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Dear Mr, Ruckelshaus:

On behalf of the DDT Advisory Committee, I am pleased to submit
the following report of our considerations of the scientific issues raised
by DDT. '

The Committtee hopes that the information in this report will be
useful to you and your staff in evaluating the effects of this substance
upon man and his environment.

If there is any additional ihformatioh that either t_he committee or
I may furnish you concerning the report or our considerations we will be
pleased to supply them.

Sincerely yOurS,

- &,7-,/';;'“/},. 7[”/&/(%:—._

James G. Hilton, Ph.D. .
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DDT Advisory Committee
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INTRODUCTION

DDT (Dichloro-diphenyl-trichloroethane) was the subject of a
decision announced hy the United States Court of Appeals for the
1District of Columbia Circuit on January 7, 1971. This decision
required fhe~Ebvironmenta1 Protection Agency_to take ﬁwo steps:
(1) to commence the administrétive procéss for cancelling the
registration of al pkoducts containfng DDT;'and (2) to consider
whetﬁer the present information available to the Agéncy Qarranﬁed
the immediaie suspension of the registration of all produ;is con-
taining this chemical. The Environmental Protection Agency |
responded tp the first by issuing a‘cance11ationrnqtice, PR 71-1,
for all prddﬁéts containing DDT on January 15, 1971. It reSpohded
to the éecond stép requested by the court by issuing a position
paper dated March 18, 1971, tit1éd "REASONS UNDERLYING THE
.REGISTRATION DECISIONS CONCERNING PRODUCTS CONTAINING DDT, 2,4,5-T,
ALDRIN AND DIELDRIN." In it;-the Agency outlined its reSpongibilities
under the Federal Insecticide, Fungicide, and Rodentﬁcide_Act and
exp]ained why suspension of DDT registrations was not considered
necessary.

‘The administrative process for cancelling the rémaining regis--
trations for DDT began with the issuing of fhe cancellation notice
of January 15, 1971. Objections to this notice were’ijed by a
numbér of f{rms, most of which chose the option of requesting a
public hearing. Montrose Chemical Corporation of California and
the Crop_King Company of Yakima, washingtqn,~however, reduésted

that the is§desjraised in the cancellation notice be referred to.

DSW 334226

STLCOPCB4080804



an advisory conmittee named from a list of nom1nees provided by the
National Academy of Sc1ences in accordance thh the Act. The
DDT Advisory Comm1ttee was appointed by Mr. William D. Ruckelshaus,
Rdministrator of the Agency, in a letter dated April 30 1971.

Due to the nature of the factors 1nvoTved in the 1ssuance of -
the cance]]at1on not1ce, the charge to the Committee was very
broad. Thi;'charge stated in part: “The Committee is charged to
‘considen all relevant scientific evidence concerning DDT, and to
prepare a repbnﬁ and recommendations as to the scientific issues
raised by the use of DDT." Based upon the breadth of tha charge
and the pressures of a fixed time dead]iné for its report, the -
Committee has elected to depend upon the two most comprehensive
.recent reports on DDT (densen Committee Report on Persistent Pesti-
cides to Administrator, Agricultural Research Service, U.S. Depart-
'.mentlof Agricuifure, May 27, 1969; and Mrak Commission Report of the
Secretary's Commission on Pesticides and Their Relationship to
Environmental Health, Decembén, 1969) ¥br the evaiuatidn of much
of the prior scientific information concerning this compound.-

This has allowed the Committee to concentrate its efforts npon
obtaining and evaluating whatever new information has becomé
available sincé these reports. _

For the sake of convenience this }aport is divided into four
major‘sectidnsrfollowed by the conc]usidns and recommendations of
the Committee. In general, "DDT" is used to mean the combination

of DDT and its metabolites. The first section deaTs with the current

estimates of the quantities-of DDT being used. and the residues ‘present.

- 1in the various sections of the envircnment according to the most recent
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monitbrihg data available. The second section presents briefly a
summary of the bossibie;ihterferénces with the ana1§tica1 détermination
of DDT in environmental samples c&used by the simu1téneou$ presence of
the:polychlorinated biphenyl compounds. The third section presents the
toxicity pf DDT ﬂpon_nontarget_speciés witb pértiqy]ar-emphasis upon |
the,toxic%ty to the mammalian épecie;.: The finai section considers the

present need for DDT.
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USE.AND RESIDUE ESTIMATES
U.S. Production History

.~ The history of rapid equnsion in the production of DDT and
' c1ose1y.re]ated compounds from 1944 to about 1960 and general
decline since that date is well documented é]sewﬁére and there is
no need for detailed summary here. | |
Figure 1 présenfs the available data on préduction in the

United étates and usage in this country ;é estimated from the
difference between total production and the stored and exported
stocks reported for éaéh year,

| The rise was caused by growing recognition that DDT is an
inexpensive, persistent, wide-spectrum insecticide. The declines
have been attributed to developing resistance to DDT by many insect
species, the introduction of effective replacement insecticide, and
increasing concern about pesticides which are persistent and have a
wide spectrum of effects on species.

U.S. use apparently declined from about 70,000,000 annually for
. 1956-1962 tc about 30,000,000 pounds -in 1968 and 1969. The Committee

- has received estimates for 1970 and 1971 which indicate continuing

dec]iné; but confirmed data are not yet available.
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Figure 1. United States production and estimated usage of DDT. Data from.

Pesticides Review 1970

; Stickel 1965; Goldberg, et al. 1971.
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'Environmental and Bio1oqiea1 Load

In the following seetions we have summarized the most recent
data avaa]ab]e on DDT in the env1ronment so as to provide the
means of determining whether the continuing decline in use has
produced a dec11ne in the concentration of DDT in the env1ronment-

soil, air, water, natura1 biota, human food and man himself.

The levels in soil. Data on the bu11dup of DDT and other

persistent pesticides in the env1ronment were sketchy and frequently
-mis]éading during the first fifteen years of widespread use.(1946-
1'960.)
B The President's Science Advisory Committee Report of 1965 des-
cribed what was known up to that time ofrthe buildup of residues

of DDT in soils with high pesticide use history as might have been

expected, and they attributed this resuTt to the beginning of a
| trend toward the use of less persistent pesticides. A subcomnittee
on so11 contam1nat1on concluded, however, that the level of contam1nat1on
was increasing, and that the problem of so11 pollution by chemicals had
grown to the point where it was a matter of ihmediate national concern.
That Committee recommended strongly that there shbu]d be a phogram of
'mpnitoring by which the buildup of persistent materials in the environ-
ment could be documented as a basis for future steps toward improvement
in environmenta] qua]ity; |

More recent discussions of DDT levels in soils have considered the

eiverse mechanisms by which this chemical leaves the soil to which it
is applicd, and returns to the soil at another location through preci-
_pitation, dust fall, and runoff (Edward 1966, Nash and Woolsen 1967,
Risebrough et al. 1968, and Goldberg 1971). "Because of the diftieh]tyr
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in measuring fosses to the atmosphere, and the effect of agricultural
treatment and weather on these ekhanges, the early estimates of decom-
pos1t1on rates in soils and the concept of a "half- 11fe" for DDT in
the enV1ronment are in doubt. -

The present evidence available to the Adv1sory Comm1ttee was a
summary of 1969 1970 results of mon1tor1ng by the Env1ronmenta1 Quality
Branch, Pesticides Regu]at1on Division, EPA. ‘While these results were
for one and two yearsrago, they nevertheless represented the Tlevels in
soils a full 10 years after the peak levels in use of DDT. The 1969
results shomJthat average levels for croplands are highest in the South-
western, Southern and Eastern Seaboard States. A1l of these states
~average above 0.10 ppm, but ranged as high as 0.56 ppm. Urban and
orchard so1] samp]es were h1ghest, wwth average values between one
and two ppm, and individual samples as high as 52 ppm of DDT and its
inetabolites. Of six states sampled randomly in both 1968 and 1969,
four showed an increase in DDT residue and two decreased in 1969.
Because sampTing-sites were changed from year to year; the Committee
does not consider that these resu1ts demonstrate a trend.

The 1eve1s in air. Recent research in the release of pesticides

into the air, movement in aerial transport systems, and persistence

in air;mas reviewed by the Mrak Commission in 1969, and no significant
additional information has come to the attention of the Committee.

Air transport is an important component in creating the worldwide
patterns of distribution, but it is abundantly evident that much

more evidence should be sought on the d1str1but10n movements and
significance of pesticides in air. ﬂe"“] application involves '

opportunities for introduction of pesticides into the air mass
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and for export from the swtes of app11cat1on Codlst1llat1on and
evaporat1on may also 1ntroduce significant quant1t1es and affect
g]oba1~d1str1but1on, The persistence of DDT and other materials

~in air mésseé is also highly pertineht and insufficiently understDod.
These and .other f1e1ds of research requ1re cont1nued attention for
'opt1ma1 management of DDT. and many other chemical materials. The
relatively large quantities of DDT'present jn the biosphere offer"
unique obpdrtunities for understandiné these movements and the
undérlying mechanisms involved.

The levels in water. The solubility of DDT in water is reported

to be 0.0012 ppm (Bowman et al, 1960); This means that observations

of DDT in water at greater than 1.2 ppb should be viewed as attributable’

to contamination or other mechanisms; Residues of DDT much higher thqn
this have been reported frequently in water, and in a1m%s t every case
the contamination has been traced to a local app]icatioh. Usually it
is associated with heavy rainfall that washes a portionjof the DOT
applied into adjacent streams or lakes. Because of the low so]ub111ty
the high levels of DDT do not persist in water, instead fhe DDT
moves into the atmosphere or is taken up by sediments, Tiving organisms.
and othermparticu]ate matter (Harrison et al. 1970). |
'Otﬁer studies are giving clearer uhderstanding.of the fluctations
of DDT in watér systems. Because of low solubility, the DDT tends to
reach the surface of the water from wh1ch it enters the atmosphere. _
~Very little information has been ava11ab1e as to the levels of DDT in
the atmosphere during the period of high use in the 1950's but in the

mid-1960's in England rainwater samples averaged 0.08 ppb, and during
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1?§BT§? in Florida precipitation averaged 1 ppb (Tarrant and Tatton
1958. Yates g§_§1: 1970). These results appear to vary Wide1y
depehding 6n season, dust levels in the atmosphere and other factors.
The host'recent data available tﬁ the Advisory Committee were the_
results of the U. S. Geological Surve& water.qua1ity mohjforing program.
‘The results of theseréurveys indicate that DDT or_its metabolites are '
fkequently found in riyers monitored by the USGS at 1eyels approaching
the §q1uﬁility of DDT (1.2 ppb), apparéntiy because of the association
Betﬁeen DDT and the fine particles carried by streams;' These materials
are deposited on stream and lake bottom§ during periods of low f16w,
but ﬁndergo considerable re-suspension during storms or periods of peak
flow. Storms such as hurricanes appear to be particularly important in
the re-suspension of‘DDT-contamiﬁéted sédiments in the coastal water of
the United States. '
These processes results in greét variability in the levels of DOT
observed_in'unfinered water samples. Much of the time fhere is no
detectable contamination by DDT or its metabolites, but at other témes
significant contamination is observed. Because the contamination originates
from treateg agricultural lands and from stream and marine bottom sediments,
it appears that no decrease in water contamingtion can be expeéted until
the Tevels in soils and sediments decrease.

