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ESTERON 245

HERBICIDE

FOR THE CONTROL QF TREES, BRUSH AND BROADLEAF WEEDS

Low-Volatile Brush and Weed Herhicide for Industrial Vegetation Control, Fencerows, and Rangeland

ACYIVE INGREDIENT KEEP QUT OF THE REACH OF CHILOREN
245 Tnchiorophenoxyacelc Acd onpylene
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INERT INGREDIENTS . PR 08
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EPA Regstration No 464.205 EPA ':sl abd My . Da Nat Lut or Weld Container
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* Contains Propylene Glycol Butyl Ether Esters of 2.4.5-T ¢ Acid Equivalent: 4 Pounds per Galion
Ingert 1 ——————pne D|REC'|’|°NS Fon USE visble M | 1/2 getane ot ESTERON 246 1 100 gellons of od Beush of svesage 00 HOT SPRAY WHEN WIND 1S SLOWING TOWARDE SUSCEPTIBLL (
ESTERON 2465 conual, densdy and 4 10 8 feat fegh may Lehe up 10 150 gellons Of sorBY MuLhiE Pt 8cie. CROPS OR OANAMENTAL PLANTS. (
fonceows, end iangelend. D.Mmhhnu“. righte-ol-wey. o - Stumg Troatment: Whers growih is more than § 10 § (sel Wl €1l o cioes 10 the AVOID SPRAY DRIFY - Appi shong should be made only when thess & no
postures §10und and ypvey ihe lieshiy cut stumps end slubs with 3 o-l'nm of ESTERON hozaed 1om soeay dedt pance vaey uulounhuuuu-: winch ey not be vesi- :
woody mchudng . 345 in 100 gelione 11 it i 4 galtons} of 0d. Mered thoroughly £ or mare retatam bls, may seversly wyuie sustapible Craps dutng both growny and Gorment
m:.::.‘:."::'::::"“ ., mnlon'-::‘ 9ecs, use 4 getons of ESTERON 245 in 100 gatons |1 pant i 3 gallons) of od. penods Lite CONM 8pravs 10 Munemure dill We. unies adivarse westher conh
e, magle, osh, cactus, Wet thoraughly oh enpoeed bark. 48 well 05 Cul diafaces The Means sprayng un- Wons, lne 3918y droplels mey dedl § mdy & mors The spray ichonng sgemt, [4
edbey. . witd 1000, ond Coriein spacies - o tun dowen or (ua off 10 the ground hne is notcsabls O or tough Dirk tequues NALCO TROL', mey be uted weth thg paodutt 10 s o saducng agray &, i ¢
ol Rbew. Dou!-nhllllll)ﬂi-m-mnm“nmm mote peay vohure then young or smooth bark. Apply st any tme, including wsad lollow 28 vee ¢ od o the product iebel ¢
2457 suscoptible crope or sthar desitable plonts o may cantaminate Woriar MONLHS. $eCAP! whart 18, SN0V OF WAkl PVt 304G 10 the ground 'NALCO TROL  Tracemart of NALCO Chomcal Company
water intonded for krigation o demestic purpeces. Nosd ond foliow olf Son. Boat ssnuns oo bisred 0n iashly ot shumps hwo nchies scions o longer. GRGUND EQUIPMENT - Witk graund equpment, apcey dhikt con be teasensd ¢
Usa Procoutions given on this label. ;""‘"‘:""‘"‘:‘:'h:"'un ¥ 100 getons per acte dependeg By heapang $he agroy boom 88 ow u gossdle; by appiyng 30 gallons ov mans of (4
donasty of simps : Spray pot Bcre, by using N Mote then 20 pounds M iying pressuse weth large c

PREPARING THE SPRAY
Use only dissel oll. He. | &7 Ne. 3 fusl ol or horesene where oll is tecom-
monded in the sproy minture.
Ol sprayn: Add ESTERON N6 10 the required amound ol ail m the speay Wonk o0
minng tank and mix thoroughly. This misture can be mede o1 sny Gme belorg oc-
sl u3e and PO 2aparshon will occus. DO NOL IDt Sy WO, OF Od- woter Fuxiure
:mumhﬁll.ﬂlﬂ-mmmm.nhmhnl

Water Sprays: Fill the speay Wank sbout hait (ull with Cluen wate, bdd e 1e-
aoxed amount of ESTERON 246 and complete filng he tank Mus thoroughly
and contnue agitabon whils igreymg. Coutien: See NOTE in peragraph on
OH- Water Mintue Sprays.

Ol Water Minture Serays: When vigarous sglabon is used, | gatlian of
ESTEAON 246 will emulsdy up 10 10 gallons of od i 100 galans of apr iy MaRae.
Fust, mmtsnmuﬂﬂnnmmcm Do not sliow sny
Wales O Muskures COMdnung wales 10 get mio the ESTERON 246 or the puerma.
F@ the apiey Wnh sbout hail 1ull with water, then slowdy edd the prerax with con-
Wwous 3gakon and compleis Klkng the 1ank with waler. li-u-mh-mun
tha lank withoart sy wales, the Grd water sdded may lorm 3 twck “nvent”
Tweaies in Qi) ormuinion wich weill e hard 10 biash. As 91 SRarMae procachuie, the
od may be added afuee the ESTEAON 246 is mixed in the walter; bu) hughly
vigvDus mechanical spiakon ¥ ‘equued Snd & Post etmision may be loimed.
The prenws methad u predess:

NOTE: ESTERON NG in woler &r o water 10/ays 10rme 8n emuision, nol & soks-
won, snd separsbon mey Whe place wnises wguayy 800 agitsied conbinously.
sgitason »

HIGH VOLUME SPRAYS

Basal Bark Troataent: Brush and small Wess can be controlied by sprayng the
bossl pasts of brush steme and ¥as Bunhe 40 & height of 17 10 15 nches kom the
ground bns Use & solubon of 3 gallans of ESTEAON 248 n 100 galions (1 pwmt in &
gallors) of od. With certamn 1euisiant specws, 4 gelions of ESTERON 248 n 100
gations (1 pint i 3 gellons) of od, is sftecine. As only the batsl porkons of the
Wrush sq Wesied on 2 500t banis, the (otal Mot agrayed par acre would not be

e The mesns apieyng untid run-down ar tun-off 48 the ground hne is
wobcesbis Ol or rough berk requires mars spvay then YOung of smag\p .
Low peotsuses ie dusstabie APply 84 arvy tms, inchuding the wisves . @
CADY when snow, 1Ce OF walel PISvent apraying 10 the ground kne. O
reeponss end kiking can bhe eapecied.

Deocrmant Brush. Tioat any time strer beush is dormant and most of the lokege
e drapped Spray should be concenicaied at 1he base of steme and » sddion,
the uppet pevts of the slems should be broadcsst aprayed endugh 10 wet them,
Under 100tsuchavng specn such as sumec, persaremon, WJ
wvnnum-unmdﬂvmmnvnim

Insert 3

“Frilt” Teootavent: For lnge woss, make § mngiohack gudle or "l of over-
lopping sas culs compluiely sound the See 8¢ ch0se (0 1he round as lsassble.
Spuay the hdl theroughly uting & muiure of 2 galions of ESTERON 248 in 100
gullons 11/ pat in 3 galone! of ot

Spot Trastment. Use 1/4 put of ESTERON 245 » 3 golions of water
ond sproy 10 wet ol folinge, shoots, stems and bark wahoul tunolf

LOW VOLUME SPRAYS

Apply low volume wpteys contawng ESTERON 245 when (ohsge i wel
daveloped and pients Ire scinvaly groweng. For best ratults On woOdy SpeCs. s0d
MOowae shoukd be eutticient 10 promole iohas growsh. Spraying duing prolong
0d hot, dry weather Of alter isaves have Jost theu normal graen Color pndg vepor
may not grve sslalaciny conuol Apply low vohsme Lprays by s or ground
aquipment only when sprdy didt will No! e 8 POl - NOME LB PIECIUMONS.

Basat Trasimeni Using Powersd Knepsack Sgrayer - M ) 1/2 10 7 gations.
of ESTERON 246 wrh fuel od o1 berosesa 1o make 20 galions of 101at spe sy ol
tion Apply with a postable hnapeach meaitsiowss 10 sl gides of lower beush tiems
Inctudeng the 100t colls. Good coverage ol the 1008 coltar 18 sssental for bess
1osuds. Mun mulower 38 1/4 10 1/3 twoitle for best spray delivary and
covarage For manmum drdi conwol use & basal nazce sttechmant end do Ny
toise nbasie sbove the horuonial posman

———enten AR APPLICAYION FOR BRUGH CONTROL -
Coneuit the Agrcvinael Enperimant Biakon, your locel Exleneon Sevece Weed

@ Ronge epecuiete 00 Dest e 10 Wesl and need $0u 1. HEElMENt s YU 588. -

Do not use Hom asrly boot 1 melk SLagR whvate §rons $00d peadhec UOn is duansd.
Misquite: Usq | ot ESTERON 245 phus 172 10 | galion ol 0d » snough wates 0
made § galions of 101) spray per acie Apply 40 10 80 deys shier Tupt lssves
oppear.

Sand Shinnery Oak: Use 1/2 10 | quest of ESTEAON 248 phus ) galion of od n
encugh waiat 10 meke 4 gallons of ot spisy pae acee

Post snd Blackjock Oeke. Lne 2 quanis ol ESTERON M6 plus 1 galion of od
snough waier 19 sehe ¢ 10 6 gallons of total spry per acre.

USE PRECAUTIONS
Nou D0 ot 9rate dewy srnumsle On Ussted aress wethin § weshs slter applice:
Pg 0ot rare ment satad aiess wathin 7 wesks of sleughier.

. Aw& CONTACT wiITHR 246 ™ Iulcl RAUOM CROPS AND OTHER

® pes

SLE BAOADLIAS PLAN

i —ls‘l‘nunm » nyurieus e
oy
o other

10 0 otherwine permiy

012,48 1. Do nos use

TQMATOES OR OTHER D(wl 2 ﬂ;l’un»u CNOPS OR
4 on

gh,l’lm

ducs » hne dropiel apvay

AERIAL APPLICATION - Wik siscralt, it con be lessoned By sppiyng &
coMse 1t ay; by weing no Mare than X0 pounds epiay Prestuxe 8l 1 noLsivs. by
Gung SHEgin Skaem nosries dwecied cuegit back, by wing & way boam ne
longer than 34 the wing spen of the axcreht, and by epstyng ordy when wed
velocuy & fess Wun 6 mph

DO NOT APPLY BY AIACRAFT WHEN AN AR TEMPERATURE INVEN-
SION EXISTS. Such » condwson is chua 3CHorsed by bils Or 70 wand snd weth 2
HMpE Sluee Owes Aear the ground than 81 heghes levels Iumdtcm
$moke column M O N wie of - G nd
velocdy of sw movement, wnm-ww-mmhm-‘d
the wroks

At fugh tempeishu s |above 35°F) vapors HOM they producl Mey rps e suicoph
bie planis growwng nesrby. DO not use  Of nedr 3 greenhouts h‘nm
#mounts ol thes herbucude  the st may i soed g

plan growth

D0 10l use S1ound the home. 16CIS40N B1888 OF BMier BASY

Thas product 8 30ax 10 Inh Keep outl of shes. sliesns. and ponds Do not con
1enunsle wai by clesnng of equepment or dnpussl ol westes

Do 0t COntamunsse ¢igatn diches or wates used (ur KIQalon o GuMmeshs put
puses Theg product can be 81ored i an unhealed buddng bul #f eeposri 10 b
Severng lompet shues, should be wasmed 10 31 sl 401 and Aused thusoughly
before ukng D0 nol store Near seods. or b Oo
NOL 19U8 CONLBNS lommvnmmwu- Ounulna- handie o
apply thet sguCullural charmcais with the Lan COMBNIIS O Squapment used
weih (STEAON 245 asceint 88 speciied un thay isbel

Rines sqepment snd CONeNerns ond IpLes OF wasle by burping N ~un CIOR
lends sway 110m waley supphes Contsners shauld e Gapored by puiching
holes 1 theen #nd burying weth wasie of Hullow otf.ial koc sl sevommendetons for
Local condions may sllec) the use ol hevbucudes Consult your Swie Agncullursl
Expeerment Strkon ot Extenaion Secvics weed specahat {01 advics i selectng
Sestments hom ths ishel 10 best i locel condisons  Be Suse that ute of thes pro-
et e LY | Apply thes product enly 88 specihed
on whis labet

NOTICE Sd.-—nmﬂm-:-‘uunommnu
rosnonshiy i et ihe prrpacs sieted on the

torndins nacimal Conthions of was Bul et ths —umnnn—mdﬂn
CHANTABIITY OR FITNESS FOR A PARTICULAR PURPOSE. seprons or swphad. 00
tonds 0 the wst of g product Contrary be lnbel Pabucnens. & under sbnarmel corl
one, o8 under 0 palig, b broytr Sreumnie the b
ol arvy ach wed.
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ESTERON 245 Herbicide
Proposed Label Amendments
-June 2, 1880

Insert 1
DIRECTIONS FOR USE

It is a violation of Federal law to use this product in a manner incon-
sistent with its labeling.

ESTERON 245 herbicide is recommended for use to control vegetation
growing on industrial sites, fencerows, and rangeland. Do not use
in forest lands, rights-of-way, or pastures.

ESTERON 245 controls numerous herbaceous and woody plants, including
2,4-D resistant species, such as--ash, black gum, brambles, ground-
cherry, hawthorn, horsenettle, maple, mesquite, oak, osageorange,
palmetto, poison ivy, pricklypear cactus, redbay, salmonberry, sweet-
gum, wild blackberry, wild rose, and certain species of Ribes.

£58699 MOd

Insert 2

Foliage Treatment: For control of woody vegetation up to 8 feet tall,
apply when foliage is well developed and plants are actively growing.
Spraying during prolonged hot, dry weather or after leaves have lost
their normal green color and vigor may not give satisfactory control.
Use 3 to 4 quarts of ESTERON 245 in 100 gallons of water and apply as a
full-coverage spray. Usually 100 to 200 gallons per acre will be
required, although dense stands of brush may require up to 400 gallons
per acre. Completely wet all plant parts including leaves, stems and
bark. Poison ivy, some brambles and many broadleaf weeds may be con-
trolled using 2 quarts of ESTERON 245 in 100 gallons of water.

Insert 3

AIR APPLICATION FOR RANGELAND BRUSH CONTROL

:,qu§ult3y6uz’8tate Agricultural Experiment Station'or local Extension
*.Sérvice weed or range specialists for best time to treat and need for
«Terireatment in your area.
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'Original Articles

Journal of Occupational Medicine
January 1980 Vol. 22 No. 1

The Mortahty Experlence

of Workers Exposed to
Tetrachlorodibenzodioxin ina
Tnchlorophenol Process Accndent

Judith A. Zack, MP.H, and Raymotd R. Suskind, M.D.

Toov

A standardized mortality analysis was conducted on

workers exposed to tetrachlorodibenzodioxin in a trichio-
rophenolprocessacc:dunattheuomanmCompany
- plant in Nitro, West Virginia. One hundred and twenty-one
workers who developed chioracne resuiting from this accr
dent on March 8, 1949, were selected for study. Followup
of this group was 100% complete The standardized mor-
tality ratio for all causes of death was shown to be 0.69,
with 32 deaths observed and 46.41 expected. For the.
categories of malignant neoplasms and circulatory
diseases, the standardized mortality ratios were 1.00 and
0.68, respectively. Because of the smali size of the cohort
and the relatively small number of deaths observed, the
results of this study cannot be considered conciusive.
However, it is important that no apparent excess in total
mortality or in deaths from malignant neoplasms or
diseases of the circulatory system was observed in a group
of workers with a high peak exposure to tetrachlorodiben-
zodioxin who were followed over a period of nearly 30
years. The results of this study will be incorporated with
those of a larger study which will include plant workers ex-
posed in the course of 2.4, 5trichlorophenoxyacetic acid
production during the period 1948 to 1969.

A wide variety of acute and sub-acute heaith effects
has been reported in workers involved in the manufacture
of 2.4, 5-trichiorophenoxyacetic acid (2.4,5-T) from
2,4,5-trichlorophenol (TCP). The most consistent clinical
finding is chloracne, a skin disease characterized by com-

from the Depar ol Medcine and Enwi emal Hewith, Morsanto
Company, 800 N. Lindbergh Bivd, St lowa MO &3166 (Ms. Zack
!mu and the Instaute of Ewvironmentsl Meaith.
v. the L of Cinconnan medical i
(O'MMDI'KM

Journal of Occupational Medicine/Vol. 22, No. 1/January 1980

edones, cysts, pustules, and abscesses. Hepatic dysfunc-
tion, peripheral neuritis, disorders of fat metabolism, and
porphyria cutanea tarda are other frequently reported
findings in these workers.! Chioracne has been shown to
be essentially due to 23,7 8-tetrachlorodibenzodioxin
(TCDD).? a byproduct in the synthesis of 2,4,5-T. The sub-
ject of this paper is the chronic health effects of exposure
to TCDD, as reflected in the mortality experience of a
cohort of Monsanto Company workers who developed
symptoms of chloracne following a trichlorophenol pro-
cess accident at the Nitro, West Virginia, plant in 1949,

Production of trichlorophenol began in the fall of 1948 -

at the Nitro plant In this process, the reactants
1.2.4,5-tetrachlorobenzene, sodium hydroxide, and
methanol were all added to the autoclave. Heat was ap-
plied and, when the pressure reached the desired point, the
autociave was vented. On March 8, 1949, about six months
after production start-up, a violent reaction and decom-
position occurmed when temperature and pressure within
the autoclave became excessive. The relief vaive opened
and the fumes and tarry residues from the decpmpased
contents of the autoclave were discharged into the at
mosphere and into the interior of the building.
Employees who worked in the area of TCP production
or were involved in the clean-up began to develop symp-
toms immediately following exposure to the materal
which was discharged from the autoclave. Symptoms in-
ciuded eye and respiratory tract imitation, headache, diz-

. ziness and nausea. and a severe irritant reaction of the ex

posed skin. After these initial symptoms subsided, the
chioracne and other symptoms became evident. Ashe and
Suskind”™ examined a total of 12 more severely affected
workers on three occasions during the period of 1949. to
1953. Another 26 persons with chloracne, apparently not
related to the accident, were aiso examined in 1953. The

R
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Table 1. — Observed and Expscted Deaths Among 121 Males Expesad to Tetrachiorodibenzodiaxin
: ina Tﬂdlluwhond Procsss Accident. J
1C0 Ne. . O
Cause (Egm nm) Observed Expected “SMR 2
All causes of death 32 46.41 - 0.6 )
All malignant neoplasms 140-209 9 9.04 1.00 o
Buccal cavity and pharymx " 140-149 0 0.30 t
Digestive organs and peritoneum 150-159 0 - 2.59 t - o
Stomach 151 0 0.50 t (o)
Liver 155-156 0 0.18 ot 2
All cther digestive organs © - 0 191 t
Respiratory system 160-163 5 3.02 168 L o )
Lung 162,163 5 2.85 115
All other respiratory organs - 0. . 017 t
Skin . 172,173 1 0.15 t
" Genitoufinacy organs . 185-189 0 1.16° t
Lymphatic and hematopoietic tissue 200-209. 3 0.58 t
Other sites - 0 - 0.94 t
Disgases of the nervaus sysiem and-senss awn 320-389 0 0.36 t -
Dissases of the circutatory sysiem . 390-458 17 .01 0.68
Aneriostierotic heart disszss, jaciuding 410-413 13 7.4 0.73
hean disaase . )
ANl other disaase of the circutatory System - 4 1.2 ot
Disazses of the respiratory system 480-519 1 .78 S
Diseases of the digestive Sysiem 520-577 0 2.28 R ¢
All ather diseases - ad 2 3.18 t
External causes of death 800-998 3 3.7 -t
*p <0.05 .
tless tun 5 obsarved deaths _
tained. The underlying cause of death was coded to the  hematopoietic tissue with 0.83 expectad.
8th Revision of the International Classification of There were 17 observed deaths from circulatory
Diseases, Adapted' by an e:penenced nosologist diseases with 2501 expected. The standardized mortality
ratio for circulatory diseases was low at 0.68.
Results Case summaries for the cancer deaths are given in
Allofdwe121membetsofd'nesmdvcohortwere Table 2.
traced. Eighty-nine were verified living and 32 were
verified deceased by death certificate. Discussion
The tesults of the standardized mortality analysis of . = Because the study cohort was small and only 32 deaths
the 121-member study cohort are shown in Table 1. The  were observed, the results cannot be considered con-
standardized mortality ratio for all deaths is shown to be  clusive. Nevertheless, the analysis of the monrtality ex-
0.69, with 32 observed deaths and 46.41 expected. This is  perience of these workers indicated no apparent excess of
the only statistically significant difference shown in this  total mortality or of deaths due to malignant neoplasms
table. There were nine deaths from malignant neoplasms  or circulatory diseases.
with 9.04 expected. There were no deaths from stomach The TCDD-exposed workers in the present study repre-
or liver cancer. There were five lung cancer deaths versus  sent the largest group ever investigated after long-term
3.02 expected and one skin cancer death with 015 ex- ° follow-up. The criteria for inclusion (presence of the
pected. The malignant tumor was a fibrous histiocytoma  workers at the 1949 accident and the subsequent occur-
presumably of dermal origin, which is rare. There were  rence of chloracne) limit the group to those with a signifi-
three deaths from neoplasms of lymphatic and  cantexposure at that time. The latency period of 29 years
Tabls 2. — Cancer Daaths Among a Cohort of 121 Males Exposed to
Tetrachiorodibenzodioxia in a Trichiorophenc! Precess Accident.
Yéar of Yo of “Yoar ot Death Cortificats Statement Smeking
Birth Hirs Desth of Cause of Dasth Histery®
1902 1943 1962 Lung cancer (162.1) Cigareftes
1910 1827 1970 Puimonary carcinoma (162.1) Cigareties
1911 1939 1964 Bronchiogenic carcnoms (162.1) Cigarsties
1822 1945 1873 Bronchiogenic carcmoma (162.1) Nomsmoker
1915 1939 1970 Lung cancer (162.1) Cigareties
1920 1946 1878 Makgnant fibrous histiocytoma of Cigareties ~
. solt ussue onign (173.9) .
1919 1943 1973 Hodgkin's disease (201.0) Cigarettes '~ -
1807 1543 1971 Lymphatic leukema (204.S) Pipe
1910 1939 1978 Acute myelogencus sukema (205.0) Cigarettes
*Smoktng hstory was ootaned by interviews with former co-workers of the decedents * i5
Journal of Occupational Medicine/Vol, 22, No. 1/January 1980 - 00081
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- is longer than that of any previous study, and the follow-
up is compiete. Therefore, aithough the cohort is small, it
represents the best opportunity so far to study the long-
term effects of TCDD on mortality. By augmenting these
data with the results of comparable mortality studies, the
long-term ‘effects of TCDD may be more definitely
evaluated.

The authors wish t theak Mr. [anst Yung AMr. Rangdy Picoist and M
mumhdwm-ﬁhmm
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- " . Future Risk

in the' industrial countries we have grown rich during the age of hierarchical business
corporations, in which each executive arranges what the man below him will do with
his hands, ait the way down to the man tuming a screw on the assembly line. Now, two
rather fundamental things have happened. First, we have begun to realize that workers
in rich countries don't like working in such places. Secondly, the rich countries are
moving out of the postmanufacturing age. but they still have great hierarchical cor-
porations in which executives sit behind their desks trying to arrange what the man

below will do with his i

This no longer works. New forms of business

organization will have to be found, probably changing big corporations into confedera-
tions of entrepreneurs. The firms and countries that will go bust in these circumstances
are those that try to replace hierarchical corporations by even more ossified. forms of
hiecarchy — say, by deciding that you must’t have a boss trying to arrange what free
men do with their imaginations, but can have a tndeummcunmntteedomgsow

stead
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PREFACE

This report is the product of a comprehensive search of the
world-wide literature relating to possible effects on the public
health of using the herbicides 2,4-D, dichlobenil, endothall, and
diquat in the human environment. Sources included the following: -

2926724 MOqg

Computer searches: Medline, Cancerline, Toxline

Northwest Regional Health Sciences Library

University of Washington libraries: Fisheries, Biochemistry,
Science Reading Room, and Government Documents at Suzzallo
Library

National Library of Medicine

Municipality of Metropolitan Seattle Library

friends of the Earth

Pennwalt Corporation

Thompson-Eayward Chemical Company

Chevron Chemical Company

Inter-library Loan Service of Health Sciences Library

Since most readers are not toxicologists, this report begins with
a brief explanation of the vocabulary and usual testing procedures of
environmental tcoxicology. Following this introductory chapter, there
are four chapters devoted to a review and analysis of research to date
on each nerbicide in question. A final chapter offers general conclu-
sions about the relative risks to human health from these substances.
A brief summary and chart are included at the beginning of the report.

Studies reporting animal assays for the detection of developmen-
tal toxxczty, interference with reproauctlon and fertility, and car-
cinogenesis are described in detail in a Technical Appendix to allow
the more knowledgeable reader the opportunity to evaluate their valid-
ity. This author's evaluation is presented after each experiment,
followed by the conclusions this author considers justified, based on
the results reported and the adequacy of the methods used. Studies
funded by chemical manufacturers who profit from sale of the chemicals
are so identified to allow the reader to determine the possibility of
bias.

Studies reported nere do not involve mixtures of chemicals unless
this is specifically stated and the controls used are defined.



-, SUMMARY OF FINDINGS

The findings and conclusions of this report are briefly sum-
marized in answer to the questions listed below. The chart on the
following page graphically illustrates the results of research to date
on the four herbicides being considered for use in Lake Washington-

il wWhat are the potential risks to human health from aquatic use of
these herbicides?

Potential risks include both acute and long-term toxic effects.
Acute effects are those likely to be experienced by people applying
the chemical without adequate precautions, for example by inhaling it
or spilling it on skin or eyes. Long-term effects, which are the main
subject of this report, may result from repeated exposure to small
amounts of the substances, for example by swimming in treated water,
ingesting contaminated food or water, or walking in sprayed areas.
These include developmental effects on fetuses and growing children
(malformations, malfunctions, growth retardation or death); reproduc-
tive effects on the rate of pregnancy and the number of embryocs; gene-
tic effects (mutations, damage to DNA molecules or the process of cell
division); and carcinogenic effects.

It is important to note that in the United States, people are
widely exposed to a variety of untested, potentially cancer-causing
substances along with a lesser number of proven carcinogens, which
lead to an accumulation of pre-cancerocus cells in the body. Americans
now face a 25% chance of developing cancer at some time during their
lives. Under such conditions, the presence in the environment of
additional chemicals which can stimulate these pre-cancerous cells to
grow into tumors must be considered a significant hazard.

2. Which of these risks is associated with each of the herbicides
under consideration?

The risks for each herbicide are displayed in Columns 5 and 6 of
the accompanying chart, and summarized below:

For 2;4-D, laboratory tests have shown developmental toxicity of
all four varieties listed above, and have been positive for genetic
and carcinogenic effects; there is no indication of effect on repro-
duction. Aacute effects of 2,4-D observed in humans include headaches,
dizziness, impaired senses of taste and smell, nausea, scre throat,
muscular spasms and nerve damage.

Toxicological testing of dichlcbenil has been extremely limited.
Carcinogenic tests have been inadequate and there has been no testing
of Sevelopmental or genetic effects in animals. One study indicates ..
that dichlobenil inhidits the growtn of young rats and decraases far-
tility. Scme of its breakdown products are xnown to be highly toxic
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range from the nearly meaningless. dichlobenil cancer tests to the
nearly adequate diquat cancer tests. Where conflicting results were T
obtained in.two or more technically adequate studies, additional tests c
should be conducted by another laboratory to clarify the conclusions <
reached.

A

It should be noted that all the tests for developmental toxicity,
reproduction/fertility and carcinogenesis reviewed in this paper were
done with mammals. Mutagenic tests reported here include those done
with cultured cells or lower organisms as well as with mammals.

Q0~Yrr o

6. Based on existing information, what conclusions can be drawn
about the possible toxic effects on humans of the aguatic use of these
herbiciges, their chemical impuritlies and breakdown progucts?

Column 7 of the chart indicates the relative risk to human health
of both acute and chronic exposure to the four agquatic herbicides.
Toxic effects are summarized briefly below, in order of 1ncreaszng
risk to human health:

Endothall is poorly absorbed through the skin, lungs or gastroin-
testinal tract, unless the membrane is first damaged. It is not meta-
bolized in the body, and is excreted without chemical change. At low
doses, little of the chemical is absorbed into the body and the only
acute effects are local irritation to skin, lungs and eyes. Research
to éate has given negative indications of developmental toxicity,
effects on reproduction and fertility, and mutagenic effects in rats.
One impartial test indicates a mutagenic effect in fruit flies. One
test for carcinogenic effect has heen negative, but another is still
incomplete; results of this study are essential before a concluszon
can be made about this product.

Diguat is also poorly absorbed into the body unless the membrare
is first camaged. It is metabolized by intestinal bacteria to unknown
products of unknown toxicity which are partially absorbed. The sub-
stance does not accumulate in the body; however, it can alter metabo-
lism in many organs. A number of acute effects have been observed in
humans. Inadequate tests in mammals suggest possible developmental
toxicity; one study in amphibians shows developmental toxicity at
concentrations lower than proposed for Lake Washington. At low doses,
chronic exposure to diquat has caused cataracts in rats and dogs.
Cancer experiments on diquat have been less than adeguate, but one
screening test for possible carcinogens with cell cultures was posi-
tive.

