chemical combina-
tiongt 1) DDT with methyl parathien and Toxaphene, and 2) DDT with methyl
parathion. These two DDT combinations accounted for an average annual ex-
penditure of $6.8 million in 1971-1972 (51.31 per acre aopiication). This
cost annually accounted for about 48Y of the total cotton Insecticide ex-
penditures for 1971-1972 in the region which were $14.2 million ($1.51 per
acre application). Also, the insecticide treatments containing DDT ac~
counted for about 55% of the annual regional acre applications and 727 of
the cotton farms utllizing insecticides duriag this period, which indicates
smaller cotton farmers used DDT more than larger acrcage growers (Tahle
IT1D.17).

The average annual number of acre applications in 1971/72 was about
9.4 million and 13,280 cotton farms were projecced to utilize insccticides
(Table ITID.17).

1/ It would be preferable to use the weighted average cost of insecticide
actually used as alternate to DDT, However, this could not be done because
of data limitations, se the overall average was usced.

2/ South Atlantic Region includes Maryland, Delaware, Virginia, West
Virgzinia, North Carolina, South Carolina, Geergla, and Florida.
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Following the cancellation of DDT the average annual expenditure
for cotton insecticide In the South Atlantie escalated to $26.6 million
{Table FiID,17), $12.4 million more than the precancellatiou average.

Since DDT mixed with other insecticides gave broad spectrum control
of many different cotton pests, it is probably reasonable to assume that
many alternative insecticides were used as substitutes after DDT's
cancellaclon. 1f the propertion of acre applications with DDT combina-~
tions is assumed to be the same in 1973-1974 as in 1971-1972 (55%), then
appreximately 6,068,000 acre applications would have been DDT combina-
tions in the South Atlantic during 1973-1974 (55% of 11,032,000),

In the South Atlantic Region the average acre applicatlon cost
of insecticide materials was $2.41 in 1973-1974, By increasing the acre
appltcation cost of DDT treatments by 20% to account for fnflation, the
average annueal acre application cost for DDT rrecatments in 1973~1974
would be aboutr $0.84 movre than pon-DDT treatments (52.41-($1.31 + 20%,
or $1.57) = $0.84}. Therefovrz, a rough estimate of the additional
insect leide cost assveiated with DD substitutes In the posteancellation
period would be 50,84 cimes 6.1 mitlion acre applications, which amounts
to about $5.1 miltliom.

If an aerial acre application costs $1.00 and if 332 of the
increase In acre applications were due to the DDT canccllatlon (wileh
13 only an assumption), an additlonal $880,000 can be added as an impact
of the cancellation (557 of the 1,600,000 added &cre applications, 1.e.,
11,032,000 compared with 9,432,000},

Therefore, the total annual insecticlde and application costs associated
with the DDT cancellation in the South Atlantic Region would be
approximately $6.0 miltlion.

The increase in insecticide costs attributed te DDT cancellation
of 56.0 million would equal $630 per farm based on the average number of
farms using DDT in 1971-1972 (9,517 farms).l/ This 1s & significant cost
effect, as these farms had an average cost of $715 per vear for DDT com-
binations in 1971-1972. The $5.1 million increase in I[nsecticlde costs
equals 417 of the total inevease in insecticide costs between 1971-1972 and
1975-1974 (i.e., from $14.2 million to $26.6.million, or §12.4 million).
The avevage insecricide cost per treated acre (all insecticides) in the
South Atlantic Rogion increased from $15,51 tn §1971-1972 to $32.37 in 1973-
1974, The DDT cancellation accounted for $5.56 to $6,25 of this increase
($16.86) depending on whether the $5.1 million increase is computed on
bagls of 1971-1972 treated acreage (917,000) or 1973-1974 (820,500).

A e

1/ ‘This may overstate the impact per farm since more farms than 9,517
may have used DDT in 1973-1974, a8 the pumber of acre applicacions increased
stgnificantly between 1971-1972 and 1973-1974,
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East South Central Reglon

In the East Scuth Central Regionl;, DDT combined with methyl para-
thion and Tuxaphene accounted for over 27% of rhe annual cotton ingeccti-
clde expenditures, which averaged $8.3 million for 1971-1972. DDT mixture
accounted for 23% of the acre applications and .m3 used by 36% of the
cotten producers utilizing insecticides in the region (Table ITID.18).

Before DUT use was cancelled, the average anaual insecticide expen=
diture {a the East South Central totaled about $30.3 million. The aver-
age annual number of acre appiications was 27.1 million, on about 23,500
cotton Farms (Table I1TID.18).

For 1973-1974 the Fast South Central's average amnual Insecticide
expenditures climbéd to $52.2 million (Table ILID.17), which was about
$21,9 million more than the 1971-1972 average. Also the average acre
applications Increased to about 30.)3 million, which was 3.2 million
higher, and the average numher of farms ucillzing insecticldes increased
by about 5,800. : :

. By using the same estimatlon technique applied to the South Atlantie

Reglon, an approximate 7 million acre applicotion of DDT combinations
would have been used annually in 1973 and 1974 4{f DDT nad not been can-
aalled (?21% of 30.3 million).

Ia tie East South Central Region, the average acre application cost
of insceticide materials was $1.72 in 1973 and 1974. By increasing the
acre application cost of DDT treatments by 20X to account for inflation,
the average annual appliratfon cost would be about 5$0.14 more than a DDT
treatment. Thercfore, a rough estimate of the additional insecticlde
cost associated with DDT substitutes in the postcancellation period would
be $0,14 times 7.0 million acre applications, which amounts to about $51.0
million. The $1.0 million increase in insecticide cost amounts to ahbout
$0.30 per treated acre of cotton in the reglon, out of an increase from
$9.65 per acre in 1371-1972 to $14.71 per acre in 1973-1974.

The change in the number of acre applications attributable to the
DDT cancellation was about 750,000 (23X of 30.3-27.1 millfon). If an
aerial acre application costs 51.00, the increased cost of appiying the
DDT substitutes would be $730,000 per year.

Therafore, the total annual insecticide and application cosats asso-
ciated with the DDT cancellation in the East Scuth Central Region would
be approximately $1.75 million.

1/ Easc South Central Reglon includes Keatucky, Teanessee, Alabama, Mis-
sissippi, Arkansas, and Louisiana.
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The insecticide cost increases due to DT cancellation (about $1.0
mitlion) would be about $116 per farm, based on the 8,576 farms using
BPT in 1971-1972. This compares with a cost per {arm for DIT combinatfons
in 1971-1972 of $973.00, This impect plus the application cost impact
brings the total cost impact to about $200 per Farn.

Conclusion

The analysis of cost iImpact for the two regions where DDT was used
in 1971-1972 results in a total cost of $7,75 millien, of which $6.1
million was insecticide costs and $1.63 million was applicattion costs.
Whether chis increase in application costs (1.63 million) can be fairly
attributed ta DPDT cancellation is unknown, but it is consistent with the
hypothesis that NMDT is more persistent than alternatlives and therefore
they requirve more treatments.

This analysis does not address the possibility of impact in 1973-1974
in arecas where DDT was not used fn 1971-1972 and does not take into account
the declining trend In DDT use which may have continved through 1973-1974
without the cancellation.

The cost fmpact of $7.75 million per year on cotton productlon costs
due to the DDT d~cision 1g well within the range of estlmates in the
record at 1972 Hearings (from Headley with no Increase in costs to
Ccoke with $54 million per year). The $7.75 million cost impact is
slgnificant in local regions where NDT was used., [t amounted te an average
of more than $600 per {arm in the most signiflicantly aifected region, a
near doubling of per-farm insecticide costs. The $7.75 million is a
nominal impact on the average consumer of cetton products, i.e., about
2.2 cents per capita per year,l/

INTRAREGIONAL AND_INTERREGIONAL TMPACT ASSOCIATED WITH CANCELLATTON OF PDT

The previous analysis has considered the gross cost impact assoclated
with shifting from use of DDT in cotton pest contrel to alternative
insecticides. It has been demonstrated that Increased costs of alternative
controls are not distributed eovenly across all cotton producing aveas,

On an interrvegional basis, cotton producers in the Southoast were wmore
reliant on DDT than those in other areas. Lln addition, a greater percentage
of cotton acreage is treated with Insecclicides [n the Southeast than In
other reglons {(Appendix II1D.2),

The differcntlal rates of economic impact stemming from cancellation
bhave been evaluated within an equilibrium (ramework throupgh the use of a
national~interrveglonal lincar programming model of US agrlculture which
was developed to assess the Impact of pesticide policies. A natlonal model
was chosen for thig analysis because of the high degree of supstitutfion
between various land uses within a reglon and between reglons for produc-
tfon of a given crop when comparative advantape ia altcred by differential
changes in production techniques or input availabiliey (Appendix LIID,2),

1/ Based on 1973-1974 lint consumption of 17,3 lbs/capita and US lint pro-
duction of 5,922 milifon lbs.
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The DT cancellation on cotton was evaluated by solving the linear
programming model for equilibrium land use allocation when DDT is avallable
and, alternatively, when DDT is not available. Both solutions are based
on the year 1975, which simulates a typical year in the period 1973-1977.
The resultg of these two solutions are reported in Appendix 1IID,.2 and
can be summarized in acreage shifts, costs of production, and economic
returns to land (a proxy for profit).

The cancellation of DDT caused a slight reduction in total cotton
acreage in the US as evaluated within the framework of the linear
programming model (frem 10,972 million acres to 10.952 million acres).

The reduction in acres was distributed as follows: Atlanta, --3.924 acres
(~0.42%); Memphis, -8,915 acres (~0.37%); New Orleans, =-24,054 acres
{-7.212); Louisville, -625 acres (-34,05%); San Francisco, +17,590 acres
(2.24%) (see map in Appendix ITID.2 for regions). The relativaly minor
shifts in acreage dcmonstrate that the change in production ccwts associated
with cancellatfon is not large enough to generute gignificant .langes in
comparative advantage among regions, and therefore does not affect cropping
patterns for cotton or alternative crops.

Aggregate costs of cotton production were affected both by a change in
production costs per acre ln some regions and by the slight changes in acres
planted between regions, In the Atlanta region, aggregate production costs
incveased by $2.1 million (1.42); in Memphis, the increase was $1.8 million
{0.5%); in ¥ewv Orleansg, where cotton acreage decreased the largest, total
production costs declined by $3.0 million (~6.45%); in San Francisco, the
increased plantings led to increased production costs of $4.3 million (2,2%).
Total US production costs increased by $5.2 million (0.4%) as a result of
the cancellation,

Returns to land, which scrve as a proxy measure for impact on the
profitability of cotton production, were affected slightly. In the Atlanta
reglon, these returns decreased by 0,37% {from $45.35 million to $45.19
million): in Memphis, the decline accounted for a 1,93% reduction in the
precancellation returns of $63.53 million; and in New Orieans the $100,000
reduction 1n returns accounted for 0,93%, San Francisco encountered an in-
creage in returns to land of 0.26% (from $33.41 million to $33.50 million).

Conclusion

The analysis which was carvied oot through comparative analysis of linear
programming solutions indicates that production cost increases due to the DDT
cancellation on cotton ave of insuvffi{cient magnitude to cause sizable shifts
in economic pavameters at the repional or national levels, e.g., acreage, pro-
duction, total costs and returns to land. A wmore detalled discussion of the
results of the linear programming analysis is presented in Appendix IIID.Z.
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ECONOMICS OF THE MINKOR USES OF DDT

The minor uses of DBOT present special problems for economic analvsis,
not only of data but also of simple ldentificacion of the uses. At the
Public Hearings on DDT in 1971, no party was able to identifly all uses
for which DDT was registered., The cancellation orders simply cancelled
all registrations of products containing ODT and TDE {(EPA, OPP, January:
- 1971; EPA, OPP, March 1971). The Department of Agriculture submitted a
list of uses it deemed essential (EPA Hearing, Admisston 1), but this
list was never taken ko be a comprehensive statement of all registered
uses. It was finally agreed by all parties that the only uses of DDT
at issue in the hearing and on which evidence would be taken were those
contested by the registrants. These uses, designated in the Heaving
Record as Admission 11 (Table I1IP.19), are the only uses on which the
Mdminlstrator needed to make a determination of risks and bencefits, All
other uses of DNT were finally cancelled prior to the hearing because
all parties failed to appeal the original cancellation notice. This
analysis 1s confined to those contested uscs of DDT,

Generally, the hearings produced very lictle cconomic data concern-
ing minor uses. Most of the economic information presented concerned
cotten, by far the largest use of DDT. Since the prescncation of the
economic benefits of PDT was taken to be the responsilbility of the
reglistrants and others opposing cancellatien, neither EPA nor EDF prepared
aralyses of economic benefits and costs. Most of the information Iin this
analysis has been prepared since the final cancellation decision and deals
with obscrved econowmic effects in the 2 years since cancellation.

CONTESTED NONESSENTIAL CROP USES

Admintatrator's Pinding: DT {8 wecful for controlling
insects that attask the following: beans (dry, lima, snap),
sweet potatoves, peanuts, cabbage, cauliflower, brucsels
gprouts, tomatoes, freah market corm, asweet peppers and
pimentos, ontons, garite, and cormercial greenhouce plants.
The uze of DDT ig not necrasary for the preduction of these
erops.

Crops which age not require use of DDT because adequate substitute
chemicals are avallable at reasonsble costs are listed fo Table I11ID.20.
The Adminlstrator found that the regpistered alternative Insecticides were
sufficiently effective to allow the maintenance of crop ylelds without
burdening Farmers with increased Insecticide costs.,
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Table 11ID.19

Cancelled Uzes of DDT subjected to Objection
by Group Petictioners and Other Uses Decmed Essential by USDA

Use Fattern

Notes and Limitations

L.

6.

80

9.

10,

11,

iz.

13.
14,

Fregh Market Corn
Armyworm
Corn Earworm
European corn borsr
Cutworm

Peanuts
Whitefringed beetle
Cutworm

Cabbage, Cauliflower, Brussels Sprouts

Cutworm

Tomatoes
Cutworm

Lettuce
Corn eatvorm
Cutworm

Potatoes
Flea heetles
White grubs
Wireworms

Swegt potatoes
Cucumber beetle
Flea beetle
Sweet potato weevil

Commercial Greenhouses and Nurseries

Beana {dry, lima, snap)
Armyworms
Corn earworms
Loopers

Public Health Tests
Bats
Ro ients

Agriculture, Health and (Quarantine
Treatments In Emergencics as Recom-
mended by and under pirectlion of
State~Federal Officials

Peppers and Pilmentos
European corn borer

Fabric Treatment

Onions/Gartic
Cutworm

Soll application

Fall lettuce only (Northeast)

Hecessary for State-Federal
quarantine and gencrally edfer
to humans than alternatives

Milicary only

Source: Public Hearings -n DDT, Admission L1, 1972,
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Table IIID.20

Crop/Pest Combinations for Which DDT Use Was Found Not to be Necessary

Crops ' Pests

Sweet corn ) Armyworm, Corn ecarworm, European
corn borer, Cutworm

Peanuts : White-fringed beetle; Cutworm

Cabbagé '. Cutworm

Cauliflower f.. Cutworm

Brusséla sprouts : Cutworm

Tomatoes | _I Cutworm

Garlic L Cutworm

Lettuce ) . ' Corn earworm, Cﬁtworm

Potatoes - : Vlea beétlb, White grub, wirewdrm

Dry beans « Armyworms, Corn carworm, Loopers

Lima beans ' Armyworms, Cornlearworm. Loopers
' Snap'beans o - (Armyworms, Corn earworm, Loopets

Source: Ruckelshaus, W.D. Opinion of the administrator, ‘Public ilearings
on DDT, Admission 11, 1972,
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Data as aof 1972

‘During the Censolidated DDT Heavings limited evidence was presented
on the benefits or 'ack of benefits of DDT use for crops listed as
essential., On the beneflits side was the contentilon that these uses of
DBT were essential, and the testimony of USDA entomologists that DDPT was
needed for centrol of the aspecified pests on the indicated crops.

On the otacer hand, Respondents pointed out that Group Petitioners
never quanticatively defined "essential" and, in-fact, the hearing
examiner refused to allow any testimoay or cross—examination challenging
the "essential use" contention. (The hearing examlner was under tie
mistaken impression that by allowing the USDA list of essential uses to
be designated as an Admisslon, the Respondents in fuct agreed that these
uses were essential, However, Respondents merely agreed the USDA con-
sidered them essential.)

No accurate data were prescited on elther current DDT wuse or trends
I:: DDT use on the affected crops. The 27 CGroup Petitioner reglstrants
did submit rhefr cotal domestic sales for 1970 by repion and crop and the
aggregated data were lncluded tn the hearing record (Table ITID.21; EPA
Hearing Admisston 6, 1972). The data, however, only break down the crop
usage Into cotton, soybeans, peanuts, and others. The state sales break-
downs are for the total DUT sales only, and not on a crop-by-crop basis,
The data pave no {ndication of DUT use for any of the individeal contested
HusCes, except peanuts.

The hearinegs produced no Jata on the eff lecacy or yield effects of DDT
compared to the reglstered alternacives, beyond the personal observations
and bellefs of entonologists. There was no anniysis made by either side
of yield, quality, or pest control cost impacts of switching from DOT to
the alternatives., The lindted information In lLearing testimony has been
incorporated Ento the analysis of ecovncmic Impacts since cancellation,

The Administrator's finding that DDT was uoet necessary for production
of these minor use crops was based primarily on the fact that alternative
Ilnsecticides were registered for those contested uses (Ruckelshaus, 1972).
He also took Into account che lack of any informatior presented about the
possible benefits of DOT use.

Data since 1972

Since the 1972 cancellation of DDT there have heen virtually noe
economic data developed outside EPA on the contested minor uses of DDT,
It is possible, however, to obtain some ldea of the economic impa. t since
the cancellation took effect. This analysils will focus on estimates of
the extent of use of DPT pricor to cancellatfon, on okserved changes In
crop yilcids since cancellatlon, and on estimates of changes in insect
control costs broyght about by loss of DNT. To the extent possible,
theae effects will be fdentified for each use under conslderation.
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Table IIID.21

Sunmary of 1970 DDYT Domestic Sales

Item DDT (1007 BASIS)

Total pounds of DDT soldd/ 11,966,196

Types of DDT fornulations sold

Emulsifiable sprays 10,318,915
bust 1,506,186
Wettible powder 127,350
Granular 13,736
Use
Cotton 10,277,258
Soybeans 603,053
Peanuts 937,901
Other 158,853
States
Alabama 1,139,256
Arkansas 1,193,175
CaIiforni? 2,500
Delawarel 21,400
Florida 74,888
Georgla _ 1,600,556
wuislana 2,712,347
Matryland 133
Mississippl 3,731,876
Missouri 11,895
North Carolina 426,810
New Jersey 2,352
New Mextico 6,948
New York 2,612
Oklahoma 865
Oregor 2006
Pennsylvania a3
South Carolina 1,016,286
Tennessee 207,104
Texas 97,422
Vivginia 13,282
Washington 1,000

a/ Number of DDT Formulators: 27,
b/ Informatfon supplied by H.P. Cannon and Sons,
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Extent of DDT use

As previously stated the DDT learings produced no complete daca on
the extent to which DUT was used by farmers. for the minor uses at issue,
Agsoclate USDA Entomologist Clarcnce H. Hoffman d4id state that the wminoc
uses were Limited to specific, usually small, -repicus of che country
{1r:1958). BDeyond this, however, there wasg no attempt to define the
aredas encompassed by each of the minor uses in question.

The US Department of Agriculturc surveys of vesticide use provide
some indication of the extent to which DDT was utillized by farmers
(USDA, ABR-252, 1974; USDA, AER-179, 1970; USDA, AER-131, 1968). These
data are presented in Table IIID.22,

As the table indicates, DDT use on peanuts fell dramatically between
1966 and 1971. As a proportion of the total acrzapge harvested, BDT (and
TDE) treated acres dropped from 35.2% to 1.5% of the peanut acreage,
DDT use on potatoes rose from 21.9% to 32.1% of the total acreage between
1964 znd 1966, but by 1971 had fallen to 2.7% of the potato acreage.
Use of DDT on vegetables other than potutoes has declined steadily over
the period from 19.64 of the acreage Lo about 2.4% of the acreage fn 1971,

‘These published USDA data do not go into any wmore detail on the
individual crops within the category Other Vepetables, but all of the
contested minor crop uses should be Included in thig group. As agpregatoe
ag the data are, they do show that in Lhe last few years prior to :
cancellation, DDT was becoming a much less importaut insecticide for the
uges in question. 7This trend is probably due to the development of
resistance in target pests and to the advent of more effective fnsecticides,

Beyond these published dse data, the Deparcment of Agriculture has
Vegetables group (USDA, unpublished, 1974). The level of preclsfzd.nf the
USDA survey makes the aceuracy of DDT use cutimates for these individual
crops highly speculative. These figures should not be construed as
official USDA estimates buk mercly serve as a gulde to the relative
magnitude of DDT use on these crops, They are, lhowever, the only such
figurcs available.

Table IT1ID.23 presents these morce detailed use data in terms of
acres treated. Also presented are total acres harvested lu 14971, and
the estimated percentage of the natlonal acreape teecated with DUT, As
the table indicates, USHA picked up no use of DD on five of the crops
1isted. This does not mean that DOT was not used on these crops, but it
dees indicate that these uses were prohably very small.  Another [actor is
that the indicated use on these crops may include treatment for Insects
other than those for which use was contested. Thu=n, of the estimated
8.8% of the cabbage acres treated with DT, some way have been treated for
fosects besides cutworms, the only contested use on this crop.
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Table II1D.22

DDYT and TDE Use in the US, 1964, 1966, 1971

—e

Crop 1964 1966 1971
Peanuts
1bs NAD/ 2,265,000 62,000
acres NA2/ : 500,000 22,000
% of US acres NA3/ 35.2 1.5
Potatoes
1lbs 373 633,000 17,000
acres 279 470,000 38,000
% of US acres 21.9 32.1 2.7
Other Vegetables
1bs 1892 1,428,000 407,000
acres 641 406,000 88,000
% of US acres 19,6 11.9 2.8

a/ In 1964 peanuts were included In a category cailed Other Field Crops.

Sources

USBA, ERS. Q_gntiticq of Pesticides U UeLd »d by Farmers fn L0 1966, 1970,
USDA, ERS. Farmors' Use of Pesticlides in 1971 - Quantities, 1974,
USDA. Agricultucal Statistics 1973, 1973.

USDA, ERS, Quantities of Pesticides Used by kdrmcrs in 1964, 1968,
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Table 111D.23

DDT Use by Crep in the US, 1971

Crop Acres Treated Total Acres Percent Treated
with DDTA/ Harvested with DDT
Sweet corn 12,800 606,100 2.1
Peanuts 22,000 1,454,500 1.5
- Cabbage 9,600 148,480 8.8
Cauliflower - 25,710 —-—
Tomatoes 61,900 391,040 15.8
Lettuce -— 217,000 -
Brussels sprouts — 6,140 -—
Potatoes 38,000 1,391,300 2.7
Snap beans 700 323,710 0.2
Dry beans - 1,316,000 ——
Lima beans - 1,130 .
Garlie - 3,700 -
Total 145,000 5,914,810 2.4

a/ Includes acres treated with TDE.

Sources

USDA, ERS. Unpublished data from 1971 survey of farmers' use of pesticides,

1974.

USDA, ERS. Farmers' Use of Pesticldes in 1971 - Quantities, 1974,

USDA. Agricultural Statistics 1973, 1973.
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Some information on DBT use is avallable for individual states. The
state of California publishes annual reports of pesticide use by crop in
the state (Cal. Dept. Food Agric. 1971, 1972, 1973, 1974). These repnorts
are most accurate for those pesticides whose use {s restricted by Califor-
nia and must be reported to county and state officials. Since DUT {s on
this restricted list, the use figures should be quite accurate. The Cali-
fornia use data for the crops of interest here are presented in Table ITiD.24,
The figures show that in that state DDT use fell drastically between 1970 and
1971, and went to 0 by 1972, This sudden decline in use is duc to the re-
moval of DDT from state {nsect control recommendations and to the banuning of
DDT use within Califoruwia. It appears, therefore, that the Administrator's
1972 decision to cancel DPT actually had no economie effect on California,
as DDOT use on these crops had been eliminated before the decision was made.

The state of Arizona also publishes data on the total quantities of
pesticides used within that state (University of Arizona, 1974). Table
11ID,25 presents the agricultural use flgures [or DDT from 1967 through 1973,
with the exception of 700 1lbs used in 1970, DDT use was entirely eliminated
in Arizona by 1969, Further, a conversation with an extension entomologist
in North Carolina revealed that that state had stopped recommending DDT several
years prior to the DDT llearings and that there was virtually no DDT use at tie
time of- cancellation. This information implies that neither Arizona nor North
Carolina should have been affected cconomically by the cancellation of the
contested drop uses of DDT. These three states, California, Arizona, and
North Cavolina, together account for some 16% of the national acreage of the
contested crops.

For this review, an attempt has been made to estimate. the number of acres
of the contested crops that would have recefved DDT treatments in 1973 had DDT
not been cancelled. These estimates are based on the proportions gencrated
from the USDA data and various other information as described below, The esti-
mates are presented In Table TITD.26. .

-The figure for lettuce in Table ITID.26 represents the 1973 acreage for
fall lettuce in the Northeast since Admission L1, Public learings on DDT
speclfically limited the contested use to this area and scason., For the other
crops the estimated acreage was calculated by subtracting from the 1973 national
harvested acreage of these erops, the acreage contained in the threc states
(California, Arizona, and Nerth Carolina) in which 1t wos kuown that DDT would
not have been used, The remaining acres were multiplied by the estiwated per-
centage of the 1971 acrecage teeated (Table ITID,23 with the assumption that
this proportion would also be treated in 1973. For those crops for which che
YSDA survey showed no DDT use, the average percentage treated for all the c¢rops,
2.4%, was used,

For the harvested crop acreages found in Vegetable-Fresh Market-1974
Annual Summary, only rhe acreages for the fresh market were presented. It was,
therefore, necessary to estimate the additivnal acrcage harvested for the
processing market,  After determining a ratio of fresh market acreage to
processing market acreage from 1972 data (USDA, 1972), the ratio was applied
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Table 111D.24

DT Use in Califoral., 1970-1973

Crop Acres
1970 1971 1972 1973
Sweet corn 74 0 y 0
Peanues 0 201 0 0
Cabbage 4,570 210 0 0
Cauliflower %.,680 549 0 0
Tomatoes 106,882 8,891 0 0
~ Lettuce 416 0 0 0
Btu55els-sprouts 182 20 0 0
Potatoes 0 40 0 0
Snap beans 0 0 0 0
Pry beans 16,088 1,078 0 0
Lima beans 1,699 0 0 o
Garlic 0 0 0 0
Other uses 504,308 52,663 42,095 544
Total 643,899 63,652 42,095 544

Source: California Department of Food and Agriculture,
Reports, 1970, 1971, 1972, 1973,
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Table IIID.25

Agricultural Use of DDT in Arizona, 1967-1973

Year Quantity Used
{1bs Tech. Material)

1967 2,519,900
1968 528,000
1969 0
1970 700
1971 0
1972 0
1973 0

Sourcer University of Arizona. Agricultural Use of Pesticides in Arizona,
1974,
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Table 1TID.26

Estimated Acres Affected by DUT Cancellation

- s ] —-

Cfop Estimated Affected Acreageﬂf'
swcet corn .17,800
Peanuts ' 20,600
Cabbage - | | 8,000
Cauliflower : 200
 Bru§scl$ sprouts 0-
Tonatoes : 14,500
Lettuce 900
Potatoes 32,700
Snap beans | 600
Dry beans o 28,300
Lima beans . 1,200
Gariic | : 0
Total 124,200

— -

al For derivation sce text.
Sources
USDA. Agricultural Statistics . 1973, 1973.

USDA, SRS. Crop Production -~ 1673, 1974, .
USDA, SRS. Vegetables =~ Fresi Market = 1974 Annual Summarv, 1974,
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to 1973 data (USDA, SRS, 1974) to estimate harvested acrcage for the proces-~
sing market. These acreage estimates were added to the appropriate fresh
market acreages to represent the 1973 total harvested acres.

The estimated total acreage of these crops thiat would have been treated
igs about 124,000 acres or about 2.4% of the natl{onal acreage of these crops.
There is nn acreage Indicated for brusscls sprouts or garlic because both of
these crops are produced entircly in California.

The acrceage Figures in Table IIED.26 should not be taken as being In
any way as price estimates. They are merely the best estinmates based on the
extremely limited data avatlable. Furthermore, even these rough estimates
do not take Into account the fact that some of the treatment in 1971 may
have been for {nsects not at issue In the hearings, These estimates also do
not reflect rhe decline in DDT thar would likely have continued even {f it
had not been cancelled.