The levels in natura1'fobd chains. The level of DDT in the food

chains of native species, both on land and in the water resource systems,
has been documented by detailed analyses of selected native species over

the past 25 years. Both State and Federal agencies have been invalved,
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with a great]y increased program over the past five years. There
are now a number of examp]es of 1mportant fish and game resources
that have reached a level of contamination that prevents distribution
in interstate commerce under Fdod and Drug Administration regulations

- The h1gh level of~contamination in theSe spec1es has been sh&@n
“to resu]t primarily from the process of b1o]og1ca1 concentration in
natural ecosystems. WOodwe11 (1970)‘and Harr1son et al. (1970) have
jdeéc-ribe’d the role df the trophic étﬁuﬁture and mechanisms of an
ecosystem in transporting and concentrating bDT. Storage of DDT in
each frophic level, transport from one trophic level to another, and»
the transformation of DDT into DDE or DDD by metabg]ismfare alr
involved. 1In Contrastrto its near insolubility in watef, DDT is
High]y §olub1e'in the lipids of organic materials.

The combination of hfgh soelubility in lipids andrh%gh chemical
stability allous "magnification"'of DDT éoncentrations.%rom organisms
-at tﬁe base of a food web to a higher trophic level fedjon thdse in
the levels below, and a substance like DDT, which is sfored in the
lipids and breaks down slowly, can accumulafe io a high concentra-
rtion in the higher trophic levels. ,

The review by Goldberg et al. (1971) indicates that in the open
rocean,‘phytoplanktOn form the base of the food chain and may act as pri-
mary concentrators of the chlorinated hydrocarbons in the water. There
is gome evidence demonstrating inhibiti@n of photosynthesié in single-
cell marine piants by DDT (Wurster 19685 but the important fact here may
not be thé direct efféct on plankton, but rather that plants serve as one

of the vehicles for transferring DDT from the watér to higher trophic
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1eve1§. ‘Another major pathway .is through™the uti1iiatioo of DDT-con-
taﬁinated dead organic matter in the sedim@nts.o% wator.sy;tems by
benthic organisms. e |

The Goldbefg coﬁmittée cowc]uded ffom an énalysis of chlorinated
hydrocarbons ‘that marine f1sh are a1moso,un1versa11y contammnated w1th
ch]or1nated‘hydrocarbon re51dues They note the effect of this con-
uam1na+101 on the marine popu1at1ons tneﬂse1ves, c1t1ng the speck1ed
sea. trout on- the south Texas coast, in which DDT req1dues in the r1pe
eqgs were about 8 ppm. Residues of 5 ppm in freshwater-trouL cause
100 percent %oi]ure in the devé]opmenf of sac fry or yoong fish, and
they conclude that it i; significant tﬁat extraordinarily few juvenile
fish have-beén observed ih ceytain coastal areas in recent years.

The situation of freshwater ocosysﬁems is'orobabﬂyjbest f]]ustrafed
by the resujts of studies pub{jshed by the ¥isconsin Conservation
Department (Kleinert et al. 1967, Poff and Degourse 1970), Surveys'
vere %hifiated in 1965, and results are available fhrougﬁ 1969.  These
authors conclude that the 1965 and.196§ sorveys demonstrate a widespread

“and significant level of contamination'fn inland fisheries with bbT,

and thatv}esidoesrin fishes from certain Wisconsin waters had aYreaoy
‘reached 1evefs harmfu] to fish. The 1970 report by Poff and Degourse

has more data for lar ger and older fish, which show more severe contamin-
ation. It is difficult to say that the higher levels reported by them
are entirely due to a continuing bui]dup-in PDT level, but it appears
thét.concentrations io Lake Michigan.Fish wero about the same in 1969

as in 1955
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Thq economic effgcts by 1970 Qere wo%se becausg therFood and Drug
Admiﬁfstfation had set a to1erance of 5 ppm.of DDT in fish products
marketed for interstate shibment. 'A.paper by Lueschbw and Winter
(1970) concludes that "The Food and.Drug Administration limitation
of 5 partg,per miliion of DDT in fish which may bé sold in inter-
state commerce has Virtuél]y é]iminateé_the Eommercia] market for
‘Lake Michigan fish."- They note that,based on the 1966 catch estimates
for the entire Great Lakes, approximately 42 percent of the commer-
‘cial catch would be unacceptab]e for %nterstate commerce.

The enyironmental load of DDT in.terrestrial ecosystems is most
.evfdent in certain species of birds.' Insects, other soil invertebrates,
and aquatic life serve as the food of tﬁese terrestrial bird species§,
The effects have been recorded through_studies of museum eggshells,
siowing that thinning has occurred since the m%d—]94ﬂ}s in a wide range
of species. Where shell thinning has occurred, the populations have
usually déc]ined (Rafc]iffe71967, Hickey and Anderson 1968). The dec]ine
~ in populations of the peregrine falcon and bald eagle have both been
linked with substantial evidence to the buildup in DDT or its metabolites
in their tissues. In addition>to many such observations of coincidence
betwcenﬁfhese pesticides and reduced bird populations, there are now
repoffs of we]l-désigned experiments.ﬁhich show that DDT and related
compounds can cause the observed physiological and béhavidra] effects
(Porter and Wiemeyer 1969, Heath et al. 1969).

The 1eVe1s in market-basket foods. The Fbod and Drug Administration

has maintained strict control of pesticide residues in food throughout
~ the period of ‘increasing pesticide use.. Monitoring of NDT in foods was

o .
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initiated much earlier than the monitoring‘of DDT in othér sectors of
the environment, and as’a resu]t the change in levels of contamination
of fbods is well documented. '

- The most up-to-date data provided to the Committee were those from
a fbrthéomingiéubTicai}bn titled, "PgsticiﬂénResidue Levels in Foods in
the United States from July 1, 1963, to June 30, 1969," by R. E. Duggan,
6. Q. Lipséomb, E. L. Cox, R. E. Heatwole; and R. C, Kling. Their
repoft shows that the Tevel of DDT and its metabolites in total-diet
samples’ reached a peak in 1966, Table 1. The higher level of cbntéﬁina-
tion at that time is believed due to the use of DDT in proximity to

forage crops intended for beef and dairy product production.

Table 1. DDT Levels in Market-Basket Diet (in mi11igréms/day)
FDA Data

1965 1966 1967 1968 - 1969 1970

DDT + DDE ©70.031  0.041  0.026  0.019°- 0.016  0.015
DDE . 0.028  0.017  0.015 0.011  0.010

Pest1c1de regu]atlons were modified in 1966 and a drop in DDT com-
pounds in the FDA total-diet samples was observed by 1967. Continued
decline in contamination by-DDT was apparent each year from 1967 to 1970,
but in smaller steps each year. These bata suggest that the levels in
food are now more closely inlequi1ibriu5 with the levels of DDT in the
environment and thus cannot be expectédzto.change quibkly as the result

of new restrictions in the use of DDT.
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The:resu1ts of the FDA survey over the same period.have also shown
a coﬁtinhing rise in fhé percentégc of diet samp]es.ghowing a detect-
gble level of DDT. .During the pefiod when the concentration of DDT
Ain food was declining, 1967-1970, the percent of samp1es showing detect-
able 1eve1§ of DDT increased from 38% to 5?%. dvgr the same périod the
average daily intake -of DDT cdmpound; declined ffom 20 percent of the
.FAO-WHO acceptable daily intake (0.05 ﬁg/kg of body weighf per day) tor

10 percent.

The levels in man; The ;oncentrétion of DDT in man is highly vari-
able from.one regi§n»to énother of the country, and from one economic
.qlass to another within regions. As a result, it has been extremely
Qifficult to generalize as to the mean level of chlorinated hydrocarbons
in man without a concerted larce-scale sampling program. Beginning in 1
1967, a sampling pregram large encugh to overcome theserdiffiéuities and
provide meaningful data was initiated.

The Committee was provided with the results of this Human Monitoring
Survey (HMS) by the Environmental Protection Agency cdvering,the period
from 1967 té 19790. Tﬁe resul ts are summarized in Table 2. A change in
technique during 1968 poses some difficulty for direct comparisons, but
a patterﬁwof peak contamination in 1968 is suggested. Other data from
the HM; show that the ratio of DDE to DDE + DDT hés increased from 0.60
to 0.80 in the past 15 years. Probably because DDE is moré persisient,
the levels of ﬁDE from the HMS do not show a decline in thé 1970 results.
» fhus, the appéfent sequencé for DDT compounds appears to be made up pf
a significant decline in DDT (possibly related to the decline of DOT in
_food), and a continuing slow incfease in the 1eyels of DDE, the primary
breakdovin: product of DDT. |
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Tab]elz._ Mean Levels of Selected Chlorinated Hydrocarbon Pesticide
: -Residues in Adipose of the General Population (ppm)

Dr. Ann Yobs

Human Monitoring Survey

Year 1967 1968 1968 . 1968 . 1970Y 1971

# Samples 722 © 3300 3237 3264 2626
‘Method (non-  (non- . (Mod.2/  (Mod.  (Mod.
- cleanup) - cleanup) MOG) MOG) | ~MOG)
pp DDT  1.28 1.52 1.53 1.20 .15
pp DOE  4.22  5.28 4.08 4.02 4.12
Total DDT

equivalent 6.22 7.60 6.26 5.81 5.97

o et e e e e e Gt Gmt St S Gt Gt By Gt S Svam B G S Snne Smas GSy Sy G Germ Beer S e v Gras e G G pan

Y Incomplete data 6/6/7]

2/ MOG=iodified Mills, Onley, Gaither cleanup procedure used

The Committee also reviewed the results of studies on DDT—derivea
material in human milk summarized by the HMS. Unfortunately, no recent
data were aQai]ab]e for the United Sfates. Data from ten years ago
indicated’]eve]s'in human milk that'wou1d 1éﬁd to a d$i1y infake by a
nursihb infant at, or in excess of, the acceptable intake recommended
by FAO-WHO. In view of the veduced intake of DDT by adults in the
United States, it is unfortunate that no more recent data are available

on the quantities of DT and metabolites in humén milk. .
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Prbjections of the expected env1ronmeeta1 1oad; Any eurvey'of
recent trends in the levels of a contaminant such a; DDf and 1ts break-
down products must give attention to the expected levels over the next
5, 10, or 20 years. Several methods are possible. One can u;i]ize a
direct plot of the dati available of the levels fn_air. water, soil,

food and Duman tissue and consider tDe.possjbility of a continuation from
the trends eeident inthe-plotted da;a_points. Due to the great vari-
ebility in data on DDT levels in tﬁe eﬁvironment and the short period
of observations, if is difficult to observe any significant.trend at this
time. a