- 2,4-D is rapidly absorbed through the skin, lungs and gastroin-
testinal tract and rapiély distributed to all tissues. It is not
metabolized in the dody, but is excreted more slowly than endothall
ané diguat. This herbicide causes a numbar of acute effects in
humans. It has been found to cause all four types of developmental
toxicity in a number of tests in several animal species. Tests of
2,4~-D for carcinogenicity have been inacdeguate but have still demon-
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CHAPTER 2:

HEALTH EFFECTS OF 2,4-D
(2,4-dichlorophenoxyacetic acid)
AND ITS DERIVATIVES

T)20% MOQ

A. Introduction

The herbicide 2,4-D was prepared in 1941 by the interaction of
2,4-dichlorophencl, monochloroacetlc acid and sodium hydroxide, and a
51m11ar process is used in its commercial production. 2,4-D is a
systemic herbicide widely used for site preparation and conife:
release in forestry, for control of broadleaf weeds in cereal crops
and sugar cane, and on turf, pastures and non-cropland. It is also
used to control the ripening of bananas and citrus fruits, to delay
prenarvest dropping of some fruits, and in some countries as a fungi-
cide for the control of Alternaria rots when lemons are to be held for
storage. As a component of "Agent Orange," 2,4-D was used to defol-
iate jungle areas in South Vietnam (IARC, 1977). The EPA has approved
the use of 2,4-D, marketed as "Aqua-Kleen" by Amchem Products, Inc.,
for control of several aquatic plants including water milfoil. Label
requirements include a "caution" against accessibility of the product
to children; applying to water used for irrigation, sprays, dairy ani-
mals or domestic use; or contact with skin, eyes, and clothing.

B. Metabolism of 2,4-D

A total of nine human male "volunteers" in two different studies
have been fed a single dose of 5 mg/kg of 2,4-D (Rohli et al., 1974;
Sauerhoff et al, 1977) to determine its metabolism. Essentially all
of the 2,4-D was absorbed from the gastrointestinal tract. It was
distributed widely through the body and excreted in the urine
unchanged. No metabolites were detected. No symptoms of illness or
abnormal blood chemlstry were cdetected. 95% of the dose was recovered
from urine in six days. -

The metabolism of isotope-labeled 2,4-D in rats has been deter-
‘mined and is in agreement with the human studies above (Khanna and
Fang, 1966). Radicactivity was found in all organs and tissues exam-
ined, with 9% to 32% in the nuclear fraction. All was unchanged
2,4-D, suggesting that the chemical in the cytosol was not peptide-
bound as found in plant tissues.

. 2,4-D is lipid-socluble and therefore rapidly absorbed from the
ldng (Burton et al., 1974), when assayed in rats.

2,4-D amine salt administered orally was readily- absorbed by
rats, pigs, calves, and chickens, but 2,4-D butyl ester was much more
slowly absorbed and the circulating chemlcal was all in acid form, .
indicating that the ester was hydrolyzed during absorption (Zrne,
1965). &acsorbed 2,4-D was Zistributed rapidly *“rough the dody with
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kjjfpg. 17 first para.,

line 3: 4,6'-tetrachloro-; 2AaT
line 4: diphenoxymethane ERRATA

diagram should be: OCHy COOH ‘ <
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cl i~

Pg. 18 corrected diagram below: O
™o

Butyl f 2,4-D
. e Yl ester o -3
hydroxy S
butanol (glyoxylate) =———>s |malonic —~———b alanine -
@ Lninldchydc}
2,4-p e (4:9.10)

6~0R~2,4-D - (10)

» 3,5-dichlorocatecho] ————r—wrme) X -rchloromuconic aci-
3:4.11)
2,4-dichlorophenol
(2,5 3
3,5-dichlorocatechol 4-chlorocatechol
cis,cis-2,4-dichloromuconic acid

\ (5.8)
@/
2-chloro-4=-carboxymethylene but-2-enclide

cis,cis=3-chloromuconic acid
(x -chlo;o- ¥ -carboxymethylene=- &" -butenolide)

4-carboxymethylens but-2-enolide

(Y -carboxymethylene-4"-butenolis
chloromsleylacetic acid wmaleylacetic acid
7)
2-chloro-4-ketoadipic acid

(7

J-ketoadipic acid
chlorosuccinic acid

succinic acid
succinic acid
Fig. 1. Pathways of microbial degradation of butyl ester of 2,4-D. HNumbers are references:
(2) Tiedje and Alexander 1969, (3) Steenson and Walker 1957, (4) Bell 1957, (5) Bollag et al. 1968,

{1) Aly and Faust 1°
(6) Loos et al. 1967, (7) Duxbury et al. 1970, (8) Tiedje et al. 1969, (9) Audus 1960, (10) Fernley and
Evans 1959, and (1l1) Evans and Smith 1954.

SOURCE:

Doris F. Paris and David L. Lewis, "Chemical and Microbial Degradation of Ten Selected
Pesticides in Aquatic Systems,” Residue Reviews, Volume 45, 1973, 0.107
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in initiated controls). After a longer period of application to the
skin, it was able to induce tumors without prior application of the
initiator (75% with papillomas and 6% with carcinomas after 24 weeks).
After 39 weeks of treatment with 2,4-dichlorophenol, 62% of the mice
had carcinomas. - The test substance was dissolved in benzene in these
experiments, and control animals were treated with benzene alone -
(Boutwell and Bosch, 1959). This indicates that 2,4-dichlorophenocl is
a skin carcinogen in mlce, or at least a cocarcinogen with benzene
which is not carcinogenic by itself in this system.

butyl ester of 24D hycroxy
butanal (1 dyoxylate —e| malonic ———e alanine

3
E:

bL7REH)

sermialcehyds
24D £3.101, 5.0H-2,4-D —12 . 3 S<dichiorocatechal <chlorormuconic acid
(3.4,19)
[
tﬁp&iiddﬂmmumﬁcxw du;hdm;zzcﬁcmw
Zd-:w“bmz-eﬂich " Mn bun-2-enciide
deuo<=¢mwwuh¢an%umnﬂdd (cahmqnzmwapimmndwd
chioromaleylacetic acid _ na:e\;iaaﬁc acid |
2-d:::ro-4—letcacﬁpicadd | ~ 3-ke\tcndi;::: acid
chlorasuccinic acid succinic acid
succinic cid | ' -

Fig. 1 Patiways of micrcbial degradation of butyl ester of 2,4-D. Numbers are
references: (1) Aly ond Faust 1964; (2) Tdedje and Alexander 1963; (Z)
teenson ond Walker 1957; (4) 2ell 1957; (§) 3cllac et al., 1968; (6) Leoos
et al., 1987; (?) Duxiwrv et al., 1970; (8) Tied;e et =zl., 1263; (39) Aucus
i960; (10) Fermley and Zvans 1959; and (11) Evans anc Smith 1254.

SOURCE: Doris F. Paris and David L. Lewis, "Chemical and Microbial
Degradation of Ten Selected Pesticides in Aguatic Systems,”
Residue Reviews, Volume 45, 1973, p. 107.

-2,4-dichloroochenol, like other polychlorinated phenols, can form
cnlorodibenzo-dioxins when heated (Zpstein, 1970), but not the infa-
mous -TCDD (2,3,7.8~ tetracnloroclaen’o-o-dzoxln) found in 2,4,5-7

Gribble, 1974). The most likely dioxin produced bdy heatxng 2,4-di-
chlorophenocl would de 2, 7-01cnlorocloenzo-p-cloxln, wnichh is reoorted
to be minimally toxic (Sc“wetz et al, 1973, Dcw Chemical Co.). No

saths occurred in four male mice given 2000 mg/xg or in two female
ra2ts given 1200 mg/<g. No signs of toxicity were cbserved in these
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throat, irritation of the masal mucosa, substernal pain, and loss of
consciousness. Recovery took four to nine days.

Workers engaged in the spraying of 2,4-D and its derivatives from
aircraft for three to five years and longer complained of rapid
fatigue which usually cleared overnight. They periodically had -
headaches, pain in the liver and engastrlc regions, and poor appe-
tite. They had impaired taste sensitivity to salty, sour, bitter, and
sweet test solutions. There was a deterioration in sensitivity to
odors also. No changes in blood chemistry were found (Fetisov, 1966).

IYYaYa

In addition to the symptoms above, peripheral neuropathy has been
reported in humans hours or days after exposure to 2,4-D on the skin
and probably simultaneously by inhalation (Goldstein et al., 1959;
Berkley and Magee, 1963). The symptoms progressed through several
weeks until pain, paresthesias, and paralysis were severe. Disability
was protracted, and recovery was incomplete even after the lapse of
years. Numbness and aching had extended proximally from the fingers
and toes, and the patients became unable to walk because of pain and
weakness. They also suffered moderately severe sensory deficits on
tests of touch, pain, and temperature.

n'~f\"n

Autopsy of a human fatality due to ingestion of 2,4-D revealed-
widespread plagues of acute demyelination in all parts of the brain,
with central petechiae (Dudley and Thapar, 1972). Multiple petechiae
were seen throughout the white matter of the brain, and the kidneys
were hyperemic.

The nervous system of rats, cats, and dogs was studied after
2,4-D administration parenterally (Desi et al., 1962). A reversible
inhibition of cerebral electrical activity was observed in the acute
experiments, and in chronic experiments the same was present to a gra-
dually increasing degree. According to conditioned-reflex experi-
ments, the higher nervous activity suffered severe damage. The point
of attack seemed to be the reticular formation. Lesions in this
region paralyze the function of the cerebral cortex.

Pretreatment of rats with 250 mg/kg 2,4-D three hours prior to
administration of 9 mg/kg 14c-2,2-D greatly increased the level of
l4c in rat brain and spinal fluxd as compared to plasma lavel (Elo and
Ylitalo, 1977). The increase was much more striking in the brain
(ll1-fold) and spinal fluid (39-fold) than in the liver (4.5-fold).
The likeliest explanation of this is that 2,4-D impaired function of
the blood-brain barrier by causing capillary injuries..

Cattle and sheep which died after 5 to 34 daily oral doses of
2,4-D alxanolamine salt were necropsied (Palmer and Radeleff, 19€4).
Lesions included liver and kidney degeneration, the heart usually con-
tained hemorrhages, and there was usually an excessive guantity of
pericaridal fluid.
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hemorrhaging into the abdominal cavity at the higher dose and vascular
distention at both doses. The other experlment tested single doses of
1/2 LDgqg given lntraperztoneally on various days of gestatlon, and
found increased resorption of fetuses with reduced litter size, growth
reduction with increased size of brain ventricles, and hemorrhaging
into the abdomlnal ‘cavity. -
A test for developmental toxicity in hamsters was done by Collins
and Williams of the U.S. Food and Drug Administration. They used oral
doses of 20 to 100 mg/kg/day during organogenesis and found a dose-
dependent increase in fused ribs at 60 mg/kg/day and above which was()
significant only if repeats were pooled. =E

. Two studies of the teratogenicity of 2,4-D in mice have been
done. A large series of tests using different strains of mice, dif- g
ferent doses, and different esters of 2,4-D was completed in 1968 by i
Bionetics Research Laboratories, and has now been published. Oral <
administration of 100 mg/kg/day of 2,4-D acid during organogenesis o
caused a significant increase in fetal mortality and percent of =t

abnormal fetuses, with most of these being eye and jaw malformations.<&

2,4-D acid produced a significant increase in fetal abnormalities
in four of six adequately-sized groups of three strains, when given
subcutaneously at 100 mg/kg/day. Subcutaneous administration resulted
in a significant increase in abnormal fetuses in one strain after 48,
94, 100, or 130 mg/kg/day of the isooctyl, isopropyl, butyl, and
isooctyl esters respectively. This was a repeat of a previously nega- .
tive study. The anomalies were mainly of the eye and jaw. All of
these subcutaneous administrations were dissolved in dimethylsulf-
oxide, which is a teratogen for the nervous system of the hamster
(Ferm, 1966). However, the DMSO controls in this mouse study showed
no significant increase in developmental toxicity over untreated
controls.

The other mouse study was done by Courtney of the U.S.
Environmental Protection Agency. She used oral doses of 150 or 250
mg/xg/day of 2,4-D and four of its esters during organogenesis and
found growth retardation at both doses and cleft palate at the higher
dose. Other malformations were not assayed.

Two developmental studies on pigs have been done by Bjorklund and
Erne of the Swedish Royal Veterinary College and National Veterinary
Institute. A pig was fed 500 pom of 2,4-D amine while pregnant plus .
six weeks after. The fifteen piglets born were underdeveloped,
apathetic, and did not want to suck, and ten died the first day. No
malformations were observed. 1In the second study, eight-week-old pigs
were fed 500 ppm of 2,4-D amine for 12 months. "After one month, 2 out
of 5 in the exper1mental group developed malformations .in.the hooves on
the forelegs, making walking difficult.

0004183

-22-



F. Tests for Effects on Reproduction_and Fertility

1. Summary of Research

A study by Schwetz et al., of Dow Chemical Company, claims to show
that 2,4-D has no effect on fertility, but it actually contains no_
such experiment.

The only study of the effect of 2,4-D on reproduction and fer-
tility was done by Hansen et al., of the U.S. Food and Drug
Administration. They used rats for a three-generation study and found
no effect on fertility.

2. Conclusions

On the basis of a single study in a single species, there is no
indication that 2,4-D might 1nter}fere with reproduction and fertility
in mammals.

G. Tests for Mutagenic Effects and Other Short-Term Tests for Cancer

l. Summary of Research

-

Assays of 2,4-D for both forward and reverse mutation in bacteria
and bacterial virus are consistently negative (Fahrig, 1974; Shirasu
et al., 1976; Simmon et al., 1977: Andersen et al., 1972). These
included tests run in the presence of an activation system drepared
from the livers of rats or mice. This is to be expected since 2,4-D
is a chlorinated nydrocarbon and these as a class are negative in the
Ames test.

2,4-D caused a significant increase in recessive lethal mutations
in Drosophila melanogaster when it was fed to male flies at 1000 ppm
for two weeks (Magnusson et al., 1977), but was negative when the flies
were treated with a 9mM solution for 3 days (Vogel and Chandler, 1974)
and after unspecified treatment (Fahrig, 1974).

0.001l mM to 1.0 mM 2,4-D with or without rat liver activation
induced unscheduled DNA synthesis in SV-40 transformed human fibro-
blast cells in culture (Ahmed at al., 1977a).

0.01 mM 2,4-D in the medium of primary human fibroblast cultures
caused DNA damage leading to increased removal and reinsertion of
bases. The type of repair was that seen following ionizing radiation
(Bart et al., 1977).

0.01 mM 2,4-D in the culture medium caused a significant increase
in forward mutation to ouabain resistance in the Chinese hamster V79
aneuploid lung cell line (Anmed et ai., 1977b).. s

0.0l mM or 0.1 mM 2,4-D in the culture mediam of bovine fetal
muscle cells caused the mitotic cells to exhidbit unipolar and tripolar
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A mouse carcxnogene51s study was sponsored by the National Cancer

Institute, also in the 1960's, and the data published years later. It

consisted of both oral feeding studies and single dose subcutaneous

~injection studies. Two strains and both Sexes were studied, but only

18 mice were included in each group and all were killed by 18 months.
In the original study, strains and sexes were pocled to give a large
enough sample size for statistical analysis by the chi-square method,
and a significant increase in total tumors and in reticulum cell sar-
coma was found after subcutaneous administration of 2,4-D isococtyl
ester. No other tests were postitive using this approach, which hides
strain and sex differences in sensitivity. Analysis of the data by
strain and sex, using the chi-square method, indicates a carcinogenic
effect of feeding the isooctyl and butyl esters of 2,4-D to females of
one strain, with the reservation that the method is not totally
reliable with such small samples. Analysis of the data by strain,
sex, and organ system using more elegant statistical methods indicated
that the induction of reticulum cell sarcoma by ‘injection of the
isooctyl ester is most significant in females of the other strain.
However, the importance of this observation to human health is limited
by the injection route of administration and the knowledge that 2,4-D
esters taken orally are probably split into the acid form before
absorption (Erne, 1966) so that circulation of the ester might not
happen after contamination of humans. This study is described, ana-
lyzed, and discussed in Bionetics, 1968, Innes et al., 1969, Reuber,
1979, Mrak report, 1969, and Jurek, 1974. 1Its primary defect is its
short duration, but the small group size and less~-than-optimal oral
dose given the adult animals could also contribute to false negative
results. This study alsc had a rather high background level of tumors
in the control animals.

A study at the Institute of Nutrition of the USSR Academy of

- Medical Sciences included three experiments. The first experiment

used adequate numbers of rats and duration of feeding 2,4-D amine, but
the dose was not over 1/2 MTD. The background was very low and the
tumor increase insignificant. However, the publication (Arkhipov and
KoXlova, 1974) does not state whether the rats were autopsied and
whether histopathology was done, so small tumors might not have been
found. A similar experiment with mice (100/group) was also negative,
with no tumors in either the control or treated animals. The third
experiment involved application of the herbicide to the skin of mice
(100/group), with or without prior application of a low dose of an
initiator of skin carcinogenesis. Animals treated with either the
herbicide alone or the initiator alone did not develop any tumors, but
17.7% of those given the sequential treatment developed skin papillo-
mas, the premalignant lesion of skin carcinomas, indicating strong
tumor-promoting activity of 2,4-D. Again, there is no report of
histopathology, so it would be impossible to distinguish conclusively
Setween papillomas and carcinomas.

0004187

cg
¥y

Y ¥ aXal

27061

-26~- . 2



. The conditions of the American experiments approximate the con-
ditions of American people: wide exposure to a variety of cancer ini-
tiators and a 25% spontaneous cancer rate in lifetime studies. Over
such a background, the presence of additional nonphysiologic chemicals
which can stimulate the rate of development of cancers from premallg-
nant cells must be considered a szgnzfxcant hazard.

MOQ

I.- Conclusions About Health Effects of 2,4-D

vRT6¥ L

2,4-D is lipid soluble and is rapidly and completely absorbed
through all normal routes of exposure. Its butyl ester, and therefore
probably all of its esters, is hydrolYzed before absorption from the
gastrointestinal tract. It is not metabolized in animals, but rapidly
penetrates the placenta.

2,4-D as normally manufactured does not contain chlorodibenzo-
dioxins because the reaction is not heated sufficiently to form them.
However, 2,7-DCDD (also known as 3,8-DCDD) could be formed if the
reaction mix was overheated or if partially degraded 2,4-D were heated
during storage or dispocsal. This dioxin is far less toxic than the
TCOD found in 2,4,5-T, but has been shown to be fetotoxic to the heart
muscle in rats.

Many cases have been reported of human poisoning by inhalation or
absorption through the skin. Damage is primarily to the nervous
system, and some such symptoms are not readily repaired. Gastrointes-
tinal symptoms and irritation of mucous membranes are also seen.

Laboratory tests have shown developmentﬁé;xicity of 2,4-D in four
species of animals. These include all four classes of developmental
toxicity (malformation, malfunction, growth retardation, and lethal-
ity) but not all four in any one experiment. They include tests of
the esters and amine of 2,4-D as well as the parent compound, and both
pre- and postnatal adverse effects. A synergistic toxicity of 2,4-D
and its primary microbial breakdown product, 2,4-dichlorophenocl, on
the fetal circulatory system was demonstrated in rats. The abstract
of a Russian study, which is not available in the United States,
reports a survey of workers in the production of herbicides of the
2,4-D family and finds that "substantial/menstruslfand child-bearing
functions arise manifested as higher rate of miscarriages, premature
births, toxicosis of second half of pregnancy, and the menace of
miscarriages during the whole pregnancy period"” (Elina, 1974).

An adeguately designed study indicated that 2,4-D does not inter-
fere with fertility in rats, although other studies have shown that it
causes point mutations in animal cells, damages DNA in a manner simi-
lar to ionizing radiation, and stimulates cell division. -

Carcinogenicity test1ng of 2,4-D has been llmlted to three
studies, none of which meets today s minimum standards. In spite of
:he inadegquate experimental design or assay, two of these studies

00889 “0s,
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January 3, 1980

ALL DOW 2,4,5-T AND SILVEX DISTRIBUTORS

8 3

ESTERON* BRUSH KILLER, ESTERON* 2,4,5 AND KURON*

The E.P.A. emergency suspension of 2,4,5-T and Silvex has
caused problems in disposing of stocks of the above items,
There is confusion in people's minds as to what are the
non-suspended uses of these products. This confusion is
compounded by the fact that both E.P.A., and state officials
have changed their minds on this point.

The attached sheet is the latest E.P.A. official policy on
the legal and non-legal uses of 2,4,5-T and Silvex. There
are still plenty of areas and uses for which these products
are legally valid.

Confusion continues as to what is rangeland and what is
pasture, The official E.P.A. definition of these two words

follows:

"Rangeland is defined as land producing forage for animal
consumption, harvested by grazing, which is not cultivated,
seeded, fertilized, irrigated or treated with pesticides
or other such similar practices on an annual basis. Fence
rows enclosing such areas are included as part of the range."”

"Pasture is defined as land producing forage for animal con-
sumption, harvested by grazing, which has annual or more
frequent cultivation, seeding, fertilization, irrigation,
pesticide application and other similar practices applied
to it. Fence rows enclosing pastures are included as part
of the pasture."

Two points in these definitions are particularly important.
Pirst - the long list of things needed to be done that can make
grasslands a pasture (i.e. cultivated, seeded, fertilized, ir-
rigated, etc.) This may be interpreted as meaning that all of
these practices need to be done or it is rangeland. Another
interpretation would be that if any one of these practices (i.e.
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January 3, 1980
Page 2

irrigation, seeding, etc,) are followed it would make the

grassland a pasture. Regardless of which interpretation is

used, the use of the word annual is important. Thus, if these
things (seeding, fertilization, irrigation, etc.) are not done
on an annual basis, it is not a pasture. This definition would
It is all

rangeland. Nevertheless, publicity should be avoided even though

mean there is practically no pasture in this country.

the uses are legally correct.

You should understand that these products are safe to humans,
‘'wildlife and the environment when used according to labeled

instructions. Two outside groups of ‘scientists have confirmed

Dow's stand on this safety question.

The best of luck and good selling. There is a real opportunity

for you and your customers.

Yours very truly,

W. J. McCoy
District Sales Manager
Agricultural Department
enc.

jmz

* Trademark of The Dow Chemical Company
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it feeds and then is transferred through
pupa to adult (/). Similarly, senecio
alkaloids are incorporated by moths
from food plants of the genus Senecio
(12), and cardenolides are accumulated
in grasshoppers and butterflies from
milkweed plants (/3). In Romalea, se-
questration may account for more than
just the 2;5-dichlorophenol in the froth.
The other components all occur as such
or in similar form in many species of
plants (I4), and the grasshopper may
simply incorporate them with slight or
no change from the diet. But 2,5-di-

chlorophenol would still be unique be- .

cause of its apparent ultimate deriva-
tion from an exogenous source recently
unleashed upon the ecosystem by man
himself.

THOMAS EISNER
Division of Biological Sciences, Cornell
University, Ithaca, New York 14850

L. B. HENDRY*
Department of Chemistry,
Cornell University, Ithaca

D. B. PEAKALL
Division of Biological Sciences,
Cornell University

J. MeEINWALD

Department of Chemistry,
Cornell University
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Aplysia californica: Analysis of Nuclear DNA in
Individual Nuclei of Giant Neurons

Abstract. The nuclei of the giant neurons of the marine mollusk Aplysia cali-
fornica can contain more than 0.2 microgram of DNA. This is more than 200,000

00355. We thank Dr. J. Hribar for his help
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studies, Dr. R. D, Liske for reading the
manuscript, and Mr. R. Archbold, Director,
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times as much DNA as the haploid amount found in Aplysia sperm. On the basis
of nuclear DNA content, the giant neurons R-2, P-1, and L-6 of adult animals
can each be divided into at least two populations. The mean DNA content of these
two populations (0.067 and 0.131 microgram of DNA) are approximately related
by a factor of 2. This suggests that much and perhaps all of the genome replicates
repeatedly (up to 16 times) during the growth and development of these neurons
and tha: each replication is synchronous. The enormous amount of DNA in these
cells opens up the possibility of characterizing the DNA and other constituents of
chromatin from individual butr phenotypically different neurons.

The giant neurons of .4 plysia repre-
sent one of the largest somatic cell
types in the animal kingdom. These
neurons, which range in size up to
1 mm in diameter, each contain a single
nucleus which comprises approximately
30 percent of the volume of the cell
body. The large size of the nucleus and
the staining characteristics of the nu-
cleoplasm with the Feulgen stain led
Coggeshall (1) to suggest that the giant
cell nuclei contain considerably more
DNA than the diploid amount for
Aplysia. This possibility was supported
by an unpublished observation of
Strumwasser (2) that the largest neurons
contain 50,000 times as much DNA
as mammalian cells. We have quanti-
fied the nuclear DNA from individual
giant neurons and have found that the
amount of DNA in Aplysia giant neu-
rons is many thousands of times greater
than the haploid value for these ani-
mals.

One of the remarkable features of
the Aplysia nervous system is that indi-
vidual neurons can be easily recognized
in the abdominal ganglion; over 30 of
these cells have been characterized elec-
trophysiologically and morphologically
(3). We chose to study cells R-2 and
L-6 of the abdominal ganglion [nomen-
clature of Frazier e al (3)] and the
single giant cell of the left pleural gan-
glion, which we have abbreviated P-1.
Celis R-2 and P-1 have been called the
colossal cells and are the largest in the

Aplysia nervous system; L-6 is some-
what smaller.

The giant cells are surrounded by
thousands of glial satellite cells and con-
tain a large complement of mitochon-
dria. Therefore, in order to quantify
the nuclear DNA of the giant neurons,
it seemed necessary at the outset of
these experiments to isolate the nuclei
from the giant cells and rule out any
contamination from glial or mitochon-
drial DNA. This precaution was justi-
fied in light of the finding that the glial
cells and neuronal cytoplasm contrib-
ute 33 percent of the DNA to the intact
giant cell (4).

An abbreviated description of the
procedure for removing the giant cell
nucleus from the cell body follows. A
more complete description will be pub-
lished separately (4). The abdominal
and left pleura] ganglia were removed
from the animal and immersed in Milli-
pore-filtered seawater (pH 7.4). The
ganglia were incised under observation
with the dissecting microscope, and
selected cells were removed by sever-
ing the single axonal process. The neu-
rons were transferred to a depression
slide containing Millipore-filtered sea-
water. A small hole was made in the
giant cell membrane, and the nucleus
was extruded from the hole by gentle
squeezing of the cell. The nuclei of the
largest neurons are polymorphic and
take on many odd shapes. However,
when the nuclei are extruded into sea-

\:181'
@091

AL YA

(;’3



SUSPENDED USES

2,4,5-71)

[2,4,5-trichlorophenoxy acetic acid,
esters, amine ‘salts]

Firetrails and lanes

Forest lands, management areas,
plantations, and stumplands.

Rights-of-way: highways, pipelines,
powerlines, utilities, roadsides,
roadways, etc.

Pasture

NON-SUSPENDED USES"

SILVEX

[2-(2,4,5-trichlorophenoxy) propionic
acid, esters, amine salts)

Farm buildings

Forestlands and management areas

Golf courses

Home use, lawns, grass, ornamental
turf, patios, sidewalks, driveways,
farmyards

Ditchbanks, drainage ditchbanks,
ponds, pond margins, standing water

Lake, lake margins

Rights-of-way, all; roadsides, road-
ways, etc.

Pasture

Ditches - water

Parks, athletic fields

Marshlands, canals, aquatic sites

2,4 'S-T

Rice
Rangeland

Airports
“ences, hedgerows (not otherwise

included in suspended uses, e.g.,
rights—-of-way, pasture)

Lumberyards

Refineries

Nonfood crops

Storage areas

Noncrop areas

Wastelands (not otherwise included
in suspended uses, e.g., forestry)

Vacant 1lots
Industrial sites and areas (not other-

wise included in suspended uses, e.q.,

rights-of-way)

1) certain Uses of 2,4,5-T were suspended and cancelled in 1970.

SILVEX

¢ETEZ MOn

»
’

Rice

Rangeland

Sugarcane

Preharvest fruit drop of apples,
prunes and pears ]

Fence rows, hedgerows, fences (not
otherwise included in suspended
uses, e.g., rights-of-way, pasture,
home and garden)

Nonfood crop areas

Noncrop areas

Storage areas

{

. Waste areas

vacant lots, parking areas, etc.