Yield changes stnce DT cancellation

Considerable research has failed to uncover any studies which document
per acre yield changes due to the Inability to use NDT on the contested crop
uses.  DDT has not been the standard insecticide treatment for purposces of
efficacy comparisons in these crops since the mid-]1960's. Ddata from this
time cannot be used today because of the rapid changes in {uscct reslstance
c¢.ndicions rhat have occurraed. About the best that can be dvne {s to com=-
pare rcported average yviclds and production for these ¢rops hefore cancel-
lation with these since the DDT cancellation, While changes in vield and
productlon canpot be shown to e casualiy related to the lods of DDT, these
changes may help evaluate Hoffman's claim thot "if prowers are unalle to
have the use of BHT, they will be unable Lo produce these crops (on UREDA's
essential Llst)™ (Tr:1891).

Table TITD.27 wresents tive cemparisons of pre- and postcancellation
yiclds and production, The precancellation {igures are the averages of the
1968 through FY72 average natjonal yvields and productiocu, whercas the poats
cancellation figures are the averages of 1973 and 1974 vields and production.
The comparisons for sweet coran are for f{resh market enly, and the figures for
lettuce are only Tor fall Icttuce in the Northeast (f.c., NSew Jersey), Brus-

-sels sprouts and garlic du not appear In the comparisons because all of their
production was In uolifornia and changes In vields and production could not
be related to the DBT cancellatlon. The prsteanceltatlon figures for peanuts,
potatoes, and Jdry beans are for 1973 only, and those for lima bedns were not
available.

As Table IIID.27 shows, total produstlon has increascd in five of the

crops, and per acre vield has fnervased in 6 sioce the T cancelliatl n took
effece, Average yislds of caullfleower deelined 9.8 ~wi (about 10%) while
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Table 1TID,27

Production and Yield of Contested Crops

US 1968-1974

_ . Production . . Yield
Crop 1968-1972 ~ 1973-1974  Differ-  1968-1972 1973-1974 Differ-

. {million cwt) ence {cwt/facre) ence
Sweet cornd/ 12,8 13.3 +0.5 69.6 77.5 +7.9
peaﬁu;sbf 28.7 34,5 45.8 19.6 23.0 +3.4
Tabbage éa.s 24,4 411 215.6 226.0 +10.4
Cauliflover 2.6 2,9 +0,3 98.8 89.0 -9.8
Tomatoes?/ is.s 13,7 +0.9 133.0 149.0  +16.0
Lettuce/ 0.21 0.16  =0.05 172.0 185.0 +13.0
Potatoesd/ 309.5 297.4  -12.1 225.6 228.0 +2,4
$nap beansd/ 3.2 3.0 ~0,2 6.8 35.0. -1.8
Dry beansd/ 17.5 16.8 -0.7 12.5 12.1 0.4

3/ Presh market crop only.

b/ 1973 yield and production only,

¢/ Includes only Fall lettuce from the Northeast.

Sources

USDA.

USDA, SHS.

USDA, SRS.

Agricultural Statisties 1973, 1973,
Crop Production - 1973 Annual Susmary, 1974.
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vields of snap beans and dry beans declined very slightly. Productiom
declines in potacoes, snap beans and dry beans were nominal., However,
the decline in fall lettuce equalled 28% of the 1068-1972 average.

Again, there is no way to determine the de, -ce to which any of the
yield or production effects may have been caused by loss of DDT. So
many factors such as tamperature, rainfall, levels of inscct and disease
. Infestation, and others Influence crop yields and production that che
impact, Lf any, of OIT alone 13 impossible to separate, Furthermore,
there 1s no way to determine whether DT was even used In the arecas in
which these declines took place. About the most that can be said 1s that
farmeys have continued to produce the contested crops despite loss of DDT,
Yield and production of most of the crops has actualiy increased since
cancellation, and there is no evidence that cthe d2clines which have oc-
curred are due to EPA's cancellation of DDI.

Changes in insecticide costs

Another measure of the economic impact of the NDT cancellation 1s
through the changes in Insecticide costs to farmers. Farmers previously
using DDT had to switch to some alternative insecticlde or other means
of pest control. These alternative controls may cost more per pound, may
be applied at different rates per acre, and may require more applications
per year than DDT.

Several difficulties arise in actually attempting to compute these
cost-effects. There are considerable differences acreoss the country in
amounts and frequency with which DDT was applied. Identifying the alrter-
natives used in place of DDT is also difficult, State insect contrel
recommendations provide a clue to the alternatives, but they are not
always Indicative of what 1s actually used. Even If per acre cost changes
can be estimated, there scill exists the uncertainty as to the total number
of acres on which this cost change would occur,

A rough estimation of these costs has been attempted and is shown in
Table IIID.28. The rate and frequency of DDT applications have been as-
sumed based on the testimony at the DDT hearings of entomologists Joseph
Capizzi, Dr. Stuart Race, and Dr. William Eden (Tr, 1972), The alternative
insecticides and their rates of applicatlon have been based on surveys of
recent state insecticide recommendations for the crops and pests under
consideration. It has Leen assumed that the alternatives would bhe applied
with the same frequency as DDT (Bropdon, personal communication, 1975).

The costs of alternatives arve the average of the prices from two pesticide
‘dealers, one on the East Coast (Agrotec, Inc,, 1973) and one in the Mid-
west (F-Z Flow Chemical Company, 1973). The price of $1.27 per pound
active ingredient for DDT is the price pald by farmers in Washington and
Tdaho for DDT in 1973 to control the pea leaf weevil undey a temporary
emergency use permit. This price is assumed to approximate the price chat
would have been paid by most farmers in 1973.
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Table 111D.28

Estimated Changes in Insect Control Costs, US 1973 Basisd/

i iy DT Pounds of Substitute Change in
ol DDT DDT Cost  Substitutes Substitute Cost Cost Estimated
Par Acre Applications Per Per Aure Applications Per Per Total Change
Crop -~ Application Per Season Acre  Application Per Season Acre Acre in Cost
Sweet corn 1 5 $ 6.35 Carbaryl 2 5 $11.95 $+5.60 $+99,800
. Methomyl 0,45
Peanuts 10 1 12.70 nene listed NA NA NA NA
Catbage 1 3 3.81 Dylox 1 3 6.90 +3.09 +24,700
Toxaphene 3
Cauliflower i 3 3.81 Dylox 1 3 6.90 +3.09 + 618
Toxaphene 3
Tomatoes 1 3 3.81 Carbaryl 2
Toxaphene 2 3 5.94 42,13 +30,885
Lettuce 1 3 3.81 Carbaryi 2 3 11.22 +7.41 + 6,700
Phosdrin 0.75
Potatoes 6 1 7.62 Dyfonate 4 1 12,92 +5,30 +173,300
Diazinon 4
Snap beans 1 3 3.81 Carbaryl 2 3 8.04 +4,23 + 2,500
Dry beans = 1 3 3.81 Carbaryl 2 8.04 +4,23 +119,700
Lima beans 1 3 3.81 cCarbaryl 2 8.04 +4.23 + 5,100

+460,700

a/ See text for sources and derivation.



The table indicates that based un the above assumptions, per acre
costs for Insect control on the contested crops Increased between $2.13
and $7.42 when DDT could no longer be used. Multiplying these per acre
cost Increases by the acreage estimates in Table IITD,26 will give a
very rough estimate of the total increase In farmer pesticide expendi-
tures brought about by the loss of DDT, The total increase in insecti-
cide costs are estimated to be about $460,700, at 1973 prices. For the'
individual crops the total estimated cost increases range from about
$600 for cauliflower to $173,300 for potatoes. There is insufficient
data to attempt any discussion of the regional distribution of these
costs.

It should again be emphasized that these dollar values cannot be
taken as precise estimates of impact. They merely serve to demonstrate
the order »f mugnitude of the economlc effects of the DDT cancellatien
and not the actual values of these effects. Accurate specification of
the cconomic {mpacts requires much more data than presently exist.

Concluston

1. The conscliagated DDT Hearings brought out limited
informatlon relating specifically to economic con-
sequences of a BDT cancellatien on minor use crups,
l.e., limited estimation of production yield and
price effects on Lhese crops. :

2. Based on estimates of DDT use, only about 2.4% of
the national acreage cf these crops would have heen
treated with DDT had it not been cancelled.

3. National average ylelds per acre have increased in
six of thc nine crops and total production has in-
creased in five of the crops since the cancellation
took ¢ffect.

4, Tt is estimated that insect control costs to farmers
have risen somewhat due te DDT cancellation. The
estimated total cost increase for these contested
uses 1s $400,000-$500,000. It is possible that the
cost impact in this range is mora than ofiset by
production increases in other creps, thetr ncu-
tralizing overall Impact on the consumer.

5. Avallable information indicates that farmers have
been able to contliaue producing the contested crops
since DDT was cancelled., There have been some
slight-to-moderate declines in production, none
directly attributable to loss of NOT.
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SWEET POTATOES, SWELT PEPPERS, AND ON1ONS

Administrator’s Fiwding: Adequate substiluie ohemiculs,
nately, methpl parathion and osher organopfiosphates--
for the =ost part--exist for...ereops cxdept: swoat
potatoes, heavy tnfestations of corn boper attacking
aweet peppers grown on the Delmurva Peninsula, and
oniong atiacked by cutworms.

The Administrator found that DDT may be the dnly useful treatment of
sweet potatoes {n storage, and for coatrol of Futopean corn borers attacking
sweat peppers on the Delmarva Peninsula and cutworms attacking onions,

Final cancellation of thig use was not ordered by the Administrator in

June 1972 vecause of questions about the supply of these crops, registration

of alternatives and so forth could be rasoived dugng a transitlonal perieod.
: . &

Data as of 1972 ’

The Administrator based his finding cthat DDT may be necessary for these
three vses primarily on the fact that no party had demonstrated that any
alternative insccticides were registered. Whille Toxaphene and diazinen were
registered for general cutworm control, it was not clear whether this in-
cluded registration for control of cutworms on onions (Ruckelshaus, 1972).

Sweetk potatees

Testimony indicated that DDT was the only replstered insectleide that
would satisfactorily protect stered sweet potatoed from attack by sweet
potato weevils. br. Dale Newsom, an entomologist [rom LSU, testified that
Imidan s a satisfactory alternative (Tr:2397), but 1t was not repls-
tered at the time of che hearing., No ciecar information on the quantities
of DDT use on sweet potatoes was reported.

Sueet peppers

The hearings brought out that the European corn borer 1g an important
pest of sweet peppers on the Delmarva Peninsula that are grown almost
entirely under contract to H.P. Cannon and Sons, a vegetable processor. In-
festatlons of corn borers higher than 10X rendered the peppers unsuitable
for canning and, therefore unsalable for the farmors. Carbaryl was regis-
tered for corn borer control, but a Delaware entomologilst testiflied (Trg
1623-1671) that will not work during heavy infestations. He also
tegrified that Furadan {cacrbofuran) wias a completely acceptable alternative,
but at the time of the Hearing [t wi< not registered for this use,
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Outons

Little cvidence was presented concerning cutworm control in onions.
An entomologist from Oregon testifled (Tr:2775-2831) that DDT was
the best cutworm contrel for onions, but this use of PDT was not included
in the state insect control recommendations. He testified that the results
“of a USDA survey Indicated that the only state with cutworm problems on -
onfons was California.

Data since 1972

Sweet potatoes

The 1971 USDA pesticide survey data indicated some use of DIT on
stored sweet potatoes, The survey veported that DDT was used on 127 mil-
lion pounds of sweet potatoes in 1971, Since total production In that
year was 1,17 billion pounds (USDA, 1973), about 10.8% of the swect
potato crop was treated,

At the time of the hearings, there were no acceptable registercd sub-
stitutes for DDT, but since the cancellatlon EPA has registered Imidan for
sweet potato weevil control. Since Imidan has che same cffectivencss as
DDT for this use (Tr:2397) the cancellation shiould have had no effect on
sweet potato productlon. Sweet potato production in 1973 was dowa 5% from
the average level of the 5 previous years but this is less than the aver-
age annual varfation In production within this period (USDA, 1973).

No information is currently available on the differences, if any, in
the cost of sweet potato treatument between Imidan and DDT. Any cost dif-
ferentials should, however, be small, gince DDI was only applied at a rate
of 5 1lbs active per 1,000 bushels,

Ouions

Since hearling testimopy brought out that cutworms were only a problem
on onfons In Californla there should have been little, if anv, impact from
the 197! cancellation decision. The Callfornia pesticide use reporc (1973},
indicates that only 50 acres of onions were treated with DDT in 1972, This
represencs ouly 0,27 of the onion acreage in that state. The cconomic im-
pact of loss of DDT from this acrcage would be clearly negligible,

Sueet peppers

According te Dr, Paul Burbatis (personal communication, 1975), a wit-
ness at the DDT Hearlngs and probably che leading expert on thls use, theve
are about 4,000 acres of green peppers (also known as sweet peppers or bell
peppers) in the Southern New Jersey and Delmarva area, DDT was used
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throughout this area for control of the European corm borer. The Uni-
versity of Delaware includes reen peppers as one of the crops in its
Pilot Pest Management Program. The reports for 1972 and 1973 (Graustein
et al, 1973 and 1974) ave available and provide a contrast between pest
control costs Lefore and after DDT was cancelled.

In the 1972 pest coatrol program, European corn borers were controlled
with DDT, 12,127 pounds active ingredient of DDT were applied to 1,100
acres at a cost of $7,158. The average DDT cost to farmers was, there-
fore, $6.51 per acre.

In the 1973 program Furadan (carbofuran) was used for Furopean corn
borer control. Furadan is a systemic imsecticide, usually formulated as
a 10% granular, and needs only be applied twice during a season, compared
with 3-5 times for DDT. In this year, 4,165 lbs (active ingredient) of
Furadan were applied to 850 acres at a cost of approximately $21,658
(based on the 1973 price for Furadan 10G of $0,52/1b). The average cost of
European corn borer control in 1973 was approximately $25,48 per acre.

Cancellation of DDT and subsequent substitution of Furadan increased
costs of corn borer control hy about $518.97 per acre for a scason, For
the approximately 4,000 acres involved in the contested green pepper use
the total {ncrease In pest control costs were about $75,800. Even this
figure probably overstates the cost impact had DDT not been cancelled. It
is likely that the price of DDT would have risen along with other pesti-
cide costs, decreasing the difference between its price and that of Furadan,

Dr. Burbatis indicated that Furadan can be used with no declines in
green pepper yleld from the levels when DDT was used. He did indicate,
hewever, that in the first year after cancellation, 1973, therve was an
unexpectedly large infestation of armyworms which had apparently previously
been controlled with the DDT, This infestation caused some loss Iin yields
in 1973, but farmers were rveady for the armyworm population in 1974 and ex-
perlenced no adverse effects on ylelds.

Conclusion

1. The Adwinistrator's Finding with respect Lo DDT use on
stored sweet potatoes {9 probably no longer valid.
Imidan, not registered at the time of the tearings,
has since been registered and s an acceptable alter-

. native to DDT.

2. The need for DDT to control cutworms on onions {s re-
stricted to California. Since DDT was used on only a
very small number of acres there the impact of cancel~
lation hag been negligible.

-217-



J. Loss of DDT for use on green peppers has had little
adverse impact on growers in the Delmarva area because
Furadan has boen registered for the European c¢orn borer.
The primary {mpact has been on insecticide costs which
hare increased about $76,U00 over the whole reglon,

MILITARY USE OF DDT

Adminigtrator's Pindings: ODT is used for exter-
minating bates and mice by the militaru. a) Fumi-
gation and nonehemical metheds ean guard qgaingt
bat infegtationa. b} Warfarin {e effective for
extaeratnating fiouse mice.

The Administrator found that acceptable alternatives are available for
the milictary uses of DDT. These include all military uses that are not for
the purpose of health quarantine.

Data as of 1972

Very little information was generated at the DDT Hearings vegarding the
use of DDT by the milicary. The only quantitative data involved a statement
by Col. Fowler of the Armed Forces Pest Control Board to the effect that the
military used only about 800-90C lbs for bat and mouse control (Ruckelshaus,
1972). There were no data presented concerning the cfficacy or costs of al-
ternative means of pest control.

Data since 1972

In cooperation with OPP/EPA the Armed Forces Pest Control Beard 1s in
the process of preparing a short statement ow the military uses of PDT and,
te the extent possible, on the Impact of the cancellation. This statement
has not yet Leen completed,

PUBLIC MEALTH

Adminigtwator's FPinding: DOT {s considered useful
to have in reserve fov publie health purpoges in disease
vector aontrol.

The Administrator found that DDT is useful to have In reserve for public

kealth putposes in discase vector control. The cancellation order cxempted
public health and quarantine uses by ofliclal government agenciles.
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Data as of 1972

The Hearings revealed that DDT was no longer the primary insecticide
for disease vector concrol in this countyy. However, no quantitative
data on use were produced. The main emphasis on DDT use in vector c¢ontrol
was the worldwide dependence on DDT as an inexpensive method of malaria
and typhus control, The internationazl use was not really relevant to the
hearings since domestic cancellation had no effect on DDT production for
the export marcket.

Data since 1972

The cancellation of DDT had virtually no effect on the public health
uses since they were exempted from the order, The cancellation may have
mnade DDT somewhat more difficult te sbtain for public health agencles.

According to Dr. Darsie of the Public Health Service, Center for Dig-
case Control (personmal communication, 1975), DDT is very seldom used in
this country for vector control. It i{s used for lice control, but even
then in only o few states. Most body lice are centrolled with either a
lindane ur o malathion preparation (Pratt and Littig, 1973). HNo figures
could be obtained on the extent of current NDT use for public health
purposes.

Lonclusion
DDT is of minor importance for public health vector control in this

country, Furthermore, if an emetrgency arises, DDT may still be used by
public health officials.
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PEA LEAF WEEVIL

The use of BDUT against Lhe pea leaf weevil was not considered at the
DDT hearings but subsequently was tihe subject of a speclal request for use,
which was granted for the 1973 and 1974 growing scasons.

As a resuit of the work done under the limited use registrationm,
alternatives have been Cested and reglstered, making Lt no longer necessary
to use DDT, as discussed in more delail below.

Since 1970, an area of GLorthern Idaho and Fastermm Washington which
produces 95 percent of aAmerica's dried peas has been subject to economically
critical infestations of the pea leaf weevil. The only effectlive control
for this weevil had been DODT. 1The growers commlssion fnvolved (Washington
and Idaho Dry Pea and Lentil Commiusion) folr that the cancellation of this
use of DDT placed dried pea preduction in serious economlc jeopardy. As
permitted under FIFRA, through repulatlions prorulgated in the Federal Register
on January 9, 1973, partics may petitica for speclal usec exemprions to a
cancellation vr a deuial of repglstration of a pesticide.

With the support of the dry pea Industryy in the states ol Tdaho and
Washingtor the Crop King Chewlcal Company petitioned the Administrator of
EPA on December 13, 1972, requesting permission for a registration to employ
DUT on dried pea acrcage ia the fnfested areas of their states. Following an
EPA geview of the matter, ioe Admintstrator determined that che use of DDT
was indeed critical for pea leal weevil control because of the economic
imporcance of the industry and the absenee of viable substitutes, On
April 27, 1973, EPA granted the cequest by the Crop King Chemical Company for
a temporary reglstratlon of DRT for use apgalnst the pea leaf wecevil, The use
excmption was lmplemented and then offieially expired Avwgust 1, 1973,

With the suyppoit of the industry, Crop Xing Chemical Company apain
petitioned the EPA for a DDV use exemption on January 25, 1974, On
February 15, 1974, LPA convened a public hearing in Spokane, Washington to
review much of the petition., On lehruary 22, 1974, the applicatlion was
approved for 90 day:' D! use durlng the 1974 growing season.” The approval
was based on a deccerminasion that In absence of alternative controls, DPT
contrel of the pea Ieaf veevil was Indeed economically critical., The decislion
was pased on evidence presented by the growewrs indicating losses of 600 to 800
pounds per acre wuuld be {ncurred in absence of pest control. This is quite
large given average yiclds range from 1200 to 1600 pounds per acre.

Whercas barley can be grown. da place ef dry peas, based or February, 1974
prices, the comparative value of bariey was $101 per acre and for dry peas was
$380, Thls represents a marginal difference of $279. Moreover, from an
agricultural standpelint, It was revealed that dry peas have proved to be far more
effective than spring barley as a cover crop to prevent soll erosion, which s
a chronic problem 1n the v~iling -erviin of the reglen, In addition, dry peas
provide nitrogen to the soll, thus rveduning the fertilizer requ:rements of the
winter wheat erop; in contrast, spring bartey is nitrogen depleting. Finally,
it was revealed that chis rveplon not only supplied the majority of tie U.S.
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demand for dry -peas during the previous two years, but it supplied 13 to
15 percent of world markat. Thus, with as much as 70 percent of the crop
going to export markets, there were obvlous balance of paywent consideracions.

The exemptlon was granted, provided that pea growers and the pesticide
industry {wicth assistance of EPA and unlversity sclentists) would launch a
scoutlng program designed to monitor and reduce the amount of DDF releaged
into the environment, .

Operationally, the weevil scouting Jnvolved 3ffting soil and young pea
shoots from sample rows and counting wecvils, Aerlaj scraying of DDT was
limited to filelds or parts of fields, where the weevil count per plant -
exceeded a predetermined cconomicaily crictical threshiold. By this procedure,
scouting records were available to dectermine which Eieclds should be sprayed.
Oniy about 12 percent of scme 89,000 acres surveyed were certified for
spraying.

The scouting program provided protection at rinimum spray cosis to che
farmer and, at the same time, afforded an opportunity for further testing of
three chemicals -- mechoxychlor, Imidan, and malathion ULV -- which had shown
some promise ags alternatives to DUT. Othar possible alternatives to DIT were
tested fn 1974 as well., 7This was accompiished on a matching fund basis with
the Washingron and Idahe Pry Pea and Lenti)l Commissien, USDA, and EPA each
supplying parclal funding.

The program subsequently establisbed that Imidan and methoxychlor are
viable substitutes for LDT., They are now registered and are being employed
during the 1975 growing scason. Further match~funding research for DIT
alternatives is belng conducted during the current fiscal year in order to
explore cther chemical and biological contrel possibilities.
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FOREST USLES OF DT

HISTORY OF USE ON FOREST PESTS

Among the many Insect pests which prey upon Nerth American forests, two
groups account for the overwhelming mejority of tree losses: defoliators,
and bark beetles,

In the discussion which follows, major attention will be given to de-
foliating inscets, since hark beetles, bacause of the locatinn of thelr
attac..s, are not amenable to control by mass spraving methoeds., While the
discussicn 1s intended to generalize about defoliators, it iy recognized
that except'ons are common and most of these ar: noted for the three major
pesis discussed, '

Bark bectles

Several specles of bark beetles abtack numerous forest trec species,
especially conifers. Adulr beetles typically penetrate the outer bark,
laying eggs in or ncar the scoft Inper bark which hatch into feeding larvae.
The larvae consume the inner bark while protected by the outer bark, often
girdling and killing the tree. Several species of bark beectle attack :
already weakened or dying trees and are considered secondary pests. A few,
e.%., the gouthern pine and mountain pine bectles, may become primary
killers when epidemic populations develop. DODT -has never been an lmportant
centrol agent for bark beetles, :

Defollators

The ovcerwhelming majorfty of forest trec defoliation results from the -
attacks of insects in two orders: L-pidopécyy, mostly moths and a Few but=
terflies; and Hymenoptera, principally sawflies.

The larvae of Jefoliating moths and sawflies feed on the ncedles and
leaves of many important trees. During the perlod 1945-1972, efforts to
control defoliatlng forust pests were mounted on nearly 30 million acres of
US forasts. On almost 95% of this area, control cfforts were directed at
four defoliating moths: the western budwoym; gvpsy moth; apruce budworm'
and Douglas Fir tussock moth {Sartwell and Alligood, 1974},

The populacion dynamics and feeding patterns of thewe moths make them
Ideally suited to control by aerially applied insceticides.. The typical
pattevu of population development is for the insect to mafntain endemic low
levels of population for neriods of several vears, then for reasons yot ua~
known, to deovelop epidemic nuwibers, usually in localized arcas which may
persist for 3 vears or longer. During the epidemic popularion phase, the
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larval stage feeds on the foliage of host trees in large numbers frequently
causing complete defoliation In a matter of weeks, The emergence of the

lacvae of most gpecies i3 timed to coincide with the production of new foli-
age during the late spring and early summer., New foliage 1s usually consumed
first. In most cases, the larvae complete their growth at about the time .
defoli.tion is complete, They then change to the pupal stage for a period of
one or more weeks emerging in summer as adults, completing the life cycle by
reproduiing and laying eggs.

During the outbreak phase, epldemic attacks are usupally quite localized.
However, migration for some distances is possible during both the early
larval and adult stages when insects may be carried long distances by pre-
valing air currents (adult female gypsy moths are flightless). The gypsy moth
may also be distributed into new areas by the transport of cgg masses on
recreation vehicles. Adult moths scek out any convenlent protected surface
and frequently attach their egg massecs to camping vehlcles during late June.
Thus, new localized outbreaks may cccur many mlles apart expanding in size
over succeeding years of population buildup. Because large numbers of in-
sects are concentrated on relatively small areas aerial detection 1s quite
often possible, Since the timing of egg hatching and larval fecding can be
predicted, foresters are able to anticipate the timing of control sufficiently
in advance to plan aerial spray coantrol efforts. Egg hatching may vary over
several weeks in a given attack arca. Since the purposs of control is to
reduce the amoimt of defoliation and prevent epidemic buildup, the applica-
tion of the inmsecticide must be carefully timed to achieve the highest pog-
sible mortality of feeding larvae, The most severe defoliation (as opposed
to damage) occurs during the last 2~4 weeks of the 3-8 week larval stage, It
is, thus, easy to understand why persistent pesticides, such as BDT, have
been favorite control toola, Larvae from late hatching eggs can be controlled
even after the time of application.

Use of DDY prior to 1972 !

DDT was velled on almost completely for comtrol of defoliating insccts from
1945 to 1958 . During those 14 years more than 20 million acres were aerially
aprayed for the coutrol of some 22 diffecent defoliating pests, Four of these
pests accounted for nearly 90% of the neariy 30 million acres to which insec-
ticides have been applied for the period 1945-1972 (Sartw:ll and Alligood, 1974).
Table IIID,29 presents the acreage breal.down by chemical agent, showing PDT was
"applied to more than 88% of the total.

" Table IIID,JO presents the 34 forest insects requiring control efforts during
the period 1945-1972, Three of these, the western and spruce budworms and the
Pouglas £ ir tussock moth, attack various species of spruce, the true firs, and
Douglas fir. The gypsy moth attacks a wide varlety of trees, feeding most
heavily on oaks. This moth was introduced at Medford, Mass. about 1869, by a
French naturalist who had Intended to cross 1t with the silkwerm, Dduring the
next 40 to 50 vears, the moth spread gradually throuzhout most of New England
and by 1973 was causing extensive damage in these states as well as New York,
Pennsylvania, and New Jersey (US Foreat Service and APHIS, USDA, 1974},
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Table IIID,29

Materials Aerfally Applied to Suppress Forest Ingect Populations

US Total 1945-1972

Material Atea Percent

(1,000 acrenr) of Total
DT 25,713 88.1
carbaryl 2,187 7.5
mexacarbate 350 1,9
malathion 380 1.3
fenitrothion 222 0.8
trichiorfon st 0.2
Douglas fir tussock moth virus 16 -
Gardona8/ _ 14 —
lead arsenate 9 -
mechoxychlor 7 —
phosphamidon 7 e
Bacillue thuringiensis 5 -
dimethoate 2 -
propoxur 1 -
Glant Basin teut caterpillar virus 1 -

Total 29,165 - 100.0

a/ Trademark, Shell Intermational Chemical Co.

Source: Sartwell and Alligood, 1974
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Table ILID.3D

Forest Acreage Sprayed for Particular Pests
US Total 1945~1972

LTy

Insect Atreagé Percent of
' (1,000 acres)a/ Total
Western budworm 12,8146 43.9
Cypsy moth ' 12,324 42.3
Spruce budworm 2,113 7.2
Douglas fir tussock moth 724 2.5
Pine butterfly : 255 0.8
Pitch~pine looper _ 239 0.8
Fall ecankerworm " - 132 0.5
Jack-pine budworm . 123 0.4
Western hemlock looper 104 0.3
Saratoga spitclebug 102 0.3
Great Basin tent caterplllar 54 0.2
Pine tussock moth 41 0.1
Elm spanworm ' 2 b/
Blackheaded pine sawfly 18 b/
Western blackheaded “wdworm 16 b/
Redheaded pine sawfly 14 b/
Saddled prominent o 14 [Y;
Lodgepole needle miner 13 b/
New Mexico fir looper : , 10 b/

- Pine reproduction weevil 6 b/
White fir needle miner 5 b/
Grasshoppers 4 b/
White fir sawlly 3 b/
Arkansas sawlly 2 b/
Eastern hemlock looper 1 b/
Fall webworm 1 b/
Forest tent caterpillar 1 b/
Larch sawfly 1 o/
Loblelly pine sawfly 1 T/
Lodgepole pine sawfly 1 Y
Southwestern pine tip moth 1 b/
Utah cankcrworms 1 b/

- Virginia pine sawfly i b/

" European pine sawfly - i
Total ' 29,165 100.0

ot i -

al These figures may not represent actual acreage, as the same land may
have been treated more than once in different years.
b/ Less than 500 acxes or 0.03%, o

Source: Sartwell and Alligood, 1974,
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The most serious effect of defoliation, usually resulting from several
successive years of attack, ig the outright killiag of the host trees.
Less obvious but extensive damage also occurs from partial defoliation which
often results in top killing. Damaged trees suffer reduced growth and
vigor making them subject to later mortality {rom »tier environmental
agents, especlally bark beetles (Nickman et al, 1¢73). In general, the
softwoods are less able to withstand repeated defoliation than hardwoods,
Two to 3 years of neariy complete defoliation usually results in the death
of conifers while hardwonds may withstand as many as & or 7 constcutive
years of heavy defoliation (US Forest and APHIS, USDA, 1974).