- A second procedure would be to consider the recent monitoring data
%D the light of everything that is known'about'the pfoceeses of DDT re-
eistribution, the concentration in the environment, and the rate of break-
7 + to nontoxic compounds. Relatively little informatgon s avéfiab1e
as to the rate of turnover of the DDT poo] in sediments and in soils, or
“the rate of breakdown of DDT in aquatic environments. In spite of these
deficiencies, our understanding of movement of DDT in tDe environment
allows us to'view the variability in reported feve1$ as not due to any
.dec1ine in environmental load but as due to random movement of the DDT
stenm1ng from major upsets in weather, erosion, and r1verf1ow The
quantity of DDT involved in this movement may be traced to the relatively
heavy use of DDT in the past 20 years. Although the proportion of the
contamination made up -by DDT itse]f probebly will show an appreciable
decline in the next few years, the cdmbieed contamination by DDT and the

more stable DDE seems likely to show only a modest decline.
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A third approach to making projections of the DDT contamination
is to u;e a systems analysis to provide simulation ofrDDT levels over
the recent period of honitoring and continuéng for up to 50 years in .
the future. Such an anaTysfs has been done foé the Committee by
Drs. 0'Neill abd"Burke of the Oak Riége Na;iona]rLabofatbny and their
results are included as Appendix D. The advantgge of a systems model
is thai each pool of DDT in the enviroﬁmeht, and the rate at which it
feedé or ié fed'by other pools, is considered simu]faneously in making
projections Qf thé'anticipated DDT load. The rates of ex@hangé in.the'
environment have héd to be estimated from the éhanges in concentration
épparent in the monitoring program.

of the:three approaches to estimating the expected rate of decon-
tamination, the systems study offers tﬁe most pqﬁentia1, but it also
identifies most cieariy the deficiencies in our monitoring program and
in our understanding of DDT in thévenvironment. e believe that a re-
examination of the prbjectioné obtained by 0'Neill and Burke should be
undertaken regu]af1y as new data become available. Within the 1imits
of the data availab]e at this time, however, the systems study demon-
strates that only a s1ightireduction in environmental contamination can
be expected witﬁin the next decade.r It also shows quantitatively the
impact of differenf levels of use of ﬁDT in the next few years. Although
the.continued use of re]atiVé1y smai1’quantities of DDT'will not serious-
ly affect the slow decline in.environmental load during the next 10
years, it will serious]yvaffect the expected feduction of DDT in the
environment over the longér period of two generations.

oow 3342
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ANALYTICAL INTERFERENCE WITH THE DETERMINATION OF

DDT BY POLYCHLORINATED BIPHENYLS IN THE ENVIRONMENT
_'A'number of ﬁo]ych]orinéted biphenyls (PCBs) have been coﬁmercia]fy‘
ravailable in the U.S. sinte'1930. Currently PCBs are peiﬁg marketed by
Monsanto Chemical Company under the trade Bame of'Aroc19r with the per-
centage chlorine_designatéd by the last two digits of.their four digit
jdentification humber.' The first two digits indicate the type; for
example, the 1200 series for the biphenyls which are the most common,
In the envjrdnment, PCBs behape Tike DDT and many other organochlorine
pesticides: " PCBs are very stable, resist degradation, are insoluble
in watef and highiy soluble in lipids. It is inevitable, therefore,
£hat PCBs would be concentrated in biological systems sjnée they posséss
571 the Ch"racte:istics associated with DDT and its metabolites. PCBs
are extracted and detected by the same techniques emp1dyed for the organo-
ch1ofine pesticides and consequently residue chemists have had to develop
adequate analytical procedures to sep§rate them from_assoéiated chlorinated
pesticides, prior to quantification. |

Prior to 1967, PCBs were either ﬁisidentified as specific pesticidgs
such as Dﬁf or viewed as unidentified compounds, possib1y'unknown peéii—
cidaf metabolites. PCBs were previously evident as extraneous, unidenti-
fied peaks in GLC chrbmatdgrams of egtracts of marine fish and birds;
until identified in 1966 by Jensen and by Widmark in 1967 énd'
Ho]mes.gg.gl; (1967). It was not until a year or two later that
federal monitoring and surveillance sample analysis began td include
‘any routine scréening for PCBs, in addition to the usual screening for

chlorinated pesticides. The timelag between use and the detection of
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PCBs in the env1ronment can be attributed to. accumu]at1ve concentrat1on
over the years and/or recent soph1st1cat1on in ana]yt1ca1 techn1ques
.and instrumentation,

" The presence of PCBs, DDT and DDT-1ike moieties in.environménta1
_samp1es presents the res1due chemist w1th both a qua11tat1ve and quantl-
tive ana]yt1ca1 problem. Because of the similiarity of retention
times of'gas chromatographic peaks, concentration of certa1n PCBs can
interfere with the aeeurate determination of p, p'-DDf- p;p'-DDD and-r
p,p'-DDE depend1ng on the type of GLC column emp]oyed One of the
most common PCBs found in the U.S. environment, Arcolor. 1254, 1nter-
feres with the GLC peaks associated with p,p'DDT and p,p'DDD and
pP,p'DDE. Another conmon PCB, Aroclor 1260, interferes the_1eest
with peaks associated with p,p'DDE. The seriousness of the PCB
interference or bias in DDT, DDD, and DDE quantificatiens per se hy

gas ehromatography is dependent on several interre]ated factqrs such
.-as the polarity of the gas chromatographic column pack{né, the
percentage of ch]orine in the particular Aroclor being chromatographed,
and the concentration and ratio of PCB and DDT and_netebolites in the
extract. % ' e R T |

Cons1der1ng the most common Aroc]ors found in the env1ronment

such as 1254 and 1260, un1ess the ratio for PCB:DDT concentration in
the samp1e is greater than 2:1, the PCBlb1as to accurate quantifi-
cations of DDT and its metabolities by electron capture gas
chrohatography will be relatively neg]igib1e. The PCB bias will

interfere and can become serious if the ratio of PRC:DDT concentration

in the environmental sample approaches.5:1 or higher. One reason for
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this is that electron capture detector usually emp]oyed in the gas
chromatography is con51derab1y less senSitive to the PCB mixture
than to individual DDT compounds on a comparative weight basis.

The analytical probiems associated with separating PCBs from
DDT, DDD and DDE ‘have largely been overcome in the past few years.

- It cannot be said that the extraction and 1501ation recovery of

_PCBs is abso]uteiy quantitative but it can approach 80-90% if
adequaté pre]iminary procedures are carefully followed. Separation
-of-PéBs,by column chromatography using F]orisii-has been reported
for several pesticides by Reynolds (1969), but p,p’'-DDE is eluted
along with the PCBs. Armour and Burke (1970) have developed a-
separation of the DDT analogs and PCBs by employing a silicic acid
column. Identification of these interfering PCBs by combined gas
chromatography - mass spectrometry has been reported by Widmark
(1967) and more recently by Bagley et al. (1970) using a thin-layer .
chromatography preliminary separation followed by GLC-mass spectrom-
etry. Separation and identification of DDT ana]ogs in the presence
of PCBs by two dimensional TLC has recentiy been proposed by Hestfall
and Fehringer (1970).

Based on current data, results obtained from environmental
monitoring and market sdrvei]]ance sampling of various foods and
other published data, it appears that the most serious chronic PCB
contamination is in fish and iish-eating-birds. Apparently E%?; are .

wideiy distributed among marine birds which are the terminal carnivors

DSW 334245

of a comp]ex mesh of food chains in the sea. Concentrations of DDT and
PCB in marine birds tend to be an order of magnitude higher than in

marine fish according to Risebrough et al. (1968). Occasional acute PCB

contamination occurs in various ‘areas of our environment leaving the
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mistaken impression that serious PCB contamination is a qniversaT
rprob1eﬁ. 'Most of the acute residues of PCBs found to date can be
attributed-usua11y to inadvertent or accidental industrfa1 Eauses.
Arecenf'eXQmpfe Of.acute PCB contamination in poultry was traced (
to contémiﬁ%ted fish meal resulting ffom unnbficed'leakage of PCBs
-in the sterlizing vats. _Tﬁe PCB contémination found currently in
fruits,'vegetab1e§, aﬁd_in most.samp1gs of milk, éheese,and_eggs

:appeér to be relatiVé]y insignificant, at least as to bosing a

_ éériouéléhalyticajlbias to DDT or DDE determinationsrof.these
‘saﬁples.i'
‘ Undoubtedly, prior to recent cogﬁizance by the chemisfs ofﬂ
rposgible PCB interference,'some of the peaks or pbrtions of them
could have been efroneous]y attributed”to 00T, 0ODD or DDE presence
in the sample, particularly if adequate conformation prbcedures weré
not followed. 1In many environmenté1 samples, the sericusness of-the,
PCB bias on theADDT quantification is dependent on the ngnificance
~of the DDT concentfations in the sample. . According t6 Risebrqugh
et al, (1969), although p,p’ DDE is the most abundant of the DDT com-
- pounds in Ehe environment, there appears to be no significant PCB
interference in DDE quantifications. Cpnsequent]y, he concludes
that total DDT residues in the past, before fhe exfent of PCB interQ
ference was known, would not be greatly changed after correction
for this intekférence. | | .
In summary and based bn the rather limited knowledge currently
available, it would appear that generally the PCB bias to the analytical
' determinatfon of DDT, DDD or DDE has been-and continues to be insignificant

in most foods, feeds and environmental ssmples. An excention, whercrit
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appears Fhere may somgtimes be sgrious analytical bias due'to the
presence of high ratios‘éf PCB:DDT, would be fish and fish-eating
birds and.any associated-byproducts. N .

-Recéht fepofts of PCB content in human adipose tissués indicaieﬁ,
thaf tﬁé PCB problem i;.not of wideséread 96ncern. Undoubtedly iso-
-Iated cases of ébnorma11y high PCB 1evé]s will continue to be reported

but these are considered to be the.éxception rather than the rule.
The;degree of éarcinogenicity of the various commdn Envirbnmental1
PCBs reﬁains to be-e1ucidated as well.as a more complete evaluation :
of their relative toxicity to mammals. There is 1%ﬁited-information
that toxicity is éssbciatéd with the percentage of chlorine but
geﬁera11y the Aroclors are less toxic té mammals than DDT and its

metabolites.

DSW 334247

STLCOPCB4080825



-24-

TOXICOLOGY

Over a period exceeding 25 years numerous careful studies have
~ been conducted on thé toxicity of DDT in experimental animals, 1n
domastic animq]s. and\1n man. The information available on the
mamma]%an togicity of bDT exceeds that available for most other

pesticides and for many of.the most widely used drugs.