Industrial sites or buildings (not
otherwise included in suspended
uses, e.g., rights-of-way, commer-
cial/ornamental turf)

P. R. Notice

70-11, April 20, 1970, suspended the reglstratlons for products containing
2,4,5-T and bear1ng directions for all uses in lakes, ponds and ditchbanks,
and liquid formulations for use around the home, recreation areas, and

similar sites,

P. R. Notice 70-13, May 1, 1970, cancelled the registrations

of 2,4,5-T products including all granular formulations for use- around the
home, recreation areas and similar sites, and all uses on food crops intended
for human consumption, except for products whose labeling could be modified

by deleting such claims.
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CONFIDENTIAL - SUBJECT TO INJUNCTION
D.C.. ED. MI. 4-4-78; DOW /EPA AGREEMENT 9.79
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M ATERIAL SAFETY DATA SHEET PAGE:
DOW CHEMICAL UeSeAs MIDLAND MICHIGAN 48640 EMERGENCY PHONE: 517-636-4400

EFFECTIVE DATE: 08 JAN 80 PRODUCT CODE: 28749

PRODUCT NAME: ESTERON (R) 245 BRUSH AND WEED KILLER MSD: 0303
INGREDIENTS (TYPICAL VALUES=-NOT SPECIFICATIONS) - X .
294¢5=TRICHLOROPHENOXYACETIC ACID» s .
PROPYLENE GLYCOL BUTYL ETHER ESTERS s 69.2
EMULSIFIERS PLUS PETROLEUM SOLVENT ¢ 30.8 3

SECTION 1 PHYSICAL DATA

BOILING POINT: IBP > 300F (150C) : SOLe IN WATER: EMULSIFIABLE

VAP PRESS: < 6 MMHG a 20C + SPe GRAVITY? 14065 (68/68F)

VAP DENSITY (AIR=1): NOT APPLICe ¢ X VOLATILE BY VOL: NIL UNDER 150C
APPEARANCE AND ODOR: AMBER LIQUID.

SECTION 2 FIRE AND EXPLOSION HAZARD DATA
FLASH POINTZ (1) 180F (2) 154F ¢ FLAMMABLE LIMITS (STP IN AIR)
METHOD USED: (1) TOC (2) T7CC « LFLS NOT DETERe UFL: NOT DETER.

EXTINGUISHING MEDIA: WATER FOGe FOAMy¢ ALCOHOL FOAMe CO02s DRY CHEMICAL,
SPECIAL FIRE FIGHTING EQUIPMENT AND HAZARDS: USE SELF-CONTAINED AIR SUPPLY.
NOXIOUS FUMES UNDER FIRE CONDITIONS.
CONTAIN WATER FROM FIRE FIGHTING TO PREVENT ENTRY TO WATER SUPPLIES.

SECTION 3 REACTIVITY DATA

STABILITY: AVOID TEMPERATURES NEAR OR ABOVE FLASH POINT.
INCOMPATIBILITY: ACIDy BASEes OXIDIZING MATERIAL. CONSULT

MANUFACTURER FOR SPECIFIC CASES.
HAZARDOUS DECOMPOSITION PRODUCTS: NOXIOUS FUMES UNDER FIRE CONDITIONS - HYD

CHLORIDE AND OTHERSe.
HAZARDOUS POLYMERIZATION: WILL NOT OCCUR.

SECTION & SPILLe LEAKe AND DISPOSAL PROCEDURES

ACTION TO TAKE FOR SPILLS (USE APPROPRIATE SAFETY EQUIPMENT): ABSORB SPILLS -
WITH INERT DRY MATERIAL SUCH AS SAND OR SAWDUSTe DIKE AREA IN
IN CASE OF LARGE SPILLSe DO NOT USE WATER FOR CLEANUP.

DISPOSAL METHOD: BURY WASTE IN NON-CROP AREA AWAY FROM WATER SUPPLIES.

(CONTINUED ON PAGE 2 )
(R) INDICATES A TRADEMARK OF THE DOW CHEMICAL COMPANY.
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MATERIAL SAFETY DATA SHEET PAGE: 2
DOW CHEMICAL UeSeAe MIDLAND MICHIGAN 48640 EMERGENCY PHONE: 517-636=-4400D

EFFéCTIVE DATE: 08 JAN 80 PRODUCT CODE: 28749

PRODUCT (CONT®D): ESTERON (R) 245 BRUSH AND WEED KILLER MSC$ 03038
SECTION 5 HEALTH HAZARD DATA >

=)

INGESTION: MODERATE SINGLE DOSE ORAL TOXICITY. LDS0 (RAT) IN THE Ty
RANGE OF 700 TO 1000 MG/KGe g
EYE CONTACT: MAY BE A MILD IRRITANT BUT SHOULD CAUSE NO MORE THAN =
SLIGHT TRANSIENT CORNEAL EFFECTS. e

SKIN CONTACT: MAY CAUSE MILD TO MODERATE IRRITATION ON REPEATED CONTACT
SKIN ABSORPTION: NOT ABSORBED IN TOXIC AMOUNTS.
INHALATION: NO GUIDE FOR CONTROL OF MIXTURE ESTABLISHEDe. DOW IHG
10 MG/M3 KEROSENE.
EFFECTS OF OVEREXPOSURE: NAUSEA IF SWALLOWED.

SECTION 6 FIRST AID-=NOTE TO PHYSICIAN
FIRST AID PROCEDURES:

EYES: IRRIGATE WITH FLOWING WATER IMMEDIATELY AND CONTINUOUSLY

FOR FIFTEEN MINUTES. REFER TO MEDICAL PERSONNEL.

SKIN: CONTACT WILL PROBABLY CAUSE NO MORE .THAN IRRITATION.

WASH OFF IN FLOWING WATER OR SHOWER. WASH CLOTHING BEFORE REUSE.
INHALATICN: REMOVE TO FRESH AIR IF EFFECTS OCCURe CONSULT MEDICAL PERSON
INGESTION: DO NOT INDUCE VOMITINGe CALL A PHYSICIAN AND/OR TRANSPORT

TO EMERGENCY FACILITY.

NOTE TO PHYSICIAN: EYES = MAY CAUSE MILD IRRITATION. MAY CAUSE CORNEAL INJ

OR BURNe STAIN FOR EVIDENCE OF CORNEAL INJURYe IF CORNEA IS

BURNEDs INSTILL ANTIBIOTIC STERIOD PREPARATION FREQUENTLY. CONSULT

OPTHALMOLOGIST.

SKIN = MAY CAUSE MILD IRRITATION.

INHALATION - NO TOX DATA. NO EFFECT EXPECTED.

INGESTION = MAY CAUSE REACTION SIMILAR TO PETROLEUM OR PETROLEUM-LIKE

SOLVENT. MAY CAUSE CHEMICAL PNEUMONIA IF ASPIRATED INTO LUNGSe. NOT

LIKELY TO BE ABSORBED IN ACUTELY TOXIC AMOUNTSe IF LAVAGE IS

PERFORMED SUGGEST ENDOTRACHEAL AND/OR ESOPHAGOSCOPIC CONTROL.

SYSTEMIC - ANESTHETIC OR NARCOTIC EFFECT MAY OCCURe. MAY CAUSE LIVER

DAMAGE. MAY CAUSE KIDNEY DAMAGEe. NO SPECIFIC ANTIDOTE. TREATMENT

BASED ON SOUND JUDGMENT OF PHYSICIAN AND THE INDIVIDUAL REACTIONS

OF THE PATIENTe BASED ON MINIMAL DATA. HUMAN EFFECTS NOT

ESTABLISHED. :

SECTION 7 SPECIAL HANDLING INFORMATION

VENTILATION: RECOMMEND CONTROL OF KEROSENE VAPORS TO SUGGESTED
GUIDE.

RESPIRATORY PROTECTION: NONE LIKELY TO BE NEEDED IN ANTICIPATED
OPERATIONS.

PROTECTIVE CLOTHING: CLEAN BODY-COVERING CLOTHING.

EYE PROTECTION: SAFETY GLASSES WITHOUT SIDE SHIELDSe.

(CONTINUED ON PAGE 3 ) 0
(R) INDICATES A TRADEMARK OF THE DOw CHEMICAL CCMPANY. <h



M ATERTIAL SAFETY DATA SHEET PAGE:

3

DOW CHEMICAL UeSeAes MIDLAND MICHIGAN 48640 EMERGENCY PHONES: 517-636=4400

EFFECTIVE DATE: 08 JAN B8O PRODUCT CODE: 28749

PRODUCT (CONT®*D): ESTERGCN (K) 245 RRUSH AND WEED KILLER MsSD: 03
SECTION 8 SPECIAL PRECAUTIGNS AND ADDITIONAL INFORMATION

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: SEE LABEL. KEEP OUT
OF REACH OF CHILDRENe AVCID COMTACT WITH SKIN AND EYESe PROVIDE
WASHING FACILITIES NEAR WORK AREAes DO NOT STORE NEAR FERTILIZER,
SEEDSe INSECTICIDESe AND FUNGICIDESe. KEEP AWAY FROM OPEN FLAME.

ADDITIONAL INFORMATION: REVISIONS 1/8/80 == SECTIONS 54 7.

LAST PAGE
(R} INDICATES A TRADEMARK OF THE DOW CHEMICAL COMPANY.

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITHe BUT NO WARRANTY,
EXPRESSED OR IMPLIEDs IS MADEe.
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MATERIAL SAFETY DATA SHEET FAGE: 1
now CHEMICAL U.S.A. MIDLAND MICHIGAN 48640 EMERGENCY FHONE: S517-634-4400

C

EFFECTIVE DATE: 08 JAN 80 FRODUCT COLE: 28750

FRODUCT NAME: ESTERON (R) 245 ERUSH ANL WEED KILLER (PL & 2

ERULK) MSIr: 0303 &E

= <

INGREDIENTS (TYPICAL VALUES-NOT SPECIFICATIONS) : oz ¢ z &

=
2+4y5-TRICHLOROFHENOXYACETIC ACII» : : g
PROFYLENE GLYCOL BUTYL ETHER ESTERS : 69,2 ¢ 0
EMULSIFIERS PLUS FETROLEUM SOLVENT : 30.8 ¢ o
O~

SECTION 1 PHYSICAL DATA

BOILING POINT: IBP > 300F (150C) : SOL. IN WATER! EMULSIFIABLE
VAP FPRESS! < 6 MMHG €@ 20C ¢! SP. GRAVITY! 1,065 (48/648F)
VAP DLENSITY (AIR=1)! NOT AFPLIC. ¢ Z VOLATILE RY VOL: NIL UNDER 150C
APPEARANCE ANLDI ODOR: AMEER LIQUID. :

SECTION 2 FIRE AND EXPLOSION HAZARD DATA
FLASH FOINTS (1) IBOF (2) 154F ¢ FLAMMABLE LIMITS (STP IN AIR)
HMETHOD USED': (1) TOC (2) TCC ¢ LFL! NOT DETER. UFL! NOT DETER.

EXTINGUISHING MEDIA: WATER FOGs FOAM» ALCOHOL FOAM» CO2s, DRY CHEMICAL.
SFECIAL FIRE FIGHTING EQUIFMENT AND HAZARDS: USE SELF-CONTAINED AIR SUPPLY.
NOXIOUS FUMES UNDER FIRE CONDITIONS.

CONTAIN WATER FROM FIRE FIGHTING TO PREVENT ENTRY TO WATER SUPPLIES.
SECTION 3 REACTIVITY DATA

STARILITY?: AVOID TEMFERATURES NEAR OR AROVE FLASH POINT.

INCOMFATIRILITY: ACID» BASEs, OXIDIZING MATERIAL, CONSULT
MANUFACTURER FOR SPECIFIC CASES.

HAZARDOUS DECOMPOSITION FRODUCTS: NOXIOUS FUMES UNDER FIRE CONDITIONS -
HYDROGEN CHLORIDE AND OTHERS.

HAZARDOUS POLYMERIZATION: WILL NOT OCCUR. ¢

SECTION 4 SPILLs LEAKsy AND DISPOSAL PROCEDURES
'.#/
ACTION TO TAKE FOR SFILLS (USE AFPFROFRIATE SAFETY EQUIFPMENT)$ AESORB SFILLS
WITH INERT DRY MATERIAL SUCH AS SAND OR SAWDUST. DIKE AREA IN '
IN CASE OF LARGE SFILLS. DO NOT USE WATER FOR CLEANUP.- .
DISFOSAL METHOLD: BURY WASTE IN NON-CROP AREA AWAY FROM WATER SUPPLIES.

(CONTINUED ON PAGE 2 )
(R) INDICATES A REGISTERED OR TRAIEMARK NAME OF THE ['OW CHEMICAL CONPANY
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MATERIAL SAFETY DATA SHEET PAGE: 3
‘DboWw CHEMICAL U.S.A. MIDLAND MICHIGAN 48640 EMERGENCY FHONE! 517-434-4400

EFFECTIVE DATE?: 08 JAN 80 FPRODUCT CODES 28750
FRODUCT (CONT‘DN) ¢ ESTERON (R) 245 BRUSH AND WEED KILLER (FL 2
BULK) MSD: 0303

FROTECTIVE CLOTHING: CLEAN BROLY-COVERING CLOTHING.,
EYE FROTECTION: SAFETY GLASSES WITHOUT SIDE SHIELDS.

SECTION 8 SPECIAL PRECAUTIONS AND ADDITIONAL INFORMATION
FRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: SEE LABEL. KEEP OUT
OF REACH OF CHILDREN. AVOID CONTACT WITH SKIN AND EYES. PROVIDE
WASHING FACILITIES NEAR WORK AREA. DO NOT STORE NEAR FERTILIZER:
SEED'Sy INSECTICIDES, AND FUNGICIDES. KEEP AWAY FROM OPEN FLAME.
ADDITIONAL INFORMATIONS REVISIONS 1/8/80 -- SECTIONS S» 7.
LLAST FAGE
(R) INDICATES A REGISTERED OR TRADEMARK NAME OF THE DOW CHEMICAL COMPANY

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH» BUT NO WARRANTY:
EXFRESSED OR IMFLIED,» IS MADE.
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| ESTERON 24

N ¥

HERBICIDE

FOR THE CONTROL OF TREES, BRUSH AND BROADLEAF WEEDS

Low-Volatile Brush and Weed Herhicide for Industrial Vegetation Control, Fencerows, and Rangeland

ACTIVE INGREDIENT

Giyco! Butyl Ether Exnters
INERT INGREDIENTS

& 435 Teeniorophenoryacelic Acd Equivalent - 1507,
1 Pyunds per Galton

EPA Regsbation No 463-205

PRECAUCION AL USUARID S usled no lreangles no use estre produclo
Rasla gue ba ¢l gaety e hayad sido exphicada amplamenie

TRANSLATION (10O THE USER ityou cannot read Erglish o nol use fhis
prodact uetilthe tahet has hege tylly eaplamed {0 you )

86-1064 PRINTED IN U.S.A. IN JANUARY, 1980.
REPLACES SPECIMEN LABEL 86-1064 PRINTED IN SEPTEMBER, 1979,

DISCARD PREVIOUS SPECIMEN LABELS.
REVISIONS INCLUDE:

P . FENCEROWS REINSTATED BY EPA.
g coo
T | '._, -

R ¥ %

Wy A R

E 245 Trchtoropheraryacelc Acdd Propylene
'

USES ON INDUSTRIAL SITES AND

KEEP OUT OF THE REACH OF CHILDREN

CAUTION

HARMFUL IF SWALLOWED ¢ MAY CAUSE IRRITATION
Avoid Cantact with Eyes. Skin and Ciothing
Da Not Cut or weld Container

tncateof anemeegeniy erdangerng tfe ar AGRICULTURAL CHEMICAL
praperty invalying thes producy calt cot'ert O NGESE poe Stnee with Foad beers
517-636-4400 Niugs o Cloth.ng

18.93 L/ 5 gal

e
P

SPECIm ‘

8105

190252 MOC
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vinkde. Miz 3 1/7 gelierg of EBTERON 248 in N0 gefions of o. Brush of vurnge
dornity ord 4 15 § toel high muy Wi up in 190 gallons of sprey Mmixturs por eore.

«ohAlom Do not apply (STERON D5 where speny doift may sonisst netrby
llllwmu“mmummb
weter Noad and tellow ol

Use m pven on & nbad.
- PREPARING THE BPRAY

" capuration wll
. wnmnuumn-muwu-‘.--mm.
ﬁ

-t‘-nl‘u-n“m odd the re-

Of-Water Minture 9 vigtrous sghwiien .

ASTERON 28 will ervuduify up % Y0 gellers of ol In 100 gallons of spe oy Mixture.
Furer, promin the ESTERON 248 snd ol In & Soparain Sontning .
Wter O enlirhures Surdsining wites 16 got inde the ES TE

cdoz

f
|
3

which .
ot tnoy bo siied stier the ERTEAON 248 is missd In the weter; but highly
vigerous mechenicsl sgimiion is rguired and & paor emudsien ay be
The premin method is preferred.
NOTE: ERTERON 248 in water or ol wuter sprivs forwes on ermulsien, net o soku-

HIOH VOLUME SPRAYS

Insert 3

BSreemp T Whars growth ls mare then § w0 B font tall, Ot B clome 8 the
9round and spray the ireshly Gut saumgs ond stube with ) gelors of ESTERON
memn.um galions) of b, mied thaveughly For more sesistant
2pecis, vee 4 gations of AON 248 In K0 galions (1 pint in ) gellonal ot ob.
Wet therougivy ol saposed bark, 5 well i Gt burieses. Thie mesrs spe sying un-
Ul run down o run Off 19 the ground e ls AeuCealle. Did of rewgh berk requires

Adequate coversge normely seauires fram 10 4o 10D gallens per scre depending
on densiry of saumps ond stube.

P Troatmem: Por b.nt—. ke & ”- "Wl of ever-
b—h.nnmm the res o cleus 5 the
Bpray Mu-h.a-i-md]ﬁ-dl
.ﬂu-llﬂuhhl.‘-id-l

Spot Polloge Trestment: Uns 1/4 pint of EBTERON 348 in ) gallons of wetes
and eptay % wet ol foliege. shusta, stwms end berk witheut runofl

LOW VOLUME BFAAYS

wm“—wm-‘mhnm-m-—mm
— i | 1/2 ta 2 galione
of tmiat aproy sohu-

Basal Using
o ESTERON M8 with fusl o 5r barssens 40 ks 28

. Goed coveragd
ot Mun mistiowss ot 1/4 v 1/3 twerts for bost
coversge. Fes mapuirmum drih conel uue 5 honel nacis stacheent and do
ssins nozste shove the herigentsl pasition.

e Aift-AP PO

Sormuit-vhy -y our-ioest

wrfongs you
Do not use from early beot e milk Mege whers grems seed produciion bs desired.

Mosquive: Use 1 pint §5 TERON 26 phus 172 1 | galion of ol in encugh weter 1
mehe & goliorn of towl sprey par acre. Apply 40 W 90 duys vher Rret leoves
poee.

Soand Shinngry Ook: Use 172 0 | quant of E5TERON 248 pha | golien of o In
ansugh watet (o suhe 4 gellers of detel sprey por sere.

Poet and Blachjosh Gela: Use 2 quarts of EGTERON 28 phs | golien of ol In
onough water i mahe 4 10 § galiors of wewl sgray per so0e.

USE PRECAUTIONS
Meots: Do nol grase dairy animals on rystad sress within § weshs sher applice-
Yon. Do net gsase mas animely o rasted aress within 2 weeks of seugives,
AVOIO CONVACT WITH 146V BUSCEPTISLE CROPS AND OTHER
OSBIAARLE BACADLEAF PLANTS —ESTERON 248 Herbicide Is irgurious
mast brosdined plents. . @0 nut apply directly 10 of Otherwine parmit

R O TERON 245 \reicioe

H Contains Propylene Glycol Butyl Ether Esters of 2,4.6-T ¢ Acid Equivalent: 4 Pounds per Gallon

DO NOT SPRAY WHIN WIND 18 BLOWIRG TOWARDS SUSCEPTISLE
CROPS OR ORNAMENTAL PLANTS.
AVOID SPRAY OANT — Agplications should be mode endy wbun thee s ne
hasord trom sprey drift wnce very srmell quentides of apray, which mey et be visl-
m,mmmwmmmmum
mu—n—-—m-m sinee, under sverse westher candi-
oy Groplets mey drih » mils or mave. The syrey thichaning agent,
NALCO'IOU Mhuﬂ-ﬁ'h.“nd‘hm-nﬂ [ ]
used 1080w ol ust FCERYRONdtiens nd preCisions on the praduct ishel.
INALCO- TROL — Trsdemark of NALCO Chemicel Company
QROUND EOUIPMENT — WHh ground squipmen, apsay Grilt con b lnssened
by houping B spray Lo 88 iow a8 possihie, by spplying 20 gallens or meve of
spomy por scre; by Using no more then 1D pounds spreying presaure with lerge
Gropiot producing nassie Vge; by wptaying when wind veledity it B mias por hewr
o loss. Do aml apply with halove Gons- type inaecticide o sther Ressies thet pre-
Suce & fAne- dropiet sprey. .
ARRIAL APPLICATION —With sircrsfi, drift can be lemsannd by soplving 8

OO0 NOT APPLY BY AIACRAPT WHEN AN AIA TEMPIRATURE INVER-
GION EXISTS. Buch & condition ls cheracierang by inde or ne wind snd with o

Oe 1ot wan sronmnd the home, recrsstion sreas or shwilyr slten.
This product i toul e fish. l-pudhi-..—n“”no-u—-
eminew weter by chaening of squipment o dagossl of westes.

ommlvmm---uulm'.- ohecce, frult wess.
fowers, m-m“mwunn Do not use
n o near & grosnhouse.

DO NOT APPLY iN THE VICINITY OF COTTON. SAAPES, TOSACCO,
TOMATOES OR OTHER DESIRABLE 2487 SUSCEIPTISLE CAOPS OR
OANAMENTAL PLANTS.

THE DOW CHEMICAL COMPANY

MIDLAND, MICHIGAN 48840 USA
CORAL GABLES. FLORIDA 21114, USA
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<G> DOW CHEMICAL USA.

MIDLAND, MICHIGAN 48640
February 4, 1980

To: Ro R- cook’ M-D.

Re: A CRITICAL REVIEW OF: "“CASE-CONTROL STUDY OF MALIGNANT MESENCHYMAL
SOFT-TISSUE TUMORS AND EXPOSURE TO CHEMICAL SUBSTANCES."

SUMMARY

This report presents a critique of the study by Hardell and
Axelson which according to the authors "indicates that exposure to
phenoxy acids must constitute a risk factor with regard to the origin
of malignant mesenchymal soft-tissue tumors, and that the risk zralaces
not only to those phenoxy acids that like certain chlorophenols, may
contain polychlorinated dibenzo-dioxins and dibenzofurans but also to
other phenoxy acids.” -

It is not clear whether the cases selected for study are repre-
sentative of all cases in the area. The individual diagnoses of
soft-tissue sarcoma include a rather diverse listing of tumor types.
Several subtle sources of bias may have been introduced in the selec-
tion of the controls, which may have influenced the percentage re-
porting employment in the occupations of interest, agriculture and
forestry. Information concerning exposure was obtained via telephone
interview and a mailed questionnaire; there was no documented evi-
dence of exposure presented. Media attention to previous studies by
Hardell may have sensitized the cases to recalling exposures better
than controls. Questionnaire information was, in some cases, supple-
mented by a telephone interview and this further increased the possi-
bility for the introduction of bias. The individual relative risks
for exposure to a number of specific chemical pesticides were signifi-
cantly greater than one. It can be argued that the study did not test
the risk of exposure to specific chemical agents but instead assessed
the risk associated with employment in agriculture and forestry.

_ In view of the lack of reliable exposure information, in con-
sideration of the several sources of bias introduced by the methodology
employed, and despite the consistency of the findings between this

and another identical study done by Hardell in the north of Sweden,

one must regard the suggested association as suspect.
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R. R. Cook, M.D.
February 4, 1980
Page 2

INTRODUCTION

In a recent case-control epidemiologic studyl an association
between soft-tissue sarcomas and prior occupational exposure to
phenoxyacetic acids or chlorophenols was suggested. One hundred
and ten (110) male patients, aged 25-75 years, with malignant mesen-
chymal soft-tissue tumors verified at histopathological review, were
individually matched with two controls each on the basis of sex, age,
place of residence, vital status, and year of death for those deceased.
Living patients and controls were contacted by telephone and mailed
a questionnaire concerning past occupations, types of occupational
exposure (especially chemical), smoking habits, etc. The mnext of kin
of deceased patients and controls was contacted and mailed a similar
questionnaire. The answers were studied for possible exposure to
phenoxyacetic acids or chlorophenols and it was noted that exposure
had occurred to 22.7% of the patients and to 5.9% of the controls,
thus generating a relative risk of 5.1. '

This study is reparkably similar in design to an earlier study
done by Hardell et al”, which demonstrated a very similar relative
risk (5.7) for soft-tissue sarcoma associated with exposure to phenoxy-
acetic acids or chlorophenols in a geographically distinct area from
the area surveyed in the present study. These two studies by Hardell
are, to the best of my knowledge, the only ones to suggest an associa-
tion between soft~tissue sarcoma.,and exposure to phenoxyacetic acids
or chlorophenols. Other reports™ suggesting an association with
cancer have been confined to case-reports and geographically limited
studies; the lack of a sentinel tumor has somewhat weakened the
putative association. Available data concerning human exposure to
the phenoxy herbicides, 2,4-dichlorophenoxyacetic acid (2,4~D) and
4-chloro-2-methyl-phenoxy~-acetic acid (MCPA), which do not contain
the contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin, indicate no
associative relationship with the development of neoplasia. Car-
cinogenic or tumorigenic responses have not been produced in mice
fed 46.6-100mg/kg, 2,4-D of diet nor in rats fed 1,250 mg/kg, 2,4-D
of diet for 18 to 24 months. Single subcutaneous injections of 21.5-
215 mg/kg, 2,4-D did not produce carcinogenic or tumorigenic re-
sponses in mice. .

C306Ga3
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R. R. Cook, M.D.
February 4, 1980
Page 3

"CRITIQUE

Background

The authors present background information on the tonnage of
phenoxy acid used in Sweden in 1977. Figures regarding phenoxy acid
use 10 years ago and before would have more relevance to the cancer
cases diagnosed from 1974 to 1978. It is mentioned that as a result
of prohibiting the use of 2,4,5-T in 1577, the phenoxy acids, MCPA
and 2,4-D, have seen increased use. The following paragraph suggests
that this study will offer the possibility of specifically analyzing
the potential effects of MCPA and 2,4-D. It i1s not clear how much
use MCPA and 2,4-D had 10 years ago and before, when exposures relevant
to the cancer cases in this study may have occurred.

.LOBIBOI Moda

Selection of Cases

Cases of malignant mesenchymal soft-tissue tumors were selected
for study from all male cases which were diagnosed and reported to
the National Social Welfare Boards' Cancer Register in the years
1974-1978. The authors do not indicate what percentage of all can--
cers are reported to the Register, nor do they discuss possible se-
lection bias which could influence the reporting of cases. Thus,
it is difficult to evaluate the representativeness of the sample.

In any case-control study, it is imperative that the cases chosen for
study are representative of all such cases or there is no unknowm
bias influencing their selection.

From Table VI, Histopathological Diagnosis in the Reviewed
Material, the rather lengthy and diverse list of diagnoses included
for study can be noted. Certainly, a sufficient number of cases
of Leiomyosarcoma existed so that the study could have been restricted
to individuals with such a diagnosis, and a more meaningful study
may have resulted.

Selection of Controls

Controls must be selected from the same general population which
gave rise to the cases. Any known bias which influenced the selection



R. R. Cook, M.D.
February 4, 1980
Page 4

of cases must be applied equally to the selection of the controls.
The matching design employed in this study proved to be quite waste-
ful, ‘the authors eventually discarded over 700 originally selected
controls. It is unclear why 8 controls were initially matched for
each living case and 10 controls were matched for each deceased case.
For cases dying in 1978, controls who were deceased in 1977 were
matched for ethical reasons. This may have created a systematic
bias, since next of kin for controls may have had more difficulty
recalling exposures due to the increased time since death.

The matching design was compromised as 12 controls were selected
from municipalities which were separate and distinct from those which
gave rise to the cases. If such areas are underrepresented by workers
in the occupations of interest (farming, forestry work) then there is
bias introduced.

Another source of possible systematic bias was introduced when
controls were selected conditional upon gainful employment until five
years before the subject's retirement or death. This condition was
not stipulated for selection of the cases, and may have eliminated
controls who worked in the occupations of interest. It is quite
possible that the nature of occupation is related to the age at
retirement.

Assessment of Exposure

In any case-control study, it is critical that information
concerning possible exposures be gathered in a comparable manner
for both cases and controls. Since the analysis is dependent upon
a comparison of responses by the cases and controls, it is especially
sensitive to the influence of bias in the reporting of exposure.
There is a tendency for cases to recollect prior exposures better
than controls, thus leading to a relatively higher reporting rate

- by cases.

Answers to questionnaires were studied and supplemented over
the telephone. This can lead to a problem with the lack of compara-
bility in the accuracy and completeness of responses by the cases and
controls. If a greater proportion of cases than controls were con-
tacted for supplementary information, there is the possibility that
bias entered into the reporting and perhaps inflated the exposures

U 8111

Y.
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Page 5

repofted by cases. Unfortunately, the authors do not indicate what
proportion of the study subjects were contacted for supplementary
information, nor do they indicate the nature of the questions asked.

It is mentioned that employers, boards of agriculture, machine
pools, neighbors and others were interviewed in order to elucidate
possible exposures. The authors did not indicate how this information
was used in the analysis, nor do they indicate whether it corroborated
or contradicted information obtained from study subjects or next of
kin.

The specific nature of the questionnaire mailed to study subjects
is not provided. The authors feel the questionnaire masked its true
intent, but it is unlikely that respondents knew or remembered which
chemicals they were exposed to without some prodding on the part of
the investigators. It is more probable, given the media attention
to phenoxy herbicides and dioxin, that respondents were particularly
alerted to questions about exposure to these chemicals.