The development of extensive control efforts sioce World War II was
made possible by 1) the availability of DBT, a persistent bread spectrum
insecticide, effective as both a contact und a stomach agent; and 2) the
use of aircraft for rapld detection of attacked areas and for rapid, broad
scale application of this inexpensive chemical, (Gypsy moth detection re-
mains heavily dependent upen ground sampling techuiques which inelude ogg-
mass surveys and scx pheromone baited tvaps.) Due to reliance upon aerial
detection lower levels of attack not vesuiting in visible defoliatlon may
go undetccted during the first year, This has meant that insects have been
able to bulld up to epidemic proportions before discovery aud effoct con-
siderable damage before rontrel can be accomplished. 1t has been observed
of many forest insect pests that periodic epidemic outbreaks often run thelr
course In a period of 3-5 years (sometimes longer) In Lhe absence of controls.
The caduses for the collapse of epidemic populatians are not fully understood.
For example, studies of the Douglas {lr tussock moths have identifficed a virus
disease of these f{ngects which may be responaible, Ein combination with star-
vation, for the alwrost compicte ~ollapse of large populations in a single
year {UUS Forest Service, 1975), Since past control efforts have usually
been fiounted only when cpidemic numbers are detected, it appears that mas-
sive spraylng programs may have been delivered on the target pests doring
the decline or collapse phase of the cpidemics (Wickmun et al, 1973), <Cun-
sequently, 1t has been very difficuly to assign easily measaved benefits to
these control prigrams,

During the last 10 years, research has been intcnsified to fmprove
forest manag:rs' Lechniques of pest contrel. Several aspects of the control
problem have teen artacked with limited success. Earlier detection of Incip-
fent cpidemic outbreaks s now possible through the uuse of synthesized sex
attractants, rvecently developed for the gypsy fioth. They arc uscd to monltor
inscct population levels, helping te identify arcas of potential bufld-up in
inscet numbers. To additi{on, cxperimental use permits have been issued the
US bepartment of jAgriculture for the aerial application of & synthetlc sex
phoromone atcractive to the wale gypsy moth. Large acreage applicatlons,
following carlter small plot trials, are being made te substanciate the find-
ing that rie presence of the pherorone resules in confusion of the male.

This ¢onfusion impalrs the male's ability te locate a virgin femate and re-
sults in reduced mating success. Other preblem arcas being researched [nclude
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the developmen: and wide scale productfon of disease causing agents specific
to target pests; fdentification and rcaring of parasithc or predacious in-
sec.s which, 1f successful, ¢an bo introduced into target populations; and
develorment of chemical insecticides having short residual life and a mini-
mum of unwanted ecological effects.

Reproduced from
Alternative controls best available copy.

During the period 1945-1958 acrial spraving efforts to control defo~-
liating insects relied almoat rexclusively on DDT (Table II11D,31), but
included two minor applicatigns of lead arscnate (9,000 acres, 1945) and
malathion (4,000 acres, 1957). Of the nearly 26 million acres of DDT appli-
cations which anded in 1967, 78% occurved priov to 1959 (Sartwell and Alli-
good, 1974). In 1959, there began a major shifc to carbaryl and other agents.
Use of carbaryl has risen gradually over the years as the usa of DDT was
phased out by 1967. The last major application of DDT was in 19874 for the
control of the Douglas fir tussock moth, under an emergevey exemption granted
by EPA, March 5, 1974, In the face of a large and apparcently expanding epi-
demic of these insects and lacking any registeved substicute coatrol, the
US Forest Service, together with the Scates of Oregon and Washington and
private landowners appllad DDT, at the rate of .75 lbs/acre to approximately
430,600 acres. Erxperimental fests of lower application rates for DDT and
tests of other control agents were also conducted, as directed by EPA (IPA,
1974b), :

Four othier chemfcals have beern used with varying success: malathion
(extensively, 1963-1956): mexacarbate (Zectranl/), used in toker amounts until
1972 when 500,000 acres were sprayed; fenitrothion (1968 and 1970) (Sartwell
and Alligood, 1374); and trichlorfon (US Forest Service, 1974 and 1975).

The decline in DDT usage was coincident with fncreased rcelfance on
several more cuvironmentally favorasble control agents. Table IIID.32 shows
comparisons between DDT and the major alternatives, Malathion was also used
on exteasive acrcage,

In a final environmental scatement for a proposed spruce hudworm sup-
pression project, the US Forest Service summarized the findings of five
studies on the efficacy of malathion against the spruce budworm, It was con-
c¢luded that "malathion can be used safely in the environment and that it will
have no slgnificant effects on man or other animals when sultable aerial
spraying precautions are taken., However, malathion has not demonstrated con-
sistently satisfactory control at the registered dosage.". Use of malathlon
on forest pests has been minimal in recent years (US Forest Service, 1974},
0f the six alternatives (some of which are not currently registered for con-
trol of fovest dafolistors), four arve chemical i{nsecticides: carbaryl,
mexacarhate, fenfcrothion, and trichlorfon: and two are blologlical control
agents (Baeiliue thuadingiensis and Polyhedrosis viruses). Bioethanometlrin
and resmethrin synthetlc pyrethroids also have shown promise as controls for

1/ Tradcname, Dow Chemical Go.
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Table IIID,.31

Foreat Avea {1,000 acres) Aerially Sprayed with Insecticides in the United States

Year obT c‘r'b{nryl Haxacar= Mala~ Fenitro~ Trichlor~ DFTM Bactllus | Othert/ Total
bate thion thion fon virusd/  thuringiensis |
1945 7 —— -— —- -— — — —- 9 16
1846 &4 — -— — —— _— — — — 64
1947 533 -— — — — — — — -— 513
1943 28 — — —_ — -— — ——— ——m 218
1945 £61 _— —— m—— — — _— —— — 661
1950 1,548 — — —— -— _— — _— _— 1,548
1951 1,105 - — — — S — — — 1,105
1952 880 S —— — -— _— —— _— —— 882
1953 700 —— — -— — — _— —— -— 730
1954 1,733 —_ -— — U — —— — --- 1,733
1955 3,653 — — o—— — — — —— — 3,653 .
1956 2,306 -— -— -— — — — - _— 2,306
1957 4,393 — —— 5 -— — — — - 4,902
1958 1,773 — _— _— — — — — ) 3 1,774
195% 216 g6 — 3 —— — — -— 305
1966 430 L ¥} — 1 — — & — 4 450
1961 218 29 -_— 5 — —_— - — i 259
1962 1,552 3 — — — — —_— —— — 1,621
1963 2,074 130 — — — — 12 — 26 2,236
1964 632 9?7 - — — ———— _— 2 2 733
1965 363 3 —— — — — — 1 )3 599
1968 -—— 275 5 ——— —— — —— — — 280
1967 100 203 3 - — - — — 1 307
1568 —— 0 7 10 19 39 ——— — 1 263
1969 _— 95 1& — — [} - — — 10 137
1970 - — 233 — 12 212 3-8 — — 3 -1-%
1371 — 190 .19 — —— —— -— — 1 410
1972 — ) 132 500 — — 3 — 2 2 673
1573cf -— 47 504 22 — 12% —— — 2 T00
197.cf 240 91 469 11 — 77 — is 4 907
Total 25,944 2,328 1,523 . 268 32 25% is 0 &8 3,63%

af Douglas fir tussock moth virus,
b Trichlorfon, Lead Arsenate, Mathoxychlor, Phesphanidon, Dimethoate Propoxur, GBTC Virus, Cardona
. {Trade name, Shell International Chemical Co.).
ef These figures are for fiscal years 1973 and 1974. The DOT applicatlon for the Douglas fir tussock
, outh extended into FY 75, covering a total of about 430,000 acres. '

Saurces

Sartwell and Afligood, 1974 (calendar years 1945-1972).
t$ Forest Service, 1974 and 1975 (Ffiscal vears 1973 and 1974},
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Table TIID.32

Comparison of DDT and Alternative Controls on Major Forest Defoliating Insects

boT Carbaryl Mexacarbate Baeillus . Polyhedrosis Fenitrothion Trichlorfon
thuringiensis Virus
Registration
Spruce oudworn No Yes Yes gpa/ No Yes Ko
Gypsy moth Ko - Yes Yo Yes No No Yes
Tussock moth Xo o - Xo Xo EPa/ No No -
Availabilicy NAab/ Limited Unavailablec/ Good Limited Limited Good
Persistence Several 2 weeks 2 days Several days da/ 2 weeks 1 week
vears to 2 weeks
Chemical cost
($/8) $1.00 $§1.50 $1.68 $9.00 Unknowng/ $1.10 . $3.38
Total costf/
{5/40) $3.00 $3.50 53.68 $11.00 $3.10 §5.38

a/ EP - An expericental permit has been granted by EPA.

b/ Montrose Chemical Co. produces DDT for export purposes.

¢/ Dow Chemical Co, was the sole producer of mexacarbate (Zectran - registered trademark). The product is no
longer produced due to the limited market.

df Virus persistence and spread is depeadent on biological and enviroamental factors.

e/ The virus is in the developmental stage.

£/ Total cost includes the application cost assuned to be $2/A. This assumes maximum economies of scale in
larze area applications. Smaller areas require higher per aecre application costs.

Sources

Registration: Registration Division, Office of Pesticide Programs, EPA.

Availability:  Hofacker, 1975,

Persistence: US Forest, 1972a, ard NHortheastern Regioual Pesticide Coordinators, 1972,
Chemical Costs: The Charles H. Lilly Co., 1974.



tussock moth but much further testing of formulations and application tech-
niques must be done (EPA, 1974a),

The shift from DDT to alternatives can be characterized by a changeover
to non-persistent control agents. DDT is very broad spectrum, affocting
many non-target fnsects and other organisms. Carbaryl and fenitrothion are
also broad spectrum to a degree but their low persistence allows nontarget
specics to precover to near normal levels in a short time (US Foresr Serv-
vice, 1074}, :

Problems

At present, no one alternative is registercd for all three major forest
pests. There are currently no registered products available for wse agalnst
the tussock muth, although an experimental use peymit has becn tssued for
polyhedrosis virus. OF the alternative controls, only mexacarbate {s now
unavailable. Dow Chemical Company was the only manufacturer and ceased pro-
duction in 1972 due to the limfited and highly uncertain market for the com-
pound. Carbaryl and fenftrothion are available in limited amounts due to
allocation rograms following the shortages of many pescicide compounds in
the previous two years. 4Ocher biological controls are essentially in the
developrental stage and 1t is doubtful that commercial quantitlies would be
availeble for widespread use if nceded on short notice,

BENEFITS OF CONTROL

The benefits of coutrol are entirely dug to wreventing or reducing the
loss of living trees. Primary losses result from reduction in commercial
wood supply, loss of valuable esthetic trees, and major clanges In some
ccosystems.,  Secoudary losses result from disruption of normal harvesting
of timber and management of foregts, as well as the consequent cconcmic and
soclal logses oceurring to the dependent communities, These and other Insses
are discussed further.

Timber losses

The most obvious impact of epidemic defoliaticn is the killlng of com-
merclally valuable trees. Areas attacxed may suffer losses varying from 5-
100%. Individual areas may vary from a few to several hundred acres, Sal-
vage of this killed timber {8 often feasible where sufficient quantities
per acre are harvested, providing the harvest occcurs promptly after death.
Prompt salvage of all killed cimber £s almost never posdible and recevery
may be limited to 507 or less. There are several reasons for this., Many
arcas requirlog salvage are inaccessible untl]l roada are huflt to serve then.
The economics of harvesting is closely related to the amount of wood har-
vested per acre. Harvesting of small volumes per acve where mortality is
light {4 uneco~omical particularly wheove new roads must be builc. Where
large volumes are {nvolved, but are scattered or patchy within a single
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timbershed (area serving a processing center), the time required for malor
“ilvage may exceed the durable 1life of the dead timber. In northern timber
areas of the United States, where the most serious epldemics have occurred,
treces usable for sawtimber may remain salvageable for up to 3 vears. In

the south most dead trees have lost salvage value after 1 year. Trees, in
the north, salvageable for pulping may last for 6 or 7 years for some
species. 1In all eases, there is a gradual deterioration in value over time,
In many cases, the delayed morrality of trees initially weakened by partial
defollation, further increcases the amount of unrecovered loss.

A less obvious, though possibly as serious a loss, may occur from the
reductcfon in growth rate in many young trees not killed. Repeated defolia-
tion, even partial, reduces new wood Formation during the attack ycar and
for several subscquent vears., Where repeasted partial defoliaction affects
wide areas of poorly stocked stands, the loss represents a sizable reduc-
tion in forest productivity and becomes serlous where young, immature stands
are atfected,

Disruprion of haxvesting and management

As indicated, the costs of harvesting dead or injured trees is usually
considerably higher than normal harvesting costs. Combined with this is the
continued deterleration tn the value of the salvaged wood. At scme point
these combined losses excced the value of the wood delivered foi processzing.
The pace of harvest is necessarily limited by the processing capacity within
hauling distance of the affected forest and/or the pace of road building.
Where processing plants run continuocusly on raw material from salvage oper-
ations, the quality of their product {s neccssarily lowered. Marketing this
lower quality material may seviously affect the profit position of the mills.,

The saw and pulp milis may be required to run at an accelerated pace,
requiring addit{ional labor for iLhe period of salvage. This may result in
overtime payments to regular workers, :znd possibly the importation of workers
for extra ghifts. A short-term stimulacing effect on local employment and
business may follow; however, a long-term reduction of timber supply can
result In future curtailment of cconomic activity in these communities.

Disruption in the management of & forest property results in both short-
and long-term effects. An epldemic insect attack may require that all man-
agement personnel and equipment be fnvolved in control efforts., Other nor-
tmally scheduled activities such as timber sale preparation, tree planting,
and fire suppression are temporarily suspended. The consequent orgunization
of salvage actlivitles further interfcres with the conduct of norma) wanage-
ment functions. Extensive areas of dead and dying timber also increase the
hazard of cexplosive, highly destructive wild fires. The threat of catas~
trophlc less from wild fire may continue for several years requiring addi-
tional equipment, personnel, and preparation. Layout and conatruction of
access roads to gffect salvage oi killed timber will require extra efforts
and personnel during the period of salvage.
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Long~term effects on systematic management of forests are more subtle,
Forests, fully organized te provide a sustained level of annual harvests,
require a fairly even distribution of arcas in progressive stages of growth
from seedlings to mature trees. Very few forests in the United States,
particularly in the West, have yet achieved this degree of orgarization,
Ynder an ideal Forest organlzation, areas to he harvested in a given year
would consist of one or a fow csizable blocks of timber which could be har-
vested with a minimum of new read bullding or maintenance, Waere Lnsect
attacks result In widely scattered, small areas of fiquidated forests re-
placed by new established stands, future management efforts, including
eventual harvests, are further complicated and correspondingly costly. Aside
frem these complications, the overall management of the forests may be dis-
runted seriously only when these attacks result in an ovorbalance of young
stands in relation te juvenile and mature timber. Many, if not most, of the
western forests, particalarly public forests, have a serious overbalance of
mature tlmbetr. Accelerated harvest and replicement of older stands ou these
foresta results in accelerated forest growth by replacing old, slowly growing
forests with young ones, Te¢ the extent that this condition exists, the future
productivity of these forests may, in fact, be Increased rather than decreascd,
Thus, it is entirely possible that, provided locallzed timber losses are of
principally mature timber and are not oo severe, tle dependent mills and
local communities may suwffer little if any long-term loss {u stabilicy.

2ffects on other values

The effects on wildlife from epidemic losses of timber are directly re-
lated to the patterning of timber kills, Extensive arcas of killed timber
which ts later salvaged, will provide a new hablitat of low vegetation attrac-
tive to grazing animals ard the smaller herbiverous forms. To the extent that

. this habitat has been scarce, it may provide a wrip attractlve food source for

soeveral big game specles, These aveas would likewlse providce increased range
forag.: for livestock whers this is an impertant forest use.

Watcershed values are particularly {mportant in western mountainous
forests., Much water useful to man is derived from foresrced watersheds. This
yield of water is heavily dependeat wpon the accumulation eof saowfall during
the winter months. It {s well established thae clearing or partial clearing
of timber increascs the accumulation of anowpack and consequent water yield
fronm watersheds. WHowever, these increased water yields may be delivered
through snowmelt resulting in Increased ficoding and damage. The effects of
clearing and Increased snowpack on the dry scason (summer and fall) water
yvield {s less clear. Wheve watersheds have been cleared extensively, there
appears to be a redeccion in dry weather vield of water. Where cleating is
patchy and partial, it is possible thuat the total yield of usable water may
be increased without serious loss of dry secason flows,

The losses in esthetic values from defoliation, temporary or permanent,
i3 felt most heavily in developed recreation areas and homesites. Loss of
shade and visual beauty during the summer months may reduce use and enjoy-
ment. These effects have been pavticularly serious in castern states

[
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attacked by the pypsy moth and occasionally by the spruce buiworm, Fortun-—
ately, recreation arcas are generally accessible, frequently visited, and

as a consequence, usually recefve early control eofforts to rveduce losses,

Tn this connection, there are additicnal effects from the attock of both tus-
sock moth and the gypsy moth. Since these pests attack heavily during the
vecreatloa season, their presence ls distasteful to visitors aad the larvae
may cause sllergile reactions in some people. Workers on the carliest salvage
of tussock moth~killed timber are also hindered by this nuisance.

Measurement of benefirs

EstImates of the expected benefits from contrel have been made for a
number of recent contrel projects and are incorporated in the environmental
impact statements, However, these estimates are very difficult teo document
since little serious cffort has been directed ar evaluating the impacts of
past epldemic fosect attacks. As indlcated, the nature of damage is highly
varied and the exteat of damage may be serlous in a given situation.

Egtlmates of the timber damage prevented are uncertafn for a number of
reasons, The effects of man’s efforts to control opidemic fnseet populations
is compticated by hig inability to predict the develonpment or collapse of the
pust populatlon. As deceribed, the stage of jnsect populatlion developument or
possible spread has in many cases defied our best efforts at prediction. The
widespread [vcldence of the virus discase of the Douglas fir tussock moth has
been assoclated with the onset of the Jeel lne phage of an outbreak. MHowever,
other factors not vet understood also secm to contrlibute to botl the spread
md the colrapse of e¢pldemic populations.

Tree mortality as a result of defuliation {s semewhat predictable withlne
wlde confidenc. llmits. The poessible recovery of Lrees from multiple years
of defollation appeasrs to be hilghly dependent vpon the weather patterns of
succeeding yvears, When attack~free years following Lhe first or second year
of defollatinn ave charscterized by mild temperatures and ample molstura,
tree recovery tayv be the rule. However, Inftial vecovery mav leave trees In
a condition of reduced vigor, making them susceptible to attacks by secondary
pests especlally bark bectles (Wickman et al, 1973). Thus, mortality over
several succeeding years mav be higher than would be truce ip nonattacked
stands.

Reductions In growth of {mmature stands through partial defoliation may
be only temporary, VWhere this is combined with scattered mortallty in dense
stands, the surviving trees may experience stimulated growth In succeeding
years equal to or oxceeding the grawth of nonatiacked stands (Wickman and
Scharpf, 1972), Thu., the prediction of prowth loss becomes highly complox
and dependent in part on future wealher patterns,

Lvaluation of higher harvest cost losses due to salvage activity

together with the reduced value of products can be more caslly estimated
onee the extent of galvage has been detormined.  Once agaln, the orderly
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progress of salvage activicvdes, in part weather«dependent, must be assumed
in order to estlmiate the maximum amount of salvage from the total vecovery
program. The impact on local communitien providing the idbor for proces-
skng plants can be estimated given certain assumpiions concerning the mar-
ket, salvaged material, and the extent and duratfon of the sajvage program.
Since markets for wood products, especially lumber, fluctuate widely with
the prosperity of the housing aml constrvction markec, the satability and
price of these products determine the level and stability of employment in
these processing plants, To date only limited efforts have been made to
estimate these employment cffects dircetly traceable to epldemic insceg
attacks and consequent salvage operations (USFS and APHIS, t974: EPA, 1974b).

The offects, both short- and long-term on forest menagement have boen
deseribed.  Ho known effort has beesn made to quantify these effects (MeCay
and White, 1973}, :

Measurement_of other values

Very litele effort Is directed to cvaluation of (nscet opl  mic attacks
on wildlife, watershed, or esthetic values. The Forest Service, Regions 1!
and IV have attempted to evaluate the impact of past epidemics of defoli-
ating inscets ‘o the {nter-mountaln vegion on losses to recreation, wildlife,
and timber valucs. The value of residential properey losses has been esti-
mated based on aumber of trees, expected morgalicy, ot size and value (McCay
and White, 1973). ' : '

In arder Lo provide additional informatfon on the benefits of contpal of
the tussock and gvpsy moths, a study has been funded te evaluate benefits of
DT and other controls of chese two pests,  This study is conducted nnder an
EPAJUSDA fnteragency agrecrent at a Jevel of cifort of $320,000, is now
uaderway and wlll be completed {n 1977, It is cxpected to shgnificantly add
to-the other rescarch USPA/FS 1s doing in the arca of costs and henefits of
contruol of forest Inscct pests.

FEDERAL POLICY. ON USL _OF PERSISTENT PESTICINS
US Bepartment of agricultuie

In 1&]634, the Secretary of Agriculture issued a memorandum urging dis-
conthinuatfon of use of persistenat pestictdes (U'SDhA, 1964),  The exnregsed
concern for cavironmental effects was particularly directed at the wide-

spread uie of BDF,

Over the aext 4 vears, the Forest Service was avtively testing a number
of substituts chemleals, while attempting to phase out the use of DT, In

P L T,

1/ Reglon 11 includes Soutn Dakota, Sebraska, Kansas, Colovado, aond part of
Wyoming., Regloa IV [nelwdoes Nevada, Ctah, and parts of Wvoming amd Bdabhes
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1969, the Secretary of Agriculture issued Memerandum number 1666, (USDA,
1969) directing that persistent pesticides will not be used except when
ne alternatives are available, Tt also dirccted thac pest control actions
enphasize the use of {ntegrated pest management strategies and, where
chemical pesticides were requived, thoy sheould be nonpersistent formula-
tions. The Cooperative State Rescarch Service was divected to cncourage
research on sonpersistent pesticiies and bilologlcal controls.

In 1973, the Secratary of Agriculture isswed a replacement memorandum
for the 1969 policy statement. This memcrandum repeated several policies
enunciated circlier and {urther emphasized the Department's dedication to
rescarch into offective biological, cultural, and lntegrated pest control
materials and methods, It also pledged the Department to cooperate with
ather publis and private organlzations in the development and evaluation
of pest contiol materials and methods, assessment of benefits and potential
hazards in control operations, monitovring for pesticide resfdues, and dis-
semination of pesticlde safety informatfon. [Repartment users of pesticides
were strongly urged to heed label directlons and excrcise comstant care in
pesticide application, storage, and disposal for the protection of people,
avimals, and our total environment (USDA, 1973}.

The US$ Forest Service has been involved in most forest pest control
activities cenducted by states or private owners, The Forest Pest Contrel
Act of 1947 (16 USCA Scetlons 594 et seq.), administered by the Forest
Service, Instituted a pregram of surveving pest hazards and provided fifey
percent cost sharviug for contrel of {i-ect pests on state and private own-
erships. This program enabled private owuers and the states to participate
in control activities at the reduced costs made po»qiblc by large scale
control operations.

Us Department of the Interior

Several of the Services and Bureaus of the Department of the Interior
are concerned with management of wild lands, management of water resources,
or both. In 1964, Secretary Udall issued & policy memorandum discontinuing
use by Department agencies of chlorinated hydrocarbon pesticides. In 1970,
Sccretary Bickel igsued a more comprehenslive policy statement, Attached to
this statement is a list of prohibited chemfcalys and another list of re-
stricted control apgents., No agency of the Department was permitted to use
any pesticide on the prohibited list, including DOT (USDI, (970).

Thus, by 1970, th- two Federal departments which had major responsi-
bilitiea for land management and concern fe¢r water quality had discontinued
or severely restricted the use of nersistent pesticides, inctuding BT,
This was two or more vears prior ta the EPA erder concelllng mast uses of
DUT. Thus, these fssues were not addressed by the cancellation order,
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Conclus fon

DDT was widely used agatnst defoliating forest insects through the
mid-1960"'s. MNowever, both USDA and USRL discontinued use of DBT and
ciher chlorinated hydrocarbon Insecticides, as a matter of policy, by
the late 1960's beocause of conceru For environmental effvects. There
are registercd altematives to DDT for the spruce budworm and the gypsy
moth, but none for the tussock moth.

An experimental use permit has been issued by EPA for use of Poly-
hedrosis virus against the tussock moth. EPA also authorized emergency
use of DDT against this pest in 1974,

Benafits of control of forest insect pests by alternative mcans
have been evaluated to some extent but further evaluation is in process
via a study under a USDA/EPA fateragency agrecement. This study is
scheduled to be completed by 1977 and will enhance our ability to
quantify these berefits.
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ERVIRORMENTAL PROTECTION
AGERCY

i1 P. & B. Docketa Mos, 87, etc |
CONSOLIDATEG DDY HEARINGS

Ogpinion and Order of the
Adminhtrgtor

Published herewith s my opision and
otver taued June 14, 1972 goncerning
the yagistrations of products rontalning
e naecUclde DDT.

Done this 30th day of June 1471,
WitLiam D, RUcKeLaNaTs,
Administrator.
grxvwva Inpustairs, 1sc., BT At
OFINIOH OF TIIE ADMINDATRATOA

e Favi Protecuion
Afam: In re: Buvera Industries. tne, ot

iConanlidated DOT Heatlogs), 4+ 3. & R
Docltot Ho. 63 ¢t 0.

Tuls hesting represdnts the tulminstion
of approsimetely 3 years of Intensivs ad-
ministratlve ingquiry tnto the uses o DOT,
Pary I wta forth the baekground of thess
protesdings and Pant 1L cobtsing s discus-
00 of the avidence ahd faw o d my factuc
conclutiond. I am pertuaded fol restons et
fori 1o Part 1L of this opintonr that the
long-misgs rikt of coutinued use of DOT
for um of cotiun and most other crops 1
unarcepisble snd outwsighs any Lencfits.
Cw«ualton to' o unes of DDT for crop

S04 » S0hesitn puToses 15 here.
br reufdrmndd ang will becoms elfective Des
cembet X1, K72, 19 accofdance wich Purt ¥
of v opinion and the sccompanying -
der, #xcent thab certaln use, ful green pop=
pers, oulons, and gwet potatoes 1o storage
may tontince on terme aGd condilions st
forth In Purt ¥ of this oplnion and the se-
tOMmpAnTINg order.

1—A. Background. DUIT s the famiiiar
abbraviation for the chemiesl (4.1.0.(Nchlo.
ropheayl ethanei. which a8 fOF rnanf Faa. %
the most widely vaed chemical pasticide In
this countsy. DDT's Instcticidel propertiey
were oripinslly diccoversd, spnparentiy fr o0~
<Wdent, In 1938, and duing World War 1 1L

1A
APPENDIX

was wsed exiensjrely for typhus oontrol.
Binos i85, DDT has been und for genaral
tantrol of nosquttost, bolt wotYl Inferts-
ton In cotion-gruwing areas, acd & Tariety
of oiher uben. Teak use of DDT cocurisd atb
the #nd ol the I030's and prevent domettin
we of DOT 1n vaHous formulaticos has
bten stimated at 4000 fons per Fear! Ace
cording 1o Adaotiszion ¥ af the recond, wp-
proztnately @5 prrcent of IRITTIN pouncs
of donwsticaliy used DDY W applled to cots
ton crors. The smw sdmision indicstes
tha mm puoubidy snA $I1EDL pounds. of

ybhoyp t ang ¢ percent of
tlu o iutm"lﬂlu‘l oY 31 of the patitiorery
2 Ahess haritgs nre naed respectively on
saybean shid peanut crops. All other usot of

Ahe 10904104 pounds amount 1o 133813 of

1he totel, or Ut over 1 percentt
Counsel for the Agrucy hos calied to our
aitention publicstion of Lhe Lieparthvent of
Agricuiture, The Perucios Review of 1971,
whlch ssbirates “p domestlo dUaDpearants”
rats of 4461000 pounds for DET tn J870.
Sce p. 0. The motlon o incorporete this
pubiication is granted, as I the molion b?