.Acute'Toxicity.- The acute foxicity-of DDT to mahma]s is Tow.
Anima] experimeﬁtation conducted over 20 years ago established th@t',;
the median lethal dose of DDT by the oral route in:mélkg is 156-250 |
for mice and f;ts,']50-300 for cats and dogs, 300-500 for guinea
pigs and rabbits, over.ZOO for monkeys, over 300 for coﬁs and horses
and 1000 for sheep and goats (J.Amer. Med. Assoc., 1951). A1l
subséquent experimentation and use experience has confirmed the
early finding of lTow mammaiian toxicity of DDT. A réharkabiy smatl
.number of cases of acute DDT poisoning have occurred in man and
there is no well-documented case of fatal uncomp]icate& DDT poisoning.
~This situation is in marked contrast to the high acuté'toxicity of
potential substitutes for DUT including orgénophospho?us insecticides.

| The pharmacological effects of oral doses of DDT in man.havé
begn*stﬁdied. There are some differences in the doses reported to
produce various effects but the types of changes and their duration
were-the same in all stUdieﬁL The ]o&e;t oral doses of DDT reported

to produce effects in man were those used by Velbinger (1947). In
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~that study, oral doses of 250 or 500 'mg per. man “in suspension or
0il solution produced no. effect except a var1ab1e, s1lght dis-
turbance of the sensitivity’ of the mouth. Doses of 750 or 1000 mg
in oil solution Ted to disturbances of the sensitivity of the lower
'part of the face, uncerta1nty of gait, ma]a1se hypersens1t1v1ty to
'contact cool moist skin but no changes in ref]exes Discomfort
reached a peak in about 6 hours. A dose of 1500 mg in otf solution
-produced prickling of the tongue beginning about 2.5 hours after
ingestion. Disturbance of equilibrium, dizziness, COnfusion_and-
tremors of the entremities gradually increased. A peak reaction_
characterized by ﬁa]aise, headache, fatigue, and delayed vomiting_
was reached about 10 hours after ingestion and recovery was almost

complete in 24 hours.

Chronic toxicity. Various studies on the chronic toxicity of
DOT have been conducted. It should be noted that the parameters
measored in toxicity studies done 20 years ago were fener than those
that are considered today. .

Long~term exposure to low levels of DDT produces'histologica1
changes predom1nant1y in the Tiver. All 1nvest1gators who have
'stud1ed the curon1c tox1c1ty of DDT to rats have observed the same
changes although the doses requ1red to elicit the effects were not
exactly the same in all studies. In 1950 Laug et al., reported
that rats fed 5 ppm of DDT for 6 mbnths;showed detectable liver
changes. Ortega et al., (1956) fed levels of DDT from 5 ppm to 400
ppm to rats for 6 months and followed recovery in some_anfma]s for

12 months. The lowest dietary level that produced 1iver changes
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(hypertrophy, inc]usjoh bodies,'and,cytoplasmic grqpu]ation) was
15 pph in males but higher doses were required in females. The
liver chénges were reversible after withdrawal of the diet. Mon-
keys fed dietary levels of 5, 50, 200 and 5000 bpm of DDT for. a
prolonged periodhshowed no liver patho]ogy up to 200 ppﬁ.
“The most 1nformat1ve chronic stud1es on man were those done

;by Hayes and assoc1ates (1956, 1971) in which known doses of DDT
were_fed for pro]qnged periods. In these studies some subJects
"received doses as high as 35 mg per day for 21.5 months énd some
6f them were observed for 5 years after completion of the feeding
,pefiod. The level fed to these men was 535 times the average '
nofma] intake and no clinical or laboratory evidence of an adverse
effect was observed. Other stuaies have been conducted on man
with pro]onged and intensive exposure to DDT in manufactur1ng
plants (Laws et al., 1967). In the most recent study of this

type 35 men with 11 to 19 years of exposure in a DDT manufacturing
plant showeﬂ no climical or laboratory effects attributable to .
- exposure to DDT even though the average daily intake was estimated
from storage and excretion data to be 17.5 to 18 mg pér man per
day aswcd;pared with an average of 0.04 mg per man for the general
population. The chronic toxicity studies oﬁ DDT have provided no
indication that the insecticide is unsafe for humans when used in
accordance with commonly recognized practice. The chronic toxi-

city tests on man have not been extensive enough with respect to

.tribute information concerning possible carcinogenic effects.
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Cardinogenicity of DDT. The questioﬁ-of the potential car-

cinogenicity of DDT has been studied in a number of laboratories.
Fitzhugh and Nelson reported in 1947 that DDT fed in high doses to
rats causes a.siﬁéht increase in hepatic cell tumors. A statisti-
cally significant ihérease.in hepatomas was noted- in the'Bionetics
Study (InneS*g§_§14_1§69) in two strains of mice in both sexes.
Weisburger et al. (1965) ;eported that the frequency of hepatomas
after N—Z&f]uorenyTécetamine was increased as therlétent period
decreased after DDT feeding. Tarjén and Kemény (1969) fepofted
mu1tigenerqt%qn studies in m%ce fed 3 pﬁm DDT. A generalized increaée
in the fréédéncy of(tumors in the Fp and following ggnerétions vias
noticed. Multigeneration studies in mice, in progress,.sponsored
.through the International Agenc& for Research on Cancer.bAth at’
Lyon and Milan, show a statiscally sigﬁificant increésed_incidence,
.of hepatomas —.a1though the studies haQe not been completed and
final conclusions cannot be drawn.

Studies by Hafver (1967) have shan that DDT doé§ cause hep&tic
cell tumor'in trout at relatively low doSes.' Some studies, generally
of a duration too short to detect an& but étrong carcinogens, have
not showﬁ a carcihogenic effect of DDT. (Ortega, 1956,‘0£toboni,
1969). | |

It seems C]éar, fherefore, that‘DDT is capab]e of-céusing
hepatomas in rodents and further that there is some evideﬁcerof
carcinogenicity with respect to other sites. | _

The significance of hepatoma induction is unc]ear.l In the
IARC Lyon Study, two of the hepatomas shbwed matastasés to the

Tungs, both in animals given DDT. With other hepatomas after
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transplantations to other mice tumor groythhdid not occur. Many
“experts in carcinogenesis feel that hepatoma induction is
essentially equivalent to carcinogenesis, while others %ee] that
hépatbmas are reversible lésions. The demonstrated ability of
DDT to stimulate the HEpatic endoplasmic reticulum and microsomal
mixed fﬁnctioh'oxidase activity and fo cau;e an increase in liver
weight may .be involved. Carbon tetréch]oride; chloroform, and
~ brombenzine show incréased liver toxicity after stiﬁuTation of
microsomal oxidase activity. One expression of this foxicity mjght”
be hepatoma:éroduction. -

The e&idence to date clearly shows that DDT induces hepatomas
and suggests it may be carcinogenic. - |

The impTications'of this finding for man must be drawn with

175]

care. Considerable uiicertainty exists with respect to %he ability
to extrapolate effects seen in small numbers of laboratbry animals
at high doses to large numbers of humans exposed to low'dosés. If
one éccepts that an eventual human health hazard is a possibility,
it must be récognized that very little can be done at this time.
The wviorld burden of UDT is so high compared to the current annual:
use in the U.S., that instant as opposed to a rapidly phased
ceséatidn of DDT uéage would probably hake no significant difference
in human exposdré levels. Expanded use_of DDT is contraindicated.
There is no evidence from huﬂan_epidemio]ogica] studies to
shed ]ight on the possible human carcinogenicity-of DDT. Occupa-

tional exposure studies (Laws, 1967) have been too limited in

sample size and duration to follow-up to detect a moderate or
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weakly carcinogenic action of DDT. Long-term studies of_océppé-
tional exposure of DDT are urgently needed.

Mutagenicity of DDT. Few data exist in the literature con-.

cerning the potential mutagenicity of DDT and its derivatives. At
high doseg, it cdn cause C. mitosis (co]chicine-]fké efféctg) in
'dividing plant cells. A recent repoét sdg;esté DDE may be asso-
ciated with chromosome reqrrangements in wild D}osoghila;.bﬁt,the
association was quite indirect being related to DDE levels in fat
bodie§ of local frogs. Unpﬁb1ished data appear to bg Cont?adictory.:;
In general, acute high doses were used. There exists an urgent

need for extended dose experiménts with a proper dose range. It

is impossible to state whether DDT is or is not mutagenic in

mammalian systems.

rey

ffects. of UUT on reproduction in mamnais. The conventional
three-generation reproduction'study on rats that is used to

eva]date drugs and pesticides teratogenicity has recént\y been done
with DDT fed at levels of 0, 20, and 200 ppm (Ottoboni, 1969).

There are no teratogenic effects andrfertility and viability of the
young were not affected. Another aspect of this study relates to

éae inf]uencezof DDT consumed in the milk during thé sﬁck]ing period,r
There vere c]ear]y'no effects from feeding 20 ppm of DDT to the
mothers on the survival of ybung to the weaning age. In another
study DDT fed to mice at 7 ppm produced a s]jght'significant
redgctioh in the number of liters per pair in one strain of mice but not
in another strain (llare and Good, 1967). In one recent sﬁhdy doses

of,DDT'of 1 mg/kg and higher doses were given to rats daily by the
oW 334258

STLCOPCB4080831



S S 1)

=30~

1ntraper1tonea1 route for 21 days beg1nn1ng at 24 hours after birth
(Fahim et al., 1970) These h1gh doses caused morta11ty and a

decreased growth rate.

. Toxicity of DDT to birds. Evaluation of the toxicity of DDT

to various;bird species has not kept pace over the 1ast 25 years'
‘w1th mamma11an toxicity stud1es on DDT and other pest1c1des. It |
is only recently that standard tox1coiog1ca1 procedures for
"mamma]1an toxicity measurements have begun to be applied to selected
'species of birds. ‘The needs in this area vere summarized in 1968
by L..Sticke1 who indicated that interpretations concerning poten-
_tial]y dangerousieffects of organochlorine pesticfdes require
experimental studies designed for that purpose and aimed at finding
diagnostic methods for identification of Tethal and sublethal toxic
]imits; The same author recommended that species differences should
be determined in the absence of extraneous physiological and environ-
menta1 stresses; Thus it is being recognized that the important
concept of.dose-reSponse relationships and species differences have
_an important bearing on DDT poisoningltn birds. It has iong been
recognized in mammalian toxicology that ana]ysis.of tissues for
toxic substances has limited value in established cause and effect
relationships for tntoxication by chemtcal agents. It is only the
presence of abnormally high levels of toxicants consistent with
levels known to be associated with lethality and the absence of
other toxic substance that can justify a conclusion that a certain
chemical agent is responsible for mortality. Tissue levels that
have been found justify a suspicion that .bird populations have been
affected by DDT but the quantitative toxicological data'necdod to |
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support a definitenconCIusion are §t111 nedger. The apparent
relationships between increased morté]ity of wildlife and DDT
spraying programs has been discusséd by Dustman and Stickel (1969).
. Oné example of the typg of study that is extremely valuable
in Undgfstanding'the é?fectsrnf'DDT on-survival and reproduct{on
is the oné recently reponted by Heath g;_gi,, (1969) in which -
mallard ducks were fed various levels 6f DbT, DDE, and DbD.-'The
'reSults-of'this study showed.that Dpf.at levels of 10 ppm and 40
ppm severely impared'reproduction success, caused eggshe]l thinning,‘%
and increaged embryo morta]itx. Survival of hatchlings Was not
affected. DDD did not impair reproductive success. DDT induced
‘fhinning of shells and reduced duckling survival only whén a level
nf 25 ppm was fed hone of the treatments induced cr1pp11ng among
‘hatehlings. This type of information is va]u 1e becGLse it siows
the h1gher sens1t1v1ty of this species to DDT and DDE than is
'observed in mammals and, on the other hand, it shows that d1etany
levels far in excess of those in food of Spec1es that are pro-
_tected by esfabI{shed tolerances are required fo produce'injury in
this bird species. | Many additional studies are needed nnt only
with individual pesticides but also with comb1nat1ons of env1ron-

mental chem1ca1s and DDT.