Apart from whether or.not the responses from cases and controls
were obtained in an equally valid manner, is the rather vague nature
of the exposure information. It is apparent that what this study is
testing is not the risk associated with working with chlorophenols
and phenoxy acids, but the risk associated with working in forestry
and agriculture. These occupations are associated with exposure to
a variety of physical, chemical and biological agents. It is impos-
sible to single out one or even several of these agents as the cause
of soft-tissue sarcoma based on the environmental data presented.
The authors do not discuss the intensity or duration of exposure in-
curred by study participants nor do they discuss latency. Both of

these factors made the conclusions drawn by Hardell in his earlier study

incompatible with the relevant scientific literature on exposure to
phenoxy acids and chlorophenols.

Statistical Methods

, The statistical analysis employed is generally appropriate;
however, the authors decided to dissolve the matching when it is
generally recognized that more correct estimates of both risk and
statistical significance are obtained when the analysis maintains
the matching. The only motivation for dissolving the matching is
the relatively simplified calculations which result.
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Results

One control was excluded in the analysis stage and no justifi-
cation for his exclusion was given. One could argue that the matched
case and other control should have been dropped as well. The authors
" note the loss in efficiency resulting from dispersal of the matching
(relative risk for matching retained = 5.1 versus relative risk for
.dissolved matching = 4.7), yet they drop the matching to simplify
the analysis.

Table II presents exposure to phenoxy acids in cases and controls
after exclusion of chlorophenols and dissolution of matching. The
relative risk of 6.8 was statistically significant at a 95% confidence
interval. The authors imply a dose-response relationship appeared
in the division of the material, but to infer such a relationship
is ludicrous. The difference between the exposure strata was one
less control in the strata reporting exposure greater than 30 days.

Statistical significance was established for the risk associated
with exposure to all of the herbicides analyzed. Although the rela-
tive risk associated with exposure to each of the agents was statis-
tically greater than 1.0, this would tend to argue that the risk is
associated with the occupations and not with any specific agent which
could be singled out for analysis. The authors fail to see this
logic and contend that exposure to all the agents examined resulted
in an increased risk.

Table V provides evidence that the cases reported exposure to
everything more often than did controls. This argues two points;
one, the number of potentially harmful agents associated with working
in forestry or agriculture precludes singling one or several agents
out as the causative agent, and two, the cases were much more sensitive
to questions concerning exposure and were more likely to report ex-
posure to chemical agents than controls.

Discussion

It is apparent that either the living controls used were not
checked against the National Cancer Register and excluded il they
appeared, or that the Register is not a complete listing of cancer
patients. The authors admit that a living control in fact had cancer,

ClGous.
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and view their error as one of conservatism. If the Register is not

a complete listing of cancer cases, one must question which factors
influence the reporting of cases to the Register and how the distribu-
tion of this factor may differ amongst the cases and controls.

The authors state that, "No calculation of the risk for individual
chemical controls other than phenoxy acids was considered meaningful
since there were too few exposed cases and controls." One could argue
that the paucity of subjects and controls exposed to other chemical
pesticides is a direct result of an incomplete and incomparable effort
to obtain information concerning exposure to other pesticides and
other chemical agents.

The authors admit that it is conceivable that the cases attach
more importance to questions concerning exposures than do the controls.
They attempt to demonstrate that there was no distortion of the es-
tablishment of exposure to phenoxy acids with some questionable sta-
tistics in Table VII. The authors argue that if misreporting of
exposure by cases were to dccur, that this misreporting would occur
independent of the persons' occupation. What is really at issue is
whether or not cases within an occupational group recall specific
exposures better than controls within the same occupational group.
This requires a validity check on responses which is not provided
in this study. Thus, the authors cannot assume that misreporting
did not occur on the basis of the analysis they perform

Conclusion

Consistent findings across epidemiologic studies generally
lend support to the findings; however, in this instance, since both
studies were done by the same authors and therefore, probably repli-
cated both the results and the errors in design, collection of data
or analysis, little significance can be attributed to the consistency
of the findings. Given there are several potential sources of bias

in these studies and the validity of the exposure information is suspect,

the association between soft-tissue sarcomas and prior occupational
exposure to phenoxyacetic acids or chlorophenols suggested by this and
the earlier study must be regarded suspiciously. Further studies of
this association should address the plethora of exposure agents asso-
ciated with the occupations (forestry and agriculture) which have been
identified as being at an increased risk for soft-tissue sarcoma.

r13180l MO

CUG6G33

£114



R. R. Cook, M.D.
February 4, 1980
Page 8

Perhaps a study design which is not case-control retrospective in
nature, could be employed to obtain a better estimate of the risk

associated with agricultural and forestry work.

studies must direct attention towards obtaining more complete and

valid exposure data.

gy

Gregory G. Bond, M.P.H.
Epidemiologist
U.S. Area Medical, H&ES

GGB/mp

In any event, further
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

D

SZ
f WASHINGTON. D.C. 20460

48 Fz0oils

Marguerite L. leng, Ph.D.
Dow Chemical Company
P.0. Box 1706

Midland, MI 48640

168212 moq

Dear Dr. Ieng:

Subject: Revised 2,4,5-T and Silvex Interim Amended Registration
for KXURON IOW-VOLATIIE BRUSH AND WEED HERBICIDE

EPA Registration No. 464-162

ESTERON BRUSH KILIER

EPA Registration No. 464-204

ESTERON 245 HERBICIDE

EPA Registration No. 464-205

Your letters of January 3, 1980, and January 21, 1980

The labeling referred to above, submitted in connection with
registration under the Federal Inaecti;ida, Pungicide and
Rodenticide Act, as amended, is acceptable. A stamped copy is
enclosed for your records.

Sincerely,

Product Manager (23)

FPungicide-Herbicide Branch

Regzszra:j.o:rnisil:on ::;—767 ) R E c E I V E D
FEB 151980

. REGISTRATION

Enclosure: Stamped label
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Contams, Propylene Glycol Butyl
e sAcid: Equwalent°-4 pound

FOR THE CONTROL OF MANY WOODY
*ANNUAL AND PERENNi

ACTIVEINGREDIENT: -
.~ Silvex, [2-{2,4,5- Tnchlorophenoxy) propionic Acid] .
. " - Propylene Glycol (CiHesO to CsH1s01) Butyl Ether Esters: ............ 69.2%
© INERTINGREDIENTS: . ... vietivivcrncroncacacanasacaccccconcssnsnne 30.8%
- Silvex|2- -(2,4,5-Trichlorophenoxy) propionic Acid] )
- Equivalent>45.8%—4 pounds per gallon _ . .
. EPA. Reglstrahon No.464-162 o -EPA.Est. 464-MI1

- PRECAUCION AL USUARIO: Si usred no lee inglés, no-use.esle produclo
.~ =:hasta que la etiqueta le haya sido explicada ampliamente. .,.. suq )
" ~TRANSLATION: (TO.THE USER: If you cannot read English, do not use thls

S product until the label.has been fully explalned to you) L
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86-1092 PRINTED IN U.S.A. IN JANUARY, 1980. e Eeadt
REPLACES SPECIMEN LABEL 86-1092 PRINTED IN SEPTEMBER, 1979
DISCARD PREVIOUS SPECIMEN LABELS. : g 12 3

REVISIONS INCLUDE: USES ON INDUSTRIAL SITES AND FENCEROWS
REINSTATED BY EPA '

0001759



1BACCEPYED]
13 FEE 1980 !

DT Turaenatdg,

Fur— the Cnntrol, of Most Kmds of Unwanted Trees.ami Brush as
: on. Rangelands Fencerows, and Industrial Sites §

) -“-ACTIVE INGREDIENTS :
- . 2,4-Dichlorophenoxyacetic Acid, Propylene Glycol ButyIEther Esters 36.0%
- 2,4,5-Trichlorophenoxyacetic Acid, . , R
. - Propylene Glyco! Bulyl EtherEsters . ......ooieeiiiciionaiiieiea 34 ‘\%
CINERTANGREDIENTS: -« -eevneeeeeeeesmeeeesesenenesenneeeans I9G%
. ."2,4-D Acid Equivalent 22.2% —2 pounds per gallon- _ .
R " 2,4,5-T Acld Equivalent 22.2% —2 pounds per gallon ’
' EPA:Registration No.464-204 - . “EPATEsL w.aua _

.PRECAUCION.AL- USUARIO Sl uated no lee: Inglés -no use este proaucto )
" hasta que {a etiqueta le haya sido explicada ampliamente.

" TRANSLATION: (TO THE.USER: it you cannot read English, do not use?hls
product until tho Iabel has been fully explained to you.) . . -

86-1066 PRINTED IN U.S.A. IN JANUARY, 1980.
REPLACES SPECIMEN LABEL 86-1066 PRINTED IN SEPTEMBER, 1979. 0
DISCARD PREVIOUS SPECIMEN LABELS. 0001788
REVISIONS INCLUDE: USES ON INDUSTRIAL SITES AND FENCEROWS

REINSTATED BY EPA.
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86-1064 PRINTED IN U.S.A. IN JANUARY, 1980. 015
REPLACES SPECIMEN LABEL 86-1064 PRINTED IN SEPTEMBER, 1979 -\00 i" ( 1
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REVISIONS INCLUDE: USES ON INDUSTRIAL SITES AND
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NTP ASSIGNS MANAGERS FOR CHEMICALS IN TESTING SCHEDULE

Individuals, dubbed managers, are being designated by the National Toxicology
Program to be responsible.for individual. chemicals, Dr. Richard Greisemer told two
subgroups of the Clearinghouse on Environmental Carcinogens last week. The managers
have met with interested pergonnel in other agencies to agree on objectives, clarify
what needs to be done and design experiments. Some chemical selection is already in
progress, Greisemer added.

Various selection processes span eight Federal agencies, he said, making it
difficult to project progress for next year, since all the agencies have different
needs. NIP will not test chemicals which it believes industry ought to test, he
added. However, the agency will retest substances already tested by industry to re-
view data or if the substance is high volume.

NTP's Board of Scientific Counselors met for the first time in January and
formed three subcommittees: (1) to review chemical selection projects and evaluate
ongoing activities; (2) to review data processing and management needs for test data
management plans for automated data systems; and (3) a peer review of reports for
release of data. In other organizational work, an office has been created to deal
with industry and trade groups; it is headed by Dr. Thomas Cameron.

The government has sufficient lab facilities, Greisemer noted, since they were
built in anticipation of the Toxic Substances Control Act and industry could build
to meet its needs within a year; shortages do exist for toxicologists and industrial
hygienists, however. :

k % %

CALIFORNIA LAWSUITS CHALLENGE STATE PESTICIDE RULES

California's new pesticide rules are being challenged in court by both environ-
mentalists and industry, one group charging that the state rules are not stringent
enough and the latter group claiming that the standards conflict with Federal rules.

The suit filed by environmentalists, farm workers and labor officials claims
that state laws based on Environmental Protection Agency standards underestimate the
amount of hazardous substances present in foods in the state. Since Federal residue
estimates are inaccurate, according to the suit, the state should enact more strin-
gent rules to take the place of EPA laws.

Meanwhile, two trade groups and 13 agricultural chemical firms challenged the
state's authority to register pesticides with the state since they already must be
registered with EPA. The suit also attempts to prohibit the state from labeling
pesticides, issuing permits, establishing lower tolerances than EPA and releasing
trade secret data. Central to the industry lawsuit is whether individual states
should be allowed to adopt differing pesticide regulatory programs preempted by the
Federal EPA plan. '

* % %

MONTANA WOMEN BLAME HERBICIDE 2,4-D FOR MISCARRIAGES

OQut of 10 pregnant women in rural Condon, Montana, only one gave birth success-
fully in a l2-month period and residents are blaming the herbicide 2,4-D, which is
used in the area to control weeds along roads. Nine women had miscarriages and the
only successful birth was by a woman who had not lived in the area for most of her
pregnancy.

County officials, however, claim that they have not used 2,4-D in the area
where the 10 women live, although farmers in the area may be using the pesticide.
The substance is used as an alternative to 2,4,5~T which was linked to miscarriages
by Oregon women. '

In interviews conducted by a county health nurse, it was noted that the victims
and their families ate vegetables from their own gardens, drank milk from cows which
grazed along roadsides and purchased their meat and dairy products from local pro-
ducers. ’

Environmental Protection Agency recently approved the use of 2,4,-D for forest
control in Oregon (TMN, Feb. 13, 1980, p. 55) claiming no significant impacts of its
use. : :
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ENVIRONMENTAL PROTECTION AGENCY REVIEW AND CONCLUSIONS
CONCERNING POTENTIAL HEALTH EFFECTS OF THE HERBICIDE 2,4-D

April 1980

2,4-D is one of the most widely used herbicides in the
United States. There are approximately 1,500 products con-
taining 2.4-D registered with EPA, and more than 70 million
pounds of the active ingredient are distributed annually. The
term ‘‘2,4-D" refers to the phenoxy herbicide 2,4
dichlorophenoxy acetic acid and its 35 derivative salt and es-
ter forms. 2,4-D is used to control broadleaf weeds in a
variety of places including home lawns, cereal and grain
crops, commercial areas, commercial turf, rights-of-way,
and forests.

Public concern about the potential adverse health effects
of 2,4-D has intensified since the emergency suspension of
2,4,5T and Silvex in March 1979. This concern stems
primarily from (1) the chemical similarity of 2,4-D and
2.4,5-T as phenoxy herbicides, and (2) the question of 2,4-D
dioxin-contamination, especially contamination with
tetrachloro-dioxin, a manufacturing contaminant in 2,4,5-T,
which causes cancer and miscarriages. Due to the chemical
similarity of 2,4-D and 2,4,5-T, the public has expressed con-
cern about the potential for cancer and miscarriages from
the use of 2,4-D.

There is also concern because the controversial military
defoliant Agent Orange, used in Viet Nam, was composed of

. 2,4.5-T and 2,4-D. Agent Orange was never registered by

'PA for civilian use in the United States. Its use in Viet Nam-

oy the U.S. military has resulted in claims of adverse health
effects to American military personnel. The Veterans Ad-
ministration is studying these claims.

Prompted by these concerns and EPA’s need to resolve
the questions surrounding the use of 2,4-D, the Agency in-
itiated a review of the available information on the potential
health effects of 2,4-D. This review was conducted in part to
determine if the herbicide should be reviewed under the
RPAR process (Rebuttable Presumption Against
Registration) or if another regulatory action was ap-
propriate.

II. Agency Review and Conclusions

Based on the results of this review, EPA has concluded
that (a) the presently available information on the potential
adverse health effects of 2,4-D does not support a reguiatory
action to remove 2,4-D products from the market; (b) infor-
mation from scientifically valid studies does not indicate
that the continued use of 2,4-D poses an imminent hazard or
unreasonable adverse effect when used according to label
precautions and direction for use; and ¢) the Agency should
act quickly and vigorously to obtain better toxicological in-
formation on 2,4-D.

These conclusions are based on these following con-
siderations:

1. There is no evidence available at this time that in-
dicates 2,4-D contains any form of dioxin. This includes the
tetrachloro-dioxin (TCDD), which is a manufacturing con-
‘~minant of 2,4,5-T and causes cancer and miscarriages.

I'CDD is not theoretically expected to be found in 2,4-D.
the manufacturing processes and starting chemicals from
which 2,4-D and 2,4,5-T are made are not the same. Although

5-2.80
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other much less toxic dioxins are theoretically possible in
2,4,-D, they have not been found despite thorough chemical
analyses.

2. Because products containing 2,4-D have been registered
for use since the 1940's, most of the scientific data submitted
to support the product registrations now on the market were
developed many years ago. While some of these studies are
scientifically valid, many others do not meet today's stan-
dards for scientific testing. As a result, there are significant
information gaps in several areas including cancer-poten-
tial, reproductive effects, neurotoxicity, and metabolism in
animals. .

3. The studies most pertinent to the question of tumor-
causing potential (oncogenicity) of 2,4-D were considered in-
adequate and inconclusive. No valid conclusions could be
drawn one way or another from the data. _

4. Almost all animal tests conducted on the potential
reprdductive effects of 2,4,-D show that, unlike 2,4,5-T
with its contaminant TCDD, there is a no-effect level for
injury to the fetus (fetotoxicity) from 2,4,-D. A no-effect

level in animal studies is the dose level below the lowest.

dosage that produces observable adverse effects. At comparable
dose levels, 2,4-D induces less serious fetotoxic effects than
2,4,5-T contaminated with TCDD.

In tests with rats, 2,4,5-T with its TCDD contamination
caused resorptions of the fetus (dissolution of the unborn
animal) at very low levels. This effect was virtually non-ex-
istent in rats fed 2,4-D at the same dose levels. Because of
the significance of fetotoxic effects and because several of
the reproductive tests on 2,4-D were found to be scientific-
ly deficient, new tests will be needed before sound conclu-
sions can be made.

5. The scientific evidence available at this time does not
indicate the potential human exposure is sufficient to resuit
in human health effects.

6. The most vigorous authority available to EPA under the
pesticide law to fill information needs is a new section of
FIFRA (Federal Insecticide Fungicide Rodenticide Act)
passed in 1978. This provision, known as 3(c)(2)(B), allows
EPA to request any additional data from pesticide registrants
that js considered necessary to maintain the registration of
existing products. The Agency can immediately require the
manufacturer to develop the data where gaps exist. The
registrants have 90 days to show that they are complying.
Their product registrations may be summarily suspended if
they fail to meet the Agency’s conditions. No other action
could obtain this information any faster.

EPA is putting the data requirements into final form and
they will be issued to the registrants after review by our
Scientific Advisory Panel. These scientific experts will
review and comment on the data requirements to assure that
they will provide the information EPA needs to more
definitgely answer the questions on potential health effects
of 2,4-D. ‘

7. Based on a review of the toxicology data (see section IV
below), and a review of the risks of other pesticide
chemicals now undergoing regulatory action, the Agency
believes that the risks of several other pesticides are higher

Lt ) 5 .

605 220NN

ThCE,, 1| NN e

0003950

13&

&
I
Ghi

@



CURRENT REPORT

135

and better documented than those associated with 2,4-D, To
put the review of these other higher priority chemicals aside
in order to devote EPA resources to taking action against
2.4-D. would not, in the Agency's opinion, best:serve the
public interest.

IIl. Additional Actions

In addition to requiring several important studies of the
manufacturers on 2,4-D, EPA will also:

1. Conduct several tests on reproductive effects (through
our Office of Research and Development) of several
derivatives of 2,4-D in order to quickly get new information
and have a good basis for comparison with the company-
produced data.

2. Continue its ongoing review of forest pest control prac-
tices. This review will evaluate all chemical and non-
chemical controls to identify the most environmentally
protective ways to control forest pests. The Agency believes
that a piecemneal approach to forest chemical regulation only
leads to confusion, both to the industry and to the public.
Unless we review the whole range of possible controls, ex-
amining one chemical at a time only gives rise to questions
about the chemicals which would be used to replace those ex-
amined and prohibited from use. ) :

3. Review all new data as it comes in to determine if a
change in our regulatory posture is warranted. This includes
‘evaluating the results of new animal tests as well as looking
into reported incidents involving human exposure to the
chemical.

4. Continue to support field tests to measure exposure to
2,4-D during the present growing season. )

5. EPA is informing the Inter-Agency Work Group, es-
tablished by the White House to study the possible long-term
effects of Agent Orange, of the actions being taken. EPA will
also share its scientific findings with this committee.

IV. Toxicology Background

The potential hazard of a chemical is usually measured in
laboratory animal tests. Animals are given doses of a
chemical over a specific time period. Scientists attempt to
derive from most of these tests a ‘‘no observable effect
level” (NOEL) — the dose level below the dosage where
effects are first observed. From the animal tests and
NOEL's, the potential effects on humans and other animals
can be estimated. A set of brief definitions is provided below
to permit better understanding of the subsequent discussion
of toxicological findings.

A. General terms

1. Acute oral toxicity (LD50) — this test determines the
dose level which produces death in half the test animals
after a single oral dose (short-term test). Used to predict
the near-term toxicity of the chemical immediately upon
contact with people or other non-target animals.

2. Chronic feeding tests — animals are fed for most
their life span (usually greater than 18 months in rodents) in
order to determine the dose level which shows no toxic effect
in test animals. This is the test from which the NOEL is
(usually) derived.

3. Oncogenicity testing — animals fed relatively large
doses of the test chemical for their life span (usually 18
months to 2 years in rodents) to try to induce tumors. These
tests are used to predict whether the chemical may pose a
cancer hazard. _

4. Reproductive testing — these tests evaluate the
effects of the chemical on the fertility of both the male and
female parents by exposing the animals for a period of time
before breeding. The tests also measure the possible effects
of the chemical on the pregnant female and the fetuses
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through several generations. (The test with rodents through
3 generations runs approximately 14 months.)
5. Teratology testing — these tests evaluate the effects

- of Ihe chemical on Ietuses by exposing pregnant females dur-

ing the short period of time that the fetus is most susceptible
to congenital malformation. Teratogenic effects include
cleft palate, central nervous system deformities, eye and
limb deformities, and internal organ malfunction. These are
considered to be life-threatening effects that put the animal
at a disadvantage for surviving in its environment.

6. Fetotoxicity — fetotoxic effects can be seen in either
the reproduction or teratology tests. Toxicity may be seen in
the extreme form as fetal death or as less severe problermns,
such as delayed formation of bones, reduced body weights at
birth, or edema (abnormal fluid accumnulation in the tissue).
Most fetotoxic effects appear to be reversible once exposure
to the test chemical is curtailed. Therefore most fetotoxic
effects are considered to be less serious than teratogenic
effects, with the exception of fetal death.

B. Summary of Tozxicology Review

Most of the data in EPA files on the potential health
effects of 2,4-D are centered on the acid form, even though
there are many derivatives, such as salts and esters. This is
because the many forms of 2,4-D metabolize to the acid form

4 mNn
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in the environment and in the body. The discussion of anirnal -

data below, therefore, concerns the acid form of 2,4-D unless
otherwise noted.

1. Acute tozicity — low to moderate. The potential for
immediate poisonings from contact with the chemical is un-
likely.

2. Neurotoxicity — There is little definitive information
on the possible neurological effects of 2,4D. In several
reported cases of impaired nerve function, it was not known
if the individuals were peculiarly sensitive to that type of
effect or were exposed to other toxic materials.

3. Reproductive effects (effects on the unborn) — Tests
have been conducted on rats, mice and hamsters to evaluate
the possible reproductive effects of 2,4-D. In almost all tests,
no observable effect level has been established. 2,4-D causes
some of the less serious fetotoxic effects, such as edema
(swelling of tissues) at the lower dose levels tested, and
causes life-threatening birth defects (skeletal malfor-
mations) and cleft palates only at the very high levels tested.

Based on the no observable effect levels in the animal
studies, EPA estimates that the level of exposure in a
*‘worst case’’ situation (e.g., a person standing directly un-
der a spray plane) would be 500 to 1000 tirnes less than the
dose level that might cause an effect.

Much of the data available to judge these effects was
generated by old study protocols, hias deficiencies in the test
methods, and needs clarification by further study.

EPA also reviewed summaries of tests conducted in the
Soviet Union which state that some derivatives of 2,4-D
produced adverse effects on unborn animal fetuses at much
lower levels than indicated by the data in EPA’s files. These
summaries could not be used in the Agency's review because
the identity of the test material, and its impurities, was un-
clear, and because there were no numerical data to back up
the summary conclusions. In some cases tests need to be
done on specific derivatives of 2,4-D.

4. Oncogenicity (potential for causing tumors) — Several
rodent studies have been conducted to date. The tests were
conducted a decade ago and are considered to be inadequate
and inconclusive by today's scientific standards. New
studies on rodents are needed.

§. Mutagenicity (inheritable effects) — the vast majority
of the mutagenicity studies conducted on 2,4-D are
negative. However, there are three positive studies. Taken

’9003951
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as a group, the results of the studies can be described as in-
consistent and inconclusive. A new series of tests being con-
ducted by the Department of Health, Education, and Welfare
will be reviewed by ££PA -when they are completed.

6. Epidemiology — No epidemiological studies of human
aealth effects from 2,4-D exposure have been completed.
However, EPA is currently investigating reports about
alleged adverse effects from potential chemical exposure in
several parts of the country. EPA will be looking at the
results of those studies and will decide in the near future
about additional field work.

V. Exposure to 2,4-D

There are at least three ways that the average citizen
might come into contact with 2,4-D — through the diet, dur-
ing home use, and drift of the herbicide from nearby use.

(a) Diet

The EPA has set tolerances for residues of 2,4:D in various
food crops. The Food ind Drug Administration (FDA)
routinely samples a variety of foods (the Market Basket
Survey) which FDA considers to be representative of the
average American diet. Samples are analyzed for pesticide
residues. During the period of 1974 to 1977, no 2,4-D residues
were found in any of the products surveyed. However, during
the 1965 to 1977 period, a variety of other food products were
analyzed, of which.about 1.1% were positive for 2,4-D in
very minute quantities that were well below EPA's tolerance
(allowable residue) levels.

{b) Home use

There are currently a number of registered home-use
products which contain 2,4-D in a variety of formulations.
Exposure to the herbicide in home-use situations will depend
to some extent on the specific formulation used. If care is ex-
ercised by the homeowner in adhering to the directions for
e and precautionary statement on the label, exposure to

+D should be low.

(c) Drift . ]
“Drift,” the airborne transport of pesticide materials to a

.non-target area, is & common source- of exposure.

Sometimes, a pesticide will drift during application, depen-
ding on climatic conditions (temperature, wind speed),
type of formulation used, terrain (forests, mountains), type
of application method used (aerial, ground spray). Several
States have imposed restrictions on 2,4-D use in order to cut
down on drift potential.

Once on the ground or target crop, the herbicide may
become airborne again by the processof vaporization. T}xis
particular type of drift has been the subject of intensive
research by the producers of 2,4-D. Since the introduction of
less volatile forms of the herbicide over the last few years,
this kind of drift has become much less extensive. .

V1. Ensironmental Persistence

2,4-D is not a persistent pesticide. Breakdown of the her-
bicide begins almost immediately after application at a rate
dependent on several environmental factors such as
temperature, humidity and medium (air, soil, crop, water).

_ The rate of loss (commonly referred to as the half-lie) is a

measure of the time required for half of the substapce to be
degraded or lost.

On sprayed vegetables, the hali-life varies from 1-3
weeks depending on geographic location, climatic con-
ditions, vegetation type, application technique and formula-
tion used.

In sail, the half-life varies from several days to 2 weeks,
depending on acidity, soil type and amount of rain.

In water, the half-life varies from a few days to several
months depending on factors such as oxygen concentration,
acidity, light intensity, water temperature and formulation
used. :

(1 8131 Journal

CONGRESS
(For the Period April 23-30)

Senate Bills Introduced
April 24

RCRA — to amend the Solid Waste Disposal Act (the
Resource Conservation and Recovery Act), S 2609, (Heinz)
to Environment and Public Works.

House Committes Action

Interstate and Foreign Commerce, approved HR 7020, the

‘Hazardous Waste Containment Act of 1980, April 30.
MEETINGS SCHEDULED

Government Institutes, Inc., environmenta! laws and
regulation course, May 15-16, Washington, D.C. (Govern-
ment Institutes, Inc., P.0. Box 5918, Washington, D.C.
20014, (301) 656-1090) . : '

McGraw-Hill, conference on coping with Industry en-

’nmental costs, May 15-16, Arlington, Va. (McGraw-Hill

aference and Exposition Center, 1331 Ave. of the
Americas, Room 3677, New York, N.Y., 10020. .

Vanderbilt University, hazardous materials trammg
course, May 19-23, Nashville, Tenn.; June 16-20, Seattle;

5-2-80

Chemical Regulation Reporter
0148.7972.80/500.50

July 28-August 1, Niagara Falls, N.Y. (Dr. R.D. Harbison,
Vanderbilt Medical Center, Nashville, Tenn. 37232, (615)
322-4754).

Center for Energy and Environmental Management
course on strategic planning for disposal of solid wastes,
May 20-21, Chicago; June 2-3, Washington, D.C.; June 24-25,
Pittsburgh; July 14-15, Denver (CEEM, P.0. Box 536, Fair-
fax, Va. 22030, (703} 250-5900).

CEEM., course on EPA’s regulation of new chemical sub-
stances, May 22, Chicago; June 4, Washington, D.C.; June
26, Pittsburgh; July 16, Denver (CEEM, P.O. Box 536, Fair-
fax, Va. 22030, (703) 250-5900)

Cosmetic, Toiletry and Fragrance Association, Inc.,
seminars on regulatory and legislative issues relating to
cosmetic manufacturers, May 22, Los Angeles; June 5,
Deerfield Beach, Fla.: June 12, Rye. N.Y. (Margaret Smith
or Debbie Alexander, CTFA, 1133 1ISth St., N.W.,
Washington, D.C. 20005, (202) 331-1770) '

The Institute for Applied Pharmaceutical Sciences course
on good clinical practices, May 22-23, East Brunswick, N.J.

(Edith Webb, Registrar, P.O. Box 954, E. Brunswick, N.J.