13068

P. Statrment of the cose. This haaring i
the gnal stage of formal admiatstrucive re-
viow s Thirty-0ne ey etratis bave challenged
18 0F 1he canctitd vees of DDT and 1t mes
tanlite, TOE* Thewr uats of DDT Include
spplicAUIons 0 ctALon fAslds K0 Sonlral the
ball weevil and bollweras spplications
Yarlous wvegelable ¢ropa, and & verety of
Iewaer uses tn public programa. The cuw o0
canceliation had been presented by oounset
tor the Frillcldes Othes of the Environ-
mental Proteclicn Agency and sitorneys for
the FProvirontosnial Detenss Fund wiach i
Al ntervenof. Thhet paruea inclde ElL
LUy & Co, which heid & DDT regiatmation
for “topoctde,™ & prewcripilon drug? H. P,
Canton & Bol, B user of DDT® and repre-
stntatives of the chemical manuwscturng
Industry and vatfous wiidlife groups*

The teotimony and sshiblie cover In o=
havstive fashich sl sapecis of DEY o crhemi-
cal and toxicological properiiss. The avidance
of secord. however, 13 ot 80 extenalve £on-
cHNlng the barefite from usiog ODT, snd
mont of I Bes Yeen directed to the major
uie, whicth W on ¢otlon cropa™

mgistrants to suwppl t the
tnfrs. T do not bLelleve, hawsver, that tM
Praticide Heview Bgure can be accepied, on
iy tare. withoul furthee s#xplanetion. Since
the resait [ reach today would, it rnything,
ohly b telnlorcdd by the higher Agure. I
e no need Lo remand.

Por the above uers it appeard thet DDT s
old lo four ¢iferent formutations; Fmyla-
fiabls spreys; dust; wettable powded; wnd
granuler form.

Publie concetd over the widerpresd v of
praticides waa #tirved By Rachel Corson's
book, “Bhent Spring.” snd & natursl oute
growth waz the | Igation of Inte popul

DDT not canceivd in 1009 wete canceled.
PRt Notics T1-1. And o0 Mar. 18, 197], botires
of cancelistion were laued for 8l registered
umn af TDE, & DLT metabolitn. PR Hotice
Th-%

tiinder FIFRA  tegistrant s ¢ titled ta
#iiher & public hesrlig or & KN pdvieory
COMMItise oF BOth 10 review Ll seripimstion
Fandlng completion ¢f thet review, 3 reg-
mirant s sllowed to conlinue shipmeat of bis
product.

* Uniess specified, discuston of DDT In this
optnlon npp'.'ln}o TOE. DOT has threr najor

&nd widely sprayed chsmical. DT, which
for many ysars bad besn used with apparent
anfely, wed, the critkee slieged, & highly
daogercus sabatancs which kiiied beneficial
inaects, upeet the paturst ecologleal balancoe,
ahd collected 1o the food chaln, thus poalng
& barard ¢o mafy, and other formie of ed-
vapced aquatic snd arian Hee. In 3060, the
us ncpmlmnt of Agricuiture tommnmd

ts, DDA, DOE, snd DL
separate nulﬂ.nuoru auint Jor TOR +DDE).

* There hes Dren aims controvary over Eil
LUy slatus bacause (¢ faiied 10 appest Can-
celintlon of it reglatrstion within 30 dave
&t required by section dic) of FUFRA. FOr the
purposes of this cens I beHave they should
e gccorded sialus so patiee,

*Theee has Decn enime gQuestion as to
whether or Dot s “user” he standing to

& Teview 7 ihe Desith and anvir
hezards atlsndant to the use of DDT,
Ce1lMn ucas of DIAT t2are cancaled by Whe
Department of Agmcdltuie 1o 1006 end o~
Topreal Peview Of ramaining veer coutioued
througn 19700 Tn sariy 1671, this Agence
fommastd forral sdministiative review of
DOT registretions by the cattellniion of all
reglsirslions for LIDT producis and uses
pursusnl 10 mclica 4ic) of the Federal In-
aecticide, Pungicide, snd Redenticide Arct
AFPIFRA} T UBC secMon 135 (10T 4

* Adimdarton 8 shows that domestic ship-
ments of DUT by its ole manufacturer,
Moniross Chemical Co, tolaled #$.827.000
pounds’ belwren Januaty ) snd August 3,
1971, Total dofoestie salcs 0 1970 were
11340194, ma atipuinted in Ademisslon No. ¥
The Fxamioer fcyrd, apparsntly based oo

1. that o tie aie i (HTO Twae
Junt wiitler 13 militor, prunda” Exum Report
L L

YBoma dihwitpancy tn tha fgures exiuia
Mnce the Oxures piven In Braakdowsn of vw
categuries total 14077003 pourde. slightly
mate Lk the total gold by Lhe 3T formuilin.
tars whoe SUpplied Apnres.

TR HNoilce #3-17. Amung 1he canreled
uses wWers appitcations to iredd for control
of Dutch im disenss, tohaccy, home vars,
snn aquatlic uvses. 34 PR (8027 (1060),

1In Fnstrenmental Defende Fund v. Rue-
elahaue, 436 F. 34 884 {DC Cir. (071, Lthe
mun of sppssts ikl that cancellniion pro=-

Y d ba ed whepever &
regisiration of & pesticids taines & “sub-
stantisl question of safely” which wurrants
turther study. On Jan 13, 1971, il uses of

I & canaclation ard thus esek reine
statemnent of & canceied te sven though no
rogtatrant hat stopped forward to appeal. The
saine feasoning smployed by the coort in
Envirenmenisl Defens Fund ¥, Backelahaus,
supra, and Environmental Defenss Fund v,
Mardin, 420 F. 74 1003 (DL CIr 1870), which
accords atending 10 “public tutelesl” groups
Rives "users” & rigny to ripeal » chncella-
Hon.

e groups are: NHatlonad Agricuiturel
Chemicals Association: NaMlonal Avrduion
Boclety; The Slerre Club. and West Michigan
Environmental Action Council. As alrendy
noted, the Becretary of Agricuiture, In sddi-
tion Lo heing & perig-registiant by virtie of
regiatrationy held Ly s Flant Regolation
Dixision, has appeared a8 an Intervenor.

= The following uets are involeed: Por cots
torx: for mRItATY uss on clthings fot imppeéts
and pimentos; for fresh mariet roen; for p.en-
tuts; for cabbage, cauliffowsy, and brunsel
sprouts: for tomanges; for lettuce: for potas
toen; for awest potatoes In atorags (Bouihorn
Giates anly): fof ws 0 commercial greens
houses Bod nButecries, for beans (dry, lima,
EHAp); Tor bat and rodent control; for emes-
gency use fof agricutture, hesith or quarans
tine purposes, and for onlons and gartie; and
for tice conteol, There han been considerabic
coutroveray &b 1o what usch Weére &t Inue
during the henring. Admission Ho. 2 sete
forih thoss wees which ihe Deparipwnt of
Apricubturg cunslders saential, Many of thnee
unes bis n been canceled and 0o Appeal wad
tekan. The uses At lasve Io this hewting sre
only thoss mied i Adminkon I3,
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ekl

duced from
Eﬁ:oavu';?abie COPY.

Tt Pesticides OMoe and Foviconnarntal
O fecoa Fund cEDP), W3 presenting thely
custs BERIGAL «vRiLtuted registration for DIXT.
Iean et heavity on svidence whicly, they
crglend, sstahtislies {1) That DT and s
festaholiten &re WXLCARIE whi- b perkist o
&t and the aussphere; 123 tout ome un-
Teased, DOT 10 sb uncolitfoliahle cheoidcat
shihii (an be trutpsporied by o arhing, fro-
1 o ranol abd wolatiileatlon: o vy that DEF
Is Dok WO Solutble S vobiecta iy fat nosue.
LiF Chiwt oFgatibsns 1end o o oL s o- -
coutrnte DOT. (bi that (hese analities vesit
Lo pecumuistne of DOT b wildhle ang
humang: thet ouce stored of vosumed, HOT
an Br Wald 10 bl eoina's mpd bicens,
oA 1y L caea gl ad ShEe bt
Coptiatatiats A0 oppeciens ahn c7p thet the
Foetrg gocrur o Frem DOT wwage Lo oo -
gl ploen the v alat bty of miter, oive (A=
ecticides AN [Ceet MBNARADAERL Piupline,
ol elng the fucd that crope produced with
HUT are Lo Bple cupply Lhe testlmony snd
exribs inchude pumerdus feprie o eunjaric
SoeulIsTe whior Bave described ol grned eTacts
I DT 1o A rovironment and the inhoes=
11y,

Group Petitio wrs and e P8 Deratirwsnt
of Agreraitute (USDIA) wiell 00 diecred’t the
Agency s cand by citing 1the record of saiely
LDT haa compiled throughueat Lhe yeaes, and
FoMth e the Begative Andings of pldemin-
Togiral snd buasu feeding studivs oarred
Bub O1EF Lhe 3 wes on kndudte st workem and
Scdu leere Saponed Lo cuncentialed fovels of

| DT tar i0 eNcHta of thet Yo BLlch the aver-
are individual is paposed. Propolenis of cone
tinved reglatration have abw  introduced
Sxpirt 1eatideny W the efect that DOTS
cheorie toxicity 1o man or ahlioals hasy noi
been sctablished by adegusie proof, The
tegistrants have sttacked the sapumption
tual Weunrslory dats. &8 to #ects of #ang-
grrated doses of DDT, can prnride & Meahs
gl baxis for extrapointing elecly on s
or the epvironment. o the siternatie,
Group Petitiooers contend thet whatevar
barm to the envtronmant might be sttributed
w DOUT, 1% resuls from inisise and overs
dosing thet voturred In yeers past. Leally,
Group fFetirioners andg USDA have atiempled
to prove that DOT 1a eoffectivs and that iis
um s nots deslpable thea (b organophoss
phaas which are more aculely toakc and
cuslly than DOT,

On Aprd 28, the Henring Exnminer wavued
& opinion with propiwsed Andings, conciu-
siong and ordeémn recommehding that all
“appantisd”® wies 0f DDT b rotaingd and 1hat
oanceliation Le 10ied. " The Framiict's e
pork which bhas Kadingn, conclualons. ad an
rpindon, W Miached below. The Examinee
wnparetitly  mecepted I hls repoet  Lhe
Agency's proof thst DODT In & bhasard to
sl end terresteinl sildlife snd eubist!s
Lok exlal. Ue Tound, ke & “imAtter of lact,”
[T ce have advers efects on benefelat
atlmnads; ibat Lt e ttanaferred through e
frad chaln; thet DDT is fal soluble, He
concluded, homeser, M & “Mmatter of lsw,”
that DDT i nelther & CAreinogon H0F Laralo-
W Thers 12 sotne confusian sa to whet the

term “eysential” mesus. By Admb.alon No 2
She partiss stipulated that certalh usts were
Hesenitlal” I the riew of LHDA. No otipula«
Won eaists that these uses are, in (st emen-
el 0 that Do sitetnalives erist ur that »
thortage nf & crop wou'd reasll without DDT.

gere, iat Lthe partcuine wwes st isue do nok
adversety sfioct wildiite. that DIFr® uw hss
rapidly dechined (Examiier's Repi. p. 83}
The Peaticidea OMcw of this Agency and
Interrenor Enitrotmsntal  Defeua I'\IM
el Bled exceptions 40 the B

White the languade of tle sintule, taken
Hersil?. reguires only & inding of injury W
Trantaryet species, Lhe INGUIFY cantfist, howW=
SVer. ond Wilh & sim pitetio sppliest o of thie
fain stslutory tetufisge. Buth Judicisl sud

Treporl 'Y chatlenging his epplientton of 'I.ho
inirden of proot to thie taae. hin endings of
fact, concinslohd of Inw, nd BUAKTOLE EPls
denliary gl Sweptivii wea alsy talen
fu the Fraandoers appticatlon of the so-
catied Cpowonnd pene Y rtendurd of FiFRA.

On My 2, 190, the Judicisl CMcer pro-
Troukinimg By efder, &Y Ry direclion, & werice
* e s Dt brictog whid dcuseion st
we ] argueneat, And eral arguient wes Reld
w0 May 9 That srrement Weoe transcribed
i Is gurk of thiy record, Opmp Petitrone:s,
USEHA, R LIy, wivl L P, Coanann & Sous
e alse responded o the bridls og
e P lnn.

Ik, Applicable fow. Thy basie FIFHRA
scheine has 40 cutlined i oouwrt spinions
ard Atency decisions (ves FDF v. EPA, DO,
Che ity Op. T-1306, o.... P M ..ol
May 5. 1974 {cpivion of Judze Leveathal};
LHtearane Elee, Faste Co. #. EFA, Tth Cir, Slip
Op Ho. Te-112, ... 84 ... My 1},
W Continental Chemisie Oo. v. FFa, Tth
CleSpOp. No. TL- 1800, weees . P30 .. vy
May 11, 1033; EDP ¥, Ruckehahaus (oplnion
of Judge Hazetoni, mpra; HE ol Hon-
S0y Culiceridng tl\o Registrildon of Prod-icts
Contaliinr DDF. 24867, snd  Aldrin/
Instdrsin, barch k0, 3973; In re HarlMari
Lindane Petiett_ et al. I P ER Ho. 0 {19%1)).
Whide there i o ueed Lo LEnce 10 detall cnce
Again Che siatulory achaoie, & briel sum-
mAry provides & uselal prism fod Altering toe
avidence

L. FIFRA. The Pedernl Instolicide, Pungis
cide, ana Rodenticlde Act, T UAC, secting
138 (I97]), eatabiitshing & akrict standwrd for
ihe reptetration of peticlder. Any “scofiornto
puison” thh cant o4 be used without ins
Jury W “man OF oliet Tartebrats mlmnu.

LA ERLIYS [Preccdent recoghiae Ll Culi-
¥iess futended the sppiivation of & Yalancing
tens, Uist would mewsure the Flks of UMDE &
PACLICUIAS CREMSCRE aghinet ita Lyeittd # If &
Product W Umdshestded ™ %10H10 the mwsiing
of the Act, b, 6 16 Dengs w bnes fur nse thal
ey et meet He CPLLCTIN OF Sectleiy 3 0 may
tie bolyger b8 sbipped Ji Intefalnte convieten
pud siecks in hand I the otigina. peckage
Tany be pelred. T U 5.C, wecUon 135g) (19T,

2. Hrika and bearpds. 1 follows frcam the
Satutory schems aud this Agehoy's decision;
that evwdence of ench alieged Fisk moush bo
Fovlewol atd & foncluson foached syt
wi.ether oF not, asd In what deftoc, such sk
3 Lckgent 1 the diTected vae of & particuler
product. The task, however, 1o complli“siot in
the cass of & “pelwstent” pamticide by its
paasinee oburgtie effecls, The degres of persiots
e, extent of orerali usaga aisd modiity st
brar on the arumitude of Indred the exist-
ence of Lhe pisk cigya ™ ] nelfleve, hoteter, It
18 we 0l 1) bholnte the &lleTed riake and evels
uale each on the srampiion that they are
unhfTected by overail levela of uce, and doler
fo Part IV the discwalon of Lbe alitnt@cance
0f e relstionalily bt weon o aiqd prersil
e,

1EE A, Annipsie of e-idonre —1. Righsoa,
Meateh efrecte and cuvirosientat properites,
Taero 1 po diaputes no thle recard thaut DUT
s & ponspacifie cheuilcal that Riis bidh
fargel wnd pontarget species In the ineme)-
#ls arek Of spplication. Fee cliemicats, bow -
ever, a0 20 WICLIve that they crn i used
without cousbng seme 1ajury W@ “nontarget”
ap:ciey. We must therefores procsed gy tiwe
evidones besping on other “tleks” and the
“benefita” from using DOT.

1 atn convinced by & prepondersncs of the
eyvidohcs that, once dlapersed, 'OT 14 an un~

vegetalion, and useful inveriehyet ]
ia “mlebrended,” # apd 1 theraiore aubject
i canceliation 'v

* Excoptions bavre wieo beed recelived fn
DPocket 108, 1o Re Wallorstein, Miatk Bros.
Nurseries hitd » reglatration for use of DOT
an nadery plants. The Examiner wsomes
mended caticdlistion on the grongds shek
{ivis wus o4 40 " tiad” s ]
UHDA.

u Epeq. T2V (R (€}, (A), and (g}, Tespre-
tively provide:

“Thve term ‘misheanded’ shall apply—

16} To ADT BCOLMALY Polsnn——

L) - L L d *

(c) I ihe Iabel panging 1V dowm

controllatie, durable chemical Lhnt pursisis
v the mquatic and terrenteial snvironments,
fhivan Itd Insoinhilily LD waler and 1o pro.
ponaily 1o be alored In tinsues, 1t culiccts 1R
ihe food chatn and je pedred up Lo highee
forms of aquatic and terteatriad e, Therd
1s ample evidence to show that uidef fer
teln conditions DOT of L mmetabolites tAD
Peesist In soll Tor meny yeme! thet 4 will
volsitiize oF move nioug with sroding sell
White the degtes of tropeportability I Hne-
Anown, evidenog of record shows that 1t 4

* Bea EDP v, EUA (opinton of Judgo Taveli-
thalt. suprs: FDP v, Ruckelahaus (epinton
of Judge Erzelon), suprs, DDT dtalemens of

not contaln directions Jor uss which &re Rec-
cmary atd if complisd with adegquats for che
proteciion if the publie;

1) Lf the label doms nol contsin & warni-
Ing or cautien stutasnent which may " nec
scary 4nd If oorratiod with sdequate to
prevaat Injury o MYing man and othed
vaclebrate animaly, vegetsilan, and wesiud
s eTtrLIAtS BUIDALE,

L] L] » L -

{R) Tt 1in Lae case of AN Insecticide, nemas
e, Fungiclde, or herticlds wheh sl s
dgrepcted of o scordeficd with commnoply
reoognized prnctice 18 Ahall b Injurtous W
living man of othar veriehrats sniciale, or
vigelaton, sucepl weeds, 10 which it s aps
Plivd, oF Lo the parson Sppiying such ecoe
nemic polson;

L] L * »* L]

M 8es, 4 permita the Adminhtrator to cane
cel a regiatration “1} 1t appears that “Lhie
nrticie and it labailag * ¥ *° 4o it comply
with [the Act].” 8inoe the Ak frrohiiita di-
tribution of & “misbrended” pesticide, se, 3

n AUpTa: dek Bise Biatement of Rea~
ls,tnu Undul;lng i wnd C tatlot

& M 7. 3T P 8410
{Mar, 29, mal.

wOther factors bearing on riek may in-
lude the geographical Jocativn af appiica~
tion, soe, ¢g.. Statement of l{nmm Guderiy=
ing Reglstrats for Siryehnl 1080, and
Godium Cyanide, 37 FR, 6718 (104,
Sithough Lo1s Ay Aot be ae BiEnificast where
thi Halile & s thy test

Underlying the Cangellation of Mirew. Delers
nination and Order of the Adminisirator st
T (37 PR 10087, June I, 1073;,

1 Jethod of epplication and type of enit
and ciimats ¢an alact persiatence in soll nid
likowisd runcft Into aquatlc srens.

¥ Reghtrants have made much of the fact
ihat squsth tle ard the ap
of POT hava vesulted from drift duzing aerisl
sprilcation. Whits the Eaxsininers repott
awelis st rome LLugth oo Improved mathods
of abp loh, It pecoghlses unof sa s Signifs
Icant of sguatic sontamination, aven

() (L), the reglatesilon for & “milsbranded”
pruduct may e cancelod.

with improved sarisl speaying techulgues,

MEOERAL REGHTER, WOL, 37, HO, 131--FRIDAY, JILY 7, 1972

-244-



oecantonally found Lo remold atesy oF L
SORAD Specien, wuth a8 whalsd, Fad from eny
kocwn apek of applicet .

Porslatonos wod blomagnificatica b the
Foird chain are, of hesrivie, & oo for
ognoern, gived the uohnown and pomibiy
foteves undeterminable lnog-range eticcte of
BT In man, and the snvioezent.® lab-
OTatory Loaets have, however, produosd tumort-
fenic sects on mice vhen DDT waa fed
1o them st high levela ™ Mot of the cancer
redsatch enperts who testined at this hear-
log Undicsted that it was thelr opihion that
the tumoeigentc rewvits of teate thus far
conducted wie an indicator of cacinogenity
and Wit DDT abould by consldered o polen-
UHal carcloogen ¥

Group Petitioners srgue that the teatl-
My i in confllel and lastet on b0 the L~
iimony of Jhe Hurgeon (General that of Dre,
Loomis and Butler The Burgron Qeoeral's
alatennat v, howersr, cauthuvus snd, by
0 meAnRs, caizics the burden thal the Qroup
Petilloners stek (0 Flare 0% it I very gen=
eral terma the Burgron (henerat stated: “Wo
hate ho Informution o whick to indict DIFT
ethes s3 & tUrnarigen O ha & chrclnogen for
vAn and OB the baslé Dow avaliabit, T can-
naot uds DOT rip s AR Lmaninent
healih harard.” rTY. V350 ) This testimany.
however, does ot besr on ibhe loag-term
#ftects of DUT, nor 44 the Hurgeon COebral
exi-resd & view an whal uses, apart from
health usen. wouid justify contlnued uss of
DUT. Indeed, the entire thruat of the Bur-
goon Geteral's tratimony was only thel use
far immediste health heeds ouiweighe tha
possile lohg-tange ¢« Tects of DDT on human
healih. Group Peulicners' ather witnesares,
Pre. Longule aund Buller, while men of slalure
in their Aelds ~toaliotogy and pathology—
and kuowledgeable abogt cancer treatment
and diagncsis ate nol spectsiists in tahver
rezenrch ag 1s Dr Bamattl. Indeed, Dr. Putier
disctatened such expertise

Oroyp Petitionery also take refuge under n
broad c¢anopy of dota.--huhan  fesding
studies aud epideminiogical studiss-—and

e

wit tn particuisrly d!ificult o snticipate

this long.-rangs sfocta of sxpogure Lo & low-

dose of & c¢her teal, [t may take mAny years
befors advema efrcts would take lace.
Duredery 10 cancer hinve nn extended Istency
period. Mutagende efects will be spparent
ORUF 11 fulure generstions Lastly, 1t tuay be
impomigls W relate cheserved patholegy In
man 0 & purticuise chemionl Bioause of the
inabiiity to insinte coatrol groupe which wre
not exposed In the same degrte ae the reat
of the populatisy, '

* Tumorigenie effects have been noted 1n
& number of Isboraledy srpertments The
Mot pOslLrS Cveuita were dereioped by the
Blonetica Study and the Lyona snd Milsn
tests, The Bionetics Aludy of the Netional
Cancr Tostitute fed 130 compounds 10 two
araine of Jalce. BT war obe of 11 ooin-
pounds oo produce sty slevated Incidencs of
tummote. The Lyons and Miten Biudtes of the
Internstiohal Agency for Jiessarch of ihe
Wrrld Henih Organtcation is & multigeners

atienal study (BUE IR prageesel OF .06 mice

of In- snd cul-hred sirsing. Increasad hepa
1oiae were noted In malw ahd female malas
{ed DDT abt 380 ppm, Matsatssls to the
luhge o¢ Ritneys hes bero pecotded 1o Bve
Inatanoes, .

* Wilnseakd teslilylng to the poultive cor-
relatiun betwern Lumarigens snd carciongens
wery D, Umbarto faftoltl, Assoviats Bolens
tihe DHrector for Cwrclnogenesta, Fliology
Area, Metional Cancer Ieatitule; Dy Karvin
Schnelderman, Amociats Chief, Blomeuy
Branch and Assontated Diescior for Demog-
raphy, NaUnta) Canoer Lastitute; Dr Samuel
Epstein, Benicr Heamrch Aasociats 1o Pathols
ogy. Chiidron’s Cangir Fctewed Founsation,
Tao., Boxton,

wuppory & with the iocressingiy familiar
T What anp WO oAy Subeiance 0
Pufolent qUAKIMIN MAY taLM chhoar,
Mone of Uwe Feoding studies carrisd out
wilh DOT haw bern detzted adequetsly Lo
dintact carcinogenicity, shd given the Intcucy
potlod of cancar, thess studies would have
1o be corrled ouk for & esuch langer period.
Biatistical populsiion satnples for epddemis

ologiend studien are also virtunly laponaible |

gven the latency periud for concer and Lhs
lohg-term dkposusre of the gronsral popuin-
thon. Blace there s Do abarg disvinciion be-
tween population groups eljored o low
doses and Migher dusra of LDYT, ndeguate
LoRIrul groupe canbot Le eslablished. The
everyhiog I8 CRDCETOUR AEQUILENLT falla bes
eaune 1t ignores the foct Lk not o)l chemi-
caie fed 1 ahlmate o eguadly concentrated
duves have produced the samé tumorigelite
resulbts,

b. Environnmental efects The oase agninst
DOT wmvolsts mors, however, than & Jougs
range Larard to man's health. ‘The gvidenve
presented Ly Lhe Agetcy's Pesticides Ofice
i the Intervenory, EDF, compellingty gr -
vittrates the sdverse impact of DU on flsh
and birditbe. fieveral wiinieywws ieatited 1o
fret-hatad observed #lccta of DOT ob fish
and birdiife, repuritng bethal of sub-scule
effecty ol wqilatic and avian {fe eapoatd 40
DURT-tresivd etenn. Labuoralory evidencs is
siso lmpreatvely abundsnit to shaow the sCute
and chronte effecls of LT on avien ankmasl
species And suggest that DDT tmipairs thelr
reproductive capab:iiitheg ¥

The petitloner-registeanta’ sarerilon that
there b bio avidence uf deciinlng squatic of
aviant papulntions, even §E sctuslly trud, s
an attenpt st < el € 1%
dod Bt pefuts 1he beeic propoclitlon Lthat
1T canees Unnge U wlidlife specier {ruup
petitloners’ argiement that DIV b anly ehe
toflc suhstance o & pulluled eoviroRent,
ald Thue, whatever itn lahoratory effects, 1t
ennrol be shown to be the causntive agent
of damage k1 nature, deus oot pedes DOT,
but only undemcores the magnitvde of eflan
that wiil be pecessary for-Jiesning up the
anvironment. Were se foried tiy Sselale ln
nature, pethier then in Uwe aburstiory, the
effecis of yurious LOKIC subDatances, it wortld
be izt IF Lol tnpossiile 1o iake & Pucdg-

eptl aa 1o the chrodike efTecty of Bny chetni-

cal As cuf DOT statement of M- 175
has nited: “Developuent of sdiquate Lists
11K protocols eisd faciditiee 15 & priory G-
derizking Put ln the shoart Lethy, sxtrepolas
tlon froin woRi-scale Isborslary analysen
muet erz on the slde of safety.” Seo DN
Biatemant of Rewsons, ot 31,

Finally. | am perausded that & prepotder-
ance of the evidente ehiond DI chvary
thinning of tggahebie 1N cerialn bled apactes,
The evidence prerented ncluded oth lab-
oratory dats and obssrvatiansl date Thus,
resulta of feeding €LPERIMEDLR were Intras
dured to show that Hirds in the Inborstory,
when fed DOT. producsd ahnermsiiy thin
exssheile fn additinn, reventchera hibve Bleo
tortelated thinning of shells by comparing
tie thickness of #gge found 14 nature whh
that of sgya tallen from mussums The nivess
UM sgge abow Qittle thinging, wherems egun
taken from tie witd after DT v bad e
come axtendlre raveal reduced thickness.

" Roe the lmtimony «f e Tapwrll,
Nichivhwon, Phutp Butier, Duke, Ihrdick,
tnmuond, Himbrough, Hickey ahd Cagr.

Whiit the Exstniner » roneoumly secjuded
tetimony &8 to sconnmid losses caundd by
DIFT's routaminetion of the Sguafie #he
virmnment- -hawss to oommercial flsheemen
cavaed :p INSHHILY to Fnacket contemlanied
Dah-=thka pisk 5 atgnlfcant, sven M it conuld
B0t be sronomically guasntiied Hot sl riske
can be (ranalatad 1nto dullrm RS centa, nog
ot 81 benedts be sarerand 1 caah terow,

) 1mm

Group Pelitioners end THDA atgue thet
the lavwratory feeding stuodles, conducied
with easgyerated duses of DOR and under
strems condillons, provide uo basls fur ex.
trapolating Lo hatude, They suggest that the
sludy Iesults are conlradiciory and place
perticuiar phaaie on d which
were not part of the original record and
the inconslstendden tn D, Heath's testimony
an brougilit oul dwing censs-exhminstion,

"Orewp Peittioners Mo contend Lhint the obe

sttved phetnofnenon of ageshell thinatng and
DR revldus dila hre tied by & staliatica)
thread oo slender %0 connddt the 1wo o
ALY MEanIngiul sy,

Viewing the avidenss a3 & totlal piclure, &
PIEjonderaliC® pupherin the tonctusion that
DI dewn eauss opehieil thinning. Whether
of ot the laborstory date above would suke
Inin this toncluslon U beods the potnt, Foe
here there u Inboratory cdata snd ohaere.
tiotal date, and In additiun, & sclentdfia
Rypithesin, which might explain the phe-
fivmencn ®

R, fenefiz=-i. Cotton. T am convinced by
the evidenre thal rontivued use of DDT 8
not necranry 10 Insure un sdegueats suppiy -
of cotlan at & tensonahile coat. Only 30 pers
etk o colton-producitg actonge 1 treated
with  DIFE, aitponph  the  approstmstely
100711258 pounds wied th collon pouduction
11 & ruintantisl voluie of DDT snd sccoubily
fot most of its use. The retord conteing
twetiony by witnessey oalled Ly registrants
s} CADA atteniing Lo the ¢MBcacy of of-
gunohhosphnte chembvals us subatiiytes for
BT snd, long-fange, the siability of pet
mansfement methods, such a8 the dispane
Progtain. At present haoat sfess That uvae
THIT combine {0 wilh an organophosrhaie
and Loaaphent In & 4 2-3 miltturs (4 ibe.
tozaphene, 2 DT, § murthyl garathlony,
Home arcas, however, arcording to Ung teastis
mony. whirh poroslly we DET accasionally
APpAy fonteateated methyl parathien In e
4-ponind mIKTURe.