Toxicity of DDT to fish. The available data on fish}demon-
strate clearly tnat many species are_hignly susceptible to- DDT.
The high susceptibi]ity of fish and fhe nazards from injnry to
their food chain by DDT have been known at least since ]°d4

(Ginsburg, 1945). Thus the high tox1c1ty of DDT to goldfish was
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~ described in 1944 (E114s et al.) and‘deaths.qf_yggng_fjgh in waters
sprayed with.DbT wére repdrﬁed in 1946 (Pier]ou): worﬁ of a
quantitafive.nature-on the-éffécfs of DDT on fish has been in progress
for many years and it was perhaps greatTy stimulated By the_ear]y..
use of fish as a"speCies for the bioéssay'of DDT. Contrb]]ed:
studies of the effects of many pesticide; on fish and shellfish
have been conducted by the U.S. Department of the Intqfior,-Bureau
of Commerita] Fisheries. (ﬂow: Gulf Breeze Marine Laboratory, |
EPA). The deve]obment of-a monitoring system using oyste;s vhich
accumulate residues above 0.01 ppb of DDT from test so]ufions and
store it at magnificationérranging from 15 to 70 thousand times °
was an important advance in determining the contamination of water
sources. The work that has beeﬁ accomplished iﬁ this area leaves
no doubt that the-leve1s,of DDT of importance for survival of
aquatic species are far below thbse of concern to mammalian
Species. There is sufficient toxicological fnformation on DDT

in aquatic specfés to indicate that reduction and prevention of
contamination of water sources is a problem of major concern,

Biochem%ca] Effects on DDT. DDT is capable of .modifying

the activity of hepatic microsomal enzymes that cata]yzé,the
biotransformation of many drugs and other chemicals usually to

less active compounds. 'DDT'produces this effect by inducing
synthesis of theée enzymes. fhe consequent increase in “endoplasmic
reticulum explains the hypertrophy of the liver that has long bean

an established effect of sufficiently high doses of DDT. - Very few
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quantitative . studies have been done on d1etary 1evc]s of DDT
required to produce enzym° 1nduct1on In the male rat the m1n1mum
dietary level that causes significant enzyme inducoion by DDT %e;,
1 ppm. “Female rafs ere less sens{tive_to enzyme~induc£ﬁon by.DbT
which correlates with failure to obserye'ﬁorphologioal chanoes at.
the same"dose jn female rats as in males. |

A study of 18 workers with an average of 14.4 years of
exposure to DDT,fn a manufacturing plant showed evidence of eozymeﬂ
induction. However, even at this relatively high intaPe,the velues,
although s1gn1f1cant1y different, mostly fall within the norma]
range (Po]and et a]., 1970).

Recent evidence suggests that DDT can inhibit MG++ ATPase in

rabbit brain (Koch, 1962) and Na K ATPase in teleost GI tract (Janicki

and Kinter, 1971) and can form charge transfer complexes with nerve compo-;

nehts (Narahoshi and Haas,.1967). DDT also causes a decrease or abolition
of the potential difference and short circuits éurrent across the ieolated
toad'b1adderrﬁa11 (Sides, 1971). These observations may provide a begin-
ning insight 1nto the acute and subacute CHS tox1c1ty of DDT and since
Na K ATPasL is 1mportant in ma1nta1n1ng sa1t and water balance in te]esots
they may s1m11ar1y prov1de the basis for an explanation of the very high
toxicity of DDT for'teieosts.

~ Other recent reports describe an effect of DDT on the thyroid
funct1on of birds (Jeffr1es and French, 1969) Whether this effect, or
the effect of DDT on the hepatic m1xcd,funct1on oxidases plays-a role
in the eggshell thinning action of DDT is uncertain.

Interactions involving mechanisms other than enzyme induction
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are not known fdr DOT except for the antagonistic action of

barbi turates against the central nervous system action of DDT.
Tﬁis antaéonism constitutes the basis for the antidotal action of
phépob#rbité] in acute poisoning by-DDT. It\shou1d be noted,. how=
ever, fhat systematic studies_on.possiple additive or synergistic
| effects have not been conducted on DDT'with other environmental

:chemicals such as PCB's.
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NEEDS

There is litt1ejque$tibn from man's viewpoint relative to the
prdtecfion of his hea1tﬁ and!we]fafe and to the production of food
and fiber that hié'broad—ranging compétition with insects'requirés
measu}es'for the -control of.their depéedéti;n. A]though there are
many types of dsefﬁ] insect control praétices,'if was essentially
concluded in the host recent sciéntific analyses (Reﬁdfts of fhe
Jensen-Committeeland'Mrak Commjssibn, 1969), that, for the immediate
and perhaps_ev;n foreseeable future, insect control wii] depend to
a major exteht on éhemiCa] insecticides, particularly as directed
toward integrated and supervised programs of insect pest managémenf.
Eﬁcouraging progress is continuing on the development of”non-insecti-

contiol tecnnigues, bul actual

cida achievement of their broad-scale
applications to insect control problems remains for thé future.

Thé specifié question of whether DDT should or shou]d not Be
available for use as a component of the presently avaf]éb]e chehica1
control resourées'is difficult. The cuﬁu]ative scientific cvidence
concerning the persistant nature and toxicological actions of DDT
have been summarized and analyzed abové.r It is obvious that there
are sti]]ra number of questions in whichnconc1usive evidence is not
complete, even though DDT has been characterized as the most broadly
studied organic chemical ever pfoduced. Present scientific evidence
: permfts useful conclusion on many, but not all, important questions.

The production and use of DDT in the United States has been

steadily decreasing for a variety of reasons since the peak period of
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1960 and 1963. - The varidus types of registered uses have been
drastically reduced witﬁ recent cancellations of registratiéns for
~use on tobacco and.éhade trees, in and around the home, and'in
aquétic enQironmentQ (excepf those essentia] to the control of

4 diseasé Vectors.ﬁs determined by Public Health-0fficials) in 1969
and for qther uses on a &ide variéty of crops, animals, and products
fin 19701 0f the comparative1y sma11'nUmber of remainihg uses,
.abproximate1y 70% is used for cotton insect control. Other extén-
sive uses are for control of insecits on soybeans and-peanuté.

Theré is 1itt1e.difficulfy on humanitariaﬁ grounds in appraising
‘the justification for the continued usefulness and cost-benefit.
ratio of DDT in such‘programs as the World Health Organization (WHO)
malaria control prnéram, Fven the most dedicated prononents of
banning DDT appear at this time td exclude this program'from their
recoﬁmendationst. This apparently results from the acceptance of the
results of the program in terms of conservation of human lives and
a]]evjation of misery, the many factors justifying the choice of
-DDT as the agentrqf use, and the appafent low potential of this use
to nontéfget environmental contamiﬁation. There is considefab]y
more difficulty in'évaldating the néceSsity for other uses.

The Committee received information on essential uses of DDT
for,continued registratibn presented by the various States and
evaluated by a Speéia] Review Group on DDT Registration, advisory to
the Secretary of Agriculture. It has not been possible in the time
available for the Committee to address itself to the specffics of justi-

fication for cach registration recommended for continued wse, and the
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range of veriables for each is such that it is virtually impossible

~to formulate responsib1é general criteria. The impression of the
Comﬁittge isrthat the recbmmendations of the States as presented show"
'cohsiderab]e,ygriation\in the extent of scientific evidenée on which

they were based. - The primary justificatioh.offered fof the recommended
éontinuatiohs appears to be that no effective substitutes for DDT are
évailab]e,fbut this actually deriVes from-a~broad variety of reasons.
Alternative insecticides may present a more acutely toxic hazard tq_‘i
both man and'o?her nontarget organisms. They are likely to be iess
residual, ?équiring_more frequent app]iégtions. Becausé 6f the relatively
Tow cost of_DDT formulations, alternative insecticides are almost certain
to be more expénsive. The substitution of less fully evaluated materials
than DT may supplant the known prohlems of DDT with other unknown pro-
p]ems of more serious consequences. Perhaps the most d%scouraging and
Jeast permittab]e reason is that potential a]ternative§ are not registered
for such uses.A'The development of satisfactory alternatives presents a
complex proB1em which may be further éomp1icated by the continued use of
pOT tending to act as a deterrent to their development. One ohvious solu-
tion isrtdﬂretain the cance]lation of all DOT rggistrations, thus forcing
the furiher development and registration of.alternatives. But what then of
the interim, when no alternatives are available? The Committee recognized
the'significant reductionsin domestic:use which have already occurred and
their potentid] implications. The Comm%ttee was particularly interested
in assessing evidence for indications of decreases in environmental con-

tamination during the period of decreasing use. Although the evidence
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and projections from it are not indisputably clear, they strong]y'
suggesf that residues of.DDT:have beéun to decrease-and that residues
of derived materials as represented by DDE appear to have peaked;
These suggest that registrations and use of DDT should cbntinue.té be
-redueed with the ultimate goal of virtual eTimination of any gignfi;
cant additions'fo the environment. Thus, the registration of DOT
cancelled in PR 71-1, and the essential uses as receommended by the
various States should be réeva]uated, and any.continued us?s of DDT
should be based on detailed scientific review, evaluations, and just-
ifications by approprfate panels of qualified entomologists and_then
by independent panels of scientist knowledgeable in toxicological and
environmental sciences. Additionally, provisions should be made for
continuing review so that new scientific research and evidence may be
taken into account ih evaluating and justifying the continuing
essentiality of uses relative to assuring the further elimination of
nonessential usés as rapidly as.possib1e. The Commiﬁtee is cognizant
that changes in existing laws cbncerned-with such matters are
currently in discuséfon stages and might be expected'to facilitate

the courses of action discussed above.
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CONCLUSIONS
From the data available to the Committee on the use of DDT
and its impact upon the environment upon maﬁ and upon other non-

target species the Comm1ttee has reached the following conclusions

<+

on pertinent sc1ent1f1c issues. ) -
1. The quantities, uses, and acreage receiving DDT inlthe
United States have dec}ined'rapid]y and'continuously within the
past ten_years, but the qqaﬁtities of DDT (and its mefebolites) '
detectable in water and soil have not markedly decreased. |
‘2. DDT and its metabo1ites have spread from their‘eites of .
app]icafion fhroughout the g]oba1.biosphere. The rOutee and
ﬁechanisms of movement are only partially understood -but include
atmospheric transport, surface runoff, re-suspens1on from sediments,
and the b1olog1ca1 food chain. Large quantities of DDT are accumu-
'1atieg in the estuaries and oceans.
3. DDT and its metabolites persist for years, concentrate in
some nontarget organisms, display a variety of adveree.biachemicaT
and physio]ogica] effects,-threaten to reduce or ejfminate some
;ontargetfepecies, and lower the marketabi]ity.ef Qeiaeb1e fish and
shellfish. Evidence from a limited number of adeqdete studies and
a large number-of less critical and interpretable observations convinces
us of present or pfobab]e damage to some molluscs, crustaceans,
fish, and birds. |
4. While forecasts of the prospective decline in DDT'contamina-

tion of the environment are difficult and necessarily tentative the

evidence availahle indicates that present contamination of food
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and native biota is principally qttributahle_tq a large existing
environmental pool that "is recycling at low concéntfatfons én&
which seems 1ike1y_to'decréése }e1ative1y slow over a‘numher of
decades. . . .