08816, (201) 248-1400) 0
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3131 52




2%\

89\

8¢

bt

g



2,4-D FACT SHEET . ".j_.'.'_ M

e i SN . P ST A S U

I, Background

2,4-D is one of the most widely used herblcides in
the Unlted States. There are approximately 1,524 products
containing 2,4-D registered with EPA, and more than 7@
million pounds of the active Ingredient are distributed
annually. The term "2,4-D" refers to the phenoxy herbi-
cide 2,4-dichlorophenoxy acetic acid and {ts 35 derivative
salt and ester forms. 2,4-D is used to control broadleaf
weeds in a variety of places including home lawns, cereel -
and-grain crops, commercial areas, commerclal turf, rights-
of-way, and orests.

e = e eme

Public concern about the potential adverse health ‘effects

of 2,4-D has intensified since the emergency suspension of
2,4,5—? and Silvex in March 1979. "'This concern stems e
primarily from 1) the chemical similarity of 2,4-D and .
2,4,5-T as phenoxy herbicides, and 2) the question of 2,4-D
dioxin-contamination, especially contamination with tetrachloro-
dioxin, a manufacturing contaminant in 2,4,5-T, which causes
cancer and miscarriages. Due to the chemical similarity of
2,4-D and 2,4,5~T, the public has expressed concern about
the potential for cancer. and miscarriages from the use of
2,4-D. There ls also concern hecause the controversial
military defoliant Agent Orange, used in Viet Nam, was
composed of 2,4,5-T and 2,4~D. Agent Orange was never
registered by- EPA for civilian use {n the United States. Its
use in Viet Nam by the U.S. militacry has resulted in claims-
of adverse health effects to American military personnel.

The Veterans Administration is studying these claims.

VA e ¥ &
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Prompted by these concerns and EPA's need to resolve the 5.
questions surrounding the use of 2,4-D, the Agency initiated

a review of .the available-lnformation on the potential health
effects of 2,4-D. . This review was conducted in part to , -
determ!ne if the herbicide should be reviewed under the RPAR
process’ (Rebuttable Presumption Against Registratxon) or if' _
'.another requlatory action was appropriate.. - . _ e

- - t
-

IIQ' Agency Review and Conclusions ' _ :

Based on the results of this revi{ew, EPA has concluded that

a) the presently ayvallable information on the potential

adverse health effects of 2,4-D does not support a regulatory"
action to remove 2,4-D products from the market; b) information
from scientifically valid studies does not indicate that tje
continued use of 2,4-D poses an {mminent hazard or unreasonable
adverse =2ffect when used according to label precautions and
direction for use; and c) the Agency should act quickly and

vigoroua}y to obtaxn better tox'coloqxcal Infotmatlon on :
2,4-D. DGR
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These conclusions arc based on these following
considerations:

1. There Is no evidence avallable at this time that
indicates 2,4-D contains any form of dioxin. Thls Includes
the tetrachloro-dioxin (TCDD), which i{s a manufacturing
contaminant of 2,4,5-T and causes cancer and miscarriages.

TCDD is not theoretically expected to be found in 2,4-D.
“The. manufacturing processes and starting chemicals from

-which 2,4-D and 2,4,5-T are made are not the same.

Although other much less toxic dioxins are theoretically
possible in 2,4~D, they have not been found despite
thorough chemlcal analyses.'- _

2. Because products containing 2,4-D have been
rcgistered for use since the 1944's, most of the scientific
data submitted to suppott the product registrations now

“-on the market were developed many years ago. Whille some
‘.of these studies are scientifically valid, many others do
“not meet today's standards for scientific testing. As a

’w
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result, there are significant information gaps in several

«> areas including cancer-potential, reptoductive effects,

neurotoxicxty, and metabolism in. animals.

. 3. The studies most pertinent to the question of -
tumor-causing potential (oncogenicity) of 2,4-D were
considered inadequate and inconclusive. No valid

‘conclusions could be drawn one way or another from the

data._

. 34. Almost all animal tests conducted on the potential
reptoductive effects of 2,4-D show that, unlike 2,4,5-T
with fts contaminant TCDD, there {s a no-cffect level for

injuty. to the fetus’ (fetotoxiciy) from 2,4-D. A no-effect

tevel in animal ‘studies i{s the dose level helow the’
lowest'dosage that-produces observable adverse effects. -
At eomparable dose levels, 2,4-D induces less serious =~
fetotoxic eEfects than-2 4 S-T contaminated with TCDD,

In tests with rats, 2 4, S-T with its TCDD contamination

caused resorptions of tﬁe fetus (dissolution of the unborn,

animal) at very low levels. This effect was virtually
non-existent in rats fed 2,4-D at the same dose levels.

BISH

Because of the significance of fetotoxic effects and because

several of the reproductive tests on 2,4-D were found to be
scientifically deficient, new tests will be needed before sound

conclusion can he made. . . i

S. The scientific evidence avalilable at this time

does not indicate the potential human exposure is sufficient

to result in human health effects. A
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6. The mcst vigorous authority available to EPA under

. tHe pesticide law to fill informatlon needs Is a new section
of FiIiFRA (Federal Inzecticide Fungicide Rndenticide Act)
passed in 1978. This provision, known as 3(c) (2)(8), allows
EPA to request any additional data from paesticide registrants
that is considcred necessary to maintain the registration of
existing products. The Agency can immediately require the

manufacturers to develop the data where gaps exlst, The
registrants have 90 days to show that they are complying.

Their product registrations may be summarily suspended if they
fail to meet the Agency's conditions. ©No other action cnuld
obtain thls Information any faster. EPA Is putting the data
requirements into final form and they will be Issued to the
registrants after review by our Scientific Advisory Panel.

These scientific experts will review and comment on the data
requirements to assure that they will provide the information

EPA needs to more definitively answer the questions on potential )
health effects of 2 4- D . 4 . :

. u.'- -
R -’

7. Based on a° review of the toxicoloqy data (see section .
IV below), and a review of the risks of other pesticide chemicala
now undergoing regulatory action, the Agency believes that the {-
risks of several other pesticides are higher and better document
than those associated with 2,4-D. To put the review of these
other higher priority chemicals aside in order to devote EPA
resources to taking action_against 2,4-D would not, {n the =
Agency's ooinion, best serve the puhlic interest.

J.._._,

~rR, "
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IITI. Additional Actions -

RQﬁLQQ A

_ In addition to requiring several important studlies of
‘the manufacturers on 2, 4 D, EPA will also- .
1. Conduct several tests Qn reproductive effects-etnrough -
our_Office of Research and-Develgpment) of several-deriuanivns
of 2,4-D in-erder to quickly get new.information .&nd have a ==
good basis for comparison with the companv-produced data.. .

2. Continue [ts ondoing review of forest pest coiitrol’ =
practices This review will evaluate all chemical and -nén-
chemical controls to identify the most environmentally protective
ways to control for#st pests. The Agency believes that 2 .
pieceneal approach+to forest chemical requlation only leads
to confusion, bo:h to the industry and to the public. Unless
we review the whole ranqge of possible controls, examining
one chemical at a time only gives rise to questions about <
the chemicals which would be used to replace those examined and
sroh{bited Erom use, 8135

3. weview all new data as it comes in to determine {f
a change in our regulatory posture is warranted. This {ncludes
evaluatinag the results of new animal tests as well as lookina
{nto reported incidents involving human exposure to the chemical.

-
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effects of Agent Oranqe, of the actions being taken.
also share its sclentific

L. -
- . e ==
Ew ST

Continue to _support fleld tests to measure exposure
to 2,4-D during the present growing season. :

EPA is informing the Inter-Agency Work Group,
established by the White House to study the possible long-term

IV. Toxlcology Backqground

L 4

EPA will
findings with this committee.

The potential hazard of a chemical is usually measured
in lahoratory animal tests.
a chemical over a specific time period.

to derive from most of these tests a

level™

Animals are given doses of

Scientists attempt

(NOEL) ~-=- the dose level below the dosage where
From the animal tests and

effects are first ohserved,
NOEL's, the potential effects on humans and other animals
can he estimated. A set of brief definitions is provided
below to permit better understanding of the subsequent
dzscussion of tox1cologica1 findings..

A.

General terms

1.

2.

S ]

Acute oral toxicity (LDS@)

the dose level which produces death in half

T e+

the test. animals after a single oral dose

(short-term test).

Chronic feeding tests - animals are fed for

"no observable effect

- this test determines

_Used to predict the near-
term toxicity of the chemical immediately upon
contact with people or other non-target animals.

most their life span (usually greater than 18
months in rodents) in order to determine the
dose level which shows no toxic effect in test

_animals.

Oncogenic!gy testinq - animals fed

Thls is the test from which the NOEZL
“is (usually) derived.

" to predict whether the chemical may pose a

cancer haz

ard.

N
.

relatively~ -.
“." large doses of the test chemical for thelr 1ifé
. Span (usually 18-months to 2 years in rodents)

to try to induce tumors. -These tests are used

Reproductive testing - these tests evaluate the

effects of the chemical on the fertility of both.

the male and female parents hy exposing the

animals for a period of time before breeding. v’
The tests also measure the possible effects of

“the chemical on the pregnant female and the
~fetuses through several aenerations. (The
test with rodents through 3 qenerations runs

approximately 14 months.)

Y
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Summary of Toxicology Review

Teratolony testing - these tests evaluate the

effects of the chemical on fetuses by exposing
pregnant females during the short period of time

that the fetus is most susceptible to congenital
malformation. Teratngenic effects include cleft
palate, central nervous system deformities, eye

and limb deformities, and internal organ malfunction.
These are considered to be life-threatening

effects that put the animal at a d1sadvantage

for surviving in its environment.

Fetotoxicity - fetotoxic effects can be seen in
either the reproduction or teratology tests.
Toxicity may be seen in the extreme form as
fetal death or as less severe problems, such -
as delayed formation of bones, reduced body 11U
weights at birth, or edema (abnormal fluid i~
accumulation in the tissue). Most fetotoxfc ==
effects appear to be reversible once exposure ::
to the test chemical is curtailed. Therefore
most fetotoxic effects are considered to

be less serious than teratoqgenic effects, with
the exception of fetal death.

Most of the data in EPA files on the potential health
‘effects of 2,4-D are centered_on the acid form, even though
there are many derivatives, 'such as salts and esters. This
is because the many forms of 2;4-D metabolize to the acid
form in the environment and in the body. The discussion of
“animal data below, therefore, concerns the acid form of
2,4-D unless otherw1se noted.

1.

2.

06PLGE MOA

Acute toxicity - low to moderate. The potential -
-for i1mmediate poisonzngs from contact Hlth the 2
chemlcal is unlwkely.

Neurotox1c1ty - There is llttle definitive. -- °

-information.on the possible neurological effects

- of 2,4-D. In_several reported cases of impaired

3.

T

nerve function, it was ndét known if the individuals ,
were peculiarly sensitive to that type of effect
or ware exposed to other toxic materials.

Reproductive effects (effects on the unborn) -
Tests have been conducted on rats, mice and
hamsters to evaluate the possible reproductive
effects of 2,4-0. In almost all tests, a NOEL
has been established. 2,4-D causes some of.the
less serious fetotoxic effects. such as edema
.{swelling of tissues) at the lower dose levels
tested, and causes If{fe-threataning birth
defects (skeletal malformations) and claft
palates only at the very high levels tested.
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* Based on the NOELs in the animal studies,

EPA estimates that the level of exposure in

a "worst-case" situation {eg. a pcrson standing
directly under a spray plane) would be 500 .

to 1000 times less than the dose level that ‘e
might cause an effect.

Much of the data available to Judge these
effects was generated by old study protocols,
has deficiencies in the test methods, and needs
clarification by further study.

EPA also reviewed summaries of tests conducted’
in Russia which state that some derivatives of
2,4-D produced adverse effects on unborn animal
fetuses at much lower levels than indicated by
. the data in EPA's files. These summaries

could not be used in the Agency's review because
the identity of the test material, and its
impurities, was unclear, and because there were
no numerical data to back up the summary
conclusions. In some cases tests need to

be done on.specific derivatives of 2,4-0.

-

Oncogenicity -(potential for causing tumors) -
Several rodent studies have been conducted

to date, but none of these studies produced
data that showed 2,4-D was oncogenic in test
animals. The tests. were conducted a decade ago
and are considered to be inadequte by today's
scientific standards. New studies on rodents -
are needed. .

Mutagenicity (inheritable effects) - The vast
majority of the mutagenicity studies conducted

on 2,4-D are negative. However, there are three
positive studies. Taken as a group, the results

of the.studies cam best be described as 1ncons1af nt
and inconclusive. A new series of tests being . )
“conducted by the Department of Health, Education,
and Welfare will’ be reviewed by EPA when they
* are completed.

Epidemioloay - No epidemiological studies of

human heaith effects from 2,4-D exposure have

been completed. However, EPA 1s currenlty
fnvestigating reports about alleged adverse

effects from potential chemical exposure

in several parts of the country. EPA will be - e
looking at the results of those studies and will
decide in the near future about additional field
.work.,




' v. Exposure to 2,42p T TR o RS

There are at least three ways that the nQerage citizens
might come {nto contact with 2,4-D - throuah the diet, during
home use, and drift of the herblcide from nearby us=.

o
a) Diet

The EPA has set tolerances for residues of 2,4-D in
various food crops. The Food and Drug Administration (FDA)
routinely samples a variety of foods (the Market Basket
Survey) which FDA considers to be representative of the
average American diet. Samples are analyzed for pesticlide
residues. During the period of 1974 to 1977, no 2,4-D
residues were found in any of the products aurveyed.

However, during the 1965 to 1977 period, a variety of other
" food products were analyzed, of which about 1.1% were
positive for 2,4-D in very minute quantities that were well
below EPA's.tolerance (allowable residue) levels,

j" [y

e
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b) Home use = -=~---53tﬁ1: .

There are currently a number of registered home-use
products which contain 2,4-D in a variety of formulations.
Exposure to the herbicide in home-use situations will
depend to some extent on the speclfic formulation used.

If care i{s exercised by the homeowner in adhering to the
directions for use and precautionary statement on the
label, exposure to 2,4-D should be low. .

¢) Drift

26VLSE. ”‘.09'

_ "Drift", the airborne transport of pesticide materials”
to a non-target area, is a common source of exposure. - .
Sometimes, a pesticide will drift during application,
depending on climatic conditions. (temperature, wind speed),
type of formulation used, terszain (forests, mountaizs), - .
and type of application method used _(aerial, ground sprayl.
Several States have {mposed restrictions on 2,4-D use- in,
order to cut down on dr!ft po.entxal - - -

- - - - L IR

Once on the qround or target croo, the herblcide may .o
become airborne again by the process of vaporization. This
particular type of drift has been the subject of intensive
research by the producers of 2,4-D. Since the Introduction
of less volatile forms of the herbicide over the last few
years, this kind of drift has become nuch less extensive.

8139 _




VI. Environmental Persistence

2,4-D 1s not a persistent pesticide. Breakdown of the
herbicide begins almost immediately after application at
a rate dependent on several environmental factors such T
as temperature, humidity and medium (afr, soil, crop,
water). The rate of loss (commonly referred to as the

‘half-life) is a measure of the time required for half of the

substance to be degraded or lost.

On sprayed vegetables, the half-11ife varies from 1-=3
weeks depending on geographic location, climatic conditions,
vegetation type, application technique and formulation used.

In soil, the half-life varies from severa1 days to 2
weeks, aepending on acidity, soil type and amount of raln.'

In water, the half-life varies from a few days to several
months depending on factors such as oxygen concentration, N
acidity, light intesity, water temperature and formulation '

used. . N e

’ ' - April 22, 1980
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4.0 FACT SHEZT

2,4

. Sackuround

2,3-D is one of the most wigely used herbicides 1in
the United States. There are approximately 1,300 products
containing 2,4-0 registered with £PA, and more than 70
million pounds of the active ingredient are distriduted
annually. The term "2,4-0" refers to the phenoxy herbi-
cide 2,4-dichlorophenoxy acetic acid and its 35 derivative
salt and ester forms., 2,4-D is used to control broadleaf
weeds in a variety of places including home lawns, cereal
and grain crops, commercial areas, commercial turf, rights-
of-way, and forests. .

uplic concern about the potential adverse health effects

of 2,4-0 has intensified since the emergency suspension of
2,1,5-T and Silvex in March 1979. This coancern stems
primarily from 1) the chemical similarity of 2,4-D and
2,4,5-T as phenoxy herbicides, and 2) the question of 2,4-0
dioxin-contamination, especially contamination with tetrachloro-
dioxin, a manufacturing contaminant in 2,4,5-T, which causes
cancer and miscarriages. Due to the chemical similarity of
2,4-0 and 2,4,5-T, the public has expressed concern about
the potential for cancer and miscarriages from the use of
2,4-D. There is also concern because the controversial
military defoliant Agent Qrange, used in Viet Nam, was
composed of 2,4,5-T and 2,4-0. Agent QOrange was never
registered by EPA for civilian use in the United States. [ts
use in Viet Nam by the U.S. military has resulted in claims
of adverse health effects to American military personnel.
The Yeterans Administration is studying these claims.

235801 K\

Prompted by these concerns and EPA's need to resolve the
questions surrounding the use of 2,4-0, the Agency initiatad
1 raview of the available information on the potential health
2¥fects of 2,4-0., This review was conducted in part %o
detarmine if the herbicide should de reviewed under the RPAR
orocess (Reouttable Presumotion Against Registration) or if
another requlatory action was appropriate.

[I. Aagency Review and Conclusions

8ased on the results of this review, EPA has concluded that

a) the presently available information on the sotential

adverse health effects of 2,4-D does not support a regulatory

action to remove 2,4-0 products from the market; b) information

from scientifically valid studies does not indicate that the

¢ontinued use of 2,4-0 poses an imminent hazard or unreasonable

adverse effact when used according to lapel precautions ang

direction for use; and c) the Agency should act quickly and

;ngSOusly to obtain better toxicoloaical information on
1o, ALY
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These conclusions are based on these following
considerations:

1. There is no evidence available at this time that
indicates 2,4-0 contains any form of dioxin. This includes
the tetrachloro-dioxin (TCOD), which is a manufacturing
contaminant of 2,4,5-T and causes cancer and miscarriages.

TCOD is not theoretically expected to be found in 2,4-D.
The manufacturing processes and starting chemicals from
which 2,4-0 and 2,4,5-T are made are not the same.
Although other much less toxic dioxins are theoretically
possible in 2,4-D, they have not been found despite
thorough chemical analyses.

Mag
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2. B8ecause products containing 2,4-D have been
registered for use since the 1940's, most of the scientific
data submitted to support the product registrations now
on the market were developed many years ago. While some
of these studies are scientifically valid, many others do
not meet today's standards for scientific testing. As a
result, there are significant information gaps in several
areas including cancer-potential, reproductive effects,
neurotoxicity, and metabolism in animals.

-822580

3. The studies most pertinent to the question of
tumor-causing potential (oncogenicity) of 2,4-0 were
considered inadequate and inconclusive. No valid
conclusions could be drawn one way or another from the
data.

4, Animal tests conducted on the potential reproductive
affects of 2,4-0 show that, unlike 2,4,5-T with its contaminant
TCOD, severe life-threatening effects were generally absent
from 2,4-0 treatments at moderate or high doses. However,
new tests will need to be conducted at lower doses to
clearly establish no-effects levels. I[n comparison, TCDD,
which is present in 2,4,5-T and not in 2,4-0, produces
serious life-threatening effects on the fetus at minutea
doses including the lowest dose tested in many studies.

5. The scientific evidence available at this time
does not indicate the potential human exposure is suff1cient
to result in human health effects.

6. The most vigorous authority available to EPA under
the pesticide law to fill information needs is a new section
of FIFRA (Federal Insecticide Fungicide Rodenticide Act)
passed in 1978. This provision, known as 3(c)(2)(8), allows
tPA to request any additional data from pesticide registrants
that is considered necessary to maintain the registration of
existing sroducts. The Agency can immediately require the

8143
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“anyficsurers t3 develac the data whera2 gaps exist., The
registrants have 20 days to show that they are complying.
“heir produc< registrations may Ye summarily suspended if
they ¥ail to meet the Agency's conditions. No other action
could obtain this information any faster. £ZPA is putting
*he data requirements into final form and they will be
issued to.the ragistrants atTter review by our Scientific
Advisory Panel. These scientific experts will review and
comment on the data requirements to assure that they will
provide the information EPA needs to more definitively
answer the questions on potential health effects of 2,4-0.

7. BSased on a review of the toxicology data (see
section [V below), and a review of the risks of other
pesticide chemicals now undergoing regulatory action, the
dgency belfeves that the risks of several other pesticides
are higher and better documented than those associated with
2,4-0. To put the review of these other higher priority
chemicals aside in order to devote EPA resources to taking
action against 2,4-D would not, in the Agency's opinion,
best serve the public interest.

[Il. Additional Actions

[n addition to requiring several important studies of
the manufacturers on 2,4-0, EPA will also:

1. Conduct several tests on reproductive effects

(through our Office of Research and Development) of

several derivatives of 2,4-D in order to quickly get new
information and have a good basis for comparison with the
company-producad data.

2. Continue its ongoing review of forest pest control
sractices. This review will evaluate all chemical and
non-chemical controls to identify the most environmentally

orotective wavs %o control forest pests. The Agency helieves

that a piecemeal approach to forest chemical requlation only
leads to confusion, both to the industry and to the public.
Inlass we review the wnole range of possible controls,

examining one chemical at a time only gives rise to questions

about the chemicals which would be used to replace those
examined and prohibited from use.

3. Review all new dJdata as it comes in to determine if
a change in our regulatory posture is warranted. This
includes evaluating the results of new animal tests as well
as looking into reported incidents involving human exposure
“o the chemical.

COG0as
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1. Continue %0 support fieid tescs to measure exposura
tn 2,4-0 during the prasent growing season.

"I{Y.. Toxicaloav Sackaraund

The potential hazard of a chemical is usually measured
in laboratory animal tests. Animals are given dosas of
a chemical over a specific time period. Scientists attempt
to derive from most of these tasts a "no observable effac:
leval” (NQEL) -- the dosa level below the dosage whera
affeces are first observed. From the animal tests and
NOEL's, the potantial effects on humans and other animals
can Ye estimatad. A sat of brief definitions is provided
Yelow to permi' bettar understanding of the sabsequent
discussion of toxicological findings.

d. General tarms

1. Acute oral toxicity (LDS0) - this test determines
the dosa level wnich proauces death in half
the test animals after a single oral dose
(short-term tast). Used to predict the near-
tarm toxicity of the chemical immediately upon
contact with people or other non-target animals.

2. Chronic feeding tests - animals are fed for
mast thelr [ife span (usually greater than 13
months in rodents) in order To detarmine the
dose level which shows no toxic effact in tast
animals. This is the test from which the NOzL
is (usually) derived.

2. 9ncogenicitv +“esting - animals Fed relatively
large doses or tne test chemical Tor their 1ife
span (usually 138 months to 2 years in rodents)
to try to induce tumors. Thesa tasts are used
to predict whether the chemical may pose a
cancer hazard, .

4, Reproductive testing - these tasts evaluate the
atrtacts oT -the cnemical on the fertility of both
the male and females pareats by exposing the
animals for a period of time before bdreeding.
The *asts also measure %*he nossible effacts of
the chemical on the sregnant “amale 2and zne
fetysas throuqh several generations. (The
tast with rodents through 1 generations runs
aporoximataly i34 months.) :

$. 321 is ianfgaraing the Intar-Ageacy Jork -Group,
astablisned Hv the Whita Housa £O0 stugy the possidie long-tTar:
affacts of Aagen: Orange, of the actions being taken., £2A will
also share its sciantific Ffindings with this conmitztee.

082580 | 00



Teratology testing - these tests evaluate the

erfects or tne chemical on fetuses by exposing
praqnant famales during the shor: period of time

that the fatus is most susceptidle %o cangenital
maiformation. Teratogenic effeacts include cleft
nalate, central nervous system deformities, eye

and limb deformities, and internal organ malfunction.
These are considered to be life-threatening

effects that put the animal at a disadvantage

for surviving in its environment.

Fetotoxicity - fetotoxic effects can be seen in
elther the reproduction or teratology tests.
Toxicity may be seen in the extreme form as
fetal death or as less severe problems, such

as delayed formation of bones, reduced body »=
weights at birth, or edema (abnormal fluid )
accumulation in the tissue). Most fetotoxic - e
effects appear to be reversible once exposure o
to the test chemical is curtailed. Therefore =0
most fetotoxic effects are considered to o
be less serious than teratogenic effects, with o™
the exception of fetal death. (3]
oo

(e8]

8. Summary of Toxfcology Raviaw P

Most of the data in EPA files on the potential health
effects of 2,4-D are centered on the acid form, even though
there are many derivatives, such as salts and esters. This
is because the many forms of 2,4-0 metabolize to the acid
form in the environment and in the body. The discussion of
animal data below, therefore, concerns the acid form of
2,4-D unless otherwise noted.

1.

Acute toxicity - low to moderata. The potantial

for imnediate poisonings from contact with the
chemical is unlikely.

Yeyrotoxicity - There is little definitive

intormation on the possible neurological effects

of 2,4-D. In several reported cases of impaired
nerve function, it was not known if the individuals
were peculiarly sansitive to that type of effect

or were exposed to other toxic materials.

Reproductive effects (effects on the unborn)

Tests have been conducted on rats, mice and
hamsters to evaluate the possible reproductive
effects of 2,4-D. 2,4-0 causes some of the
less serious fetotoxic effects, such as edema
(swelling of tissues) at the lower dose levels
tasted, and causes Tife-threatening dirth
de‘ec.s (skeletal malfarmations) and cleft .
palates only at the very high levels tested. _.

Yige
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Basad on availabla animal studias, EP4 estimatas
that the lavel of axo9sure in a."worst case"
sizyation {@9. a1 person s+-anding directly uncer
a soray 2l3ane) would be 500 <o 1000 times less
than the dose Javel that might cause an effact.

Much of the data available ta judge these
effects was generatad by ald study protocols,
has deficiancies in the test methods, and needs
clarification by further study.

EPA also reviewed summaries of tests conducted
fn Russia which state that some derivatives of
2,4-D produced adverse effects on unborn animal
fetuses at much lower levels than indicated by
the data in EPA's files. These suymmaries

could not be usad in the Agency's reviaw because
the identity of the tes:t material, and its
impurities, was unclear, and because there were
no numerical data to back up the summary )
conclusions. In some cases tests need to

be done on specific derivatives of 2,4-0.

Oncogenicity (potential for causing tumors) -

282580 MO0

Several rodent studies have been conducted

to date. The tasts were conducted a decade ago

and are considered to be inadequts and inconclusive
by taday's scientific standards. New studies on
radents are needed.

Mytagenicity (inheritable effects) - The vast
majority Of the nutagenicity studies conducted

on 2,4-0 are negative. However, there are three
posfsive studies. Taken as a group, the results

of the studias can best be described as incansistant
and incanclusive. A new seriss of tests being
conducted Sy the Jepartment of Health, EZducation,
and Welfare will be reviewed by EPA when they

are completad.

Eoidemiologv - No epidemiqlogical studies of
human heaith effects from 2,4-0 exposure have
been completad. However, ZPA is currenlty
investigating resorts about alleged adversa
effects from potential chemical exposure

in several parts of the country. EPA will bde
looking at the results of thosa studies and will
decide in the near Futura abou: additional fiald
work,

ISR
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Y., Exocosure to 2,4-0

There are at least three ways that the average citizens

might come into contact with 2,4-0 - through the diet, during

home use, and drift of the herbicide from nearby use.
a) Diet

The EPA has set tolerances for residues of 2,4-D in
various food crops. The Food and Drug Administration (FDA)
routinely samples a variety of foods (the Market Basket
Survey) which FDA considers to be representative of the
average American diet. Samples are analyzed for pesticide
residues. DOuring the period of 1974 to 1977, no 2,4-D
residues were found in any of the products in the Market
3asket Survey. However, during the 19635 to 1977 period, a
variety of other food products were analyzed under other
surveys in which about 1.1% were positive for 2,4-D in very
minute quantities that were well below EPA's tolerance
(allowable residue) levels. .

b) Home use

There are currently a number of registered home-use
products which contain 2,4-0 in a variety of formulations.
Exposure to the herbicide in home-use situations will
depend to some extent on the specific formulation used.

If care is exercised by the homeowner in adhering to the
directions for use and precautionary statement on the
lahel, exposure to 2,4-0 should be low.

c) Drift

"“Orift", the airborne transport of pesticide materials
%3 a non-tarqget area, is a common source of exposure.
Sormetimes, a pesticide will drift during application,
denending on climatic conditions (temperature, wind speed),
type of formulation used, terrain (forests, mountains),
and type of application method used (aerial, ground spray).
Several States have imposed restrictions on 2 4-D use in
order to cut down on drift potential.

Once on the ground or target crop, the herbicide may

become airborne again by the process of vaporization. This
particular type of drift has been the subject of intensive
research by the producers of 2,4-0. Since the introduction
of less volatile forms of the herbicide over the last few
rears, this kind of drift has become =uch less extensive,

Akt e
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Yt. Tavirnnmental Persistance

2,4-0 {s not a persistent pesticide. 3raakdown of the
herbicide begins 3lmost immedfately aftar application at
a rate denendent c¢n saveral environmental Factors such
as temperacure, humidity and medium (air, soil, crop,
watar). The rate of loss (commonly rafarred to as the
half-life) is a measure of the time required for half of the
substance to be degraded or lost.

On soraved vegetables, the half-1{fe varies from 1-3
weaks depenaing on geographic location, climatic conditions,
vegetation type, application tachnigue and formulation used.