There in evidence thal organcphosphates
woulil not false coste to the fermief aRd
might, lndeed, L cheaper. Any suggestion
thnt Ve OrgRGuplnshlates At# nel €00«
nomically ¥iebls crnnot tw msinteined in
face of the undisputed evidence that cotlon
rontinues Lo be triable crop 1h Arhansas alid
Tesns whete DT use has declined ™ There

*The ¢hiel witnexw Wilroduerd to rabut
D, Biaebrough, Hickey, snd Onde wal &
groduate student with limited tralbing In
sistintiral anniyais In view of the cregenilshy
of EDF'o witnesses—Ur  Hichsy, Profeisar
of Wilalife Emlogy et College of Agrlvuls
1ure, Uawersity of Wistanain: Dr. Rue-
brough, Aswriste Foolopht, Unisersity of
Enliforiitn st berhicley. snd Dy Code, Pro-
fezor of Zonlogy st Cornell snd Research
Director of Cotpell Orndthalog? 1ADOFELOT Y~
b canhot credit this sttempt at rebuttal.

The Henting Examinee appatenlly reanived
the conflict 10 the evidenre by conrlunding
that “there wWas fio eviitoce that DOT was
the gniy factor in & i ling of blrd popuin-
Hahe * * = and that A0 eTidencs “forused
e direct Lhrust o duniags 0 birds by the
uses of DY that sre permiited under the
relatrations I guerlioh * Etaminers Res
port, 70 71 In view of DDA petalitence ang
uthility, svidencs sa (o the OChusal sffect
of theos uws was not Frguired.

At srgument and by mnlion Qroup Pett.
tieners heve ofepsl  adcitionsl  eyidrnne,
aotne of which beary on Lhe tasie of epgvhel)
thinning [ hare granted that motlon and
consldered a1l that dats.

®The purties have seferred nelthsr In
heiefs nof srgummreEt 1o teatimany of K-
hit:ita descrttzing th detsi) the sradomics of
collon produciion of subalttutes. There I
gatiorsl toptimony that cottun prodicers re-
colve & por buahel mabasdy wnd tss this

{Foctnoie 3 contlnued v ARt page)
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alen testiensnty i tha Seoord to the ofect 1hed
methiyl parsthivg coaks e per application
than the CO7-wasphece Fformnula Rar are
the teatirmony and sxhibile that show ootion
togects deveiup  tesiiiaiog K
Fhsts chetnionls to the point The very Sanhe
NI ake clear tlink DOT 15 alsg subpet
WO Peslbianoe ™

CGeoup Petitloners snd UBDA, whils Bt

dupuiig the (rper pozrtstencs of organoe
phosphaies, Bare strevied theo demonetrs’ o
TORED 1oL ey WIte L ang ol ta bene
11 11 sced) Wrects and hn'nt.‘nn SprTles -
truiadly binda adighiing oo treated fivide
thems orgaucptrosihiates Nicuk down RO
rendily Ahinn DDT They apparently ars ot
‘a.laaputw tn chelr tomic sthle Lo rermote
et LIl e PHT Mo R Leen found
far !m-m Wt Aftde AL COnMGNERLTY
da not post the 1 Taensitnge of elsk
0 the squaaph Wik tesih v and ex-
hitita sisg demonstrale thet otysnaphuoes
phalen sro 1zl BURLY 1UXIC Lo RGuatie ke,
Ithough d1Ferend fuf| da havre JiTaeent
toniciites, Tha efiect of neganophmaphstes
ot ot -1arget tetreatrind L can. unlicn the
#flects Of DT, aleg De Minlmized Ly prydent
uer. Appliceticn In Reowwn Leating atess for
Tare of sutinet hitge cao " aynided

3 Other Mtus and Jrroduce wice The testi-
mony of record, while sparse, whows Lhatl
regiatered  AITEFDALIVES,  Primacily  Ohgang-
photphates, enist tor alb othet cfop and
ornamenial waw of DD, tucept {oF stofeye
109 O ¢weel polators 10 condrol weerlla, on
Beasy corti burer infevtatious of green foep:
pris, and prraps gnkona ®

3. Nonwpp wien. i additian 19 Lhe regis-
LIOnA D use on rrupd anid I Gurerieg
#rveTal Feglatraticng [0 RONCIOP uArS Are 1IN
i tarve, Adcibizlon ¥ Hbts “pubilo henllh
prrie —bats  and  rogeats,”  “Agricultured

= Continued
sutady i3 the diffsrenice Delwern Jfolit sod
break-eien 4 18 ok Ciear mYcERer oF Bet
break-even Incjudes & return to the fanm
owner ID termid of salar of return on his
tnrestmant. Whie some idence dupdeets

Realth wnd Quamniing  Trowk s in
Finvrgeneive wt Bacomnmendod by and Dnder
thresuny of Mats-Foderal C(Wiciels™ wod
“lelaris trasLmanL DY the WEATY.

Tha reard W tot, Uniietunaialy, well oe-
*eiopwl ap 10 LES WP OF &

of & chembml In Nmited quas-

Citlew Por thosy Uses paret T tERAl} changea
the termfit-rlak cowiictents 90 &t CIfL Lha
sca i Aulerenlly Wenn whelh wo Swigh spgie-
g\u VI SBF Bl pUTPORE RRDSIAL Wy BALE

Wn R Mo uses BY e o Lhe Overall
elumes epplied $o7 thim pnrpm \#hut use
fod tat anil Dhice 4 o

fin. Bee gunemily ETW v A (upiraon
of Judis Laterthal), =urn.
[N ﬁwﬁnnfmf The trus of » Chnorila-

Admuakin 1l s w publlc hms!: use.” ape
pication fur those purpace i K04 SUpecvhveil
by puuitc hrseth L8 luls. The bisfs suggest
that use for conlrel of Data ahd Mmice & »
PHPrctAry use by the DuliLAry, eves thwugh a
reivate peal coulrol opersbof testilind that
uwe fof Bty wad consaered samntinl by pri-
il operatom ™ With respect Lo Agric uttural
Ang GArantihd” uses 1t 12 ditoule W Arter-
T 0 what extent wppilesticins s L
hesith puUEpoees OF FOF atulshece proventlon.
With respect G nll of Uiens uses, both fur
Publit Lea'th proprasa end pEopuieuRry i,
Riternatlves do srist FThe Public Health Serv.
e tanllfed chat DXOT i 0o longer Vha chenay=
ul of choloe for CoLLPOTHE dlstnsy Ciorm
Al fur mbkce, VRITATLE b wsed effrctiviiy. i
fumigation and nooch* mical Mesdd AN Aveli-
abie for uae an Geta. volanel Fawler toellind
et e DAy has not ud GO i thnla
ouautry for 2 oyews or mpethptooRng pur-
and staled that b wed wints of
Brernative.

Uiom p ding o the slety of e product
whea ubed a8 ALWCEAE OF i SCOWTIRIE wilh
“romronly  rooghlznd PrRctios * Suearne
Fhosphorus Iwate Co, ¢ EPA. supre ‘i,
smply wiated. roeans thet thia Agency has
the bunden Of going fOrwsrd 1o establish
thoouk tiie which It balisved t6 requine cin-
celilation ® In sddtilon. &h AfiruALire aspwrl
of the Agency's cane nhoukd be the evatinbifs
ity of prrieralis surstitute mests of cone
trolling 1hw pasty thal ate conuuiled by the
eanceled Chetubtal whers Wha Agency Ly feiy-
iyl un Wi fart 0 eatstieb thak Hisks vole
wrigh beusfita ® Evidierocs showing wuhe avsl-
LUty of & regwlered CDAtLIcal oF otlar
wieats Gf control whitchy this Ageney's Twti.
chder Ofice 18 prepared o s ok By B
wdretitube 8t that polad A TN coudaded Witk
tive Agrocys prool on Fodk, Makis onL et
WUTRLIGE MR =

The birdan of reluttal then a0 un feg-
LLTants of W Thel Y Fihes bndl by Lie-
ks Lhe podd On Tialls Sither by rebulting
e basly mentile date o by abewng that
- Pras loF use o 80 Pmiled we bt W o

C Weight 1o be aroorded the ¢ ¢ ]

opanion In reaching the facteal mnﬂmlmm .

arl forin in the preceding sscticna, | bhave
Leen tvindful of Oroup Detlthoners’ wigi-
megt, stressed 1n LhHnIr briets and At omi
aruinent, that the Hearirg Enamines's find-
Ligs dAssprve partlcular drelorence to view of
his oppiriunity W rescive conCredictions 1o
tesuruany based On denwanor sridence.
Nowhere does the Exnminer state that hin
eonciusions wete Luasd  on credibuiity
chofves ® WHALSver #0irR weighl, Lhen, Lhat
might by due Andings baset sxpronsly on &
tratibility Judgment 18 10t spproprivie In
the e belofe e o, o 2. NLIPD v Dindon
Coil Co, 7L P 34 484 (3¢ C1r. 183D} whers

that Eanoph-SpaNies ure mure crdily, -
oausk of bigker price and the need for Ie=
prated Bpplcsttons H Concentrated quantl-
fied, thers 13 Litle 1o sugRest thak ihe e
wihte tncrewaed wanebie vost from use of
tAgahgphiaphatey would be 8 diMncentive
0 producert laderd, with subiidies it 1o Dot
clear what tale of return & cOUon producer
receiven for tavested capiial, Thers wia
relfeveris Made 10 an unkdehiified study
phowing that the cost of usbig rabstiyutes
wnutd involve $16 milldon Thia fiknre alene
it no mesnbog Waile later tratiminy sugs
gentn that eilmioation of DT would in-
Creasd varinble conts per mcre By & pereent,
this, 1o, b of {tnied significanne ainrg Lhe
fxdoed dotk ok Felals it t0 the support pro-
aram and the study booked st only & Imitrd
[l

& caunnid Reoept the supgestion thet we
shauid continue Lo uwer DDT yatdd it s good
13 ibé vely Tt diop. Whataver the loogs
v 6B Yacy of L organopnoephatrs Lhe
£y reraatis thal ity prnersily work. Whils
e Fett of Inaect reslsiahce B3 tporiasst
andl Undsracoris the pded Int felaining &
surarty of cLeqnirals o Inethoda (0 MsGER
tha salt.é pmt frrobled, thip facy dors sk

Faulr sb evoldabid us of & harenful
Chemical.
L £ g o reglatered

for control of rutworme bul it 4 ok clene
m.m e pecord e Lo whethe? o nod (ke

Lo B i or saftectire o OO
wot tworom Lnfeataty o il hile
noas of lm partisa hav wlnm wr heiptul
avh koo uss foF Zone

troiling e\nv s o unm .m weavils (on
dtorwl aPuss potatnes, 1 hare tnlien Jirdueiad
pote of ww tooedisteots of reglered
eitartadivem,

ithe I 13 Peport el forth his saxesys
Leenl of the Withesses' (redibHiLy &

1¥. The applicatinn of (he rok-beoeft test
10 the farth of Fecosd W LE Ao E3ERLE, RIMDLE.
Wa have noted th auf dtatement of March I8,
PTL, that the vartabies sre numerous It
should sien b beena in mind thet the yare.
bl mra not MaLt: Ih halut of Lime A frutld.
up af & chemicnl dccurs o b detrrted in tha
enyiahant, M fucrssscd Dndeed, I nay
b thal thwe same Lendency of & chemicai 1a
porsrd 47 bulld up In the food ehaln i
presant but not Eruwn shoyl  aubetiiute
cEAmIralL. It MaY Al Da et Ciscummpect

" The culy avidencs as to Lhe amount of
DOT used fof these purpuscs was given by
Col. Fowler, who aid the total usd by the
military for tal sid mouse contol 6 ap-
progimately 000D poutnds.

= Durthg oral REgumant counsed sdmiited
thak thy Exnmitars report did ned puiport to
ranks Bnainge Lesed on ¢hodablitty of wit-
tesats, Lop oould B pelnt to fndings which
might be aeplained by Cght of & credibliny
roplml, (Trascript of Argument, p ™ #8 )
Bl aic gueatints of fagd 10 Lhis case, the
haratd 3 e and the shirbioninent, wore
cant and resoived by the Bastuiner ap “in-
clugdong nf law.”

B The [racedefils, momores, ake dany
that tha Apgeacy ta 119 10 make 1 owy find-
1000 Bod L Lbe KXAmioer s Qoding & re-
purt ondy cwmpding et ol Lhe retord whica
& oot will then evaluste UG ¥ Alcutnwn
Hrosdicaating Corp., 340 U A 530 {10883 Unl-
ol Camars Oorp. v, KLItH, 240 UA 474
(I08EY. Bven whove st Esamine's Oodings
sfe b oft cROfIBULLY, Whe Ageniy Moy
rebrh & OOV cubciation. Ot POC v,
AlLOWS Broadossblag Qorp., Suliit.

= The legiadati n history of FIPILA, Judicial
declabuls and Agency protnuiccmenis ak
#tate vhat the "burden of prool” remnlior on
the jeglibrant (0 deniostrate Lhit hiln proats
uct satisflen the requirendite for regiatration
Utdier the Act Hee 8 Rept 570 wt & cHgth
Cung, Deel seas, 16534 M. Ropt 1126 e\ ¢
(0l Cung, fieat sead, 10GIE; L v EPA,
auprs, EDP v Ruckelehas, supdu; Btatem).b
of ftpuniiie, Mar. I8, 1571 There has wif.r-
tunately, Leen & great doml of mbsader-
slandlug CoRcerntig Lhewh stateryeite Llin-
piy sated, the burdeo of prool refereed o by
the ‘egialative history la the burden of per-
sunsion Which fequires & party Lo extabli-h
the existencs of primary fects &t &laould st
be ronfusd with the burden af Foing for-
ward which e genersliy o rule o #.tabtinh
the utder for the presentatinn of evidence
‘Ihe burden nt Klng Pirmard ey, howeser,
hase gisbet Wherp s irurty
which hes the burden al' going furwardt faits
o satisly Lhat burden, the farts o1l he de-
vided mputnmt hitn, even Chough the othey
parly way havs boen meaponmihle fir the
Furden of perdussion.

White In most fegal proveedings 4, ¢ patiy
which haa Lhe butden of guing fof war 1 brarg
the burden of persurston, thie i net peccas
sary the came. ONn some e, jike con-
trbutory oeglipence In sme Jurisdiethone, it
mat te thet cicw one party has ()ieodured
exidence to put the twae In 1re caw, Lthe
wiher PANLY besre the bunden of periunsion
on (hel poink. 1o & FIFTA ranceistlon hear-
ing the proponsnt of cancelistion beam the
huriten of guing forward, bat goes vt bear
the brurden of prrzussion.

HAChUs & luete shosing of w high depice
4f rink Would mAke <UL & Brine farcke rase for
cancellation, whers the Agency In feiFing o
the evistencd of s ajteruaUve rathiar Lhan
aMmnky & aawing of Hsk. it should, ss here,
prosent s owh withesans

= This Learing waa condusted under pudes
witel have stnce teen amended (e AT KN
D478 (May i, 1OTE). TDInder ta Agrhey'n
fostied Fuilen regutrants procecded Ot 4t Uhe
hearing. This order of premeniathn, which m
ROW changed, Wt 0ot prefudicing n ThLs case
Tha Ageixcy taofe (haa discliarge] s burden
L0 pUk o & prides Tacle obed. Baglatrents had
v s ly opprat Lunily fok febut'al. Al wuret
Lhia I8 earied prest nLalbom WAL COMASUY oy
tracted the haartry

Jre cone
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peader the risks Trom widewprosd o of
abemical THhey cn sy sk 10 etarind
gErogets teostile, Whive, & b, 1he olh
snce of alternatite besie on the
he chemical undet review Lhey ey o
3 ahaw dablifty of al ivew, 3
Lo¥ general subsittution or 1 & perticulss ph-
ogrepbical Jegwi® They may sk
show the Bondmindility (or ruks)
llmootlw“tf uwy ﬂbl(m with \be
] &wlmum of  ak. bene Al f0 crop Mg
of DDY, The Ageacy and RYIP bavre setad-
e that DDT W toxls Lo hontarpst Insacin
and antmals, penivtedt, moblie, sod (renis-
Terabie and that bt bullda up ia the food
chals. Ne Iabal directions for ume el OORg-
pivtaly prevent \hese Dasardd [n abort, they
have satadllaned &t the sory leant the ral of
the unknown That riek U owopounded
'h.ﬂ. s 4 10 oaee with DUT. man and
Jo tend ¢ R W and atore the
chetuical ¥ Theee facis alone conutiitts Haks
thst are unjustited where sppamutty mler
aliatoativea aaiet to achievs Wb e tnm-

m bulldup of DD'!' tn the enstronment ang

a MMM 5 Mehule A tve Livs Petuited
mn Doy e wid muistisss. Theze W, hiswa
srer, B0 pivaRalTe $videnod OF frontd 10 sbow
ek the apgragets volume of whe of DDP
for adl ured in gqumbtion, given tha sthod
d Ippnlﬂ“ﬂb. Qlll DoL teault 18 contioving

and

k3373

amiple areenal For (g combat of dlsrase And
fnleslation

I cwnnot. huwever, bb Inchiffersnt 10 the
fart that the pvond sugpesta fhat “headth
wrud quaaDLne” wess have, in the past, sp-
purently Incinded propriety umes by gova-
eruuent Nor can | te coiiplacent sbout

p 1o the en

and thus sdd to U maintaln the sirses ot
the suviFonmenl TUILINE Tromm hast use.
The Department of Aptrcutture has, for i
patt, stnphr dised [NFDn Jow scnte toriciy In
oomparizon 1o it of sltornative chemid aln
ARd thus tried to Buke tde rink ahd tetefit
Jquation dainned oul Farorethly for the tob-
ttnued ure of DEPE Whito the ecute tonieny
of methpl parathlon maurt, In the ehort fon,
Be taxec (to ssnonne, see nfrs, 11 Ao oot
jurtily conttnued nae of DOT on & long-term
bealp, Whaers & chemical ©An ba safely naed
11 tabe) directtons ww followed, & produter
carmut aepdd the visk of his own ntegligencs
by sapming thirt partied and the snvivon.
nwent W e long-term hayurd.

Accordingly. all (7op ume of DUT srw here s
by cancaded sxcept fop application to ontone

At Where, honerdt, therv 1 8
Lbowmtary relatidnahtp betwesn the chend-
€al nnd toske sffects in awfl OF antmaw. 1his
sk I, gerersUy speashing. rendersd evan
wore  urdcorptable, I alteynativas  exiat,
I the case tefore us the FeE L2 husg
bapdta fromn uwnng DT cannst be dis-
wounted While thews rinks tnlght be Acowpe
tabls wart we forced W use DT, they are
bot g0 Livial thet w9 cen 29 WATervs W
log bem ur.

The svidenos of rectrd sbhowing Morerd I
mah snd magnifcation In the food rhain le b
warning o 1 pradest Lhak Dl n DAy by e3-
Poaing Limatt? o 6 substanos that misy vl
LAY Lk 7 & SATI0US BTAct 0B hia Daojih,

A Jodge Laventhal recanuy pointed out,
tapoet s & Ternasiive and tnghi-laden mat.
ter and noted esflivt o BiS rpinion shatl
carcinogenic efacte ats “gandenally cumule-
uUre s Urreversible when diseorersd.” LIH®
v. EFA Blp Op. st 13 and 14 The poml-
DUy that DEFT s w carsiuogen be of presnt
mmote and vrquentifiesle; but i it s Dot
& ahen W pand, u 4 & semaphote which

Wt an ldentiftable pubtit banefit
w uquun o Justiif conttniied use of DIFT,
Woers one cheinirat tests tumorgenie in &
poratory and nive dovs pot, ARd BoLh GO0
plish Ahe sarne 1l the [alel W % ba Pres
Terredd, abwent sork ertemuating CUCUMm-
lances,

The ruks Lo the eneirenment from oo
tioyed uss of DUT wie toore clsatly sstabs
lsbed There W no donbt that DET runof
chn Lhyet foniaminstion of welpra snd 2iven
iU propenaity to toletiites and diwparss durss
Ing spplicstion, here ip no Weusanos thet

for controt of «utWorin, weeviln on stored
awest putatoss, and swest papperd. Hhilmencs
of DET Inbabd for thoas Usap Y £aD1i0Ue
on ternu ed forth in Part ¥-A. We defer o
Fart ¥-B, Infra. considerstion of the proper
Uning of caioslin’Yn of oliner vaes in Hght
of {he shost-Fum deigere of swikching to the
twe of oEgancy hates without p I
treioing ™

. Appiicwiion of rak-benept 20 nomcrop
ated Thite remalns the fuwsiiol of the dia-
pwision on the reglsiared bealth and Oors
Hament uas And other nonitop unee of
DT I should be emplisslzed thiat thees
hamrings have terel lnvotved the vas of DOT
by eiher nations in thelr hosith oontrel pro-
£YMne Al wE eadd IG gur DDT statement of
Mareh 1071, “this Adency will nst presume
w0 relrtate the Feit neotdmivies of Wiy
counteirs ® Oistement, st 8. Indeed. the
FiFrRA deas not apply to enports. Beelivn 1,
TUBC srrtton 138 11070,

(iven the alterulivas for mothproofing
and colilnd of bats and mice - proprisvtay
goretnimental uces of DUIA- -1 28 pamusdn
tiat the beheflit are dven mnore de munimis
than 1the rsks. On the other hand, public
heatth and gusrsantine prograios fall into &
wholly erparsts ostegory, Bes ROP v,
Rychelehaus, €30 P 34 st 504 DDT Biate.
ownt of Rearons st 01,

While aHernalves alad #Rlst fof ule in
putilc health quaraniioe prograing shd, o
ot instations, DIFT 1 o botiges the yeuuan
ehemtcsl, [ bellgve tha o woukd T unwiey
to reainct keowledgeable puble officials (o
the rivdca of one O Ly chemicals. Like §

curtalied tiskge 00 the arder of 17 mul
pounds pet pear will not cootinue 90 affect
widespread dreas brrond the Incation of ap-
piicallun, The Agency stall mishilbed, o
will. the existenve of weceplable pubatilulos
fof ai} ctop uwes of [HIT etcept oD Shlons
and aneey polstods In atorage and green
peppare

Hegistreate atiempted but felied to surs
mount the evidsnce of sssabilashed riaka and
the eaialence of sybatitutes by arguing Lhak

M Whers thare lo & ganherally viabis subsl]-
tute, which wiil Josire a0 sdaquate 0P
SUpY, 184 KonviaUHLy of Lhe altemnalite o
& particular ates will beat o0 the sdvbmuuity
of & tranattion period. fee part IV, tnfre

#In snsctitig the presmns law one of the
ralest cORCATNS e¥picksd Lo Congroes was
the rsk of the unknown. Bes Helement of
Copgremmen Dingsl. Hesrings befurs Lhé
Subeommlives ot Departawnial Oversighid
and Cotwumer Ralatious of Lty House Coae
mittes oo Agrieuliure, a4 Kb (ol Cong,
firek somm, 1905).
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phyel the public sBeial MUK have so

i

= Registrants sdduced cofsldstalle terth.
magy on the ¢@ecls of organaphorphates on
Rontneget spicien Bevln, 9t spprare, b bighty
tanie to et and moat wHneades syTeed that
L orpwnophcuphates wers forle ty RONLAF-
Frt oanbmale, unially Lirds and Jussct Jife,
present when & Oald b eprayed. The preatng
omum ﬁomvmtul«u however. thet (hros
49 &t lewa “pre-

ﬁalml. and Ui 30 1ot leach Ut seode [[ATY
walers ot eotiert 1A the Jnonen sl chinin,
Wiile it may be that In time the Inmtline
phrase “lamiliatity breeds contempt™ wil)
“ppir. &8 Wi brarm more about thess reme-
ponne. ARey Sppent ot 10 DORCGL & Juhigs
range hagard 10 MAD of sgusbic srens Where
tepaisants iave aroted 34 By demohttrating
the siute togrtity of ety padsthilan whicy
15 Che prEnaly aitertiative cliainiin % ARy
of the crep usen in tuesiion. Thet fart dow
firt, howsner, alber tha long-trite alafice
Letwaenl the !lotl and rosiite, tn witw ol
the p af hZh CTgANG]

n poi¥iaexd use for thess Durpotas by
private cftipens. ¥ mw. accued ngly, broalting
& tabel which wil! Dwptrado indiacrindnase use
of PUT [oF 8 wiag wunety uf purpuees utinles
the rubrie of offcit) wse. That label lunguage
I3 ort torth im the order pccoinpwiylog Lhin
maAnton, and 44 desygned Lo metrat «kiTaent
of DIYT unly to VB Governmnt offi A4l andt
Biats  bealth depanments who Wil be
knuwlefgratie M o Uhe Doowt FTective IoeRne
for contrd and mindful of the rshe of using
POT. Thus, 8 a0 ApplicaiioD-hY-spplive-
tiwa beeds for Reciasary Dealth and guaishis
tite pulfrcen, the bene G will be
sl cutweigh the riaks® CF 43 DO she-
tian 4332 (10711 which frquised ah spvifon-
psntel EMpact st i on £ eflcind
prarms.

¥. § turn naw 16 the disposition of thiese
4ocheis W Hght of the furegotig principies.
4 Lhe wutech 1t aliould be noted thal Teceny

sudleinl declstons Beve unged this Ageney

o uae (ke T fiexibiity, in both finel decirlong
snd suspsoslon ofders, o GIMHTETTIate bes
tween uscr of (e product  (Geo FDF v. KPA
{opinioun of Judge Lavanthall, supTs. at 20y,
and priuinded ul thel ereatlve sdaptabtiiny
in the kayatons of & waerkable repgulnlory
process ©f. HEC . Nallonal Beenfities, Ine.,
323 U . 4hY, 443 (10491 EDOF . LI'A, whils
Siseursing SVEpHTi0n, serres ab & Lescyn in
this Texord, supgesting Lhst  MEnstion
be canliuued stleciively, (ARIDE INLo sicnunt
Counitielions on loda and entend of yee”
14 at 31 Neasing theve principles 16 mind,
1 wurn firet to tha Boroa siud AEapw oudl orlers
stieanhd take.