5. There has been slight but signiftpant reduction in the
amount of DDT present in the foods inges%ed by man althbygh the
frequency of 10w;1eve1 contamination has increased. Thére has been
no significant reduction in;the hody burden of DDT and its meta-
bolites carried by man. |

6. DDT has a very low acute toxicityrto man and his domestic
anima1s, and exposure to high doses for short periods'of time does
not appear to cause any irreversible damage.

7. Prolonged exposure to ré]ative1y high doses of DPT has been
deﬁonstrated td be tumoragenic and possibly carcinogeﬁic in fodenfi.
With our present knowledge and infbrmation, these dataVCannot he
directly extrapolated to man and his domestic animals. Based unon-
the current intake and storage levels of DDT and its metabolites in
these species, the probabiiity of tumoragenesis and carcinogenesis
is Tow. B

8. fﬁe evidence that DDT may exert a mutagenic efféct in
certain situations.is incomplete and cénfTicting atvthe present time.
There is no‘évfdence that DDT exerts a teratogenic effect.

9. The polychlorinated biphenyl compounds, because of their
- analytical similarily to DDT, have in the past been confused with
DDT and some of its metabolites. These substances are a]go wide-
spread environmental pollutants and could have been resoonsible
for some of the reports of the wide diétrihdtion of DT fn the;

environment, DSW 334264
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RECOMMENDATIONS

1. Reduce the use of DDT-in the U. S. at the accelerated rate of
-the past few years with the goal of v1rtua1 e11m1nat1on of any
s1gn1f1cant add1t1ons to the env1ronment

2. Encourage effectTve §evelopment and_reg1strqtion of alternative
insecticides or ihsect contro]lmethods_capab1e of replacing DDT
Sp'és to accelerate the reductioﬁ of DDT recommended above.

3. " Provide for review of any coﬁtinueﬁ uses of DDT for séientific
basis -and justifications by qualified entomo]ogists-and,then by
-independent écientfsts know1edgeable in the toxicological and
environmental areas. | |

4, Create, by 1973, an approprfate paﬁeI of experts to review
and analyze new evidence on the remaining scientific questions
posed by the presence of DDT and its metabolites in‘the'environ- ,
ment, and provide a mechanism for the review of the new information
about DDT at regular intervals. |

5. Review fhrough]y the PCB compounds and their environmental distri-

bution, hézards, and interrelation with DDT.*

6. Provide for continued availability of DDT for specific uses
essential to the Public Health control of disease-bearing insect

vectors until satisfactory alternatives are deye]oped.

* As this report was be1nq comp]eted, information was received that
a task force will be coordinated through the Office of Science and
Technology and the Council on Environmental Quality to investigate
polychlorinated hiphenyls in food and other components.
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* THE_IMMINENCY OF HAZARDS

The Federal Insecticide, Fungicide, and Rodenticide Act
empoviers the Adminisﬁrator of the Environmental Protectfon Agency
tbrsd5pend immedfate]y.the registration of an economic poiSon
(pestjcide) whenaver he determines that "such action is necessary
to prevent an immninent hazard to the'pub1i;." The Committee has
been specifically requestéd to provide its expert, indepéndent
judgement on the issue of whether products containiﬁg DDT éon-
stitute "an imminent hazard to the public." We recognize the
signal impgriance of a decision on this question, but considér it
to be outs%dé of our primary charge "to deal with scientific
issues." Therefore, we provide a separate statement of our
op1n1on of hazard.

The def1n1u1on of “imminent hazard" is important in reaching
such a judgement. The Committee has used the concept stated as
fo]lbws in the position statement of 18 March 1971 by the Environ-
mental Protection Agency titled "Reasons Underlying tﬁe Registra-
“tion Decisions Concerning Products Containing DDT, 2,4,5-T, Aldrin

and Die]drin."

.This Agency will find that an imminent hazard
to the pub11c exists when the evidence is sufficient to
show that continued registration of an economic poison
poses a significant threat of danger to health, or oiher-
wise creates a hazardous situation to the pub11c that
should be corrected immediately to prevent serious injury
and which cannot be permitted to continue during the
pendency of administrative proceedings. An "imminent
"hazard" may be declared at any point in a chain of events
which may ultimately result in harim to the public. It is:
not necessary that the final anticipated injury actually
have occurred prior to a determination that an "imminent
hazard" exists. In this connection, significant injury

STLCOPCB4080844



-43-

or.potent1a1 injury to plants or animals alone-could

justify a finding of imminent hazard to the pub]IC from

the use of an economic poison....

Using'this concept of "imminent hazard", the Committee
.agreed'that:r . .

A. The présent'reported énnua] uéage.levé] of DDT does not
-present an imminent hazard to humqn health in terms of individual
bodily funct1ons and safety | | |

B. DDT and its derivatives are serious environmental pollu-
tants and present a substantial threat to the quality of the human
environment througﬁ widespread damage to some nontarget organisms.
Thére is, therefore, an imminent,hazé}d.to human welfare in terms
of maintaining healthy desirable flora and fauna in manfs>envir0n-
ment. _ | :

- Although the Committee has agreed fhat DDT represents an
imminent hazard to human welfare because of the quantiiies of this
substance currently present in the environment, it believes that
either inmediate suspension or rapid and continuous_debrease in the

use of DDT will achieve essentially the same results.

Respectfu]]y submi tted,

(/7’7"7 7 "/A//“"‘

James G. Hilton, Ph.D.

DSW 334267

STLCOPCB4080845



-84~

APPENDIX A
REFERENCES

Armour, J. A. and>Bufke J. A.: Method for separat1ng po1ych1or1nated

biphenyls from DDT and its ana]ogs J. Assoc 0ffic. Anal. Chemists
53: 761, 1970 '

Bagley, 6. E., Reichel, W. L., and Cromartie, E.: Identification of
polychlorinated biphenyls in two bald eagles by combined gas-liquid

chromatography-mass spectrometry. J. Assoc. Offic. Anal. Chemists
53: 251 1970. . ' '

Bowman, M. C;, Acree, F., and Corbette, M. K.: So]ubi]ity @f DDT -CT4
in water. J. Agr. Food Chem. 8:906, 1960.

Butler, P.A.: Commefcia] fishing investigations in effects of
pesticides on Tish and wildlife. Fish and Wildlife. Serv. Circ.
226:65-77, 1964, :

Butler, P. A.: Monitoring pesticide pollution. Bioscience
- 19: 889:891, 1969.

Butler, P. A.: Pesticide residues in estuarine mollusks.
National Symposium on Estuarine Pollution, Stanford
University, sponsored by American Socwetx_pT Civil
Engineers, Sanitary Engineering Division, San Francisco
Section; and Stanford University Dept. of Civil Engineering,
107-121, August 1967,

Butler, P. A.: The sublethal effects of pesticide pollution.
Proc. of Symposium on the Biological Impact of Pesticides
in the Environment. Environmental Health Science Series
No. 1: 87-88, 1970. :

Duke, T. W., Lowe, J. I., and Wilson, A. S., Jr.: A polychlorinated
biphenyl (Arcohlor 1254) in the water, sediment and biota of
Escambia Bay,F]or1da Bull. Environ. Contam. Toxicol. 5: 171-180,

1970.

Dustman, E. H. and Stickel, The occurrence and significance
of pest1c1de residues in w11d an1ma1s Ann. N. Y. Acad. Sci.
160:  162-172, 1969,

Edwards, C. A.: Insecticide residues in soils. Residue
Reviews 13: 83-132, 1966.

E1lis, M. M., Westfall, B. A., and E11is, M. D.: Toxicity of Dichloro-
- diphenyl-trichloroethane (DDT) to goldfish.and frogs. Science 100:
477, 1944, .

42 G |

STLCOPCB4080846



-45-

Fahim, M. S., Bennett, R., and Hall, D. G.: Effect of DOT on the.
nursing neonate Nature 228: 1?22 1223 1970 ~

Fitzhugh, 0." G. and Ne]son A. A The Chronic Oral Tox1c1ty of
‘DDT (2,2-bis (p- ch10rophcny1 1, 1 J1- tr1ch1orothane) J. Pharm,
Exper. Therqg» 89: 18-30, ]947 '

Ginsburg, J. M.: Toxicity of DDT to f1sh J. Econ. Entomo].
38: 274-276, 1945, »

Goldberg, E. D.: Chlorinated hydrocarbons in the marine environ-
ment. Report of the Panel on Monitoring Persistent Pesticides-
in the Marine Environment of the Committee on Oceanography.
National Academy of Sciences, 1971,

Halver, J. E.: Crystalline aflatoxin and other vectors for trout
hepatoma. Bur. Sport Fish. Wildl. Res. Rept. 70:78-102, 1967.

Harrison, H. L., Loucks, 0. L., Mitchell, J. W., Parkhurst; D. F.,
Tracy, C. R., Watts, F. 6., and Yannacone, V. J., Jr.: Systems
studies of DDT transport. Science 170: 503-408, 1970.

Hart, L. G. and Fouts, J. R.: Effects of acute and chronic
DDT administration on hepatic microsomal drug metabolism
in the rat. Proc. Soc. Exptl. Biol. Med. 114: 388-392, 1963.

‘Hayes, W. J., Jdr.: The degree of hazard to man on DUT as used
against malaria. World Health Organization Report WHO/Mal/
71: 783, 1971.