In soil, the half-lifa varies from several days to 2
weeks, genoending on acidity, soil type and amount of rain.

In water, the half-life varies from a faw days to several
months denending on factors such as oxygen concentration,
acidity, light intesity, water temperature and formulation
used.

1782986 1 MGa

April 22, 1980
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IONS & ROUTING:

Any world area may originate (specify).

" Unless eritical leave effective date blonk
Systems by QA Office. This will be don-

One person may sign for both Marks
organizational structure.

Originator sends signed form to Product Quan.,

1. This information is added by the QA Office to aid the Cor,.

2. To be completed by the Corporate Product Dc;;dnm.cnt'. QA Office .
area business & marketing concerns are properly represented by the Cr.
the discontinuation thry Code Systems upon receipt, unless otherwise instruci.

Record any objections to discontinuation, , N;/ :
Self-explanctory.

. Nomas to be pmﬁ&ed and notifications accomplished by Originator in the originating
orea. : .

jé& . 2 be provided and notifications accomplished by QA Office.

ssponsibility of notification of discontinuation on receipt of completed form, "
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- DOW CONFIDENTIAL INFORMATION

. R & D REPORT " K-66681-(40)

DOW CHEMICAL U.S.A, HET K-66681-(40)

OATE 13SULD
R&D REPORTS SHOULD REMAIN ON THE PREMISES OF THE DOW CHEMICAL COMPANY May 30, 1980 o

CEPARTMENT CAB. NO. TDROBoEM NO, yr
| .

) 2,3,7,8-TETRACHLORODIBENZO-p~-DIOXIN: ACUTE ORAL TOXICITY IN HAMSTERS 21
PAGES

IN FULL
REPORT

AL THOR S

J. W. Henck, M. A. New.and R. J. Kociba
Al (5, SiGNATURK (37
ﬁ / Kegial s W %"O

EV)EWER'S SIGNATURK
4

A ) \/\ S M This ‘. D INTERIM ] m NEW
S S . report v and mainly:
K.-J. Olson and K. S. Rao ) \q l 801 is: m FINAL Cl REVIEW
DESCRIPTIVE SUMMARY
WITH CONCLUSIONS:

CRI NUMBER —

802978

The acute oral toxicity of 2,3,7,8-tetrachiorodibenzo-p-dioxin (TCOD)
was evaluated in hamsters. Male hamsters (Engle Laboratory Animals,
Inc., Farmersburg, Indiana) weighing 70-120g received 0 (corn oil only),
300, 600, 1000, 3000 or 6000 ug TCDD/kg body weight by single-dose oral
gavage. To facilitate dosage, TCDD was fed as a 0.06% or a 0.16% suspension in g3
acetone/corn oil (1:9). Al1 hamsters were maintained for observation at least o
85 days following dosage.

The 55-day single-dose oral LD 0. ¥as calculatad by the moving average method
of analysis to be 5051 ug,(387§-18,487 ug/kg, 95% confidence interval).
Initially, no hamsters exhibited adverse effects related to dosage with
TCDD. However, 4-5 weeks following dosage, hamsters of the 1000, 3000

and 6000 ug/kg dose groups began to develop unkempt hair coats. A dose-
related depression of mean body weight when compared to control weights

was observed in hamsters of the 1000, 3000 and 6000 ug/kg dose groups by

3 weeks post-treatment.

L691112 N

At the termination of the study, all surviving hamsters were subjected to
a gross pathologic examination. The following lesions were observed in
‘ hamsters dosed initially with 0, 300, 600, 1000 or 3000 ug/kg: a slight
decrease in abdominal adipose tissue (300, 600 and 3000 .u.g/kg dose groups),
a slight decrease in thymus size (600-3000 ug/kg dose groups?, and sporadic
instances of liver lesions (600 and 3000 ug/kg dose groups). Hamsters were
dosed at a later date with 0, 1000,3000 or 6000 ug/kg. One hamster of the
1000 ug/kg dose group exhibited pale, coalescing areas in the liver, all
other lesions observed in the hamsters of this second group were felt to
be spontaneous in nature and unrelated to treatment with TCDD. The .153
st v—mamsters dosed initially were subjected to a gross necropsy 16 days after ‘4
: the hamsterg of the second group. It {s possible that this 16-day time

- DEPARTMENT FILES
DISTRIBUTION:

R & O ADMINISTRATION Disteibution lise
CENTRAL REPORT INDEX - 4 COPIES is continyed on
{566 Bldeg. - Midland) attached page.

FORM C-4300 PRWNTED R-3-90 .
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interval was sufficient for lesions to begin to develop; this may explain

why no lesions were observed in hamsters of the 6000 ug/kg dose groups.
i

869112 NOgQ
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<> THE DOW CHEMICAL COMPANY

POST OFFICE -BOX 1706
June 2, 1980 MIDLAND, - MICHIGAN 48640

bcc:_ . D. M. Prederick

Mr. James M. Stone M. L. Leng '
Product Manager 23 A. J. Watson
Registration Division (TS-767) Action File: 2,4,5-T, O

U.S. Enviromnmental Protection Agency ESTERON 245
401 M Street, S.W.
Washington, DC 20460

Dear Mr. Stone:
Subject: ESTERON* 245

EPA Registration No. 464-205
Application for Amended Registration

€661 QONN
£20262 MO

The accompanying application concerning the subject product is largely
self-explanatory. Basically, we propose reinstatement of the foliage
treatment inadvertently deleted from the label at the time of our
initial compliance with the March 22, 1979 suspension order. 1In
addition, some minor text changes are proposed to improve flow and/or
clarity of the existing wording.

We believe that this application complies with the compénsation exemptions
cited under 40 CFR 162.9-1(b)(7), (b)(9), and (b)(17); consequently, an
Of fer~to-Pay and Certification Statment have not been included.

Your earliest possible consideration and approval of this application

will be appreciated.

Sincerely,

Robert W. Morgan
Registration Supervisor
Product Registrations

. Regulatory and Legislative Issues

Health and Envirommental Sciences
er

Attachment , - 8 15%

T
L)
<D
[ X3
&a]
' 4
o

*Trademark of The Dow Chemical Company
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THE DOW CHEMICAL COMPANY QUALITY ASSURANCE OFFICE
QACACI SPECIFICATION CONFIRMATION COPY
DATE PRINTED: S JUN 80 PAGE: 1
PRODUCT: 28750 QAC: 290 REVIEWED: 2 JUN 80 REPLACES: 28750 19 FEB 80 |
NAME: OBSOLETE - ESTERON (R) 245 BRUSH AND WEED KILLER (PL & BULK) , g
=
DESC: AMBERs OILYy EMULSIFIABLE LIGUID. PRODUCT NO LONGER PRODUCED AND Z =
" DECLARED OBSOLETE 2 JUN 80 S
MSD: 303 : e
. - -° c
PROD®N PTS UeSe s DEPT:31 S C
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: IwED!CAL <5~ INFORMATION

Ceaviren, LUTERGN 243 BRUSH,AND WIED KTLLER COMATERAL NG TR :
STYNUNYLIS M-3300 ié’ . _ SULUBILITY bBrulvitictle i wat
SLLTRSITICN, SEE BACK ” - _PHYGICAL S A'=- Liquid

*‘GMCUI o(_‘,—:{—-:;\NTICIPATED th AN RESPO!\S: — BASED ON: 1 ANAL DATG T STHLITL

IvE3 Slisht to maderate pain, slight transient conjunctival & AR TATE SoLTEEaAT
inflammation and iritis.

SKit Prclonged contact, intact skin, unconfinced: slight cerythema. Repeated skin v/
contact slight to moderute erythema und edema.  Skin absorption cuapucizy not CJ
evialuated (Basced on minimal tox Study); :E

{e)

QRAL:  Moderate to low acutce oral lcth411tv fIDwO rats aprrox. | a/kg body wright. o

(Eased on minimal tox study). _ . (de
o
o (op]

RESP.  One hour cxposurc of 20 rats to an aerosol of M-3306 resulted in no adverse =2
ctfects., ' ‘ ' '

57 T DJATE . REFERE ENCE

] . .

. _Pat Kecler "~ 6-24-80-*Revised | ' : e o

SUGGZSTED — TREAT MENT AND HUMAN EXPERI‘-‘NCE

EYES: grain for evidence of corneal abrasion or injury.

JEFCENT QRGINAL

May cause reaction similar to

Al PC'II‘OI('um or !7L‘rTOICllm-li;\C‘ solvent. Produce modcratcl}- toXic.

Dangerof chemical pneumonii must be weighed against toxicity., If lavage is
performed suggest endotrachcal and/or esophagoscopic control.

SYSTZLUS! Human effects not established. Probably could cause serious illness with

spontancous recovery. Bascd on minimal data.

ey PAT: [REFERENCE

S ) Lmllu'l'.!‘._ 10- ‘n-l\___.. ' —e M s e moiiae —cunaomco—— -

. LZTTID RIAST AID PROCETURES

EYES Irrigate with flowing water immediately and continuousiyv for fiftesn minutes,
Refer to medical personnel.,

Sty Wash off in flowing water. Decontaminate clothing and aceessorics hefore
recre, Good persenal hygicene,

<ot Remove to fresh air if effects occur. Consult =adicui persoancl.

4

e Na not imduce vomiting., Call a phvsicia oo o0 teer oo

cacilite. Cerlds
o ( 8161 000uS.3

Tatthum o [ RETS RPN
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* COMPOSITION

9.2 % 2,3,5-trichlorophenoxyacetic acid PGBL [sters
0.9 % polyglvcol 59-13

2.6 % Emcol AC 31-2

27.3 % Bay refining PF Solvent

Doty
L Cnsnpany
r
P S |
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& 193.

" 104,

£195.

195a.

5/5/80

5/16/80

5/30/80

6/2/80

6/5/80

6/24/80

6/24/80

write this, then it had to be the EPA
sending this to Dow outside the normal
public channels telling them why they were
cancelling their 2,4,5-T. In any event,
it is a very damaging document to Dow.

Document entitled: "Product
Discontinuation - For the Product Esteron
2,4,5 Herbicide".

Comment: Dow Chemical stops the use
Esteron 2,4,5 in the United States in
and bulk sizes".

of
PL

Dow R&D Report: "Picloram: Results
a 32-Day Toxicity Tolerance in Feed
Mice", with attached report.

of
in

J.W. Henck, et al., Dow R&D Report on
2,3,7,8-Tetrachlorodibenzo-P-DioxinAcute
Oral Toxicity in Hamsters". This is a
report summary.

Letter to Stone of the EPA from Morgan of
Dow re: Esteron 2,4,5 Application for
Amended Registration.

Dow Quality Assurance printout on Esteron
2,4,5 Brush and Weed Killer.

Comment: Esteron 2,4,5 has been declared
obsolete on 6/2/80.

Dow form of medial information from

Esteron 2,4,5@2W3r AMp WEED jortl (&,

Comment: See exhibit 195a below.

The back page of the document in exhibit
195 which is entitled: "Composition
Listing Chemical Ingredients".

Comment: This states that Esteron 2,4,5
can cause serious illness (from a Dow
medical sheet). If gives all chemicals
in this product and they contain no
anexrts ! (In other words, nothing is
hidden here in what Dow is actually
putting in their product. They usually
hide the deadly ingredients under enerts
and then list some percentage like 35%
enerts. In this case we are getting to
see for the first time everything that Dow
puts in their Agent Orange product.)

- -

ATTACHMENT TO MEMORANDUM DTD 11/13/91 - 29
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APPENDIX E

ALL REGISTRANTS WITH MANUFACTURING-USZ PROCUCTS FOR THE
FOLLOWING:

2,4-Dichlorophenoxyacetic acid

148
264
359

.464

524
677
2217
6305
7173
7969
8997
39335
39511

Thompson-Hayward Chem. Co., Kansas City, KS 66106
Union Carbide Agric. Prod. Co., Ambler, PA 19002
Rhone-Poulenc Chem. Co., Monmou+h Junction, NJ 08852
DOW Chemical USA, Midland, M! 48640

Monsanto Co., Wash., D.C. 20036

Diamond Shamrock Agric. Chem., Cleveland, OH 44114
PBl-Gordon Corp., Kansas City, KS 65118

Robeco Chem. Inc., New York, NY 10016

Chempar Chem. Co. Inc., New York, NY 10018

BASF Wyandotte Corp., Parsippany, NJ 07054

Shepard Chem. Indust. inc., New York, NY 10022
Fallek-Lankro Corp., Tuscaloosa, AL 35404

Vertac Chem. Inc., Memphis,TN 38137

Butoxyoroovy!l ester of 2,4-D

464

DOW Chemical USA, Midland, M! 48640

|soorooyl ester of 2,4-D

524
677
5481

" Monsanto Co., Wash., D.C. 20036

Diamond Shamrock Agric. Chem., Cleveland, CH 44114
Amvac Chem. Corp., Los Angeles, CA 90023

Isooc+y!l (ethylhexy!l) ester of 2,4-D

148
228
359
464
524
677
2217

. 39511

40831

Thompson-Hayward Chem. Co., Kansas City, KS &6108
Riverdale Chem. Co., Chicago Heights, IL 60411
Rhone-Pouienc Chem. Co., Monmouth Junc+ion, NJ 08852
DOW Chemical! USA, Midland, MI 48640 .
Monsanto Co., Wash., D.C. 20036

Diamond Shamrock Agric. Chem., Cieveland, OH 44114
P8l -Gordon Corp., Kansas City, KS 66118

Vertac Chem. Inc., Memphis, TN 38137 ‘

Falls Chem. Inc., Great Falls, MT 359403

}/
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This rdeasc onpletely Tevises and updates the bepattnent:‘s policies on thc
use of pesticides to seflect currenr statutes, rnguhtims, research, and
expe:ienu R
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oo It abolishes the Departmenul Pesticides Camittu ( formerly the Departmeau.

¥i* T Pesticides Working Group and its Advisory Group) which was chafred by the
7 Director of the Office of ‘:‘.nviromzntal Project Revieuw and assigns functions
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Env:.ronme':tal Qua’it{ ~___Part 517 Pes;;glgps

Chapter 1 Pesticide Use Policy SI7 DM 1Y
..1.1 Purpose. This Chapter sets forth the Department's =

pol:.c:'es in the use of pesuczdes on lands and waters admin- &
.istered, or under programs funded by the Departnent, and for =
+ | - complying with the Federal Insecticide, Fungmz.de, and B

- — Rodentzc:.de Act of 1972, as azended ("I:RA). _ e

;‘ -
v

5_!..2 Pohcz. It is tne policy of the Deparment' e ot

‘A.  To use pest:.cides only after full consxderatmcn of C
. altemtzves - baced on competent a.nalyses of environmental
Ry ,'-effects, effectiveness, safety, specificity, and benafit/ b
) cost -~ demonstrating that the use of the pesticide is the il
least hazardous asong those available and meets essential ]
- managewent goals. The full range of alternatives including =
- chemical, biological, and physical methods, and no actzon
must he considered. . . Y
A " - . -
' B. To utilize past management research, contral, edu~
‘cation, and assistance Programs to develop, support, and -
adopt integrated peat management (IFM) strategies wherever
practzcable. :

‘C. To use anly pesticides registered Dy the Environ- :
"mental Protection Agency (EPA} in full accordance with FIFRA,
as anended, and as provided in regulations, orders, or
permits issued by EIPA. .

- D. That the handlmg’ and use of restricted-use pesti-
. cides be condueted with caution and only by personnel who are
either certified or under the direct superv:.a:.on of a certi-
- fied applicator,

E. To insure that all pesticides and pestie:.de contain-
' ers are transportsd, stored, and disposed of in a mammer °
that will safeguard human health, fish and wildlife, and
prevent soil and water contamination.

F To give £111 consideration at all times to safety
to humans, fish and wildlife, and other non-targetr organisms.

8. ‘ro use pesﬁc:.des in habitats involving endangered
and threatened arinma) or plant species only after it is
_ determined that such use will not adversely effect the
species or its eritical habitat. This determination will be
rade thx'cugh the Endangered Species Act consultation process

9423230 22295 - (L 8187 .
Replaces 71;5_1!70 #1215 ‘ . 0003314
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" Environmental Quality o Part 517 Pesticides

%- RS " Chapter 1 Pesticide Use Policy 517 DM 1.LA

= ,*- T - (2) 1Is responsible for coordinating any .program
e diffemcas or conflicts between Assistant Secretaries. R

.

e s " B. Program Assistant Secretaries. Are respcnsible fO!' .z
T 7gps . compliance with FIFdA, EPATs impiemanting regulations . ..
ST . {408 CFR 162), and with this Part for bureaus and ofF:Lces =

S %77 under their jurisgiction. ..

- -
Y ome .

" -2

e o C. Heads of Bureaus and ) Offices. _ | ;--x- |

¥ ” FRT ) WAL ecomply with FIFRA, EPA’s 'mplamentinz A
ST reguhtmns (48 CFR 162). and with th:.s Part. ‘_;.,7 ~.-_‘.:. -,

~© . (2) RWill evaluate, control, and monitor a.ll pesti— .
cide programs and activities so as to protect and enhance ‘
P the grality of the snvironment and bring intoc conformance
f all pesticide use with the intent, purposa, and procedures
: of FIFRA, NEPA, and ESA.

= -+ (3) Will provide tec.hnical support for Departnent-—
( i o 1 pesticz.de review activities, as appz'opz'iate and requestad.

- -- D. OffJ.ce of Envzromnenta.l Project Review. _

(' e - I..."'

{1) W%ill exercise aversight review of pesticide
pmgrms, projects, procedures, and performance for the
Ass;stant Secreta.ry--Policy s Budget and Administration.

. (2) wiix review and recommend revision %o pesti-~
cide policies of the Department as changing technical, pro-
ceduml, or other conditions warrant.

- {3) ¥ill alert bureaus when new information or

other environnental considerations requzre significant
controls, advice, or warning concerning the use of pesti-
‘cides that may pese an environmental threat. .

- (4.) %311 Teview and approve certain proposed
Departmental pesticide use projects and activities.

’ (5) Will advise the Assistant Secretary--Policy,
Budget and Administration on the polxcy aspects of pesticide:
use in Departmental programs.

e 5/23/80 #2295 oo IR 3188
T Replaces 7/31770 3?35 L _ 000331.5
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. v -USE OF PESTICIDES . |
2. Prohibited List -
B : N a1l pestic.zdes cancelled by EFA

| 8." 'rhe following pestzc:.des'

AR 21 ‘l. 5 !? et T e

L2

) ':_ . ' L"“ q‘f‘ "_ - '--:"'iff“;_-t'_' .. . e ) . oL . o
2. Restricted List S R o

A. ALl pest.zc.ide. use restricted by EPA

- B, The follcm.ng pestic:r.des. )

Endosulfan :
— o Lindane ] .

A J . .

(- * 937050 #2295 . | - Doozg, 6
| Replaces 7/31/70 £2213 |
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Received from the Environmental Protection Agency
- Certified Mail # 188525

September 8, 1980

Copies to:

R. L. Charlton

J. H. Davidson

L. Castillo

L. N. Jordan

R. L. Gantz

C. H. Goodman

R. C. Hunter

R. J. Kociba, 1803
S. J. Gorzinski, 1803
M. L. Leng, 1803

A. H. Morgan, 1803
R. W. Morgan

R. D. Moss

M. G. Norris

J. K. Priddy

A. E. Schober, 1803
B. A. Schwetz, 1803
J. M. Theis

S. R. Vranish

C. S. Williams

J. W. Weseloh

from:

J. W. Weseloh

Product Registrations

Health and Environmental Sciences
9008

636-4770
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ORDER AND NOTICE

Dear Registrant:

£22880§ ;i 14

EPA recently completed a review of the available scientific
information on the potential health effects of 2,4-D.

On April 29, 1980, based on the findings of the review, the
Agency announced that significant gaps exist in the data

base for 2,4-D and that additional scientific information

will be required from the registrants under Section 3(¢)(2)(B)
of Federal Insecticide Fungicide Rodenticide Act (FIFRA),

7 UsS.C. 136a(c){(2)(B). This provision allows the Administrator
of EPA to request any additional data from pesticide registrants
that is considered necessary to maintain the registration of
existing products. £Enclosed is a copy of the FactT Sheet on
2,4-D which outlines the results of the Agency's review of

the scientific information and the decision to require new
studies under Section 3(c)(2)(B). Since this Fact Sheet was
prepared for the general public, it may contain information
which you already know. However, we feel that the Fact Sheet
will provide you with material which will clarify EPA's

reasons for requesting additional data from you.

Our records indicate that you are the registrant of a
pesticide product(s) containing one or more of the following
active ingredients which we will refer to collectively as
2,4=-0D:

2,4-dichiorophenoxyacetic acid
lithium salt of 2,4-D
potassium salt of 2,4~D

sodium salt of 2,4-D

ammonium salt of 2,4-0D

CSGEGS7
819p
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alky! amine (C12) salt of 2,4-D
alky!l amine (C14) salt of 2,4-D
alkyl amine (fatty acids

of tall oils) salt of 2,4-D
diethanolamine salt of 2,4-D
diethylamine salt of 2,4-D
dimethylamine salt of 2,4-D
dimethyloleylamine of 2,4-D
ethanolamine salt of 2,4-0
heptylamine salt of 2,4-D
isopropanoclamine salt of 2,4=-0
isopropylamine salt of 2,4-D
morpholine salt of 2,4-0
oleyl propylenediamine salt of 2,4-D
octylamine salt of 2,4-D
triethanolamine salt of 2,4-D
triethylamine salt of 2,4-D
triisoprcpanclamine salt of 2,4-D
diethylethanolamine salt of 2,4-D
dimethyloleylo={inoleylamine sait
butoxyethoxypropyl ester of 2,4<D
butoxyethyl ester of 2,4-D
butoxypolyethoxypropy! ester of 2,4-D
butoxypropyl ester of 2,4-D
buty!l -ester of 2,4-D
isobutyl ester of 2,4-D
isooctyl (ethyl hexyl) ester of 2,4-D
isoocty! (ethyl methyl pentyl) ester of 2,4~D
isooctyl (octyl) ester of 2,4-D
isopropyl ester of 2,4-D
propylene glycol butyl ether ester (PGBE) of 2,4=D

A list of your products that contain any of these materials
is shown as Appendix A. Also refer to Appendix H for state
registrations under Section 24(c) (1) for special local need
which are also covered by this letter.

l. REQUIREMENT FOR DATA SUBMISSION

As we have explained in the Fact Sheet, under the authority
of Section 3(c)(2)(B) of FIFRA, EPA has determined that
additional data, more fully described in Section 11 of this
letter, are required to maintain your registration(s) in
effect.

This letter notifies you that if you wish your registrations
to be maintained in effect, you are required to take steps
to produce and submit data to EPA in accordance with the
schedule set forth in Section |11l of this letter.

vzzes0 ] Mo

-
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Sections 1V and V of this letter indicate two |imited
circumstances In which EPA will not act to suspend the
registration of your products if you do not submit the
required data. Section VI of this letter describes tThe
procedures by which you may ask EPA to reconsider the
requirements imposed by this letter.

In responding to the data requirements established by

this letter, you must choose one of the following options.
If you fail to exercise one of these options within the
time period specified, EPA may take steps to suspend the
registration of each product to which the required data
are pertinent.

(A) You must notify EPA within 90 days of your
receipt of this letter that you are willing to produce
(if necessary) and submit the data yourself;

szzgg0 1 MGd

(B) You must notify EPA within 90 days of your
receipt of this letter that you have entered into an
agreement, with one or more of the other registrants
who are subject to this notice's requirements, to jointly
produce (if necessary) and submit the data, or to share in
the cost of this work;

(C) You must provide to EPA, within 90 days of your
receipt of this letter, the "Statement of Willingness to
Enter Into an Agreement wlth Other Registrants for
Development of Data", in accordance with Section V and
Appendix C of this letter, which will allow EPA to
exempt you from the consequences of not submitting
some or all of these data under certain circumstances;

(D) You must provide to EPA, within 30 days of
your receipt of this letter, the Certification described
in Section |V of this letter, which will aliow EPA to
exempt you from the consequences of not submitting some
or all of these data because each of your products is
an end-use product and otherwise qualifies under that
Section; . '

({E) You must file with EPA, within 30 days of your
receipt of this letter, a request for a2 waiver of some
or all of the data requirements imposed by this Order
and Notice; or, '

(F} You must file with EPA, within 90 days of your
receipt of this letter, a request that the registration(s)
for your nroducts containing any or all forms of 2,4-D
be voluntarily cancelled.

532524
Coouad



11+ WHAT DATA ARE NEEDED

EPA has determined that significant gaps exist in the

data base for pesticides containing 2,4-0 compounds. In
order to make further determinations concerning potential
heaith effects of 2,4-D, the Agency has determined that data
from *he studies listed below are required to support the
continued registration of all products containing the
various forms of 2,4=-D. The required studies must be con-
ducted in accordance with the referenced se;;ions of EPA's
proposed pesticide registration guidelines,~" or other
approved test standards such as those which are adopted by
the Organization for Economic Cooperation and Deyg}opmenf
(OECD) except as modified or supplemented below.—

TOXICOLOGY DATA

The following section describes the tests to be conducted
and the specific forms of 2,4-D to be tested. When
performing studies to produce the required data, you
should be very careful to follow every applicable test
standard contained either in the section of the guidelines
cited or other approved test standards, except as modified
in the paragraphs below.

2z2880] MOG

COMPOUNDS TO BE TESTED

Some of the data requirements relate to specific technical

grade forms of 2,4-D, while other tests pertain to formulated
products. Because the salt and ester forms of 2,4-D will

degrade to the acid form and to the metabolite 2,4~dichlorophenct,
registrants of products containing any sa!t or ester form

will be responsible for all the required studies on

technical grade 2,4-dichlorophenoxyacetic acid and on
2,4-dichlorophenol. (See Appendix G). The required studies

on the other technical grade forms of 2,4-0 are the

responsiblity of those registrants whose products contain

*/ The Agency published proposed human hazard guidelines

on August 22, 1978, 43 FR 37336. The required studies on
2,4-D (with the exception of subacute derma! neurotoxicity,
standard metabolism in pregnant dogs, and dermal absorption)
are described in this section. Copies of the proposed
guidelines are available on request.

*#%*/ Note: you may request EPA to review the use of a test
method which may vary from the test standards listed above
in order to produce the required data. The procadures for
submi*ting such a request are described in Section VI of

this letter. 5')417\95
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scecitic fornms of Z2,4~2 it contTains, are the respcnsibiliry
cf the reyistrant to «hom That grocuct is ragisterea.

comcounds as acTive in,redients. Tae reguired
ies on each feraulatee product, regardless of the

-

TATA TITTUITETENTS

1. Cfnccrenicity studies = standary cral expcsure study in Eﬁ;
rats and nrice (proposed Section 153.83-2, &3 FR 37379-02). o

Tate
**‘averial ts be tested: 4
- Technical gjrade (cr purer) of 2,4-dichilcrophenoxycetic ecic
. .. . */ <
Notvae: All recistrants are responsible for this cate— g

2. Zesroducticn study - (srcpcsed Section 153.83=4, ¢35 FR 0o
I7334-32). fj
*aterial to be testad:

- *acnnical yrade (or purer) of Z2,4-cdichloropnencxyaceTic acid
ote: All registraats are responsible fcr this uaTd—/

3. Teratonenicity s*udiss - (propocsed Sectiun 183.83-3, 43 FR .
17332-S<) wodifisg as follows: tesT to bLe done in the rat.
‘iaterials to be tested:

- technical yrade (or purer) of 2,4=-cicnlorcphenoxyacetic acid
- technical grade (or puraer) of butoxypropyl ester of 2,4-U
- technical yrade (or purer) cf alkanoiamine salt of 2,4-C
- tachnical yrade (or purer) of isopropyl esTer of 2,4=U
- 2,4=-dichloropheno! (metavolite of 2,4%~-1)
‘icte: All rejistrants are responsible for the cata cn 2,4-L
aci¢ and the metacclite, 2,3=dichlorcphencl.
Qeyistrants with products ccntz2inin, The ss!lt enc
ester forms listed 2bcve are also,cespons:Lle for
the Jdata on those forms of 2,d4=-0.—
<. rotoxizity studies
a) cudchrenic oral neurctexicity = (preposed
Sceticn 135,823, 43 Fi1 27574-75) nogified as
follzsws: Test to be dene in the doy, reT, and
cnicken. ‘laterials to be tested:
- technical grade (er purer) cof Z,S-Jicnlor:;hencxy:ceri: 2cia
- tachnical gyraze (cr pgurer) of dinethylauniite selT of I,-=o

CS Te_isTrzats of 2ndeuse 2droducts foraglzated fromoa registercd

Tazcuntgal ~z2rerigl sheouls consult Cacticsn 1V for exguptTion froa

i3 rouirsrent,



etTabelisn studies

e: All registrants are responsille for The cate on 2,3-4
acid. Segistrants with procucTs containing the
dirmethylzanite sealt,9f 2,4<0 are rusponsible for T
da%+a ¢n this forn.—

subacute dermal nevurctoxicity in the Jdez =

This study will bLe requircd for The tuo compoundgs
tescrited jn (a) unless othervise -indicatec oy The
results cf the subchronic neurotoxicity study and the
results of dermal absorption study on thatT conpcual.
EP& will revisw the resul+ts of These tesTs when
submitted and inforn the reyistrants whethar to
proceed with (b). AT that tine, regisTran?s 4ill Le
notifiead of tThe protocol to be used in davelcping

this data,

"a)

standard metabclism stTucy = (propossed Section
163.2S=1, 43 FR 37394-96) ncdified as follows:
tast to te done ia the dcoy and rat. aterials
to b¢ Testeg:

822580 | MOE

- T2chnical gracde (or purer) of
2,4=-dichlcrophenoxyacetic acid
- +achnical jyrace (or purer) of
isocctyl (ethylhexyl) ester of 2,d4-4
-tzchnical grade (or purer) of PGCIE ester of 2,4-0

lote: All registrants are responsible for this data
on 2,4-0C acid. Registrants with prosucts
containing one of the two -ester forms listes
above are al§9 rasponsicle for the data on

+thoss forms.—

standard metabolism study in the srzgnant Yoy -

This study will te required for rie three cocrpouncs
Jescrised in (a) uniless ctherwise indicated by The
results in (a). EPA will reviaw the results cf this
tesT whaen submitted and inforr *the reyistrants

whether to proccced with (b). At that tine, reyisTruants
4ill Ee notifiag ¢f tThe protocol Tto be used in
ceveloning tnis vata.