A D tivn a3 jo atored prert
poulou. and st pEppers, “Thers s evi-
dence Lhat TILYT I8 the onhly warful ehirmical
for controliing Neavy eorn Loter Infentationa
widch atinck graeu peppers in the Del Marve
Fentnviin, The Feoord shown At sbout
1.0 pounds of DDT sre uerd Segolaniy A0
& ground spplicstion for propliyinctic purs
poses. Uwvin, gulhicn, and phosbhamidon
ity howerer, bo undd BL Jexs than 30 petosnt
infesistion, Ul Matys produces lesd thah &
percent of the DaUGL'S sweel peppens and
ather crops tan by profitably produned. The
Apenct sl nes Conceded 30 e AT 1B
brief ‘o auppory Wl proposed Qudings, fons
clustons, shd otder that this use of LDOT
Teamws clooeal=-of all the uses IR Toe—
0 helug neceanty In the sense thut no el
aliernative knarck control method 281488 0.
sl tertaln conditions ™ (hiref, st 631

The evidence cunceining use of DIF in
Sontivh cuiwnrm by leva clint tut  Appars
ently cutworin inf¢atetinna in the Nerthe
ol wre Apuradie pnd locallzed  Whits i
wonld appear thut other chemiboals fould be
used o ﬂmllol cutworm lufestallons on

"Tlm e of DOT In Tojosde 6 JHeactlje
oms SEag, W Feltdnsed #5 both the Fuast nnd
Drrug Adovninteailog a6d chis Agency. The
altarnatlve, Kwell, 1y & brddans pheiury 3
A, hemever, taling Judirtsl oadtirs of s
fart that Jlnvlane Fegiatimtinne afe resently
undger feview by vhis Amdaey's Feo'loides
e id 8overal wies of Jinnulie Save 9 the
past, heru the sublert of owbreilalion pro-
tresinge Fee I He 5iaz Kurl Lindanhe, supra
1 un red prepafed to Judgs on this regeed

whether of nat the riak W thie snviectunent

and the puttic ab targe from I wlnonpon
in greatsr Lhan fron Hodans shadamen As for
110 diract ¢ffacts o the vt of the Croy, this
malter 14 Fr PDA and Lhe Jiestiilng

P ..
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eninng 56 with gmnml«."num wie SpParenuUy
prginieted Ko pertg hLas clled evidence of
reeord shuwing whet percetst of the aldon-
pruducig Scresct wuild Le afferted Ly o
canceilation uf DT

The svldence with pecpret to nae of npr
Al & dip T W0 protech stured yweel pPotiluet
mgainet weevil fulestatipn 13 €3en spOLILS.
Melther counasl far thes pariveg nod our e
seafch nne poluted uy to #sldence of record
ahwowisg the precise volune of DDT use for
thie purioss. 13 Laely rlect oh the el
ronpent, o the drpree uf luw tThat aight be
suitajued by producert
CWhite K owould e Iar eader lmply o
el oF Bol cance) (e registralions for
Wit uxh 1 bBelltd that sovironewesial
proviems sheuld by poreied with & scaprl.
Bt & hackeay While FOF aud my oen s
Wrge cancellwtion, o the ground that pre-
duerrn can eastly shilt to prducing dufer-
ent cEops. LIeTe 1% fub gL Idence 4% 10 haw long
auch tratalifun might reguire, Muresver, It
My be that ennlicued wse of 8 Lindled wobs
ume of DUT In thess fowt arens, tiken in
rireeitan with eggregaie sdomne of e
fir cuel purpases, liks heallh, present no
Al 1D the envirarment Obtingsly much of
the sifess oa the CRiobal” sictronment 1
reduced by ostaltig avernll volums Gf usags
atd we must thely enlmata the 1mpack of

. ting, ol oD the EnYirONDIENT w¥ & WhoMe,
aivd the lucel surroundinge. Lestly, It may

well be rrievant to exmnine the Hnpact o
oversll supg'y of & comovdicy Even though
prpjrei onlona., ahfd pweet potalEs A hot

e food "Baphes,” It mag be Uit Lt olbher

acrenge b Bot suited for prodacing thess
crups [n that event. (L will De hecessary to
Satermind sheiher or Hot suppties wil snts
laly demand, wnd whether oF Bot & (FRRMaR
peried should Le fned to permit & market
B justavent ¥

It tollowe that additional sridencs s tes
quired ta defermine ilia Anvwen o thew

Thw wes the viruslly unaiowus opiileh
of all the Tha inteoduct nvwe
use f orgadwpboaghales had, bo the posl,
cousrd déaiht Anwiig UM Who ore ua-
tenined b Lthelr spphication amd the towtl-

‘maeny shd eahHnite of record point b2 the um-

NHRpRY CAperieDod Oof sEvernd yrale apo whers
four deatis occurred st the Unn methyl
Purnibiivn brgen L2 be wasd on Lo crope.
Qteier teatitnony Dowed the HOTeEAMs 10 Bons=
fatmd aiticente atud atizitnstsd slincel uipe.
hall reported peitlridd puisunituygy Lo ihe
urghtiophosphate group. A rarvey comductsd
afler the urpaiof 7] Ly 10 Faplh
chluritated hydrooatbons in Tex s suggedts
& shpnltlonntly Lacreawd Inctdeunce of poison-
\hRs. ) .

‘That the siilied snd Lealitd Lser may
apply otganopbosphaies With conipitts aafety
11 uf camdort only f there 1 no orderly tran-
sitiof from DUT to meihyl parathion so e to
train workers Dow ubiutoted in the whys
of proDet U,

1 sin sccordingiy minking this order effecs
tive 50 of Leceinber 31, 1912, Wooler a5 the
eanerllationn of any particule ue 9 pres
diceted on the svallabilily of methyl paiss
thion A & substitvie. 1o Lhe monthe that
fuliow the Deparument of Agriculiure and

Hiate extension Cervioes and repreventstives

of EPA will havs Hime to begin sduesting
thos worksrs who will bave L use mstaytl
parstlhiton in future growing soascns, Sush &
PrOJIAfa Can AL INUoduce Tatiele to the
lera sentely tonic organophosphites, lke
Curberyl, which kay be satbiactory for cimny
uen. .

Vi Far from belug Inconaistent with the
gonerad congitsalonal oandsts of FIFRA, &
petiod of adustiaent to Liaio users nf methyi
garnthion or perriit & cesded transition
where o subatituces exist i» s loglead put-
growth of & searibiv appilcation of risk-bene-
113 anslyeia While the leginiative hintory dooa
net sdress the aDeciAc proviers Lelary me--—

questions [n the taterim the canceliath

ordety will femsia it effect, sudject 10 regie-
trants of users petitioning to prasent sduie
tional avidenos In that ¢teni, » elay order
will isus panding de thon &
remand. M thews verts oF registrmanis sl
demonetinte thel & producs shortars will re-
sult and thete pecticuter vse of DDT, taken
with other Dors, d0es Rot Crente unduod strens
on the genersl or lovsl environnens, pars
tiendarty the snuanpiece, eancélintion sk ould
be Lfled. T8 no produce shortnde will Fesult
Decausy other arresge (0 sultale for Lhess
oropw, 1t shail stift be open to

ihe lug of cancelistion ordari=-the Bears
ings that preceded the snsctinant of FIMA
indicate that congresslonat concern for pslely
of the Iacpief-user of pesticides was no lese
than Congreas’ dolicitude far the snviron.
ment. White Congress ullimately struck &
tmisnce thal generully places the sk of
nrgligence oo 1ha epplicaior, see Glearns v,
Ei'A, auprs, It 19 0 10 light of assursnces
that farviers are for thelr oon safecy ng well
o that of the sovironunent being tralped
In proger methcds of appllestion, See Hear-

that & teansitional period ta required fof
awitching Vo new creps I the Interim oae of
LDT dwes hot condtilutes A ehvircnmentsd
ik, Ansl vrders of canceiletion for these UWs
wilt be deferred wntll the Lenheitinn fan be
accomplished. provided sthurshced e (¥
crived At Lhe Leartng that Formubstors nad
usts il not permis bootlenging.

B The ecifeh o wmethyl parathion The
need for B AreRaIOn pesiod arteen also in can-
wacllon with those uses that s being
eanceled based on the ralstence ¢f rnethyl
parathion. .

The teootd balfote me leavrs ho doudt that
the chief substituts fos moit uws of DO,
ety perathicn, W a highly turie chemsioal
and, If misused, 3 dengervus Lo applicetors &

® 11 i¢ & recoRnired- poliey of common inw
et wud s of Federsl snvieonmentst
legisiation o wfford aftected produceny &
trenntionstl periad for Imp'rmenting new
requitrements.

*=Not all rf the powitie substitutes for
DOT are squally potent For phe, tel.
chintoton, mansrndoplios, maistbba, and
carharyl, ameng others, are avatintis to con-
trol wany Colluts pesta; eatharel 0 an ol
rhrpnes chemivad for most colton peate I8 18,
Tovrver, shundentiy clesr 1907 et iy? parss
il A H b whiet, wory

inge bef the Itted O Depatis
i fght and © Hetelions
of ths Mouws & Kiee on Agricult

.3

AMprs, &t 84 S&™

The riak-benefis squation 1 & dynemie
one. Timig 1a & verieble 1o that eqguation.
What may, 1o the long run, be RetGsary W
P % the anelr t cowld be » shoti-
term thicat to human henlth. This in enactiy
the case befnre ma now, The bensdts of using
orgennplvmplinies sre & Jong-mangs benelt

Hlven sxpress
betweah the
reguistory tchemss in FIFIA abid the Food,
Drug, snd Onamelie Ack, Bep Welford .
Ruckeishaus, 430 PF. 24 598 (L C. O, 1071
Nor-Am v, Hardn, €13 . 34 1133 {7in Cir.
1879 (en Lang), 1 Lallevs Lhat the il
Congiees intended mis to follow 15 rosried
By 1t dAlrective In sbeticn 348 of the Fopd,
Drug, and Conmetle Act, 41 UG C. seciion
43111 (3} (1871), which permbas the Becre«
tary W stt anb efective Oale for hie crdere
While stindlar langusgs hes not Deeb e3-
preesly Included In FLFAA, 1t Gmistich oen
hardly be cansdered sdrvertent in vidw of

® AL Jemt two courts hate

tion td the L auld

the legivdatlve history Bes 8. flaps. Na. 673

(88ih Cong.. firet evmston J963); K. Rept.
No. 1133 (Rith Cong, second eeeslon iD84).
The purposs of the 1904 smendMments waa to
L] te pegiatration ubder p

and W rishs o, DT resuit from coubipued
lobgetermm waw. [a the very sliork rum, e
4Ter, Lhe AqUEtHa Lalancen oul TR dAlifer-
acily ® Livewms, the propect of vocatdon
whbich n B4 snaus wers s use oF LOT Lo
madlaioy aalted whers oo slisuatives suly
L & Toct. ¥ wo tust reehon with. The s
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APPENDIX

DDT REGULATORY HISTORY: A BRIEF SURVEY

sackground

DDT  {Dichloro-diphenyl-trichloroethine), for many years one of the
most widely used pesticidal chemicals in the United States, was first
synthesized in 1874. 1Its effectiveness as an insecticide, however, was
only discovered In 1939, Shortly thercafter, particularly during World
War 11, the U.S, began producing large quantities of DDT for contral of
vector~borne diseases such as typhus and malaria abread.

After 1945, agricultural and commercial usage of DD became
widespread in the U.S, The early popularity of DRT, a manber of the
c¢hlorinated hydrocarbon group, was due to its reasonable cost, effee-
tiveness, peraistence, and versatility. During che 30 years prior to
its cancellation, a total of approximately 1,350,000,000 pounds of DT
was used domestically.

After 1959, DT usage in the U.5. declined greatiy, dropping from
a peak of approximately BO millicn pounds in that year to just under
12 miliion pounds in the early 1970's, Of the quantity of the pesticide
vsed in 1970-~72, over 80 percent was applied to cotton crops, with the.
remainder being used predominantly on peanut and soybean crops. The
decline in DDT uvsage was the vesult of (1) increased insect resistance:
{2) the development of more effective alternative pesticides; (3)
growing public concern over adverse envivonmental side effects: and
(4) increasing government restrictions on DBDT use.

In addition to domestic consumpticn, large quaniities of DDT
have been purchased by the Agency for International Development and the
United Nations and exported for malaria comtrol. DDT cxports increased
from 12 percent of the total producition In 1950 to 67 percent in 1%6Y.
However, cxports have shown a marked decrease in recent years dropping
from approximately 70 million pounds in 1970 to 35 million in 1972,

Public Concern

Certatn characteriatics of DDT which contributed to the sarly
popularity of the chemical, particulacly its persistence, liter became
the basis for public concern over poasible hazards involved in the
pesticide's use. Although warnings apainst such hazards were voiced
by sclentists as early cs the mid-1940's, it was the publication of
‘Rachel Carson's book Silent Spring In 1962 that stimulated widespread
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public cencern over use of the cviemical, After Carson’s alert to the
public councerning the dangers of improper pesticide use and the need
for better pesticlde controls, it was only natural that DDT, as one
of the most widely used pesticldes of the timey should come under
intensive investigation. .

Taroughout the last decade, proponents and opponents of DDT
have faced one another in a growing series of confrontations,
Proponents argue that DDT has a good human health record and that
alternatives to DDT are more hmzardouws to the user and more costly.
Opponents to DDT, admitting that there may be Little evidence of
direct harm te man, emphasize other hazards connected with 103 use,
They argue that DDT is a persistent, toxic chomical which easily
collects in the food chain posing a proven hazard to non~target
organlsms such as fish and wildiife ard otherwise vpsetting the
natural ccological balance.

Both the pro's and con's of BT ves were considered by four
Government committees who issuved the following reports; (1)
May 1963, "Use of Pesticides,” A Report of the President's Scicnce
Advigory Committee (PSAC); (2) Kovember 1365, “Restoring the Quallcy
of Cur Environment," A Report of the Environmental Polliutfon Panel,
PSAC; (3) May 1969, Report of tue Committoe on Persistent Pestlcides,
Division of Blology and Agriculture, Naotional Research Couuncll, te
Agriculture Departinent; (4) December 1969, Mral: Commissfor Report.
All four reports recommended an orderly phasing out of the pesticide
over a limited period of time.

Public cuncern further manifescted itself through the activities
of various coviconmental organlzations, Beglnning ln 1967, the
Environmental Defense Fund, the Natiomal Audubon Society, the
Nacfonal Wildlife Federation, the lzaak Walton Leapue and other
envivonmenta?! proups became {ncreasingly active in initiaring court
proceedings leading to the restricelon of DDT use at both local and
Fedecral levels.

State Regulatory Actions
Varying restrictions were placed on DDT use in diffevent Scates,
DDT use was outlawed oxcept uvnder emergency conditions in

Iilinots, lowa, Massachusects, New Mexico, New York, Rhode Islaund,
Vermont, and Wisconsin,
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" Alaska, Arizoma, Califernia, Colorado, Connecticut, Florida, Idaho,
Kentucky, Maine, Maryland, Michigan, Minnesota, New Hampshire, North
Carolina, Chio, Utah, Virginia, and Washingtou have all placed =some
limitation on the use of DDT.

Although the remaining States have provisions for the "rescricie
use” classification of pesticid&s, no specific mention is made of DDT,

Initldl Federal Regulatory Actions

The Federal Government has not been oblivious to the hazards of
DOT use as is fndicated by various Government studies and actions
undevtaken since the late 50's,

1. In 1957, as a matter of policy, the Ferest Service, U.S.
Department of Agriculture (USDA), prohibited the spraying of NDT
in specified protective strips around aquatic areas on lands undor
its jurisdiction.

2. In 1958, after having applied approximately 9-1/2 million
pounds of the chemical In its Federsl-State control programs since
1945, UShn tegan to phase out its use of DDT. They reduced sprayiug
of DDT from 4.9 willion acres in 1957 to just over 100,000 acres in
1967 and used persistent pesticides thereafter only in the absence of
effectise alternatives, The major uses of DDT by the Forest Service
have been agalnst the gypsy moth ard the spruce budworm, The develop-
ment of alternmative pesticldes such as Zectran, which was in operaticon
in 1966, contributed to further reduction in DDT use by the Deparrment.,

3. In 1964, the Secretary of the Interior issued a directive
stating that the use of chlorinated hydrocarbons on Interiov lands
should be avoided unless no othur substitutes were available. This
regulatory measure, as well as others which [ollowed, was reaffirmed
ond extended in-June 1970, when the Sccretary issaed an order banning
use of 16 types of pesticides, including DDT, on any lands or in any
programs managed by the Department's bureaus and agencies.

4, Between Novembor 1967 and April 1969, USDA cancelled DDT

registrations for use agalnst house flies and roaches, on foliage
of more than 17 crops, in milk rooms, and on cabbage and lettuce.
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5. In August 1969, DDT usage was sharply reduced in certain
areas of USDA's cooperative Federal-State pest control programs
following a review of these prograss in relation to environmental
contamination.

6. In Novembeyr 1969, USDA initilated action to cancel all DDT
registrations for use against pests of shade trees, aquatic areas,
the house and garden and tobacco. USDA further announced its
intention to dizcontinue all uses nenessential to human health and
for which there were szfe and effective substitutes.

7. In August 1970, in ancther major action, USDA cancelled
Federal reglstrations of DDT preducts used as follows: (1) on 50
food crops, beef cattle, poats, sheep, swine, seasoned lumber,
finished wood products and buildings; (2) around commerclal,
institutional, and industrial establishments including all nonfood
areas in food processing plants and rvestaurants, and (3) on flowers
and ornamental turf areas.

EPA Repulatory Actions

On December 2, 1470, major responsibility for Federal regula-
tion of pesticides was tvansferred to the U.S. Environmental Protec~
tion Agency (EPA).

1. 1In January 1971, uvonder a court order followlng i suit oy
the Envirommental Defense Fund (EUF), EPA issued notices of intent
to cancel all remaining Federal veglatrations of products containing
DDT. The principal crops affected by this actlon were . tton,
citrus, and certain vegetables.

2. In March 1971, EPA issued cancellation notices for all
registrations of products containing TDE, a DDT metabolite, The
EPA Administrator further announced thau no suspenaion of the
registratrion of DDT products was warranted because evidence of
imminent hazard to the public welfare was lacking., (Suspension,
in contrast to cancellatlion is tie more severe action taken against
pesticide products under the law.) Because of the decision not
to suspend, companies were able to continue marketing their products
In interstate commevce pending the final resolution of the admini~
strative cancellation process. After reconsideration of the March
order, 1n light of a scientific advisory comnittee report, the
Administrator later reaffirmed his refusal to suspend the DDT
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registrations,. The report was requested ky Montrose Chemical Corpora-
tion, sole remaining monufacturer of <the hasic DDT chemical,

3. [In August 1971, upon the veguest of 2L PDT fornulators, a
hearing hegan on the cancellation of all remalalng Federally
registered uses of products contailning PDT. When the hearing ended
in March 1972, the transcript of 9,312 pages contained testimony
trom 125 expert witnesses ard over 300 documents. The principal
parties to the hearings were varfous formulators of DDT preducts,
USDA, the EDF, and EPA. :

4. On June 14, 1972, the EPA Administrator announced the final
cancellavion of all remaining ervop uses of POT fn the U.S5. elfective
December 31, 1972, The order did not affect public health and
quarant lne uses, or exports of DDT. The Administrator based his
decision on findings of persistence, transvort, biomagnification,
toxicolopical cffects and on the absence of benelits of DDT in
relation to the availabiltiy of effective and less environmentally
harmful substitutes. The effective. date of the prohibicvion was
delayed for six months in order to pesmit an orderiy trancition to
substitute pesticides., In coajinction wich this transftion, £PA and
USDA jnintly developed "Project Safeguard,” a program of education
in the use of highly toxie organsphosphate substitute< for DDT,

5. TImmediately following the DDT prohibiticn by EPA, the
pesticides industry ang EDF filied appeals cottesting the June order
with several i.S. courts. Indus.ry filnad suir to nullify the EPA
ruling while EDF sought to cxtend the prohibition to those few uses
nist covered by the order. The appeals were consolidated ie the U.S,
Court of Appeals for the Bistrict of Columbia,

On Becember 13, 1973, the Court ruled that there was "substantial
evidence” in the record to support the .L.PA Administrator's ban on DOT.

Actions Taken Under the New Pesticides Law

i

On Qctober 21, 1972, the Federal Environmental Pesticides
Control Act, a far-reaching amendment to the Federal Insecticlide,
Fungicfde and Rodenticide Act (F'FRA) was enacted. These amendments
provide EPA with move eficctive pesticide regulotion mechanisms thon
were previously avatiable under the FIFRA.
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1. In April 1973, EPA, in accordance with authority granted by
the amended law, required that all products containing DDT be
regisrered with the Agency by June 10, 1973,

2. On April 27, 1973, EPA grauted a request by the States.of
Washington and Idahe for a temporary registration of DDT for use
against the pea leaf weevil. A similar application was approved on
February 22, 1974, for use of DDT during the 1974 growing season.
The chemical was registered for 90 days folloewing a determination
by EPA that control of the pee leaf weevil was an cconomic necessity
and that PDT was the only practical and effective control agent
available. The EPA order designated spray restrictions, monitoring
guldelines, and research requircwents for the control program. The
order provided for further testing of three chemicals--methoxychlor,
Intidan, and malathion ULV--which have shown some promise as alterna-
tives to DDT. Other possible long-range alternatives to UDT were
tested in 1974, as well.

3. On February 26, 1974, EPA granted a recquest by the Forest
Service for use of DOT to combut the Douglas-fir tussock moth
epldenic in the Northwest., Previous requests by the Forest Service
had been denied on the grounds that the risks of DDT use was outweighed
the bencfits, A weck long investigation in Scptember 1973, a
technical seminar on November 16, 1973, and a series of hearings in
January 1974, aided EPA in reassessing the need for DDT. On the basis
of information acquired during these sessions, the Administrator
concluded that the potential for an economic emergency enisted in 1974
and that no effective alternative to DDT was available. The coutrol
program was carried out under strict spraying res:irictions and with
a rejuirement that research programg to evaluate alternatives to DOT,
and monitoring activities, be conducted by the Forest Service.

Use of a cancelled postictide s made possible by the recemt
amendments to FIFRA which permit EPA to exempt any Federal or State
agency from any of the provisions of the Act if emergency conditions
exist. All such requests are considered on a case-by=case basis.,

4. On March 14, 1975 the Adminfistrater denied the State or
Loulsiana a request for emergency use of 2.25 miliion pounds of DDT
on 450,000 acres of cotton to contrel the tobacco budworm in 1973.
This decision was affirmed by the Administrator on Anril 1, 1475,
after reconsideration on the grounds of "no substantial r.w evidence
which may materially affect the 1972 order with respect te the human
cancer risk posed by DDT, the environmental hazavds of DOT and the
need to use DDT.om cotton.”" (Federal Register, April 8, 1974, p.
15,962)
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Parathion and dethyl Parathion

Symptoms of Poisoning ~ The symptoms of mild exposure to parathion
ormethyl parathionas a result of orchard spraying or other activities
associated in the fruit-growing industry have been described by

Sumerford et al. (1953) and Arterberry et al. (1961). The modes of .
exposure and the symptomatology have been discussed by Hamblin and

Golz (1955). [re signs and symptoms of 246 patients admitted tc a
hospital in Greece with acute parathicn poisening have been reviewed

by Tsachalinas et al. (1971). tamba (1971} has presented-an excellent
description of the sigis and symptoms of organophosphate poisoning in
patients. Reference should te made to Hamblin and Golz's paper (1955)
for the onset and progressions of symptoms in subjects exposed to

toxic amounits of parathion in spraying operations, Hamba (1971) has
classified the signs and symptoms observed in 77 patients who developed
potsoning by the application of ethyl and methyl parathion, The more
prominent symptoms were weakness, nausea or vemiting, excessive sweating,
headache and excessive salivation. Namba points out that if the exposure
to organic phosphorus insecticides is sufficient to preoduce symptoms,
they usually appear in less than 12 hours., Symptomatology that appears
24 hours after exposure is unlikely to be due to these pesticides., A
critical ¢linical observation is the occurrence of miosis, which is

found in about %0% of the patients, and the latter symptom appears in
subjects even in the miid cases. Death is usually attributed to failure
of the respiratory muscles and paralysis of the respiratory center,
Cardiac involivement may occur, but is usually seen only at the terminal
stage. Man appears to be more sensitive to the organophosphate insecti-
cides in that he exhibits symptoms earlier than experimental animals,
particularly central nervous system manifestations. If an untreated
organophosphate-poisoned victim is alive after 24 hours, he is Tikely to
recover, The account by Kanagaratnam et al. (1960) describes a parathion
poisoning incident resulting from the use of contaminated barley in India.
There were 53 persons invelved, and the ¢linical features described
included colliapse, fits, sweating, dyspnoea, the effect on the pupils, the
eye, blood pressure, coma, and muscular fasciculation,

Gershon and Shaw (1961) felt that chronic exposure to organophosphate
compounds produced psychiatric disorders in orchard workers. In a small
field survey, they observed in 14 men and two women schizophrenic and
depressive reactions with severe impairment of memory and difficulty in
concentration. The range of exposure for these subjects was 1-1/2 to
10 years,

Ho other surveys of this nature were found in the literature,
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Brown (1971) reported on the électroencephalographic changes and
disturbance of brain function following organophosphate exposure, Acute
organophosphate poisoning disturbs ceniral nervous system functions by
causing disorientation in space and time, a sense of depersonalization,
and hallucinations; with heavy exposure, convulsions occur. Acute inhi-
bition of brain cholinesterase would be expected to cause effects related
to the temporal lobe, EEG changes in acute organophosphate poisoning
have been reported to resenble those seen in the intertcta? EEG of temporal
1obe epileptics.

Accidents - Parathion andmethyl parathion are the pesticides most frequently
cited in incidents involving accidental exposure to pesticides, Preliminary
data from the LPA Pesticide Accident Surveillance System {(PASS) shcws that
parathion is the third andmethyl parathion is the fifth most frequently
cited pesticicde in 1973. Rased on an analysis of PASS data, Osmun (1974)
stated that for 1972 and 1973, parathion and/or methylparathion were con-
nected with 78% of the reported episodes relating to agricultural jobs,
particularly these involviny fields sprayed with pest1c1des for which safe
reentry times for workers had been set.

Some 125 episodes involving methyl parathion are included in the PASS
computerized system, Approximately 45, 30, and 157 of these episodes were
reported from EPA Regions IV, VI, and IX, respectively. This distribution
is not consistent with that of the domestic consumption pattern.

There are a number of linitations, however, in attempting to use PASS
data. First of all, the cause-effect relationship between the pest1c1deﬁ
cited and the effects obsarved have generally not been established.

Second, generaliy only data for 1972 through about January 1974 have

been computerized and are recadily available for retrieval. Third, a

large portion of the data provided to PASS comes from California. This
skewed distribution probably represents bias caused by the efficient

level with which the State of California documents pestigide information.
During a review ¢f PASS files, data in addition to the preliminary informa-
tion found on the pesticide episode reporting form {Form ACEC, December
1972) were found on only nine of the approximately 125 episodes invoiving
methyl parathion and 12 of the 257 episodes involving parathion. Further
duplicate entries in PASS have been noted for & few incidents.

e



Data Relating to Other Substitutes

Methomyl
Human Toxicity and Epidemiciogy

Symptoms of Poisoning and Antidotes - Warning symptoms as listed on
thé Tabel of Lannatdrg0% (methomyl) water soluble powder (EPA Reg.
ho. 352-342) are typical of those associated with exposure to an
anticholinesterase ayent. These include weakness, blurred vision,
heaq?che. nausea, abdominal cramps, sweating and constriction of
pupils, '

Qccupational and Accidental Exposure - Beginning in 1971, EPA and

the States of California and Arizona became aware of serious problems
in workers handling Lannat&90% (methomyl) soluble powder. The
California Department of Health estimated 150 incidents involving
Lannate poisoning in California, There have been no fatalities.

After an extensive investigation by State and Federal Officials
and with the assistance of Dupont Chemical Company and various users
it was concluded that most cases of 54 documented Lannate poisoning
cases would not have occurred if the Tabe' cirections were followed
and proper protective clothing worn, {Memo from Mr. Brian Sturgess,
Region IX to Acting Director Operations Division regarding Lannate
Investigations in Arizona and Califorria, April 19, 1973). Due to
possible inhalation of the powder, it is very important that gogales
and a mask or suitable respirator be worn, It should be noted that
often the extreme heat in certain areas of California and Arizona
make the wearing of any protective equipment very difficult.

Betier hygiene and improved closed systems for loading and mixing
pesticides would lessen the chance for accidents not only with Lannate
but other highly toxic pesticides,

Two cases of methomyl poisoning in men who mix pesticides, probably
resulting fro< inhalation of powder during mixing, were reported in
Australia in early 1974, Blood cholinesterase levels were between (%-35%
for one individual and 35%-65% in the other reported poisoning incident;
normal vailues range between 80% and 120%,
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"One serious point was that when methomyl caused & fall in plasma
cholinesterase activity, further exposure to organic phosphate could
deplete red biood cell cholinesterase values as well. Poisoning could
probably occur more quickly and could be potentiated by tho carbamate
material.l”

Other incidents involving methomyl poisoning were also reported,
but these cases were complicated hv the fact that the men involved had
handled various other organophosphate insecticides during the same time
period they had come in contact with methomyl (Simpscn and Penney, 1974},

No epidemiology studies involving nethomyl have been reported.
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Aldicarb

Symptoms of P01soning - Symptoms of ald1carb poisoning are typical of
those seen with anticholinesterase agents (see methomyl).

Accidents - Aldicarb has been cited in a small number of accidental
exposure reports. The EPA Pesticide Accident Surveillance System

{PASS) computerized data base lists a total of 11 episodes involving
aldicarbd, This data base includes rost data reported for 1972 through
January 1974. Eight of the 11 reported cpisodes took place in Region IX.
The availablie data, however, is not sufficient to establish any relation-
ship between accident frequency and specific uses of aldicarb,

Gisul foton

Accidental Exposures - Watson et al. {1971) reported the accidental
poisoning of cattle when eight discarded disulfoton bags were blown from
2 potato field into a pasture. As a result of chewing on the empty bags
containing disulfoton residues, one animal was found dead and several
others were severely sick, Within three days, six additional animals
had died. In addition to the bags containing residues, it was suspected
that some of the irrigation water from the sprayed field also entered
the farm pond used as a source of drinking water for the affected cattle.

Accidental exposures to disulfoton are also recorded by the EPA Pesti-
cide Episode Review System (PERS). The computerized PERS data base, which
generally included data through January 1974, shows disulfoton to be the
21st most frequently cited pesticide in the episodes* reported. A total
of 63 disulfoton episodes are included in the computerized data (through
January 1974). Twenty-eight additional epicodes have subsequently been
reported, Approximately twe-thirds of these 91 episodes involved human
exposure, - ' _

* Episodes reported include those involvirg humans, animals, plants, and
contaminated areas. In most cases, however, disulfoton was not conclu-
sively established as the cause of the cpisodes, i.e., cause-effect
relationships generally have not been establiished.
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The distribution of the reported episodes by EPA regidns is as
follows:

Region 1 0
11 2
I 1
v 16
v 4
VI 10
VIl 8
VIIT .16
IX 22
X 12

Unfortunately, the information available was too limfted to establish
any relationship between the episodes and any specific application or
use of disulfoton.
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APPENDTX
EPA Peport of Hational
Pesticide [pisodes®
for DDT Substitues

1971-1974
Human Animal % of total thal

Primary DNT Accident Poisoning/ Contamination  Total are humans
Substitutes Episodes Contanination of fopdduater  Fpisades injurins -
Parathion 230 64 70 _ 366 63
Malathion 1s 724 24 162 n
Methy!