Hayes, W. J., Jr., Dale, W. E., and Pirkle, C. I.: Evidence of
safety of long-term high, oral doses of DDT for man. Arch.
Environ. Health 22: 119-135, 1971. :

Hayes, W. J., Jr., Durham, W. F., and Cueto, C.: The effect of
known repeated oral dOSEb of cn]oruphenothane (DDT) 1in Man.
J. Amer, Med. Assoc. 162: 890-897, 1956.

Heath, R. G. Spann, J. W., and Kreitzer, J. F.: Marked DDE jmpair-
ment mallard reproduet1on in contro]]ed studies. Nature 224:
27-28,-1969.

Hickey, J. J. and Anderson. D. W.: Chlorinated hydrocarbons and
eggshell changes in raptorial and fish eating birds.
Science 162: 271-273, 1968.

Hickey, J. J., Keith, J. A., and Coon, F, B.: An exploration of
pesticides in a lake Michigan ecosystem. In Pesticide in the
Fnvironmant and Their Effects on Wildlife. J. Appl. Ecol.
(Supplement): 141-154, 1966, '

Holmes, D. C, Simmions, J.‘H., and Tatton, Jd. 0'G.: Chlorinated
Hydrocarbons in British wildlife. Nature 216+ 227, 1967.

DSW 334269

STLCOPCB4080847



-46-

Innes, J. R. M., Ulland, B. M., Valerio, M. G., Petrucelli, L.,
Fishbein, L., Hart, E. R., Pallotta, A. J., Bates, R. R.,
Falk, H. L., Gart, J. J., Klein, M., Mitchell, I., and Peters, J.:
B1oassay of pest1c1des and 1ndustr1a1 chem1ca1s for tumor1gen1c1ty

{n mice. A preliminary note. J. Nat. Canc Inst. 42: 1101- 1114
969.

Janick, R. and Kintery.W. B.: DDT: Effect on ATPase and water
- absorption in fish. Federation Proceedlngs 30(2): 673

Jeffries, D." J. and French, M. C.: Avian thyroid: Effect of

? ,p-DDT on size and act1v1ty Science 166 (1278-1280),
969. . . : :

Jensen, J. H Report of Committee on Persistent Pe§t1c1des,
D1v1s1on of Biology and Agriculture, National Research Counc11
U. S. Department of Agriculture, 1969.

Jensen, S.: ' Report of a New Chemical Hazard. New Scientist
32: 612, 1966.

Kinoshita, F. K., Frawley, J. P., and DuBois, K. P.: Quantitative
measurement of induction of microsomal enzymes by various
dietary levels of DDT and toxaphene in rats. Toxicol. Appl. Pharm.
9: 505-513, 1966. -

Kleinert, S. J., Degurse, P. E., Wirth, T. L., and Hall, L. C.:
DDT and dieldrin residues found in Wisconsin fishes from the
survey of 1966. Preliminary report. Wiscensin Conservation
Department, Research and Planning Division. 1967.

Koch, R.: Chlorinated hydrocarbon insecticides - inhibition of
rabbit brain ATPase activities. J. Neurochem. 16: 269-71, 1969.

Laug, E. P., Nelson, A. A., Fitzhugh, 0. G., and Kunz, F. M.:
Liver cell alteration and DDT storage in the fat of the rat
induced by dietary level of 1 ppm to 50 ppm of DDT.

J. Pharm. Exper. Therap. 98: 268-273, 1950.

Laws, E. R., Curley, A., and Biros, F. J.: Men with intensive
occupational exposure to DDT. A. M. A. Arch. of Indust. Health
15: 766-775, 1967.

Mrak, E. M.: Report of the Secretary s Commission on Pest1c1des
and Their Relationship to Environmental Health. H. E. W.
Parts I and I, 1969. .

AL A nf\nﬂ‘\u\-\l-\

- +
CoOWMpoNnents of lobster nerve membran

Physiol. 51 (2). 177-198, 1968

Narahashi, T. and Haas, H. G.: Interacti

C.‘r‘f'

.

Dk .
==

3 ©

)

on of DD

rimden
u LQ

ﬁ)-—l

6.3

i
0

DSW 334270

STLCOPCB4080848



-47-

Nash, R. G. and Woolson, E. A.: -Persistence of chlorinated hydro-
carbon insecticides in soils.. Science 157 924-927, 1967.

Ortega, P., Hayes; W. Jd., Jr,, Durham, W. F., and Mattson A.:
DDT in the diet of the rat. Public Health Monograph
No. 43. PHS 484, 1956. - '

Ortelee, M. F.: Study of men with bro10nged'intensive occupational
exposure to DDT. A. M. A. Arch. of Indust. Health 18: .
433-440, 1958, '

NOttonboni; A.: Effect of DDT on reproduction in the rat Toxico1.
Appl. Pharm. 14: 74-81, 1969.

Pierlou, D. P.: Lethal effects of DDT on youny fish. Nature
158: 4011, 1946,

Poff, R. J. and Degurse, P, E.: Survey of pesticide residues
in Great Lakes fish. Wisconsin Conservation Department,
Bureau of Fish Management. Management Report 34, 1970,

Poland, A., Smith, D., Kuntzman, R., Jacobson, M., and Conncy, A. H.:
Effect of intensive occupational exposure to DDT on phenylbutazone’
and cortiscl metabolism in human subjects. Clinical Pharm.
and Therap. 11: 724-732, 1970. '

Porter, D. R. and Viemeyer, S. N.: Dieldrin and DDT: Effecté on
sparrow hawk eggshell and reproduction. Science 165: 199-200,
1969. ' '

President's Science Advisory Committee: Restoring the Quality of
Our Environment.,  Report of the Environmental Pollution
Panel, 1965. .

Ratc1iffe D. A.: Decrease in eggshe]] veight in certa1n birds of
prey. Nature 215 208-210, 1967. :

Report of the Committee on Pesticides: Pharmacologic and toxicologic
aspects of DDT (Chlorophenothane). J. Amer. Med. Assoc. 145:
728-733, 1951,

Reyonlids L. M Po1ych1orob1pheny1s (PCBs) and their interference
with pe<t1c1de residue ana]ys1s Bull. Environ. Contam. & Toxic.
4: 128, 1969. : E

Risebrough, R. W., Haggett, R. J. Gr1ff1n, J. J., and Goldberg, E. D.:
Pesticides: Transotlant1c movement in the nO]LhCuSt trades :
Science 159: 1233 1236, 1968 :

STLCOPCB4080849



-48-

- Risebrough, R. W., Peakall, D. B., Herman, S. G., Kirven, M. N,,
and Reiche, P.: Polychlorinated biphenyls in the global
ecosystem. Nature 220: 1098-1102, 1968.

Risebrough, R. W., Reich, P., and 0lcott. H. S.: Current. progress
_in_the determination of the polychlorinated biphenyls.
Bu]]. Environ. Contam. & Toxic. 4: 192, 1969. :

Sides, P. J.:- Effects of 2 2,-Bis (P-chlorophenyl)-1, 1, 1-Tri-
ch]orethane (DDT) on toad b]adder Federation Proceed1ngs 30(2)
294 (565), March-April 1971.

_Stickel, L. F.: . Organochlorine pesticides in the environment.
Fish and Wildl. Serv. Special Scientific Report. Wildlife No. 119,
1968. . ' .

Tarjan, R. and Kemeny;'T.: Multigeneration studies on DDT in mice.
Fd. Cosm. Toxicol. 7: 215-222, 1969.

Tarrant, K. B: and Tatton, J.: Organo-pesticides in ra1nwater in
the British Isles, Nature 219: 725-727, 1968.

Velbinger, H. H.: Zur Frage der 'DDT'-Toxizitat fur Meschen.
Deutsch. Gesundh. 2: 355-358, 1947.

Velbinger, H. H.: Beitrag zur Toxikologie des 'DDT;-Wirkstoffes
Dichiorodiphenyltrichloromethylmethan. Pharmazie, 2: 268-274, 1947.

.Ware, G. Y. and Good, E. C.: Effects of insecticides on reproduction
in the laboratory mouse. Toxicol. Appl. Pharm. 10: 54-61, 1967.

Widmark, G.: Possible interference by chlorinated biphenyls.
IUPAC Commission on Methods of Pesticide Residue Analysis.
J. Assoc. Offic. Anal. Chemists 50: 1069, 1967.

Westfall, J. E. and Fehringer, N, V.: Separation and identification
of DDT analogs in the presence of polych1or1nated biphenyls
compounds by two dimensional thin layer chromatography. FDA LIB
#1157., June 17, 1970.

Weisbufge J. H ' Hadidian, Z., Fredrickson, T. N., and Yeisburger,
E. K. Carc1nogenes1s by. b1mUItaneous Act1on of Several Agents.
Toxicol. Appl. Pharm. 7: 502, 1965,

Woodwell, G.: Effects of pollution on the structure and physiology
of ecosystems Science 158: 429- 433 1970.

Wurster, C. F.: DDT reduces photosynthesis by marine phytop1ankton
Science 169: 1474-1475, 1948,

Yates, M. L., Holswade, W., and Higer, A. L. : Pesticide residues
hydrobiological cnvironments. 159th ASC Mational Meecting, Houston,
Texas. Water, Air and Haste Chemistry Section of the Amcr1can
Soc1ety TAbstract, WATR=032, 1970,

DSW 334272

STLCOPCB4080850



£ ator Rl

 -49-

APPENDIX B
PERSONS APPEARING BEFORE THE COMMITTEE

First Meeting

June 7 & 8, 1971

Mr. Harold G. Alford, Pestic1des Regulation Division, EnVironmentai
Protection Agency

Dr. R. R. Bates, National Cancer Institute, Nationa1 Institutes of
Health

Mr. C. B. Fie]ding, Office of General Counsel, Environmental Protection
Agency ' '

Dr. 0. Garth Fitzhuch Office of Pest1c1des Programs, EnVironmental
Protection Agency

Dr. Wayland J. Hayes, Jr., Vanderbilt University

5.!‘ l 1,

'tit

[ n
Mmoo, i

—-l

l‘l

zeltine, Butte County {California) Mosquito Ahatement

Dr. Clarence Hoffman, Agricultural Research Service, United States
Department of Agriculture

Dr. C. R. Jordan, University of Georgia

Dr. Thomas H. Jukes, University of California, Berke]ey

Dr. Edward ﬁ Laws Jr., Johns Hopkins University

“Dr. Griffith E. QUinby, Wenatchee, Uashington (spo <e at the request of
CrOp King)

Mr. Samuel ROtroser Montrnse Chemical Corporation
Mr. Max Sobelman, Montrose Chemical Corporation

Dr. Fred H. Tschirley, Office of Secretary, United States Department
of Agriculture -

Mr P W. Uhiteaker Pesticides Regulation Division, Environmenta]

S e S Pty s iV

Dr. Charles F. Wurster, Jr., University of New York at Stoneyhroo'
representing [nViron“entwl Defense Fund

Dr. David Young, Mississippi State University DSW 334273
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Second Meeting

June 24 & 25, 1971

Mr. Harold G. A1ford Pest1c1des Requ]at1on D1V151on Env1ronmenta1
Protection Agency .