Acuta
a

aral toxicity studics = {(proccsed
3 Fs 37353=36). laterials tc s¢ Tes

- eacn raaufaecTuring-use prcduct eng eeCh and-;se
sroduct coataiain, any cf the 2,4-
(Pefer to Aptendix A rar tre i

ne
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-
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0
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for which this data must be submitted). A
registrant may cite acceptable studies previously
submitted To support the registration of his
product(s). In lieu of providing his own studies,
a registrant may cite acceptable studies already on
tfile with the Agency or submit studies on a sub-
stantially similar product, and offer to compensate
for such studies.

7. Acute dermal toxicity studies - (proposed Section 163.81-2,
43 FR 37356-57). Materials to be tested:

- each manufacturing-use product and each end-use
product containing any of the 2,4-D compounds
(Refer to Appendix A). A registrant may cite
acceptable studies previously submitted to support
the registration of his product(s). In lieu of
providing his own studies, a registrant may cite
acceptable studies already on file with the Agency
or submit studies on a substantially similar
product, and offer to compensate for such studies.

szzst0 |l MO

Note: The Agency denerally requires a series of acute
toxicity tests to support the registration of manufacturing
use and formulated products. Acute oral toxicity and acute
dermal toxicity studies are required for each manufacturing
use product and each formulated product. Acute inhalation
toxicity, primary eye irritation, primary dermal irritation,
and dermal sensitization studies may be required to support
the registration of each manufacturing use product and each
formulated product, as specified in the proposed pesticide
registration guidelines.

While the Agency Is requiring only acute oral toxicity and
acute dermal toxicity studies at this time, the other acute
studies may be required at a later date as appropriate. The
data which are being required at this time are essential to
provide the Agency with a more accurate and detailed picture
of any potentialily significant acute oral and/or chronic
health effects of 2,4-0. The Agency feels that acute oral
and dermal toxicity studies will make a substantial contri-
dution to our understanding of the acute hazard that may be
associated with the chemical.

8. Dermal! absorption studies -

AT this time the Agency does not feel an acceptable
protocol has been developed for testing pesticides.
Therefore, although this testing remains a8 requirement
as outlined in this letter, you will be notTified, av

a later date of the protocol to be used in developing
This data.

o &I .98



“atTerials To lLe <+osted:

- 2ach and=-use progduct furnulatec in liguid foru or zs
an enysifiatble cocncenTrate that conTtains any
of the J,3-C compcunds. (Hefer TO0 Apgzencix
S for the list of your sroducts for wnicn +his
jata must be submitted).

Ity SCUHETZULE FOR SUEBMITTING DATA

The required cdatz nmust Le submitted to The Agency cn

the following schaduls=. If sroyress ruports are requireye,

+ne schedule will specify tne date oa which the first .
orojgress ra2port is dus, and the fregquency of pregress . e
recorts thereaftar. 1f required, pgrogress repgcrts must be ;;
aroviled as scecified Lalow. lotTe: Ycu may requesrT -
+hat IF\ extend any of +the follcowing ceadlines. Tne gro- S~
cedures fcr submitting such a request arg dgescribed in [
Section Y1 of +his latter. . (e}
Q0
l. ZCnceczenicity studies (§)
3\
Final regort due sy 12/1/33 o
Srogress repcrt due con 8/15/22 L

e PNeprcduction studies

(8]

Final report due by 3/1/82
frogress report due on 1/1/832 (for the twu litters
ot the first generation)

Teratozenicity studies

(Y]
[ ]

final report due by 5/10/351

eyrsToxicity stuljies

F &Y
.

a) suSchrcnic cral neurctoxicity
Final repcert Jlue by §/1/21

£) sulacute dermal neurotoxicity = leyisTraants will
e notifisu of the Jue Jate wnen they are nctifiac
whether to proceed with This ftesting.

isri studies

(¥
L]
w
-'
)
o
O

steadard mevabolism
Final regcrt due Ly 5/13/81

L) stznlerg retooclism in grejnant oy = fegistrenta
Wil 2e nectifiac of *tne Jue 22Tz wned Tiey-ofiv
ALtificy wheTner fo grocewd with Tnis Testia. &~
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E,  Acuto cral texicity stTugies

Final rosort due bty S5/1/81

7. ACu®*n Jermal *goxicity stulices

Firnal report due by 5/1/3

$. oer~al abscrnticn studies

Ragistrants vill te ncrified ¢f Tthe duec date
3T the same Ti=e they are notified To grocoed
“ith this tes+tinj acccrdiag tTc the specifiad

arotaccle.

I1Ve DEZISTRANT RESPCHSIDILITY ES2 SUCL IS51580 UF UATA AL
SXERTION FSav CUSPELSIT SANMCTIZN FOR CSa7al,
SnZ-iiSE YRCCUTT ACSISTRATIONS

The Zata Zdescribed in Section Il cf this letter relates,

in cartain cases, to *the safety of specifiz 2,4-L active

iagrecdients (+technical jrace). Accorcing To Secticn

3(c)(2)(Z) =t FIFRA, an applicant for reyistratisa cf

an and~use procductT containing one cr mocre of These forms

of 2,3=-2 is not required to subrit or pay comupensation

for those data as a condition of obtz2ining reyistrarticn

if thet ferm of 2,4-0 is present in his prcductT solely as

the result of his incorporatiosan into nis product (as gart of

the fornmulation or packaging processes) of another rejistered
cduct, containing that form of 2,4-0, which he purghas=s

from anctnher producer. .

1€2980 F"mag

The object cf this provision is -to sinpglify data coupensation
by maxking compensaticon for Jata on actTive injrudient safety
an elament of the wmarkaet cost of rayistared "aﬁu.acfurinb-
us2 procucTs, so that fcrmulators or otner reyistrants

4heC purchase such procucts na=zed not scrarateily ofier

tc pay for Jata cn the safety of thu active inyroedisnt,.

£34 has ccacluded that +these princisles shcoule also apgly

in the closely analojous situation presented by This

Sactizn 2(c)(2)(Z) reguirement. Ycwever, principlas of
tairngss t¢ thosa who incur expenses 92f ceTa gprocucticn

z2nd suormissicn require that a reistrant nay L@ exempTel
frc:: data subnmission rEQLIthEﬂ-S caly if tne soecificz
for o8 2,3=3 in his procucT (listed on the acTive ingradient

s*2*o=enT) is aurchascs from a firm unicn dues Reve @ o7y

to osutrit {or to offer t¢ share in tne cost of ovetzining)

*he Ze*3 recuirad Sy This latrer. (lefer To nppuadix =

fsr 3 dist of firms LiTh ra2jisvorsce menufuctiring-use -

srzducTz). c s
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14 & recistrant who is sutject to This Order and Lotice
tails T2 ccmply with tha data sudnission reguirenent, the

Ag¢miaistraror may suspand his reyistraticn. Howevsr, This

authority is discretionary, and the Administrator will not
exercise it to suspend a recistration if:

(1} The registraticn is for an eng-~uyse proguct
(as opposed to a2 manufacturiny-usa p;9dggt)
(Refer to Agpendices F anc 0); AL, = —'

(2) The specific form of 2,4-1 in the c¢nd=use
groduct is present solely as the result of The
incorpcration ‘intec thet sroduct (during formulaTicn
or packaginy) of another product which contains
that form of 2,4-C which is reyisterud unuer
FIFRA and which is purchasea 5y the registrant;
AND,

(3) The registrant completes and executes
a "Certification of tntitlzament To ExaumpTion
from Suspension Under FIFRA Section 3(¢)(2)(L)Yv,
in the form of Appendix £ T9 this lasttszr,
for each of his registeres procducts "ccataining
somne forn of 2,34-C and submits T to EPA not
latar than SepTtember 30, 198C; ALL,

EI T

(4) Cne or wmore reyistrants actually undertzke to
submit, and do submit, all the data requirec by
this Order and ilotice.

It should te emphasized thet «hile The akove procedures
crovide certzin cateyories of exemptiuns, Those data
ragquirenents that specifically relate to end-use (formuletaed)
srcducTs are the rosponsivility of the registraaT Tu ~aon
¥haet producT is reglistered. (See Appendices A and u).

v

*/ Tlcte: in The case of data requircnents for tecnnical
nrade forus of 2,4-0 for whicn there are no registared
ranufacturing-use products, the rejistrants uf the end-
usSe preducts are rasponsitle for The cate.

: Aprgendix F lists the coupany auvwnigers fur fthose
nTs uho have enu=-use products cecatainiag furms Cf
r which thera are no rsyistesred menufacturing=-use
« PBefar *0 Agpencix G tc cgtain ccuipany names
@55¢s5 from the company aunmbturs.

-

-l

.~ A
‘;{ﬁ;(»&\ha
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FIFRA 3getizn 3(c)(2)(L) authorizss joinT developmant of
data By two ¢r wore registrants, and provides a uechaniss
by which parties can ghtain an arbitrator's decision if
They atreec To jointly develop data tut fail To aygrese on
all the turms of the agresment. The stetute goes not
compel any registrant to agree to develop data joinTly.

In EF4's opinion, joint data develspment by all recistrants
who are subject To the requir2ments ia this letter,

cr 2 csst=shariay agreument betweesn all such registrants,
is clearly in the publiz interest. Cuplicaticn of testing
is not conly wasteful in terms of money, Lut could tie up
*esting facilities unnecessarily.

As noved earliar, EFA has discretion not to suspend the
recistraticn cf a product when a rsgistrant fails to

subnitd datae required under FIFRA Section 2(c)(2)(Z). EPA

has concludec that it is anpropriate To exercise its
ciscretion notT to suspend in weys which will discouragye
duplicartive tTesTing. Accordiayly, if: (l) a regyistranr

has informed us cf its intent to devalop and subnit data
required by this tiotica and COrder; and (2) a secsnd registrant
infcrms EPA +hat It has nade a tona fide offer to the first
registrant to share in the expenses of the testing (cn terms
to be agreed upon or determined by arbitration under FIF.IA
Sectizsn (c)(2)(E)(iii)); and (3) the first registrant has
without yood cause declinec to agree %o enter ints a2 cost-
shariag agrecment, EPA will not suspend The sacond firm's
registration. Whilae the first firm is nct regquired +o ayree
to jointly develsp data, EPA is not required to fcrce tThe
second firnm T2 engaye in econcwically inefficisnt Juplicative
vesting ia crder to maiatain its regyistration.

£€2580 | Mog

The foruat for informing EPA ¢f the bonafile offer To
the first registrant is shown as Aggcondix L.

Vi. P2CCETURES FCR RETUESTINGS WAIVERAS, CHANGES 1.
TESTIGS CETHCOOCLICY, ANy SMTELSICLS LF TILE

I7% racojnizes that ycu mey disaegrev #ith our coaclusions

rejarding the need for dava, the apprepriarte w&ys To

iecvelop *the requirea date, and how guickly tha date

must Te submitrted. Ve will j;ive you the oppertunity

+tc statz the basis for your disayreement anu reguesT

tSat wo change our reguirenents. W@ nots That if you

szaea TO crallenge Our roguirements i courtT, 2 Jol,u [y



disniss your lauwsuit unlzsss you have firstT prasented
your argunents t3 ,EPA accordiay to the precesures
descrioed below.~

1 f you Tthiak tnat EirA cCoes not neaed the daTta required

Sy *this lettar To deternine whether your prcguct causes
unrcasonapl2 advarse effects on tha enviroamsnt, you :ay
requast a8 waiver. Tho weiver reguest mustT be subuitred

«ithin 3C days c¢f your recgipt of this letter. The

sa2iver roquest musT Le submifttad in writing to the purson
specifiec at the ond of this letter. The waiver request
shculd sTate *the reascns why you conclude that each perticular
kind of gat2 is not needed., EPA will prowpgtly review ycur
request(s) ang inform you whether the waiver has ogcen yrantesd.

1+ ycu want t9 use, cr think that you should use, a Tust
nethodslsgy which co8s not satisfy the TestT stancards
specified in Sacticn Il of this letTer, ycu mady ask cA To
reviauw and approve that methodcloyy. The request must e
sybmitrtag in writing to the person specifisl at the end of
tais levtar, ,

Ia most cases, EPA will not granT an exTtensizn cf Tiue

+o subnit required data on the ground that ycu have raguesTed
Agency approval to chanye tThe required test nethodolo,uy.
Agecordiagly, you should submit the reguest as soon as
nossibtla.

If you want, or think that ycu will necd, more time to
procduce the required data than is allowed by £PA's scnecule,
yeu must subnmiT @ request for an extension of tTime. The
extznsion requestT rnusT e submitted in writing T3> The perscn
specifiad at the end of this letter. The extznsion regquesT
shculd state the reasons why you concluce that an extensicn
is acpropriate. "o extensions 4ill Le granted tasec on The
fact that the Agency is considering ycur reyguest for an
axtznsicn. Accordingly, you rnust ccntique TO work Jiligently
to reat the deadline for suomitting the required data shile
£7A consiZers your raquest.

2/ Tnis latter censtitutes "final A ency acTion”" Unless
7CE sSuzmitT a reguest for a waiver, a request for a
molification in the reguireg Test meThodoloyy, or 2
raquest for exvTsasion of time. If any such requesT has
ween subnitted, EFA's action with rejyarg TO The sucj2c¢T
rattzr ¢f the reguest cues no?t become final unTil The
“iency hes acTtss on Tthg rejuesT. Tne Ajency thinks thut &
uS2 The procuegures cescriced ia This '

e,

re4isTrant must

ss2tiza of the le*ter in orter to 2xnaust iTs ednitisTrative
rumacias,.

FE2880 | Mag
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VIie CONCLUSION

All responses to this notice should be submitted to:

ODirector, Special Pesticide Review Division (TS=79.)
Office of Pesticide Programs

U.S. Environmental Protection Agency

401 M St., S.W. Washington, 0.C. 20460

ATTN: 2,4-0 Project Manager
1f you have any questions regarding the requirements and
procedures established by this letter, please contact:
Kevin Keaney, Chief, Chemical Review Branch #2, (703) 557-7716.
Sincerely yours,
ii Ez N 6;2”’/’/ 2L _
Edwin L. Johnson .

Deputy Assistant Administrator
for Pesticide Programs

8€2680 | D1
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SUMMARY AND CONCLUSIONS

QUALITATIVE RISK ASSESSMENT
(2,4,5-Trichlorophenoxy)Acetic Acid (2,4,5-T)

(2,4,5-Trichlorophenoxy)acetic acid, widely known as 2,4,5—T.is used as a
vegetation growth regulator and herbicide. "Agent Orange," a defoliant used
‘extensively by the U.S. Army in Vietnam, is a mixture of equal amounts of
2,4,5-T and (2,4-dichlorophenoxy)acetic acid. In 1970, amid growing concern
about the'teéatogenic effecté of 2,4,5-T, the EPA cancelled the registration of
the compound for uses “around the home, recreation areas, and similar sites" and
"in crops intended for human consumption.” Before some uses were suspended in
1979, 1t was used primarily to clear vegetation along powerlines, highways,
;1pe11nes. and railroad rights-of-way, and on range, pasture, and forestlands.

The commercial preparation of 2,4,5-T contains 2,3,7,8-tetrach1orddibenzo
-p-dioxin (TCDD) as an unavoidable impurity present at a concentration of
approximately 0.05 ppm. TCDD is considered extremely toxic.

2,4,5-T is readily absorbed by several mammalian species, including man, and -
is excreted unchanged - mostly in urine.

The available information about the mutagenic activity of 2,4,5-T is
considered to be limited. 2,4,5-T is indicated to be a weak ﬁutagen in
Drosophila and, under acidic conditions, showed mutagenic effects in

Saccharomyces cerevisiae.

fests for the chronic carcinogenicity of 2,4,5-T were performed by several
investigators. Two studies were carried out with Sprague-Dawley rats, one by
the Dow Chemical Company (Kociba et al. 1979) and one by F. Leuschner (1979),
Laboratorium fur Pharmakologie und Toxikologie, Hamburg, Germany. The Dow.study

showed an increased incidence of carcinoma of the tongue in male rafs dosed with
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specially purified 2,4,5-T at 30 mg/kg/day. This incidence as reported by the
authors of the study, 1s marginally statistically significant (P = 0.063) when
compared to controls. In addition, there-wa§-a significant dose~-related linear
trend by the Cochran-Armitage test. When compared to historical controls, the

\ incidence of this tumor, as reported by the authors, is statistically

significant (P < 0.001); however, when the tongue tissues from this study were
reexamined by Dr. Squire, he found one additional tongue carcinoma in male ratS‘_\\
treated at the high dose with 2,4,5-T which increased the statistical .
significance to P = 0.025. 1In a recently completed study by F. Leuschner, an ™
increased incidence of interstitial cell tumors of the testes was observed when \\\\
compared with matched controls. However, this increase {s not staéistic;;{;\-\
significant when compared to historical controls. The results of the Kociba eth\\
al. study provide highly suggestive evidence of the carcinogenicity of

essentially pure 2,4,5-T.

In mice, two studies by Muranyi-Kovacs et al. (1976, 1977) and two studies
by-Innes et al. (1969) (Bionetics Laboratories 1968) have not provided positive
evidence of oncogenic effects of 2,4,5-T. However, several deficiencies in |
these studies make them inadequate to assess the lack of oncogenicity of
2,4,5-T.

In summary, the Dow stﬁdy in rats provides highly suggestive evidence of the
carcinogenicity of 2,4,5-T, while the Leuschner study showed only equivocal

results. The mouse studies were too insensitive to be considered valid negative

studies.

(2,4,5-Trichlorophenoxy)Propionic Acid (Silvex)

Silvex, 1ike 2,4,5-T, contains the highly toxic TCDD. Uses of silvex are
similar to those of 2,4,5-T. Chronic carcinogenicity studies have been

performed on mice and rats and a 2-year study has been conducted on dogs. Innes
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et al. (1969) (Bionetics Laboratories 1968) conducted two studies : :ing mice,
one oral and the other subcutaneous. Thése studies were found to be inadequate
t6 assass the carcinogeniciﬁy of -silvex.

Dow Chemical Company performed two feeding studies, a 2-year feeding study
on rats and a two year feeding study on dogs which were summarizéd by Mullison’
(1966) and Gehring and Betso (1978). These have been found to be inadequate to
rule out the carcinogenicity of silvex. ‘

2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD)

Probably one of the most toxic chemicals known to man is
2,3,7,8-tetrachlorodibenzo-p-dioxin. ‘-The major source of its environmental
contamination is from the pesticidal uses of 2,4,5-T, 2,4,5-trichlorophenol, and
silvex.

In small amounts, TCDD is a potent {nducer of iry1hydrocarbon hydrdxy1ase in
mammals. This is a complex enzyme system that consists of epoxidase,
epoxidehydratase, and glutathione transferase. The enzyme epoxidase is known to
mediate the formation of epoxides, which are potentially active carcinogenic
metabolites. TCDD can be mefabo]ized in mammaifan species via the epoxide to
dihydodiol and further conjugates with glutathione. Persistent residues of
TCDD were found in liver and fat in a 2-year feeding study in fats. Significant.-
covalent binding of TCDD tb protein has been demonstrated by two investigators.
Covalent binding of TCDD with DNA is less significant in liver cells.

Currently available studies on the mutagenicity of TCDD are inconclusive.

Two bacterial systems, Escherichia coli and Salmonella typhimurium (without

metabolic activation), exhibited positive mutagenic activity. However, in

another study of Salmonella typhimurium (with and without metabolic activation),

the results were negative.

f
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There are several.cancer bioassay studies of TCDD: 1) a Dow Chemical
Company (Kociba et al. 1978) study in male and female Sprague-Dawley (Spartan
substrain) rats; 2) the Van Miller et al. {1977) study in male Sprague-Dawley
rats; 3) the Toth et al. (1979) study fn Swiss mice; 4) the Natiqnal Cancer
Institute (1980a, b) studies in rats and mice; 5) the Pitot et al. (1980)
promotion study in rats; and 6) the Kouri et al. (1978)-cocar¢1nogen1c1ty study
in mice. .

_Thé study by the Dow Cﬁemica] Company of male and female Sprague-Daw]ey rats
fed TCOD 1n doses of 22 ppt, 210 ppt, and 2200 ppt revealed a highly
statistically significant excess incidence of hepatocellular carcinomas in
female rats at the highest dose level and hepatocellular carcinomas and

- hepatocellular hyperplastic nodules in female rats at the middle dose level, as
compared to the controls. In addition, there was a significant increase in
carcinomas of the hard pa1afe/nasa1 turbinates in both high dose males and
females, of the tongue in males, and of the lung in females. The Van Miller et
al. study also showed some evidence of a carcinogenic response in the 1iver and
Tungs of male Sprague-Dawley rats at dosages of 1000 and 5000 ppt, even though
the study used a relatively small number of animals. The Toth et al. study
provides suggestive evidence that TCDD induced an increased incidence of liver
tumors in male mice (females were not tested) receiving 0.7 ug/kg/week by
gavage. .

In the National Cancer Institute rat study (1980a), male and female
Osborne-Mendel rats were administered TCDD by gavage at three dose levels 0.01,
0.05,'and 0.5 ug/kg/week. TCDD induced statistically significant increases of
hepaioce11u1ar carcinomas, subcutaneous fibrosarcomas, and adrenal cortical
adenomas in high dose female rats. TCDD also induced significant increases in

thyroid tumors at low, middie, and high doses in male rats.



In a companion mouse study by the National Cancer Institute (1980a), male
and female B6C3F1 mice were givén TCDD by gavage at dose levels of 0.01, 0.05,
. and 0.5 ug/kg/week for males.and 0.04, 0.2, and 2.0 ug/kg/week for females.
TCDD induced statistically significant increased incidences of hepatocellular
carcinomas in the high dose males and females, and thyroid tumofs, subcutaneous
fibrosarcomas. and histiocytic lymphomas in females.

In a study by Pitot et al. (1980), TCDD has been shown to be a potent liver
cancer promoter. In a study by Kouri et al. (1978), TCOD has been shown to be a

cocarcinogen.

Epidemiologic Studies

Several epidemiologic studies have been conducted which are relevant to the
assessment of the carcinogenicity of 2,4,5-T, silvex, and TCDD. Two Swedish
epidemiological case-control studies (Hardell and Sandstrom 1979, Erikson et alﬂ
1979) reported a very strong association between soft tissue sarcomas and
occupational exposure to phenoxyacetic acid herbicides and/or chlpropheno1s.
These studies indicated approximately five to sevenfold increases in the risk of -
developing soft tissue sarcomas among people exposed to phenoxyacetic acids only
in comparison to people not exposed to these chemicals. Ancther Swedish
case-control study (Hardell et al. 1980) provides suggestive evidence of an
increased risk of developing lymphomas resulting from occupational exposure to
phenoxyacetic acids.

Two cohort studies, one by Axelson et al. (1980) and the other by Thiess and
Frentzel-Beyme (1977) provide suggestive evidence that phénoxyacetic acids
and/or TCDD increases the risk of stomach cancer in humans.

Four other cohort studie; by Ott et al. (1980), Riihihaki et al. (1978),
Zack and Suskind (1980), and Cook et al. (1980) did not indicate an increased
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risk of stomach cancer, but three of these studies were of relatively low

statistical power; and the fourth (Rifhimaki et al. 1977) has certain
inconsistencies requiring clarification.

In summary, carcinogenic responses have been induced in micé and rats at
very low doses of TCDD. In addition, TCOD has been shown to be a potent cancer
promoter. These results, together with the strongly suggestive evidence in
epidemiologic studies, constitute substantial evidence that TCOD is 1ikely to be
a human caﬁcinoéen. In addition, on the basis of the Dow study on TCDD, it
appears that TCDD is a more ﬁotent carcinogen than aflatoxin By which is one .
of the most potent carcinogens known. The levels of TCDD (contained as a
contaminant of the 2,4,5-T) used in the 2,4,5-T studies apparently were too
small to produce an observable response in those experiments. The lack of a
statistically significant tumor incidence in most of the studies on the 2,4,5-T
product may be attributed both to the very low 1e§e1s of TCDD in the product
relative to the levels at which it produces observable carcinogenic effects in
rats and mice, as well as to the deficiencies of those studies. However, since
TCDD 1s a carcinogen, any product'containing TCDD, including 2,4,5-T and si1vex.'
can be considered to pose a human carcinogenic hazard. In addition, a rat study
on specially purified 2,4,5-T provides highly suggestive evidence that

essentially pure 2,4,5-T may be a human carcinogen.

QUANTITATIVE RISK ASSESSMENT OF 2,4,5-T, SILVEX AND TCDD

A quantitative assessment has been caiculated for the carcinogenic risk
posed to humans by the use of the herbicides 2,4,5-T and silvex. While there is
'nd.eVidence for carcinogenicity of silvex, the evidence for 2,4,5-T is highly
suggestive, and that for the contaminant TCDD is substantial. = Furthermore,

TCDD is highly carcinogenic to animals.
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The assessment of risk from TCDD exposure covers only the herbicidg
applicators and dietary exposure to beef, milk, deer, and elk. For unprotected
workers, the upper limits of 11fet1mé risk of induced tancers are in many tases
as high as or in the 10#3 range. For the general population exﬁosed to beef
contaminated with TCDD, the upper 1imit of risk for the estimated exposure fis
g:4 x 10°5. For local populations consuming only beef which is contaminated

-with TCDD, the risk is much greater, as high as 1.9 x 10-4 for the estimated
exposure. For local populations consuming only milk and other'&ainy products
which are contaminated with TCDD, the risk 1s 4.7 x 10-4. For deer and elk
meat contaminated with TCDD, risks to the local popuIatidn are no greater than
10-4 fo; 12 meals a year.

The upper T1imit of dietary risk associated with estimated exposures to
2,4,5-T in contaminated rice and milk were in the 10-7 range for a high
consumer eating dn1y contaminated rice or an average consumer drinking only

contaminated milk.
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DOSE LEVELS OF 2,4-D IN FOREST WORKERS

J. C. Ramsey, F. A. Smith, T. L. Lavy}

C. N. Park, and Ww. H. Braun
ABSTRACT

The dose level of 2,4-D absorbed by forest workers during
the helicopter application of 2,4-D sprays has been deter-
mined. Three crews, each comprised of 6 workers, were
engaged in 2 applications of ESTERON* 99*C herbicide.
During the first application the workers used normal
clothing and work practices. During the second applica-
tion they were instrﬁcted to usé more stringent protective
measures to minimize exposure. Measurements of airborne

2,4-D during the spray applications revealed that the

respiratory route contributes an insignificant proportion of

the total potential for exposure. Total daily urine samples

were collected from each worker on ﬁhe spray application
days and for 5 days thereafter. Analysis of total urinary

2,4-D provided reliable estimates of the total amount of

2,4-D absorbed. Fourteen of the 36 exposures did not reveal

detectable quantitiés of urinary 2,4-D. Of the 22 exposures

with detectable quantities of urinary 2,4-D, the maximum

dose level was only 0.0557 mg/kg and the lowest was 0.00038

*Trademark of The Dow Chemical Company.
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mg/kg. Those workers remote from the operations (super-
visors and observers) received even lower dose levels than

did those in closer contact with the sprays (pilots, mechanics,
and batchmen). The low dose levels observed following spray
operations using customary precautions (first application)

were reduced following spray operations using more stringent
precautions (second application). Computer simulation of

predicted body burden of 2,4-D upon repeated daily exposures

LLEIEI MOA

demonstrated a maximum accumulation of only seven- tenths of
the daily dose. In conclusion, the very low exposure
potential demonstrated by this study, coupled with the low

toxicity of 2,4-D,'supports the continued registration and

use of 2,4-D herbicides.
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INTRODUCTION

A reliable assessment of the potential risk to workers

during pesticide»applications in the field is dependent on
accurate knowledge of the quantity of the pesticide absorbed
inis-the body. This report concerns measurements of the
amount of 2,4-D absorbed by applicators of 2,4-D formulations

in the forest.