Parathion 84 12 42 153 LY
Carbary) 60 @ 15 109 56
Kethomyl/

Lannate 101 2 7 105 86
Phosdrin 19 ] L 13t 9
Diazinon 105 7 12 132 80
Chlordane nz 9 28 140 80
27 Qther 0T

Substitutes*™ 391 212 ' 269 830 47

TOTALS 37 365 48 2128 67

-* .
Confirmed episodes reported in this table have not been differentiated
from those which are not cenfirmed cases of pesticide injury.

_**Olher POT Substitutes reported include:
Methoxchlor, Endrir, Azinphos Nothyl, Guth.on,
Azodrin, Galecrorn, Toxaphene, {PM, Di-sysion,
Pasanit, Haled, Dincthodate/Cyqon Bidrin,
Dyfonate, Heptachior, Lieldrin, Aldrin,

Thimet, Systox, Dylox, Dipterex, Carboohenothion
Meta-Systox-R Galecron, Endosulfan {Thiocan, SD-
8447/ Gardona, Fu -dan, Aldicarb/Temik, Surracide

Source:  Specid) !ngredicnt keport, Poesticide Fpitcode Review System, Pesticide
Use Analysis Branch, Operatfons Divisfon, OFP, £PA, Feb, 18, 1975,
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Methyl Parathion

The use of methy!l parathion on cotton in 1972 is cstimated at
33,500,000 1b of artive ingredient, L.e., B4.3% of the total domestic
consumption. It is primarily used to sontrol the cotton btoll weevil,
bollvorm and tobacco budwonn, but is also recomnended for control of
thrips, cotton leafworms, grasshoppers, fall armyworms, spider mites,
flealioppers, lygus bugs, aphids, garden webworms, false chinch ugs,
cabbage loopers and cutworms.

Methyl parathion can be applied by itself or in combinations with
other insecticides. Prior to the restriction of DDT a typical applico-
tion consisted of 0.5 gallacre of a mixture of 4 1b toxaphene, 2 1b DDT
and 0.5 1b of methyl parathion to control bollworms., The rumber of ap-
plications would vary depending upon the degree of infestation. A high-
use farmer might wake 14 to 15 total applications, with one or two of
these applications consisting solely of methyl parathion to suppress
the late hatch of bollwermns, HMany states are nos reconmending a formua
lation consisting of & Ib of toxaphene and 3 1b of methyl parathion per

“gallon at a rate of 1 to 2 qt/facre,

Efficacy Apainst Pest Infestacion - The use of methyl parathion
expanded significantly as resistance of the tobacco budworm to DDT
increased.  Adkisson et al. (1965)1/ found a hizh level of DDT resis-
tance in the budworm and bollworm., Tests showed that methyl parathion
killed £5% of the bollworm larvae when applied at 0.25 lb/acre whereas
1.0 1b/acre of PDT killed only 51%.

Volfenbarger et al. (1971)2/ found that mectayl parathion killed 85%
of the bollworms and tobacco budworms. Yields in a test at Brownsville,
Texas, 1n 1967 incecased 589 1b of seed cotton over the check. Good con=
trol of the bolluorm, tobacco budworm, and pink bollworm was achieved.

i

1/ Adkisson, Perry L., and Stanley Nemee, “Efficiency of Certain Insecti-
cides for Killing Bollworms and Tobacco Rudworms," Progress Report
PR-2357, Texas Agr. Exp. Sta. (1965).

gf Wolfenbarper, D. A., and Rex McGarr, "Low Volume and Ultra-Low

" VYolume Sprays of Malathion and Methyl Parathion for Control of
Three Lepidopterous Cotton Pests," Producticen Research Report No.
- 326, U.S. Departwent of Agviculture and Texas Agr. Exp. Sta, (1971),
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Nemec et al. (1968)1/ evaluated ULV and CLV methyl parathion sprays
at College Station, Texas in 1966 and achieved 100% kili of the boll-
worm and budworm 48 hr after application of 1.0 Ib/acre. They concluded
that ULV sprays should provide more effective and economical centrsl,

Hopkins et al. (1970)2/ evaluate. methyl parathion and other in-~
secticides in 1968 and 1969 at Flevence, South Carolina, and found that
methyl parathion gave good control of the bollworm and boll weevil.
Yields increasdd 1,629 1bfacre in 1968 and 867 lb/acie in 1969 compared
to the untrcated checks. The yields from the untreated checks were 255
and 10 1b/acre, respectively.

Adkisseon et al. (1967)3! compased various insccticides and found that
methyl parathion at 1,0 lb/acre kiltled 1G0% of the boellworm larvaec after
48 hr and 897 kill was achicved vhen methyl parathion was applied at 0.5
1b/acre. They also found that 0.75 1b/acre methyl parathion provided
97% kill of tobacco budworm larvae after 48 hr and 1007 kill of the adult
boll weevil under the same conditicns when 0.25 lb/acre were applied.
These tests vere conducted at College Station, Texas, in 1966.

MeGary ct al. (IQGQ)EI evaluated Insecticides at Brownsville, Texas,
in 1968 and reported that althouph methyl parathion was effective against
the tudworm and bollwarm £t did wot give adequate control. Yield increases
from thyee tests varied from 6 to 219 1b/acre. When methyl parathion was
applied at 2,0 lbfacre, better gortrel was achieved and yielde ingreased
845 lb/acve.

In 1968, Nemee et al, (1968)21 noted that the tobacco budworm popula-
tion in the Lower Rio Grande Valley, and perhaps near College Station

1/ wemec, S. J., P. L, Adkisson, and H. W, Dorough, "Laboratory Tosts
of Ultra-Low Volume and Conventional Low Volume Sprays for Con-
trolling the Bollworm and Tobacco Eudworm," J. Feon., Entomol.,
61:209-213 (1968).

2/ Hopkins, A. R., N. M. Taft, ¥, James, and C. E. Jernigan, “Evalu-
atjon of Substitutes for DBOT in Field Experimonts {of Contrel of
the Bollworm and the Boll Weevil in Cotton, 1967-1969," J. Econ,
Entomol., 63:848-850 (1970),

3/ Adkisson, Perry L., and S. J. Wemec, "Insceticides for Controlling
the Boliwerm, Tobacco Budwenm, amt Boll Weevil,"™ MP-837, Texas
Apr. Exp. Sta. (1967).

4/ McGarr, L. L., and D, A, Wolfenbarger, “Ficld Evaluations of Insecti-
cides for Control of Cotton Insects, Rrownsville, 1948," Progress
Report PR-2670, Texas Agr. Exp. S$ta. (1969). . _

S/ MKemee, S. J., P. L. Adkisron, and H. W, Dovough, "Laboratory Tests of
Ultra-Low Volume and Conventional Low Volume Sprays for Controlling
the Bellvorm and Tobaceo Budwerm,™ J. FEeon, Entomol., 61:209-213 {1968).
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‘had developed a low-icvel resistance to methyl parathion: large gosei

of the fnsecticide were nceded to kill the budworms i{in laboratory tests.
The LDy values had also indicated a 2.0- to 2.5+fold increase over the
previous year. These tests showed a 97% kill in 48 hr when applied

at 2.0 1b/acre on Collepe Station larvae, This dropped to a 41% kill
rate when 0.5 lb/acre was applied. There were no indicatfons of re-
sistance in the bollwomm or voll weevil, . '

Hemec conducted similar tests in 1968 (Nemec, 19?01’) and found
that the Lidsg value for methyl parathion increased 1.5-fold over the
1968 value in budwors from the Brazes River Valley and twofold over
the 1968 value in the Velasco area, Methyl parathion at 2.0 lb/acre
resulted in a 90% kill in 48 hr at Collcge Station im 1969, At 0.5
1%/acre it gave a 44% kill., In Welasco the results at the above rates
vere 797 and 23%, respectively.

Nemec et al. (19?3)3, sunmarized the yecarly. tests comparving the
effect of methyl parathion on the budworm and bollworm. He reported
that prior to 1968 when resistance was detected in the budworm the
coat of contrel was $28/acre. By 1972 the cost for control of the
bollworm complex averaged $60/acre due to higher rates and more fre~
quent applications of insecticides, greater populations of the budworm
and higher costs of certain insecticides,

The results of tests showed that the LDg vaiues for methyl para-
thion on the budworm increased 50-fold between 1964 and 1972 at College
Station, Texas. A filvefold increase from 1968 to 1972 was reported in
the Rio CGrande Valley, Texas.

Some resistance of the bollworm to methyl parathion was alse in-
dicated, The LDgq values av College Station were at the same level
from 1967 to 1971, but doubled {n 1972. Bollworms in the Pecos area
were shown to bhe more tolerant to methyl pavathion than those from
College Station. '

1/ Nemee, S§. J., "Topical Application and Caged Plant Evaluations of
‘Insecticide Toxicities to Beliworms, Tobacco PBulworms and Boll
Weevils,” Progress Report PR-2845, Texas Agr. Exp. Sta, {1970),

2/ Nemec, 8. J., and P. L. Adkisson, "Orpanophosphate Insecticide
Resistance Levels in Tobacco Budworm and Bollworm Popularions
in Texas, Investigations of Chemicals for Control of Cotton
Insects in Texas,™ Technical Report Ko, 73-20, pp. 18-25, Texas Agr.
Exp. Sta. (1973). '
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‘Welfenbarger et al. (1973}1/ evaluated budworm resistance to methyl
parathion in Texas, Mexico, Central America, Florida, and Mississippl,
and fornd the highest levels of resistance in the Mante Tampico area of
Mexico. They coacluded that these insects in this arca and Brownsville,
Texas were reslstant to mechyl parathion while those in Mississippi,
Southern and Western Mexico were susceptible. The bollworms from Central
America and Southern Mexico were resistant to methyl parathion whereas
the United States resident bollworms were susceptible. -

. Apparently, the resistance of the budworm to methyl parathion is
limlted to the Texas area. Cunerday (1974)2/ showed that there were
noe substantial and consistent differences in the vesponse of bollworms
and budworms to methyl parathion in tests conducted in Georpia between
1970 and 1972.

Cost Effectiveness of Pest Contrel - Numerous studies have been con-

ducted comparing increased yields of methyl parathion treated cotton.

Most of these studies were made available from the Texas Agricultural
Experiment Station and were supplemented by tests conducted In Mississippi,
Louisiana, and South Carolina. The tests covered the period from 1936

to 1972, The 1972 farm value, including an allowance for support payments,
was 15.1¢ for the iint and 2,.5¢ for the seed Lo a pound of seed cotton.
Therefore, the total farm value of a pound of seed cotton was 17.6¢ In
1972 {Agricultural Statistics, 197430). Methyl pavatitfon costs averaged
$1/1b in 1972 (Chambers and Miller, 19744/).

The range of yield changes from all of the data reviewed varied
from a loss of 52 lbfacre to an increcase of 1,629 1b when compared to
untreated test plocs. The cconomic benefit afcter subtracting the cost
of the methyl parathion ranged from a loss of $20.15/acre to a gain of
$270.45/acre.

The results of the yleld tests are tabulated in Table 25.

1/ Wolfenbarger, D. A., M. J. Lukefahr, and H. M. Graham, "LDsp Values

of Methyl Parathion and Endrin to Tobacco Rudworm and Bollworms
Collected in the Amerficas and Hypothesis en the Spread of Resistance
in These Lepidopterans to These Insecticldes,”" J. Econ. Entomol.,
£6:211-216 (1973).

2/ Canerday, T, D., "Response of Bollworm and Tohacco Rudworm in Georgia
to Methyl Pirathion,” J. Econ. Eatomol., 67:299 (1974).

3/ Agricultural statistics, 1973, U.S. Department of Agriculture (1973).

4/ Chambers, William, and Daniel Miller, Farmland Industries, Kansas
City, Missouri, personal communicacion with Mr. David ¥, Hahlen
{1974).
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Table 25, RESULTS OF METHYL PARATHION APPLLEDC TO COTTON PESTS

Additional  Application

Application Yield income* cost (Al Economic
Rate increase* ($/acre at  51/1b + 50¢f bepefit*
Date (1b Al/acre) No. ({lb/acre) 17.6¢/lb)  application) . _ (§)  Source
1967 1,25 8 436 76,74 © 14,00 62.74 al
1956 0.3 9 1,530 - 269,28 7.20 262.08 b/
1956 6.25 9 476 83.78 6.75 77.03
1959 0.25 13 68 11.97 . 9,75 2.22
1960 0.25 14 265 46.64 13,50 36.14
1961 0.25 13 290 51.04 9.75 41.29
1967 0.25 11 487 85.71 8.25 77.46
1967 0.75 11 194 34.14 . 13.75 20.39
1968 1.0 6 119 20.94 9,00 11.%4
1969 1.0 10 775 136.40 15.00 121,40
1973 0.25 7 122 21.47 5.25 16.22
1971 0.125 7 158 27.81 4.38 23.43
1971 0.25 7 97 . 17,07 5.25 11.82
1971 1.0 7 255 44.88 10,50 34.38
1972 1.0 10 197 34,67 15.00 19.67
1973 1.0 3 34 5.98 4,50 C1.48
1972 1.0 12 366 64.42 18.00 46,42
1971 1.0 7 337 59,31 10.50 48.81
1971 1.0 8 499 87.82 12.00 75.82
1563 1.0 12 350 61.60 18.00 43,60 cf
1964 1.0 9 165 29,04 13.50 15.54
1969 1.0 8 547 96,27 12.00 84,27
1971 1.0 7 376 66.18 10.50 55,68
1971 1.0 7 460 80.96 10.50 70.46
1966 1.0 9 177 31.15 13.50 17.65
1966 1.0 9 75 13.20 13.50 (.30)
1969 1.0 7 773 136.05 10.50 125.55
1973 1.0 5 220 18.72 7.50 31.22 ‘
1967 0.75 12 201 35,38 15.00 20.38 &/
1968 0.75 4 157 27,63 5.00 22.63
1969 0.75 9 801 140.98 11.25 129.73
1968 0.75 13 1,629 286.70 16.25 270.45 e/
1969 1.0 16 867 © 152.59 24.00 128.59
1967 1.0 17 689 121.26 '25.50 95,76 £/
1.0 17 576 101,38 25.50 75.88
1968 1.0 ¢ 219 18. 54 9,00 29.54 g/
1.0 11 175 30.80 16.50 14.30
0.75 12 6 1.06 " 15.00 (13.94)
2.0 17 B45 148.72 42,50 106,22
1968 2.0 12 800 140.80 30.00 110.80 h/
1.25 ‘12 636 111.94 21.00 90.94
1968 1,25 8 419 73.74 14,00 59,74 al/
1.0 6 629 110,70 9,00 101.70
0.75 6 411" 72.34 7.00 64, 84

(ote: Income and bepefit fligures have been adjusted for error in scurce document,)

.



Table 25.. {Contlnued)

b

Additional  Application

Application Yield inceme* cost (Al Economic
- _ Rate increase®  ($facre at  $1/1b + 50¢/  benefit®
Date (Ib Al/acre) Bo. (Ibfacre’ 17.6¢/1b)  application) ($) "Source
1969 1.5 6 65 11,44 12.00 (.56) &/
i.5 6 105 18.48 12.00 6.48
1.6 B 65 11.44 16.80 (5.36)
2,0 13 601 105.78 31, 50 74.28
1569 1.5 12 236 41.54 24.00 17.54 i/
1969 1.17 6 115 20,24 10.02 10.22 i/
1970 1.5 4 290 51.04 8.00 43.04 k/
1971 1.5 6 98 17.25 12.00 5.25° 1/
1.5 6 (52) (9.15%) 12,00 (21.15) -
1971 1.5 8 439 77.26 16.00 61.26 w/
1.5 8 506 . 104.90 16.00 88.90 B
0.8 8 449 79.02 10.40 68.62
1.5 8 711 125. 14 16.00 109.14
1.5 8 614 108,06 16.00 92.06
0.8 8 354 ~ 67.58 10.40 . 57.148
1972 1.5 10 414 72,86 20.00 52,86 = n/
1972 1.5 8 364 . 64,06 16.00 48.06 ol

(Note: Incone and benefit figures have been adjusted for error in source document.’

* Data in parentheses indicate decreases yield, income, and economic bencfit.
al Cowan, C. B., Ir., and J, W. Davis, “Field Tests With Conventional Low
Volume or Ultra-Low Volume Sprays for Coutrol of the Boll Weevil,
Bollworm, and Tohacco Budworm on Cotton in 1967, J, Eeon. Pntnmn].,

61:1115-1116 (1968).

b/ 36;?. W. M., Dircetor, Couperative Extension Service, Mississippi State
University, State College, Mississippi, Summary of Test Results at
Stoneville and Verona, Mississippi, and Costs o['Pcsticidcs, personal
letter to Mr. David F, Tlahilen,

cf Cox, John A., Director, Louisiana Cooptrative Extension Service, BaLon

Rouge, Louwiciapa, Summary of Test Results in Louisliana, pcrqonal

, . letter to My, David F. Nablen (14974).

d/ iopgett, J. ¥., T. €. Cleveland, and W, P, Scott, "Comparison of Several

Insecticide Combinations for Conlrol of Nelicihils spp.,”" J. Econ,

Eatemol,, 65:1182 (1972).

.g! Bopkins, A. R.. M, M., Taft, ¥. Jamcs, and C, B, Jernfgan, "Evalnation
of Substitutes for DUT in Field Experimeats for Contvol of the Ball-
worm and the Boll Meevil in Cotton, 1967+1969," 1. Feon, Eutomol.,
61:848-850 (1970).

£/ Wolfenbarger and McGarr, op. elt. (1971).

£/ Mefarr and VWolfenbarger, op. clt. (1969).
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Table 25, (Continund)

Hanna, R. L., "Field Performance of Chemicals for Comtrel of Tebacco
Budworms, Bollworms, and Carmine Spider Mites omn Cotton, College
Station, 1968," Progress Report PR-2671, Texas Agr. Exp. Ffta, (1969),

Hanna, R. L., “Field Tests of Chemicals for Control of Tobacco Budworms,
Bollworms, and Carmine Spider Mites on Cotton, College Station,"
Progress Report PR-2B42, Texas Agr. Exp., Sta, (1970},

Cowan, C, B., Jr., and J. W, Davis, "Field Evaluation of Insecticides for
Coutrol of the Boll Weevil, Bollworm and Tobacco Budworm on Cotton,‘
Waco Area, Central Texas, 1968," Progress Report PR-2672, Texas Agr.
Exp. Sta. (1969).

Hanna, R. L., "Field Tests of Chemicals for Contrel of Tobaceco Budworms
and Bollworms on Cotton, College Station," Tochnical Report 19, pp.
19-22, Texas Agr. Exp. Sta., (1971).

MeGarr, R, L., "Field Tests With the welta-Endotoxin of Jacillus
thurinpiensis 1iD-1 and Chemical Insecticides for Control of the
Tobacco Budworm and Bollworm and the Cetton Teafperforator, 1970
and 1971, Investigations of Chemicals for Contrel of Cotlon Insects
in Texas 1970-1971," Progress Report PR-3082, pp. 1=4, Texas Agr. Exp.
Sta. (1972).

Nanna, R. L., “Field Tests of Chemicals for Control of Tobacco Budworms
and Bollwor on Cotton, College Station, lnvestigations of Chemicals
for Control of Cotton Insects in Texas, 1970-1971," Propgress Report
PR-3084, pp. 22-36, Texas Agr. Exp. Sta. (1972).

Cowan, C. B., Jr., and J, W, Davis, "Chomicals Evaluated in Fleld Tests
Against Cotton Insects, Investigations of Chemicals for Control of
Cotton Insects in Texas,"” Technical Report Ne. 73-20, pp. 9=12, Texas
Agr, Exp. Sta. (1973). _

McCary, R, L., "Ficld Tests With Bacillus thuringfensis 1iD-1 and Chemi-
cal Insecticides for Control of the Tobacco Budworm and the Bollworm
a¢ Brownsville, Texas, 1972, Tuvestigations of Chemicals for Control

of Cotton Insects in Texas," Teihuical Report No. 73-20, pp. 13-17, Texas

Agr. Exp. Sta, (1973).
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Aldicarb

Approximately &£40,000 1b AI of Tcmikﬁi vere used to treat cotton
insects and nematodes in 1972, It has been shown to be effective in con-
trolling thrips, aphids, boll weevils, leaf miners, desert spider mites
and fleahoppers.

Bl L T

Efficacy Avainst Pest Tnfrstation

Temikﬁﬁ has been cvalvated for insect control on cotton by a number of
researchers, These tests were conducted prior to registration and in non-
cormercial trials since registratioun. ¥For this reason the results may not
be representative .of actual field conditions, but they have been included
6o that the review may be more complete, (See Table 14.)

Beckhar (1970)l’ evaluated Tcmikqa and other insecticides for the
control of thrips on cottoy in Georgia. Results of tests conducted in 1267
and 1968 showed that Temik'W was highly effcctive fin thrips control. Davis
and Cowan (1972)2/ showed that Temlkd§ applied in the reed furrow at plinting
gave effective control of thrips, the cotton aphid, and the cotlton [leahoppers.

Davis and Cowan (1974) 3/ conducted tests with 'l‘cntilt(’3 and concluded that
effective control of thrips, cotton aphids and cotton fleahoppers was
achiceved, ‘The director of the Cooperative Extenglon Service in Mississippi,
W, M, Bost (1974)%/, reporting on tests of Tewmik® at Verona, Mlasissippi,
in 1971, found the pesticide gave excellent thrips contrel and teduced the
number of boll weevils, Its effect on fleahoppers was inconclusive.

Fifty addftfonal tests, conducted from 1965 to 1973, rompared yields
of TemikV-treated plots at Stoneville, Mississippd (Bost, 1974). Sub-
stantial yfield informiution was alse obtainod from Union Carbide pcsticide
petitions registered with EPA,

ij Beckham, €. M., "Influence of Systewie Ingseccticides or. Thrips Coutrol
and Yicld of Cotton,” J, Fcon. Entomol., 63:936~938 (1970).

2/ Dbavis, J. W, and C. B, Cowan, Jr,, "Ficld Evaluation of Three Formula-
tions of Aldicarb for Control of Cottom Insects,” J, Ycon, Entomol,,
65:231-232 (1972),

3/ Dbavis, J. W., and C. B, Cowan, Jr,, YEarly Season Ingects on COtton.
Control with Two Systemie Inrccticldea,“ J Feon, Intemol., 67:130-131
{1974).

4/ Bost, W. M,, Fircctor, Cooperative Fxtension Service, Mississippi State
University, 3tate College, Miss,, Personal letter to D. F. Mahlen
AMidwest Research Institvte, St, louis, Mo.) (3974).
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‘Ia addition to the above test data, Union Carbide has submitted the
results of 1974 efffcacy and comparative yield tests for cotton. This data
has been compiled and evaluated in the same manner as the published data
and 15 presented in Table 15.  These tests are results of commercial use apd
are likely to be wore representative of actual field conditions than the
exper fmental trials in Table 14, The tests were conducted i{n several states
and, therefore, probably cover a wide spectrum of environmental conditions,
Most of the yield increases are averages of several tests ana in the cases
vhere the number of tests was given, this puaber has also been presented.
The average chanpge in yield has been calculated as a weighted average based
on the number of tests (rom which cach yield change was derived. This
_ supplencntary datz.on cotton gave no indication of the efficacy of Insect
control bur the tests did report increases in yleld of from 0 to 390 lb/acre
in South Carolina and Alabama respectively, The weighted average of sll the
tests indicated that the use of Temik B caused an avevage Incrcase in cotton
yield of 75.6 lb/acre. .

Cost Fffectiveness of Pest Control

The 1972 price recéivcd by farmers for cotton was 24,0¢/1b for liut.
Additional Income from cottonsved of 4.2¢/1b and goverament price supports
.of 12.5¢/1b brought the total Income te 40.7¢/1b of cotton (Arricultural

o e i A el e

Statlstics, 1973)1/ Aldicarb costs amounted to §9.50/1b of active Ingre-

.

dfé’:i'E'”‘(ﬁ‘é’s‘:.l 1974).

For the dsta reviewed from non-conmmercial wse situations the range of
changes ko cottow varled from a decline of 28t Jb/acre to an Incresse of
1413 Ib/acre. The economic benefit after subtracting the cost of TcmikGD
vanged from a Jess of $133.37/acre to an increanc of $558.753/acre. The 1974
commercial use data indicates a runge of cconomic benefits from a losy of
$5.70/acre to an increase of $153.03/acre.  The Awverape cconoafce benefit
shown by this data $s an increase of $25.07/ucre, llowever,in typical farm
sitvatlons this facrease to farmer facome would be reduced uominally by
costs of fnsveticide application and costs of harvesting the additional
output. The actval application cost was treated here as a joint cosg with
the planting operation; therefore, a rather i*t}rftltldlly low [igure resulted.
Furthermore, there is oo indfcation that this supplementary data ts a
statistically representative sample of all comparative yleld tests conducted
on cotton.

o —

1/ u.S. Departuent of Agriculture, Agrfcultural Stafistics. 1973.
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Tabla 14. SUMMARY OF EFFICACY TESTS ON COTTON

Additional
_ Yield "ircome®  Aldicarb ¢ost Economic
Applization  increase* {(§/acre at at $9.50/1b  benefitw .
Date (1b Alfacre) (Ib/acre) _40.7¢/ib) (§$/acre) {$/acre) Source
1964 .6 8 3.26 5,70 {2.44) ' gf
1.0 37 15.06 5.50 5.56
2.0 73 29.71 19,90 10.71
1964 2.0 {95) (39.89) 19.60 (58.89)
4.0 65 26.46 38.00 (11.5%)
Unknown 1.06 {192) (78.14) 10.07 (83.21)
Urknown 0.% 328 133.50 4,15 128.75 b/
1.0 277 212.74 : §.50 103,24
0.6/120 1b seed 152 - 61.86 5.70 56.16
1.0/100 1d seced a7 35.41 9.50 25.91
1365 : 2.0 (119) {h8.43) 1%.00 {67.43)
1.0 (38)  (15.46) 9.50 (26.96)
1965 3.0 851 346.3F 28.50 317.85
1965 1.0 83 a3.?z% . 9.59 24.28
2.0 523 212,86 19.00 191.86
19565 ¢.6 396 161.17 5.70 155.47
1.0 517 373.22 9.50 363.72
1965 3.0 395 160.77 28.50 122,27
3.0 130 52.91 28,50 2h.41
3.1 250 i2.10 29.45 . - 92,65
3.1 {60) (24.42) 29.45 (53.87)
3.7 820 333.74 35.15 298.59
3.7

600 (244.20) 35.15 (279.35)



Table 14, (Continued)
Additional
Yield income Aldicarb cost Economic
Application increase® ($/acve at at $9.50/1bv  benefiz®
Date (15 Alfacre) (1b/acre) _40.7¢/1i) ($/acen)h {5$/acre) Source
1966 0.98 &92 363.04 5.31 353.73 b/
1.94 839 3L1.47 18.43 3231.04
Z.08 536 238.50 34.96 203, 54
1955 i.1 230 £3.61 10,45 £3.15
2.5 365 148.56 23.75 124,81
1965 1.0 {33} {15.44G) .50 (24.996)
1965 3.0 831 3456.39 25.50 3:7.86
1955 3.0 1,253 209,97 28.50 LAY 4T
1956 3.¢ 3.251 21,35 28.50 492,87
1556 1.0 {210 {B55.47) 9,50 (54.37)
2.0 360 146,52 15.05 127.52
3.0 {120) {60.70) 23.50 €69.20)
1956 1.0 320 13C. 24 9.50 120.74
2.0 230 101.75 1540 52.75
3.0 330 142.45 23.30 113.95%
0.55 553 227.11 5.23 221.88
1.25 L1 <069.03 11,88 257.15
1.72 1.412 575.0% 16.35% 538.73
2.5¢ 1,338 4535.17 24,32 YRS
G.60 320 122.10 5.70 116.40
1.38 230 93,61 13.11 50.50
1.60 62 24,32 18.05 6.37
2.68 (70) {23.49) C25.%¢G (5%.95) -
1.¢ {281) {114.37) §.50 €123.87)
1.0+ 1.0 {231) (114.37) 19.00 {133,37)
1.0 + 2.0 159 61.05 23.50 32.55
1.8+ 3.0 207 §4.25 38.20 45.45
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Table 14 (Coatinued).