-+

Dr. Phillip A. Butler, Gulf Breeze Mar1ne Laboratory, Env1ronmenta1
Protect1on Agency .

Dr. Fred DeSerres, Biology Division, Oak Ridge National Laboratory
Mr. Reo E. Duggan, Office of Compliance, Food and Drug'Adﬁjnistrafiohi
Mr. Herman Feltz, Water Resources Division, U.S. Geological Survey

Dr. William M. Upno]t Office of Pesticides Programs, Env1ronmenta1
Protect1on Agency

Dr. G. B. Wiersma, Office of Pesticides Programs, Environmental
Protection Agency .

Or. Ann Yobs, Division of Community Studies, Environmental Protection
Agency '

Third Meeting_

July 21, 22, & 23, 197
Mr. Harold G! Alford, Pesticides Regulation Division, Environmental
-Protection Agency

Mr. Lowell E. M111er 0ff1ce of Pest1c1des Programﬁ, Environmental
Protection Agency

Mr. Charles L. Smith, Pesticides Regulation Division, Env1ronmenta1
, Protect1on Agency

1A
oo\
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APPENDIX €
EXHIBITS FURNISHED THE COMMITTEE

Charge t6 DDT,Advisory Commiftee

PR Not1ce '70-19, Cancellation of Registration of Certa1n
DDT Products, Auoust 18, 1970 . ?

PR Notice 71-1, Cancellation of Registration Under the Federal
Insecticide, Funq1c1de and Rodenticide Act of Products
Containing DDT Jdanuary 15, 1971.

PR Notice 71-5, Cancellation of Registration of D1ch1oro
Dlphenyl D1ch1oroethane (TDE), March 18, 1971. -

Pet1t1on from I. T. Fisk, Counsel for Crop King: Company, to
U.S. Department of Agr1cu1ture September 28, 1970.

Petition from R. L. Ackerley, Counsel to Montrose Chemical Corp.,
to William D. Ruckelshaus, February 18, 1971,

Petition from I. T. Fisk, Counsel for Crop King Co mpbany; to

Environmental Protection Agency, February 16, 1971,

Reasons underlying the registration decisions concerning products

containing DDT, 2,4,5-T, Aldrin and Dieldrin, Env1ronmenta1

Protection Agency, March 18, 1971.

Environmental Defense Fund, Incorporated, et al. Petitioners

v. WilTiam D. Ruckelshaus, Administrator, Environmenta] Pro-
tection Agency, Respondent. Petition for Review of an Order

of the Secretary of Agriculture, Docket 23,813, Januw 7, 1971,

List of References on DDT
“A. Mammalian Toxicity and Human Exposure
B. Mammalian and Avian

C. Aquatic and Marine 7

DSW 334275
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APPENDIX D
A SIMPLE SYSTEMS MODEL FOR DDT AND DDE MOVEMENT
IN THE HUMAN FOOD~CHATN
R.V. 0'Neilll

and
0.4. Burke?®

Abstract of a Report submitted to the Advisory Commitfee on DDT3

At fne request of the DDT ‘Advisory Committee, a brief study
has been cérri;d out to develop a simp]e-mode1 of DDT and DDE
movement in the food chain supporting man. The'objéctiye is to
examine the pntentia1 of a systems model for estimating anticipated
DOT Toad in humanc and in the environment under varions options of
DDT usage and'app1ication; The model was developed fron the data
in Table 1 supplied by the Committee, but also inc]udeSjthe ecolo-
ical understanding of envirnnmenta1 transports and biological
f]ux processes deveioped from recent écosystem modeling research.
However, the model is designed for a specific purpose and readers
are.cautioned against drawing implications from it that are not
warranted by the:data or the model at this time. |

The Timited data period constituted the first basic con-

straint on the model. The second impnrtant constraint was the

t

1 Ecological Sciences Division GRNL
2 Instrumentation and Control Division, ORNL
3 Carried out and supported.in part through the Dzciduous Forest

Biome Study of the U.S. Tnternational Biological Program, L
, - DSW 334276
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brief period of time available to design the model; dertve values
for parameters, and utt]ize the model to examine prospective
future concentfatiens of DDT in the environment,

| It appears -that an adequate model of DDT movement should
. con51der DDT and DDE separate]y for the environment, for food, and
for man, resu1t1ng in a tota1 of six state variables and six
.d1fferent1a1 equat1ons Idea]]y, the DDT in food supp]yrshou1d
be divided into a portion which has residual pesticide by direct
app]ication, with subsequent losses at a rapid rate, and a'portion
which reeeives a continuing Tow level contamination from an environ-
‘mental pool. This division is dictated by an analysis of the data
which shows that after cessation of DDT applications near forage
in 1566, the Systea fias become dominated by an env%ronﬁenta? pool
with a S]ow turnover rate. , 7

" Because of the 1imited data on DDE, the model actually

developed was necessarily simp]e. The model could not be solved.
with an explicit environmental pool, because'data on this pool
were completely lacking. Also, to reduce the numbet of parameters
to be fitted.from the data, it wastnecessary to. consider DDT
pTus DbE together in food and man. Tﬁis allows a model with only
five unknowns; but incurs the disadvantage of not being able to
distinguish the dynamics of the two forms. |
| Concern about the statistical reproducibi]tty of the data
has resulted in further 1tm1tations in the model. Questions arise
with regard to the 1968, 1969, and 1970 data on human adipose

tissue. The authors have had to assume that these data fluctua-

oW 334277
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tions in DDT and DDE levels were due to sampling errérs, and that
the true response curve is a slow reduction in DDT and DDE from a
péak.iﬁ 1968..'Thi§ agsumption is partly based on the fact that to
postulate a recent upturn in the level of pésticides in man we
would require mechanisms that we do not kndw-and cannof supporp
on bio1pgica1 grounds. If'our assumption, that an initial down-
furh is evident f}om the ]967-1970-data, i§ not suppqrfed, then
-our model is in éerious error, and our forecasts underestimate
prospective cencentrations in ‘man. The authors view.the decisién
to assume tﬁat %he data are variable, and-to make conservative
estimates of_cbncentrations in man, as the most important single
a§sumption of dur model. A

The model adopted was expressed as a system of thfee_.
differential equations where one expressed the fraction of the
food contaminated by direct sprayiﬁg, another the portion of the
food which receives DDT from the environmental pool (both in
response to a forcing function of DDT ﬁsage), and the third
described coqcentration in human adipoée tissue. The parameters
in each qugtion afe 3js expressing the rate of uptake in rela- -
tion to the magnitude of the source, and bj, e]iminaiion constants.
Infake byrman, therefore, is proportional to the sum of tiie first
two e1ements; since the food'concentra%ion is the result of both
sources of contamination. The model was first implemented on an
analog computer, programmed so that the values of the parametérs
couid be changed.through a wide range of values, and the model
behavior compare&-to the data points. VaTues of thé parameters.
were changed until the model successfully mimicked the data for

DSW 334278
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1965-1970. The function representing DDT input to the system

was taken from the data on DDT usage, and was assumed to be linear.
. The final mbde1'génerated values for food concentrations and

- human load that matched the data available very faithfule.

A series of simulations then was performed'éhrthe digfta1

computer to examine changes in DDT and DDE concentrations in man

under various assumptions about DDT app]iéation. A séries of

six runs was maderfor a period of fifty yearé, four-of whfch are

summarized in Téb]é 2. In the first case (column 1), the modef

was used ta ex%rapolate concentrations iﬁ human adipose'fissue with

DDT usage continuing to decrease at the present rate of-about seven

million pounds a year. The assumption of linear decrease implied

an anticipated application of 5,000,000 pounds in 1972 dfopping to

zero in 1973. The model predicts that the level in man'wf1i con-

tinUe to decline, reaéhing 1 ppm by 2002, but that fifty'years

after ceasing DDT usage, there would still be measurabie quanti-

ties of DDT plus bDE in man. The second column shows the result

of ceasing DDT usage in 1972 (i.e., a zero app]ication).l The

differences between columns 1 and 2 are detectable only in tﬁe seéond;

decimal place. . The third example shows the results when DDT usage

is maintained at five million pounds per year after 1272. In this

instance, the levels in man would continue to decline, but would

be maintained at a significantly higher:1eve1 in the'1ong run,

remaining above 1 ppm after fifty years. The fourth.cofﬁmn describes

the reponse to continuc DDT usage at thé level of 1966. .After the

initial decline, apparent]y'due to improved application practices,

, | DSW 334279
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and the slowness of buildup in the environmental pool, the concen-
trations in man begin to rise by 1978, eventually reaching some
asyﬁpiotic value abOQe 6.7 ppm.

| In evaluating these results, the limitations of the model
structure,'the data, period, and}the data»ﬁe1iahi1ity must all

be coqsidered; Tﬁe predicted Tong-term concentrations.shou1d not
be vjewed'with as much confidence as the.genera1 response patterns
over time and fherre1ative concentrations under the various

treatments.

psw 334280
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DATA UTILIZED FOR' MODELING DDT AND DDE MOVEMENT THROUGH

THE HUMAN FOOD CHAIHM; THE DATA WERE SUPPLIED BY THE

ADVISORY CO

AITTEE FROM THE RESULTS OF CURRENT

MONITORING PROGRAMS IN U. S. GOVERNMENT AGENCIES.

DDT DDT + DDE DDT + DDE
Usage in market- in human
6 place diet adipose tis-
Year (10% 1bs.) (mg./day) sue (ppm)
1965 53 .031
1966 46 .040
1967 40 .026 4.65
1968 33 019 5.61
1969 016 5.22
1970 .015 5,27
DSW 334281
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DDT + CONCENTRATIONS IN HUMAN ADIPOSE TISSUE PREDICTED

BY THE MODEL FOR VARIOUS ASSUMPTIONS ABOUT DDT USAGE.

Continued ~ Zero future DDT usage DDT usage
reduction usage of maintained |  maintained
_ Year" of DDT usage DDT at 5.x 106 | at 1966
at present 1bs./year levels
rate. -
1970 5.14 5.14 - 5.14 5.30
1974 4.18 4,13 4,20 5.08
1978 3.41 3.35 - 3.53 5.32
1982 2.78 2.73 3.02" 5.60
1966 2.27 2.23 2.60 5.84
1990 1.86 1.82 2.25- 6.03
1994 1.52 - 1.49 1.98 6.20
1998 1.24 1.21 1.75, 6.32
2002 1.01 0.99 1.56. 6.43
2006 0.82 0.81 1.41. 6.52
2010 0.67 0.66 1.29 6.59
2014 0.55 0.54 1.18 6.65
2018 0.45 0.44 1.10 6.70
2022 0.37 0.36 1.03 6.73
DSW 334282
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