e

|
|

Additional , :
¥ield income® Aldicarb cost Fconomic
Applicatien  increase™ ($/acre at at $9.30/b  benefiew
Late (1b Alfacre) {1bfacre) _40.7¢/1b; (S$facre) = (§facre) Source
1966 0.1 614 247,90 0.95 248.95 ' b/
0.25 937 331.36 2.38 1378.98 -
0.5 910 395.75 4.75 390.04
1967 1.0 o4 21.98 9.50 12.48 </
1968 1.0 152 61.86 9.50 52.36
1970 0.6 1 296 122.47 5.70 114.77 a/
2.1 384 155.29 12.95 136.34%
8.9 st 142,898 8.35 134.31
1.8 394 160.36 17.10 143.26
1.0 381 - 155.07 9.50 145.57
1972 Q.8 acse © 125,76 7.60 113.16 =/
S 1.2 433 150.33 11.4C 165.90 .
1870 1.0 397 124.95 9.50 115.45 i/
2.0 1€5 65.75 19,00 47.75
1972 1.¢ 181 4.48- .50 (5.02) : &/
1,125 231 25.02 10,69 83.33
1972 1.8 433 176.23 9.50 1€6.73 ht
0.5 221 89.95 .75 85.20
1572 0.33 907 369.15 1.14 3656.01 ir
Q.67 898 3a5.49 6.37 359.12
1.0 0L 235.31 9.59 275.81
1972 0.5 595 252,17 4.75 237,42 af
972 2.0 ENY 257.22 19.00 238.22 A/
2.0 846 344.32 19.00 325,32 k/



1 ' Table 4. (Continued) ' 3 N

*(r3¢=

Additional
. Yield income® Aldicarb cost Eeonomie
© Application increase® (§/acre at at $9.50/1b  benefits
Date {1b Alfacre) (lbfacre) _40.2¢/1H) {3/acre) ($/acre) : Source
1971 0.25 300 122,10 2.33 119.72 k/
0.5 197 £3.13 4.7% 75.43
1.0 50 20.33 9.50 10.85
1965 1.0 83 : 31.73 9.50 24,28
1963 - 2.0 523 212.86 12.C0 193.66
1965 0.5 {L14) (45,40} 4.75 {51.15)
1955 1.9 157 63.90 c.52 54.40
1965 2.0 538 213.37 19.00 19%.97
1265 0.3 1,258 812.01 4.75 507.26
19¢6 0.1 614 259.9G 0.95 243.95
19te 0.25 237 381.35 2.38 378.98
19586 0.5 a70 394.79 4.75 380,04
1966 .0 + 2.0 150 61.05 28.50 32,55
1965 1.2+ 4.0 208 83.84 47.50 36.34%
1867 0.5 N0 126.17 .75 121.52
9587 G.75 542 220.59 7.13 213.46
1567 .25 585 233.10 .38 235,72
1947 6.1 10 4.07 0.95 3.12
13467 0.25% 321 130.65 2.38 128.27
1967 0.5 13% © 54.54 4.75 49,79
1548 - 0.25 277 112,724 2.38 116.36
106R 1.9 207 £5.30 9.50 74.80
1048 0.25 230 113.96 2.38 311.538
1y6S 0.5 81 32.97 "4.75 20,22
1969 0.25 363 147.74 2.38 145.36
1949 0.1 675 274.73 0.95 273.78
1549 0.25 293 119.25 2.38 116.17
1964 ¢.5 266 108.26 4.75 203.51



Table 14, (Continued)
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Additional
Yield income*® Aldicarb cost Econemic
. Application increase* (%/acre at at $9.50/1b  benefit¥

Date {1b 21/acre) (ib/acre} _40.7¢/1b) ($/facxed ($/acre) Source
1970 0,25 545 221.82 2.38 219,44 k/
1970 0.5 536 218.15 4.75 213.40
1970 0.1 207 84,25 0.95 83.320
1971 0.1 232 95.42 0.95 93.47
1971 0.25 260 105,82 2.38 103.44
1971 0.5 223 90.76 4.75 86.01
1971 1.0 330 134,31 9.50 124,81
1371 0.25 117 47.62 2.38 45,24
1971 0.5 308 125.35 4.75 20.60
1971 1.0 366 148.96 9.50 139.46
197 0.25 155 63.09 2.38 60.71
1972 0.25 657 267.40 2.38 265.02
1972 0.25 137 55.76 2.38 53.28
1372 0.25 195 79,37 2.38 76.99
1872 0.5 i%s 80.58 4. 75 75.83
1972 0.25 49 19.94 2.38 17.56
1972 0.25 53 21.57 2,238 19.19
1972 0.5 171 69.60 4.75 64.85
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Table 14. (Continued)

Additional
Yieid income™® Aldicarb ecost Economic
Application increase®* (S5facre at at $9.50/1%  bencfits
Date {lb AT/acre) {(1bfzcre) _40.7c/I1b) {$/acre) ($/acre) Source
1373 .3 89 36.22 2.85 33,37
1973 0.6 120 48.8% 5.70 43.14
1v73 0.15 130 52.%91 1.43 51.48
1473 0.3 281 115.37 2.85 111.52
1973 0.6 ige 76.52 5.70 71,22
1373 0.5 228 92.80 4.75 3.05
1973 1.0 215 87.50 9.50 78.00

* Data in parentheses indicate decreases in yleld, income, and ec.aomic benefit,

a/ CUnien Carbide Corp., EPA Pesticide Fetition Files, Section 1.,

b/ TUnion Carbide Corp., EPA Pesticide Petition SF0637.

&/ Beckham, op cit. (1970).

d/ Davis and Cowan, o¢p cit. (1972),

g/ Davis and Cowan, op cit. (1974).

£/ Birchfield, W., “Cotton," Fungicide and Nematocide Test Results of 1976, Repovt %o. 277.
Arerican Pny:opathological Society, St. Paul, Mirn. (1970).

&/ Blackman, op cit. (1972).

h/ Birchfield, op cit. (1972).

i/ Bird et al,, op cir. (1972).

1/ Soaich, F. H., "Cotton,” Funpicide and Nematocide Test Resulcs of 1872, Report No. 312,
American Pnytopathologica2l Scciety, St. Paul, Minn. (1972).

k/ Bost, op cit, (1974).

Note: Al = active Ingredient.
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Teble 35. 1974 RESULTS OF TEMIK® APPLICATION ON coTrow

Application Yield Change Vaiue of y Ttsikﬁtzf Economie 3/ o,
Location (1t Alfacte} (1b) Yield Chanre($) Cost Benefit Tosts
Calif.-Arie. . .6 7 - aas 5.70 26.45 14
Calif.-arie. 2.0 144 ' £3.61 19.00 19.61 NS
Texas 5 93 27.85 5,70 3205 25
K.Cum$uC. . " a.78 5.70 -1.22 o
Ark.Mo. BN B - BN I .70 2.0 5
Georgie .5 274 S MmLse s 0s.82 - 10
Alabeza . .6 390 158.73 5.70 163.02 2
Kississippi .6 40 16.28 5.70 16.58 45
5.¢ : .6 0 ' 9 5.70 -5.70 1
s.C. 5 25 12.18 5,70 4,78 }
s.C, .5 50 o 20.35 4.75 15.60 1
$.C. : .5 25 1008 4.75 5.43 1
s.¢. 5 ' 25 SRR 4.75 5.43 3
. .. Hhverage. A1) Tests - .6 75.6 30.77 S0 25.07

1/ Change In cotton yield x 5.407/1b €1972 a#ﬁg?ge price},

27 L Al/acre x $9.50/1b Al; since most Teoik ¥ is 2pplied at planting, application cost {usu=lly calculated
with pliauting ¢osta) is not evalpyared.

3/ Value of Yield Change minus Tesik & Cost equals Economic Benefit.
More: N/S = pests not specified; Al = active ingredient.
Source: Cozparative yicld data submitted to EPA by Dr. Richard Back, Union Carbide Corporation, Washingten, P.C.



Malathion

The use of malathfion on cotton is primarily for control of the bell
weevil as 1t enters diapasuse., It i3 also recommended in some areas for
the control of thrips, two spotted spider mites and grasshep:nrs,

E{£§gﬂgxnégg}ngﬁmﬂgﬁg_luﬁgﬁgggggq ~ The three major insects that atve ¥
cotton are the tobacco budwert, the bellworm and the boll weevi®. Mala:ihion
is relatively incffective apainst the budworm and bollworm and is no!
vecomuended in some states for this use against those insects. I a tesr

of several orpasophosphate insecticides, Plapp (197T)nf found that malachion
was not highly toxic te either the budworm or bollwern, Similar reselts
were obtained by Cowan and Davis (1968)_f who concluded that malathion did
not control bollworms oy tobacco budwvorrms,

Malathion has been fouhd to be effective on the boll weevil as it
enters diapauvse. Lloyd et ol. (19?2)31 cencluded that ULV formulations
of malathioo gave effective control of boll weevils during tests cone
‘ducted in 1966 and 1967 in Carroll County and State College, Mississippi,
Applications of 0.25 to 0.50 1b of malathion every 4 ro 5 days provided
effective control. Cowan and Davis (1968) also concluded that ULY appli-
cations of malathion at 0.4 to 0.8 1bh/acre pave good contvel of the boll
weevil, These tests were conducted at Waco, Texas, in 1967,

Y/ RPlapp, F. ¥., Jr., "Insect Resistence in Heliothis; Tolerance in
Latvae of H. virescens as Compared with ). zea to Organophosphate
Insccticides," 1. Econ. Entomel., 64:999-1002 (1971).

2/ Cowan, C, B., Jr,, and J. W, Davis, “Ficld Tests with Conventional

" Low Volume amd Ultra-Low-Volume Sprays for Control of the Bell
Weevil, Rollworm and Tobacco Budworm on Cotton in 19€7," J. FEeon,
Entomol,., 61:1115«1116 (1968}, :

37 Lloyd, E. P., J, I, McCoy, W, P, Scott, E, C. Burc, D. B. Smith, and
F. C. Tingle, "In-Scason Control of the Bol)l Weevil with Ulrra-
Low-Volume Sprays of Azinphosmethyl or Malathion," ). Econ. Entomol.,
65:1153-1156 (1972).
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There appears te be little change in the efficacy of malathion to
the boll wevil. Namee and Adkisson (1968 to 1972)1/ have conducted
toxicity tests of insecticides to the boll weevril. Data since 1968 are
shown below.

Table 34. MALATHION EFFICACY TESTING RESULT ON BOLL WEEVILS

Insecticide Lb/acre Bolkill (48 hr) Year
Malathion 1,0 78 1968
Malathion 1.0 92 1965
Malathion 1.0 ; 82 1970
Malathion 0.5 100 1571
Malathion 1.0 100 1971

Cantu and Wolfenbarger (1969 to 1972)_2_, have conducted tests on the
toxicity of two spotted cpider miter to malathion. The results as shown
below do not indicate any reduction in efficacy over a 4-year period. v

Table 35, MALATHION EFFICACY TESTING RESULTS ON SPIDER MITES

% concentration % kill after 72 ur
Insecticide (ppm) (foliar spray) Year
Malathion 0.25 90 1969
Malathion 0.0% 27 1969
Malathion 0.25 B8 1970
Malathion 0.0] 24 1970
Malathion Q.25 86 ' 1971
Malathion 0.01 20 1971
Malathion 0.25 88 1972
Matathion 0.01 20 1972

On the basis of these results it appears that there is no reduction
in the efficacy when malathion is used to control the bell weevil and two
spotted spider mites.

1/ MNemec, S, J,, and P, L. Adkisson, "Laboratory Tests of Insecticides
for Bollworm, Tobacco Budworm and Boll Weevil Control,” Investipa-
tions of Chemicals for Control of Cotton Insects in Texas (1968-1972).
2/ Canty, E,, and D. A, Wolfenbarger, "Effcctiveness of Experimental
Insecticides for Control of the Tobacco Budworm, Boll Weevil, Fall
Armyworm, aod Two Spotted Spider Mites," Investipotions of Chemicals
for Control of Cotton Insects dn Toxas (1969-197.).
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 Coat Effectivrness of Pest Control = There have been a limited number of

studice on the change in cotton yield due only to the use of malathion.
It 19 most often used In mixtures with metlyl parathion to control the
budwernm and the boll weevil,

Yicld increases from tests comparing walathiou-treated cotion to
untreated test pilots varied widely depending vpon the nunmber of applica~
tions and the degree of pest infestation. Data were only avallable from
geven tests conducted in Mississippl and Texas,

The wide ranrc in yield increase is often due to the variance in
the rate of pest infestations, Pfrismer et al. (1971)" reported that
during tests In 1969 a field that normally produced 1,500 to 2,000 1b
of seed cotton per acre produced only one~tenth of-the nornal yield
without any insectieidal treatment.

The 1972 price received by farmers for cotton was 24.0¢/1h for
Hnt., Additional {ncome {rom cottonsced at 4.2¢/lb and government price
supports of 12.5¢/1b brought the tetal incume to 40.7¢/1b of cotton
(Abricultural Statisties, 19!3_f) Malathion costs averaged $1.20/1b
(Bost 19743/ }; applicarion costs are $1.25 per treatment., Economic
benefits vould rvange from §5.95 to $583,90.

The range of yield changes frow all of the data reviewed varied
from a small gain of 20 1lb/aere to a substantial increase of 1,730
1b/acre when compared to untreated test plecs, The economic benefdt
after subtracting the cost of the walathion ranged from $6.70/acre to
$700.21/acre.

1/ Pfrirxer, T. R., R. E. Furr, and E, A, Stadclbocher, "Materfals for
Control of Boll Weevils, Bollworms, and Tobacco Budworms on Cetton
at Stoncville, Mississippi,” J. Feon, Entorol., 64:475-478 (1971).

2! Agricultural Statisties 1973, U, S, Department of Agriculture (1973).

3/ Bost, W. M., Dircctor, Cooperative Extension Service, Mississippi
State, Mississippi, personal letter to D, F. Hahlen (1974).
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Tﬁe results of the yleld tests are tabulated below,

Table 36, YIELD AND BENEFIT ANALYSIS RESULTS OF MALATHEON ON SELECTED

COTTON PLSTS
Application
Additional Cost at $1.20/1b

Appllcatfon Yield focome gégg E;ggt Economic

Rate fncrease  ($/acre at ap 31,25/  benefit
Date (Ib Alfacre) No. (Iblacre) _40.7¢/1b) effort (€3] Source
1956 1.0 5 205 83.45 12.25 71.20 af
1956 1.0 9 458 186,41 22.05 164.36 af
1958 0.5 7 na 290. 60 12,95  277.65 al
1967 . 0.25 13 1,730 704,11 20.15  683.96 3/
1967 0.5 13 1,170 476.19 24,05  452.14 al
1967 0.4 3 20 8.14 2.19 5.95 Y;
1967 0.8 3 40 16.28 3.63  12.65 b/

al Bost, op, ¢it. (1974).
b/ Cowan et al,, op, cit, {(1%68),
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Parathion

Paratbion 15 registered for a wide varfety of cotton incects, The
tobacco budworm, bollworn, boll weevil, aphids, flealioppers, leaf hoppers,
cabbage loopers, spider mites, and tir{ps are major cotton pests treated
with parathion. Application vates vary from 0.25 to 1,0 lh/acre, depend-
fag upon the type 6f insect. The number of applications depends upon
the degree of infestation., Repeated applications are recemsended for the
bollworm, budworm, and boll weevil until adequate controel is achievad.

Efficacy Against Test Infescatfon - Data is avaflable on the cfficacy of
parathion {or control ef the budworm, bollworm, and boll weevil-=- the three
mijor cotton pests~-‘from tests conducted fn Texas,

Alkisson et al, (1966)1’ conpared a wide variety of Insecticides’
for ceontrol of bollwora larvae near College Statfon, Texas fn 1965, The
use of parathion resulted in a 70X kill after 48 hr wheo applied at ¢.5
1tk/acre.

Adkisson et al, {196?)2’ conducted similar tests in 1966 and ceported
an 85% kill of bollworm larvae 48 hr after parathion was applied at 0.5
-1b/acre. Parathion was also less effective against the budworm with an
83X kill at 0.75 lbfacre after 8 hr compared to a 97% kill four 0.75
Ib/scre of methy) parathion, Against adult boll weevils, 0.25 lbfacre of
parathion resulted fn a 977 kill after 48 by compared to 31007 for methyl
parathion at the same rate. '

Wolfenbarger (19?3)1’ found that tohacce budworms from a susceptible
straln were 2,45 times more resistant to parathion than te methyl para-
thion during tests cunducted in Brownsville, Texas fa 1970,

1/ Adkisson, Perry L., and 5. 3. Memee, "Comparative Fffectivences of
Certatn Insecticides for Killing Bollworms and Tobacco Budworms,"
Publication B-1048, Texas Apr. Exp. Sta. (1%66).

2/ Adkisson, Perry L., and 85, J. Remee, “Insccticldes for Controlling
the Bolluorm, Tobacco Budworm, aud Boll Weevil,™ MP-837, Texas Agr.
Exp. Sta. {1967).

3} MWolfenmbarger, D. A,, "Tobacco Budworm: Cross Resistance to Insccti-
cidis in Reslstant Stratins and in a Susceptible Strain,™ J. Peon.
Entovol., 66:292-294 (1973).
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Cost Effectivenesa of Test Contrel - Information was found op only ene

test relating yield changes to parathion usage. Bost (1974)% ! surmarized
tests conducted between 1956 and 1973 at Stoneville, Mississippi, The re-
eults of one test in 1956 showed a 253 1bfacre guin over an untreated check
when nine applications of parathion at 0.5 }blacre were made.

The 1972 price recetved by farmers for cotton was 14.0¢/ib for lint,
Additional income from cottomseced of 4.2¢/1b and government price supports
of 12, ;Sflb brought the total 1ﬂ€0ﬁe te 40. ?c/lb (Arricultural qtatiqtic
19?3)

Using the abtove cost and price data, the additional income would
amount to $102.98/acre. Subtracting the cost of parathion at §9.00/acre
would result {n an cconomic bencefit of $93.98/acre when parathion was used
to control bol)l weevils, bollworms, and tobacco budworms,

3/ Bost, W, M., Dirccror, "Cooperative Extension Service Missicsippd
State Untversity, Mississippl State Mississippil, Surmary of Test
Results at Stoneville and Verona, Mississippi, and Costs of Pesti-
cides,” personal letter vo Mr. David F. Mahlen (1974).

2/ y.s. nepartment of Anticulture, Arrfeultural Storfsties 19773,

3/ Chanmbers, Willian, and Daniel MiT168 t41r1dnE“ThJuilflca"hanvas
City, Missourd, conversatfon {1974).
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Suae farmers and their representatives contend that they shouid
be alloved, onco ugain,'to uce B in the production of cootton. The
guestion of sociel costs and benefits must be answered. The sceael
costs of uvirg DPT are still very contiroversial and this-study does
pot atteupt to addross them, The purpoge here g, rather, to asuseas

the poiential bhonefits of allowing DI utilization in eotton producs-

Juced from

tion.
Hable copy:

Repra
Lest ava

In order to allow for bqth within and arong regron changes in
crop producstion within a framework which takes accovnt of histosic
responsivensas, a constrained optimiratlon model was omployed.  Tho "
lincay projrarming (LP) medel provicusly developoad by MES wea wodi-
figd for this purpese. Twus golutionu were cbtainced: & bage wedcl
(BASEZ) which allownd DDT for cotton in 1975; and an cllarnative

which 2id not (COTEDL}.

Fhe dinnar Prograpuing Model
Activiting were fefined by preducing (129) regionu o provjﬁu'
fox
e producticn of crops (v nethod, lend class and rogeon);
and
e ccoats of epanga {rom historie produetior pouteons,
Autiivities wore defined by censorning Loason (27} Lo provide for
o exports of covanditioys:
o utilisution o7 camcdities for fecd; od
¢ Lrancpartation of cotnoditics between wars oof éoranﬂing
Eegiteai.
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Constrainté woere dufined by producing are to
8 limit land use to the gquantity actuvally avallable (by
land class);
o tb provide crop acrcage targots; and

e limit the proportion of cotion acreayge using DY,

Conustraints were defined by consuming region to
e balance commodity production and demands,
Tihe objective was to minimize production cost, traansportation cost

and flexibility penalties.

fhe Base Model

The LY model constrained the maximum pfodﬁction of cotton using
PUT and using no pesticides te be no greatexr than the proportions
shown in Table 1. Tho "Doane® regions referrved to are:

é - Georgia, Carcolinas, Virginiag

3 - Texés; Oklahoma;

4 - Kentucky, Tennessee, Alabama, Arkansas, Mississippi and

Louisiana;
5 - Missouri; and
-6 - California, Arizona, Hew Mexico.

As Table 1 shows, only regions 2 and 4 utilired PDT in any signifi-

cart pooportion,

Two benefits may accrue to the use of DDT--decrcased costs and increased efficacy.
This analysis foctses on the interveqional impacts of changes in cost which resulted
from the DDT cancellation. 'The yuestions of cffiéaéy and yield cffccté were ovaluated
only in as much as fowor appiicat;ims per year were assumed to be mquifcﬂ with DT,
This phenanona wasg ref lectexi in regional irsecticide cost estimates. A sovond cost

impact ocours because PDT
=292~



costs less than alternative incccticides. $abie 1 shows the assumed
couts of insecticide (including application) when BDYT is allowed and

vhan it is not.

In the Le model three distinct ecotton productieon activities were
defined on each land class in each producing avea:
¢ Cotton with DDT {constriined Lo be less than thn proportion
aof total cotton shown in Table 1};
e Cotton withh other insecticides;
e Cotton with no inzecticides f(constrained to be less than the

proportion receiving none as shown in Table 1), .

Rerults of the Basc Model

Tables 2 and 3 illustrate thoe conformance of the model resaltg
with both obscrvéd and projected acreages and total preduction, All
results are somsvhat lower {hnan the observed and projected levels.
This occurs hecause of substantially lower export reguirements shown
in Table 4. Wwith lower total demends, of course the acreage and

production will decline.

Table 5 shows the reogionel distributicen of coetton production
for both medels ond for observed 1973, The distribution in the models
show a yreatev concautration in Texas than hos been obzevved histori-

cally. Otherwise the distribution jis quite similar.

Table 6 shows the regioaal distrihuation of cotton acroagoes
among the incecticice cptions. These data correspgond with the upper

Jimits impoced on "DLT® and "kho Pesticidas" as shown in Table 1,
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Results of the No_ DD Model (COTQDL)

With DDT disallowed, certain production shifts must occur. The
farmers who had used DDT must replace it with some other insecticide
or stop prgduéinq cotton., As shown in Table 5, very few rcduced pro-
duction. The Atlanta region declined by 3 gbo acrcs (.1%), Memphis
dcc]xnoé 8,900 acres (.4%), New Orlcans declined by 24,000 acres
(7*&%), Louwisville declined by 600 acres (34,0%) and San Franc 15¢0
increasgod by 17,500 acres (2.2%)}. Since the yiela is hlgucr in the
San.Franciscé fegion, total production remained constant even though
total acreage declined by 19,900 acres (.18%).

It foliows that most farmers utrlized other, higher cost, insecti-
cides. Table 7 shows that this is the'qasé. Conporing it with :
Table 6 shows that nearly all the éotton previousiy usihg DDOT was

shifted to other ingecticides—~-a total of 280 thousand acres.

. The land idled by those farxmers who elected not to grow cottoa
in.thc southeést and delta states was.generally left idle, although
2,250 acreas in the Atlanta regipn were planted to soybeans, In
Memphis, cotton is sghifted to higher yiclding land classes, cauvsing
a degradation in soybean and cat yiclds there. The land in San
Francisce on which cotton production was increaséd wos previously

slaclk; thas no shift in other crops was obsorved,

There was a negligible impact on egquilibrium prices which are,
by delinition, the maiginal cost of production. 8ince cach region

was forced ia each solvtion to produce some cotton using other in-

secticides for cach acie using DDT, and since there was no dircct
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yield impact, the murqginal cost of production was nol increased by
the removal »f the low cost option. Thus comsumers are nel noti-

ceably inpocted by the removal of DBT.

Average costs were, of course, increased, This reducns the
return to land, which is a proxy for act farnm incgmu.' Tabloe 8
illustratcs the changos in land values. The Memphiz region suf-
fered most with a decline of 1.23% in return to lard. Other
regicng in the southeust and delia also suffcred sone loés with
Atlanta declining .37% and New Crleans declining 932, Phe San
Francisco region, converscely, realized a gain of .26%. These
changés are quite small even on a regional basis«—although'some
4fidividaial tarmevs moy suffer substantial losse:, At the national

lovel, the returns to land declined by .08%.

Summary_ggﬂ Conclusions

Given the data on comparative insccticide costs and DDT uppoer
linits, the impact of restricting DUT use on cotton is quite smalli
The national impact is negligible for both producﬁrs anc consuncrs.
Regionally, there are small losses in some regions arid gains in one

for producers. On the basis of this study, we must coaclude thaet the

value of DY in cotton proaducticn is not overwhelming.
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Table 1. Historic cotton inscecticide usge.

Doanc Indoorxrldg“gQLm Proportion Trcated
Kegion i Gther Y ALy
T §acrs §/acre
2 48.53 58,60 36.00 23.1
3 - 15,03 - 27,2
4 24,47 27,05 126.9 79.0
5 - 6.19 - 28,0
6 - 12.38 - 12.4

Table 2. Comparison of observed and pro;octod planted
acreage {millicon acro“)

e v v Timetrond Macte 1

1973 _ 1975 1975
Barley 11.33 11.33 g.38
Corn 71.61 66.85 4,12
Cotton 12.%0 12.62 10.97
Soyheans 57.30 55,72 4%, 3%
Oatg 19.2) 15.41 10,32
Sorghum 16.26 15.06 15.05
Wineat 59,02 - 58,49 45.00
-=~Total 247.22 235.68 193,25
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Comparison of observed and projected crop

comtodity producticn {(milliong).

Derley (bu)
Covn (bu)

Caolton (ba)
Foybeans (bu)
Oacs (bu)
Sorghum (bu)
Wheat (bu}

Cottonseed {cwt)

Table 4,

Ohserved
LA
424.7
5,636.06
13,2
1,568.4
663.2
936.6
1,711.2
98,96

Pime Trend

1,820.5
1106.0

Model

337.8
5,389.7
11.2
1,622.6
457.0
865.¢
1,402.9
92.7

. . - Y
Compariscas of obuserved and projected crov

commodity consumppLion and oxport (millious).

Barley {(hu)
Corn {bu}
Cotion {?n)
Soylcans
Outy (bu)
‘Socghum  {bu)
Wiaoat {(bu)

Cottnnsccdl{cdt)

v -—

1 Estimated

Demestic Consumniion

{excluding Teed)”

Obsorved
SRR
145
£21.0
7.47
i41.0
3.0
6.0
526.4
9.7

- —

Modol
L3375
18G.1
769.5 -
7.4
180.°
124.4
33.9
ho8.7
12.4
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Obscrved

373
66.0
1,258.0
5.0

abl,

24.0
212.0
1,184.2
37.0

Modol



Table G,

perceant of US tdral:

disallowed, obscrved 1073,

Avleonta
Jecksonville
Momphie
Houston

wow Orleans
Lovisville
st. lLouls
Amarilio

Sian Prancisco
Los Awngelces
-wPotul

Table €.

hacrved

_1973

- S i iy

11.28
08
23.19
1g.04
4,34
003
1,50
3).09
7.17
3.28

166760

acees).

Reginn

Atlanta
Menphiis
oucton

Hew Oileans
Louireviile
5t., Lotis
Atacril)o

San Fransisee
Iog Aoeles
--PoL J

Ro
Ppatichdo

Base Model
3975
B.48
.11
21.70
20.60
3.04
w02
.83
36.26
7.14
.91
100. 069

.125
. 5090
1.645
070

bise m

Regional Distribution of cotton acreage as
hase mocel, with hdT

EDT Disallowed
dens

8.4¢

.11

21,66

20.64

2.83

.01

.83
36.32
7.31
_1.82
100,00

Regional diztyibuvion of cotton acreagn by
inscoticide troatment:

odel {(million

Other Toral
BN Pesticides  Acreage
.266 . 539 .930
LG4l 1.241 2,381
- 615 2.269
L0990 .174 L334
- .002 .002
- 026 L0901
- 1.133 3.978
- 567 .783
ol _ell4 23199
TH96 4,439 16,9723

~298-



Table 7. Regional distribution of cotton acreagoe by
insccticide treatments: model with DDT
disallowed {(million acres).

No o Other

Reaicn Pesticides DRI  Pesticides Total
Atlanta 124 - .802 .926
Jacksonville - - - .012
Menpliis .498 - . 1.874 2.372
Houston 1.645 - .615 2.260
New Ovloans . 065 - L 245 . 310
Louisville - - . 001 L0001
St. Louis .066 - .N26 091
Amaritio 2.842 - 1,133 3.078
San Francisco e 221 - 580 . 801
Los Angeles _+055 - .l 199
-=Total 5.517 - 5,419 10,952
Table 8. Returng te land by region,

Biagse BT .

Reqion Model Disallowed — Change

o {$ miilion) {5 miilion) (%)
Atlanta 45.35 45.19 - .37
Jackoonville 3.74 3.74 0.00
Moemphis 63.43 62.30 "~1.913
Nouston 48.38 48.78 .00
Hew Orleans 10,47 10. 37 - .53
Louisville 11.95 1i.95% 0.00
S, Louts 44.39 44. 29 .60
Auariilo 121.48 121.48 Q.00
San Frahoeisen 33. 4 331.50 + .20
Los Argeles 7.73 7.7% .00
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