8L€£969 mOQ

EXPERIMENTAL

In an e#periﬁeﬁt éonducted by T. L. Lavy (1) eighteen different
workers were each engaged in 2 separate forest applicafions

of 2,4-D formulations (ESTERON 99C applied by helicopter at a
rate of approximately 2 lb. acid equivalents per acre). 1In
the first application (Tl) all personnel followed normal

work practices, followed label directioﬁs, and operated in
compliance with regqulatory requirements. During the second
application (T2), in addition to the foregoing procedures,

the workers all wore protective clothing (disposable coveralls,
chemically impervious gloves and boots, and clean hats), |
were instructed to wash before rest stops and meals, and

were instructed in further good hygiene practices by research

personnel in the field}

7 8220

Deviations from prescribed o; ._.iating conditions are noted in
the report by Lavy (1).
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The applicators consisted of 3 crews of 6 persons each. Each
crew was comprised of 1 helicopter pilot, 1 mechanic, 1
batchman-loader, 1 supervisor, and 2 observers. The members
of crew number 1 were employees of Weyerhauser Company, and
crews number 2 and 3 were comprised of commercial applicators.
Details of the applicator personnel and specific operating

conditions are given in the report by T. L. Lavy (1).

Three indicators of worker exposure to 2,4-D were monitored:

analysis of ambient air concentration of 2,4-D esters;

‘analysis of patch samples attached to the workers clothing'

for 2,4-D esters; and analysis of total voided urine samples

for 2,4-D and 2,4-b conjugates. The analytical methods and

their validation are fully discussed in the report by Lavy.

RESULTS AND DISCUSSION

62£969MOd

Airborne 2,4-D. Only one of the 36 personnel air monitors showed

a detectable level of 2,4-D esters, and since this airborne
concentration could account for no more than 1% of the 2,4-D
excreted in the urine of this worker (No. 33, Tl) it was
concluded that the inhalation route of exposure was negligible

under these conditions. None of the 10 air monitors placed

- 0G040oL
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near the.batch trucks at the heliports revealed detectable
levels of 2,4-D esters. Only 2 of the 5 air monitors placed
directly in the spray areas revealed detectable concentrations
of 2,4-D esters (equivalent to 0.033 and 0.167 ug 2,4-D per
liter of air). Further corroboration of the negligible
exposure hazard to phenoxy herbicides via the airborne route
is.given by similar results following both aerial and ground .

application of 2,4,5~-T sprays in the forest (8).

08g9ggMOad

Patch Sample 2,4-D. Widely varying quantities of 2,4-D were

detected on_the various patch samples. But the éoor correla-
tion between the estimated quantity of 2,4-D absorbed based

on these data, and the amount excreted in the urine (see
following section) shows that this indirect method of estimating
the absorbed dose has little wvalidity. 1In a similar study

with 2,4,5-T spray applications in the forest, patch samples
were shown to be inadequate indicators of the amount of

2,4,5-T actually absorbed (8).

Urinary 2,4-D. The analysis of total urinéry 2,4-D (on a

daily basis) on the application day and for 5 days thereafter
showed detectable quantities of 2,4~D for 22 of the 36 exposures
comprising the study. The total quantity of urinary 2,4-D

excreted on the application day and for 5 days thereafter

2224
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was divided by the individual worker's body.weight to yield
an estimate of the absorbed dose in mg 2,4-D per kg body
weight (mg/kg). These data for each worker are shown in
Table 1 which is a condensation of the same data presented

by Lavy (1).

The dose levels thus reported are believed to be reliable-

and realistic estimates of the total absorbed dose of 2,4-D

T8€969MmOQA

for the following reasons:

Pharmacokinetic studies with 2,4-D in rats (2) have shown
that orally ingested or intravenously administered 2,4-D is
excreted primarily in the urine by a first order process:
with a half-life of approximately 2 hours. Thus, the rapid
and efficient urinary excretion of 2,4-D appears to be
eésentially independent of the route of administration.
Further studies (3) have shown that the PGBE esters of 2,4-D
applied to the skin of rats are absorbed through the skin at
a first order rate with a half-life of about 20 hours, and

are then rapidly excreted as 2,4-D acid in the urine.

In human volunteers (4) given an oral dose of 5 mg 2,4-D per

kg, virtually the entire dose (greater than 95%) was excreted

8225
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in the urine as 2,3-D and 2,4-D conjugates by a first order
process with an average half-life of approximately 1l

hours%

The foregoing data demonstrate that urine is indeed the major
excretory route for 2,4-D in both rats and humans, and that
urinary excretion is an g;ficient'process that can be described
by first order kinetics at non-saturating dose levels (i.e.,
below aéproximately 50 mg 2,4~-D per kg (2)). Therefore, the
measurement of total urinary 2,4-D and its conjugates during
the spray application day and for 5 days thereafter (as

reported in Table 1 and Reference 1) is considered to be a

- realistic approximation of the total quantity of 2,4-D

absorbed.

Further support for the reliability of urinary 2,4-D measure-
ments in estimating the absorbed dose is derived from compari-
son with another closely related phenoxyacetic acid herbicide,
2,4,5-T. This compound is also excreted almost exclusively
in the urine of rats, dogs and humans (5,6,7) by a first
order process that is apparently independent of the route of

exposure. And the PGBE esters of 2,4,5-T (10), like the PGBE

1l

¢8£969 MOd

Sauerhoff et al. (4) calculated the half-life for urinary excre-

tion of unconjugated 2,4-D as 17.7 hours. However, the inclusion

of urinary conjugates of 2,4-D with these data (subjects no. 1,

2 and 3, reference 4) indicate an average half-life of approxi-
Bacely 11 hours for the excretion of both conjugated and uncon-

jugated 2,4-D.
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esters of 2,4-D (3), are absorbed relatively slowly through

the skin of rats and then efficiently excreted in the urine

as the corresponding phenoxy acid.

Urinary 2,4,5-T has been shown to be a reliable indicator of
the quantity of 2,4,5-T absorbed by forestry workers during
application of 2,4,5-T sprays (8,9). 1In thét study, urinary

concentrations of 2,4,5-T were measurable for several days

following the spray application in scme of the workers, which

enabled determination of the pharmacokinetic model parameters

€8€963 MOQ

for the dermal absorption and urinary excretion of 2,4,5-T (9).

Thus, the half-life for dermal absorption of 2,4,5-T esters

in humans was shown to be approximately 18 hours.

In contrast to the 2,4,5-T study cited above, the levels of
urinary 2,4-D in the present study could not be measured for
a sufficient length of time (because the exposure levels
were so low that the concentration of urinary 2,4-D was
often below the analytical detection limit) to allow direct
determination of the first order rate constant for the

dermal absorption of 2,4-D esters in these workers. However,

because of the close similarity between the pharmacokinetic

profiles of 2,4-D and 2,4,5-T, the rate of dermal absorption

of 2,4-D esters in humans may be similar to that for 2,4,5-T

esters. This assumption is supported by the observation

)
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that the half-life values for the dermal absorption of the
PGBE esters of 2,4~D and 2,4,5-T in rats are similar, approxi-

mately 20 hours and 24 hours, respectively (3,10).

In order to calculate . the pharmacokinetic fate of dermally
absorbed 2,4-D in humans, numerical values for the rate
constants of absorption and elimination are required. Based

on the considerations above, the dermal absorption rate

¥8€969 MOa

constant of 2,4-D esters in humans was assigned the same
value as that for 2,4,5-T esters (half-life = 18 hours) (9).
The urinary excretion rate constant of 2,4-D and conjugates
was assigned the value previously determined in a human
study (half-life = 11 hours) (4). These values then allowed
the calculation of the amount of dermally absorbed 2,4-D
that is excreted ;n the urine at any time following exposure
(9). This calculation reveals that approximately 99% of a
dermally absorbed-dose of 2,4-D esters would be excreted in
the urine as 2,4-D and conjugates during the exposure day

and for 5 days thereafter.

These values for the rate constants were also used to obtain
a computer simulation of the body concentration of 2,4-D
that would result from repeated daily dermal exposures to
2,4-D esters. The resulfs of this prediction are shown in

Figure 1 in which the body burden of 2,4-D is given .in units
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of the dose that has been absorbed thru the skin. This
simulation shows that the maximum body burden attained would
be.approximately 0.7 times the daily dose. 1In other words,
if a dose of 0.050 mg 2,4-D per kg were absorbed through the
skin each day the maximum concentration attained in the body
after repeated daily exposures would be only 0.035.mg/kg.
This biocaccumulation facfor is less than might be expected

(as calculated based on 1 dose per day) because the absorp-

GBE9E9 MOA

tion rate constant in the pharmacckinetic model is less than
the elimination rate constant (i.e., a flip-flop model).
Furthermore, the simulation shows that over 90% of this

maximum concentration would be reached after 4 daily exposures.

The quantitative precision of this prediction is limited by
the underlying assumptions. However it is apparenﬁ that,

as long as 2,4-D is not absorbed at saturating dose levels
(orally administered dosgs of 5 mg 2,4-D/kg in humans show
no evidence of saturation (4)),'eveﬁ repeated exposures to
2,4-D will not fesult in continually increasing accumulation

in the body.

Exgésure Comparisons. Based on the absorbed dose levels

reported in Table 1, the following comparisons concern

possible differences in exposure to applicators based on

. 8229
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usual (T1l) versus more stringent (T2) application procedures,
possible differences between application crews, and different

job descriptions within all 3 crews.

Even though the dose levels received by the workers operating
under usual conditions (Tl)'ﬁere vefy low, there was never-
theless a slight but statistically significant reduction

(p<0.05, two-tailed Wilcoxon matched-pairs signed-rank test)

98£969M00

in the dose levels received by these same workers when
utilizing protective clothing (T2). Of the fifteen expo-
sures in whiéh.urinary 2,4-D was detected in one or the
other treatment (i.e., either Tl or T2), 1l exhibited a
decrease in dose level during the second exposure (T2)

whereas 4 showed an increase in urinary 2,4-D.

2among the 3 different crews, there was no statistically

significant difference in dose levels when compared by a
nonparametric analysis of variance.; However a nonparametric

t-test revealed that the workers of crew 1 received a significantly

lower dose than did the workers of crew 3 (p<0.05).

As would be expected, those workers in closer contact with
the sprays (pilots, mechanics, and batchmen) received a

significantly greater dose level than did the workers more

8230
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remote (supervisors and observers) when compared by a non-
parametric.analysis of variance (p<0.05). A similar correla-
tion between close contact with the spray mixtures and

absorbed dose level was observed with crews applying 2,4,5-T

sprays in the forest (9).

In conclusion, forest workers engaged in the aerial applica-

tion of 2,4-D absorbed minimal quantities of 2,4-D based on

L8€969MOA

total urinary excretion data. Of the 36 total exposures
comprising this study, 14 did not result in detectable concen-
trations of urinary 2,4-D. Of the 22 exposures yielding

detectable concentrations of urinary 2,4-D, the maximum dose

level was only 0.0557 mg/kg, while the lowest was 0.00038 mg/kg.

Repeated daily exposures to 2,4;D formulations are not

expected to result in continually increasing accumulation
in the body. The very low exposure potential demonstrated
by this study, coupled with the low toxicity of 2,4-D, !
supports the continued registration and use of this herbicide.
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*From T. L. Lavy (1), Table 21, p. 48.

2,4-D in urine.

TABLE 1
ABSORBED DOSE OF 2,4-D IN FOREST WORKERS
ESTIMATED FROM URINARY EXCRETION OF 2,4-~D*
mg 2,4-D/kg Body Weight**
Ordinary Special
Precautions Precautions
CREW 1 - Pilot 0.00179 nd
Mechanic 0.00044 nd
Batchman 0.00215 0.00053
Supervisor nd 0.00038
Observer nd 0.00056
Observer 0.00055 nd
CREW 2 - Pilot 0.0557 0.0237
Mechanic 0.00232 0.00516
Batchman 0.0189 0.0196
Supervisor nd nd
Observer - nd - nd
Observer nd nd
CREW 3 - Pilot 0.00206 0.00192
Mechanic 0.0136 0.00388
Batchman 0.0377 0.0219
Supervisor 0.00692 nd
Observer 0.0011 nd
Observer 0.0013 nd

**nd = not detectable at a detection limit of 0.04 Ppm
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Multiple Exposures

Single Exposure
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No. of Exposures = No. of Days

Simulated body burden of 2,4-D in humans after a single dermal exposure

and after repeated (daily) dermal exposures. The body burden is expressed

in units of the dose level applied to the skin (Dy). - Digital computer simula-
tion based on assumptions described in the text.
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Information q W 985.8%€3
E-63
For Immediate Release
1l

Subject: 2,4-D TESTS

OTTAWA, October 23, 1980 -=- Agriculture Minister Eugene Whelan
today announced that tests conducted by Agriculture Canada have
identified previously unrecognized contaminants in some samples of
the herbicide 2,4-D. '

Scientists in Agriculture Canada's Food Production and
Inspection Branch, using state-of-the-art technology, have found
that some 2,4-D products contain dioxin contaminants.

It has generally been believed that 2,4-D products are
dioxin-free. The majority of world tests have focussed on what is
recognized to be the most acutely toxic member of the dioxin
family, the 2,3,7,8-TCDD isomer. This dioxin has never been
icdentified in 2,4-D.

The intensive Agriculture Canada tests just completed
have again confirmed the absence of 2,3,7,8-TCDD in 2,4-D.
Other dioxin contaminants were, however, identified in some 2,4-D
products, while no dioxin contamination was detected in other 2,4-D
‘samples tested. '

_ "We are now assessing these results in concert with
officials in Health and Welfare Canada who work in co-operation
with us in pesticide regulation.

"A decision on how our new findings will affect the
permitted uses of 2,4-D will be made before the 1981 growing
season,” Mr. Whelan said.

The herbicide 2,4-D is used to control broad-leaf weeds
-in everything from lawns to cereal fields. About eight million
pounds of 2,4-D is used in Canada each year. This represents about

25 per cent of total herbi-’ ‘2 use.
oo vee 24
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highly-sophisticated testing equipment did not exist. The

- -2 - E-63
*"These findings clearly identify dioxin contaminants in
some, but not all, 2,4-D samples examined. Work is continuing to
gain a broader and more detailed understanding of these new
findings."

"When some pesticide products were registered, today's

investment my department has made in high-priced laboratory
equipment and in highly-trained scientists is paying off with
results like these.

*My main concern is about the safety of all pesticide
products used in Canada.

"I can guarantee the public that Agriculture Canada will
continue to work hard in keeping agricultural chemicals under
constant review and to provide answers to concerns that may arise
as a result of the review process," Mr. Whelan said.

- 30 -

For more information, media may contact:

Wayne Ormrod

Associate Director

Pesticides Section

Food Production & Inspection Branch
Agriculture Canada

Ottawa, KlA 0C6

Telephone: (613) 995-5880 -

CC07315
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CBC "Radio Noon" QOctober 27, 1980 12:16 to 12:20 p.m.
Prof Steve Safe, U of Guelph, Re Dioxin levels in 24-D and 245-T (4 minutes)

Professor Steve Safe says dioxin found by Agriculture Canada in 24-D samples is

" relatively non-toxic. Late last week A. D. St. Clair, President of the Canadian

Agriculturai Chemicais Association, said he was pleased the Federal test of 24-D

showed none of the highly-toxic dioxin found in the banned herbicide 245-T. Dr.

Safe explains the .d-ifference between that lethal form of dioxin-and the type of

dioxin> found in 24-D.

SS

SS

- . by-product turns out to be the most toxic dioxin in the whole series.

. There are n;a.jor differences. It turns out with 245-T, the expected

There are a number of different dioxins. With 24-D the expected by-
products which have been identified are relatively non-toxic and it

turns out it's because of the starting material -~ in one case it's

24 Diploréfino.; in the other case it's 245 Trichlorofino. So we tend

to get lower chiorinated dioxins because of their structure. They're
much less toxic, aithough certainly more work has to be done on them,

and in addition they're probably much less persistent.

When you say less toxic, is there some kind of an example you could use

to compare them to that very seriously toxic dioxin?

Well, the easiest example is that in a'nil case where they've been studied,

and they haven't been studfed in deiail, but the major one, | think,

is the 27 Dichloral dioxin, and there's no data as farras | know in

the literature indicating that it's a toxic chemical; It is relatively non-
£

toxic. It's, | would expect or predict, several orders of magnitude

less toxic, and certainly much less because it would be expected to -

8240 0007i1<
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be broken down pretty quickly in the environment.

It would seem that if dioxin, including the either lethal ones or the relatively c

safe ones occur in the manufacturing processes of some of these herbicides,

that we should ask some questions about how they do occur and how we
can be assured that minimal amounts will be there when they are manu-

factured.

 Yeah, | think the fact that the dioxins have been isolated is important.

They werevnot isolated in comperable preparations, in all pfeparations,
or in many preparations from Europe, and they were looked for by good
pecple before. | think they can be made to minimize or eliminate those
dioxins, and it does turn out that the dioxins that have been identified
and that you would predict would be present are relatively non-toxic.

So the 24-D, luckily, we went out.

Since they are relatively innocuous in 24-D, why then is the Federal

Government doing these sample tests?

Well, | think they're doing the tests because they're as sensitized as
everyone else is to dioxins, and 1 think, | have a feeling, and | know
some of the people tt‘wt are doing the work, and | think t.he government
wants to know. They want to know,_ and, if necessary, advise the
companies and perhaps advise the public, and perhaps it can be
changed. | think there are methods to produce 24-D,to eliminate or

almost eliminate the dioxin by-products.
3

Steve Safe, Professor of Bioc'herr";ry at the University of Guelph.
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WAYNE ORMEROD DQGES NOT MENTION RATES“OF TOXICITY IN HIS PRESS.

RELEASE. " IF ASKED ABOUT TOXICITY;'HE INTENDS TO REPLY AS
- "FOLLOWS

1.° IN CONJUNCTION WITH THE HEALTH PROTECTION BRANCH OF THE ﬂé

DEPT. 'OF HEALTH AND HELFARE;'TRE DIOXINS IDENTIFIED AS BEING IN SOME

| 2,4-D PRODUCTS ARE NOT THE HIGHLY TOXIC 2,3,7,8 TCDD ASSOCIATED . '
ONLY WITH 2,4.5-T." ' | 'éf
- L
2. THERE ARE THREE TYPES OF DIOXINS THAT HAVE BEEN IDENTIFIED. 2
| THESE ARE THE DIPOLYCHLORINATED DIBENZOPARADIOXINS (PCDD), 'THE %f
-2, TRI_PCDD'S AND THE TETRA PCOD'S.: C e - o
| ﬁ | o e
3.° ACUTE TOXICITY TESTS FROM PUBLISHED TOX1COLOGICAL INFORMATION S
INDICATES THAT THE DIDI-ISOMERS OF PCDD ARE 3
ONE MILLION FOLD LESS TOXIC THAN 2,3.7.8 TCDD,! -
" 4. AGUTE TOXICITY TESTS OF THE TETRA ISOMERS OF PCOD INDICATES lﬁgi
* ' THAT THEY ARE 30,000 TIMES LESS TOXIC THAN 2,3,7.8 TCDD. - i
. 8.° ACUTE TOXICITY TESTS OF THE TRI ISOMERS OF PCDD ARE 15,000 i?;
. TIMES LESS ToxIic THAN 2,3.7.8 TCOD. o

8243

PLEASE NOTE NUMBER THREE:ZLINE TWQ, :SHOULD READ DI-ISOMERS."
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E - G John F. Hell
=N National Forest Vice Present,
BE-. ?ﬁm Products A clatlon . Resource sng Environment

Forest industries Building 1619 Massachusetts Avenue. N.W.
washington. D.C. 20038 e 202/797-5858

November 14, 1980

Mr. Edwin L. Johnson
Deputy Assistant Administrator
for Pesticide Programs
Environmental Protection Agency
401 M Street, S.W.
Washington, DC 20460 1

Dear EAQ4:

The National Forest Products Association submits the attached
research report entitled "Determination of 2,4-D Exposure Received
by Forestry Applicators, Spring 1980" for EPA use in its Forest
Chemicals Use Project and in onse to EPA's FIF

c)(2 i onnection w 2.4-D registrati « This
study was conducted with the cooperation and assistance of the Dow
Chemical Company and the enclosed report includes a Dow paper
entitled "Dose Levels of 2,4-D in Forest Workers."

This study confirms that forest workers absorb only low doses
of 2,4-D during aerial application iof this herbicide. Resulting
safety factors for exposed workers are substantial -- ranging from
1,212 to 48,980 in relation to the Scientific Advisory Panel's 500

m for reproductive toxicity -- even without special pre-
cautions during the loading and application process. The study
also indicates that still lower exposure and larger safety factors
can be achieved when special precautionary measures are taken
includlng applicator use of disposable coveralls, cghemically

impervious gloves and boots, and strict persgnal_hyglgnxa

Safety factors, under these special circumstances,
range from 1,714 to 266,667.

-The study is similar to NFPA's "Measurement of 2,4,5-T
Exposure of Forest Workers"™ submitted to EPA in February, 1979.
You may recall that NFPA's February 14, 1979 cover letter accom-
panying the 2,4,5-T study proposed a follow-up investigation which
would have examzned the effects of added precautlons during the
2,4,5-T application process.
of 2,4 5-T for the post-suspension experiment, NFPA elected to
conduct the follow-up study using 2,4-D.

The enclosed study, like its predecessor study, was conducted
2y T.L. Lavy, Ph.D. of the Altheimer Laboratory, University of
Arkansas. The protocol for this §;g§g, developed by Dr. Lavy and
a committee o ores as_submitted to EP3
for review and comment before the study was undertaken. NFPA is
grateful for the assistance rendered by EPA personnel and found
that their comments substantially contributed to a better research

project.

£671890M00
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NFPA would welcome more extensive EPA involvement in future
research activities of this sort. The forest industry believes
that cooperative scientific effort involving both the regulatory
agency and the regulated public is a more fruitful way_o§
resolving the controversies that arise concerning pesticide use
than the adversarial proceedings which have marked the history of

pesticide regulation.

I. GENERAL STUDY DESCRIPTION

A.

Crews

The enclosed exposure study investigates the dose
level of 2,4-D absorbed by forest workers as a, con-
sequence of the helicopter application of 2,4-D
sprays. ree s rews , each ix

workers, participated in the .study. Each crew con-
sisted of a pilot, a mechanic, a batchman-loader, a

s est observers. Observers were
included in the study to enable measurement of wha-
tever 2,4-D dose is received by individuals not .
involved in the spray application but who are proxi-
mate to the spray site. :

Each of the three helicopter crews participated in
two different application tests. 1In the first test,
designated Tl, measurements were taken on crew mem-
bers performing their duties in the customary
manner using ordinary application precautions. Crew
members were instructed to dress and to perform their
duties in a normal fashion. The second test,
designated T2, was conducted following conclusion of
Tl. During T2, the workers are outfitted with spe-
cial protective clothing including disposable )
coveralls, chemically impervious gloves and boots,
and clean hats. In addition, crew members were
instructed to wash before rest stops and meals and
were instructed to observe other stringent hygienic
practices by research personnel in the field.

Location

Three different spray locations were selected for
these studies, so as to represent the range of site
conditions encountered_in Pacific Northwest forestry.
Crew 1 operated near Raymond, Washington in a forest
site typical of the moderately steep slopes of the
Washington Coast Range. Crew 2 operated near
Gardiner, Oregon, in an area representative of the
highly dissected topography of the Oregon Coast
Range. Crew 3, operated near Cottage Grove,

Oregon in the western foothills of the Oregon Cascade

Range.

86Z1830M00
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Two sites within 10 miles of each other at_each

eographic location were chosen for Tl and T2 treat-
ments wWwith_2Z,4-D. Each site consisted of approxi-
mately 100 acres of Douglas-Fir which required release
from competing vegetation.

TEST METHODS )

Lavy, et al. used three methods to estimate crew exposure

to 2,4-D: (1) air samples, (2) denim patches, and (3) .. ©
urine samples. The detailed analytical tesults for each o
test method appear in tables 10 (air monitors), 14A-14B =
(patches), and 16A-18B (urinalysis). Analysis of those -
data, confirm Lavy et al.'s findings in the 2,4,5-T %
Exposure Study, that (1) airborne 2,4-D is an insignificant o)
exposures avenue for forest workers and (2) that patgh -—
data is not a reliable means of estimating absorbed -gose. N
These data also confirm that measurement of urinary 2,4-D ©
content is the most reliable means of estimating absorbed w
dosages. Accordingly, only the urinanalysis data are
discussed below.
RESULTS
Table 21, reproduced in modified fashion below, sum-
marizes the estimated maximum initial dose received
by each crew member for both Tl (reqular precautions)
. and T2 (special precautions) utilizing measurements of
total urinary 2,4-D.
ABSORBED DOSE OF 2,4-D IN FOREST WORKERS
ESTIMATED FROM URINARY EXCRETION OF 2,4-D
— mg 2,4-D/kg Body Weight
Ordinary Special
Precautions - Precautions
CREW 1 - Pilot 0.00179 ' nd*
Mechanic 0.00044 nd
Batchman 0.002158 0.00083
Supervisor nd 0.00038
Observer nd 0.00056
Observer 0.00055 nd
CREW 2 - Pilot 0.0557 _ 0.0237
' Mechanic 0.00232 . 0.00516
Batchman 0.0189 0.0196
Supervisor nd - nd
Observer nd nd
Observer nd nd -
CREW 3 - Pilot 0.00206 0.00192 8250
Mechanic 0.0136 0.00388
Batchman 0.0377 0.0219
Supervisor 0.006?2 ng 0o
Observer 0.001 n ¢d2
Observer 0.0013 nd 00477

*nd = not detectable at a detection limit of 0.04 ppm
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Fourteen of the thirty-six exposures did not result
in detectable quantities of urinary 2,4-D. Of the 22
exposures with detectable quantities, the dose level
ranged from 0.00038 mg/kg (T2) to a max imum level of
0.0557 mg/kg (Tl).

Although the dose levels received by crew'members
employing usual precautions in Tl were quite low, the
same workers generally experienced a statistically
significant reduction in dose, or none at all, when
utilizing special precautions in T2. Six workers who
received some dose in Tl received no dose in T2. Of
the fifteen crew members who received some dose in Tl
or T2, eleven exhibited a decreased dose during T2.
Four crew members, however, showed an increased dose
during T2.

As might be expected, intuitively, those crew members
with the higher values were most intimately connected
with the spray operation. Pilots, mechanics, and
batchman received a significantly greater dose level
than supervisors and observers who were more removed
from the spray operation. Since this latter obser-
vation confirms a similar conclusion drawn by Lavy
et al. in the 2,4,5-T Exposure Study, one can con-
fidently conclude that spray crew dose levels repre-
sent a worst-case situation and that "involuntary"
exposure opportunities for the general population
diminish as a function of distance from the actual
spray operation.

......

Safety Factors

Although EPA has sought some additional toxicological
information concerning 2,4-D through a section 3(c)(2)(B)
notice, general agreement in the scientific community
already exists on a no-observable effect level for 2,4-D
reproductive toxicity. .EPA's April 22, 1980 *"2,4-D Fact
Sheet® accompanying the Agency's announcement of its
3(c)(2)(B) actions acknowledged that “"almost all animal
tests conducted on the potential reproductive effects of
2,4-D show that . . . there is a no-effect level for
injury to the fetus (fetotoxicity) from 2,4-D." Fact
Sheet, Section II. 4. The Fact Sheet alsoc stated that
“based on the NOELs in the animal studies, EPA estimates
that the level of exposure in a "worst case" situation
(e.g. a person standing directly under a spray plane)
would be 500-1,000 times less than the dose level that
might cause an effect." Fact Sheet, Section IV, B.3.

These conclusions were confirmed by the FIFRA Scientific
Advisory Panel's review of 2,4-D literature to determine
what further tests EPA should require pursuant to its
Section 3(c)(2)(B) authority. The SAP unanimously

00¢1830M00



-5~

concluded that, “In our opinion 500 ppm should be con-
sidered as a no observed effect level (NOEL) .for repro-
ductive toxicity in rats-exposed to 2,4-D and should be
used in estimating the potential reproductive toxicity to

- ' 2,4-D to humans exposed to this compound."” Scientific
Advisory Panel Report at 4.

The.table, belgw, qisplays the safety factors for crew member Eg
by job classification using the SAP's 500 ppm NOEL converted -
to mg 2,4-D per kg body weight* o
SAFETY FACTORS - gg
BY JOB CLASSIFICATION . P
Estimated Average SAP NOEL For Safety Factor 2 :
Initia} Dose of 2,4-D Reproductive
in mg/kg Toxicity v
T1_ T2 - T1 T2
Pilots L0198 .00854 24 mg/kg* 1,212 2,810
Mechanics .00545 .00301 24 mg/kg 4,404 7,973
Batchmen .0198 «0140 24 mg/kg 1,212 1,714
Supervisors .00231 .00013 . 24 mg/kg 10,390 184,615
_Observers ~ .00049  .00009 24 mg/kg 48,980 266,667

Tl (ordinary precautions) safety factors for crewmen ranged
from 1,212 to 48,980. Pilots, mechanics, and batchmen who
received the highest 2,4-D doses have ample margins of safety
even in Tl when ordinary safety precautions were observed.
Supervisors' and observers' safety factors were so large in Tl
(10,390-48,980), that further improvement could only be of
academic interest.

In T2, the already substantial safety factors found in Tl
were further improved and ranged from 1,714 to 266,667.

It appears then, that the 500-1000 fold "worst case" safety
margins announced by EPA in Section IV B.3. of its April 22,
1980 2,4-D Fact Sheet, are gquite conservative. The Exposure
Study clearly demonstrates that actual field applications
without extraordinary precautions (i.e. Tl), can substan-
tially exceed the 500 to 1000 fold safety margins EPA found
adequate in its April 22 document. Although crew safety
factors were substantially improved by the special pre-

2592
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¥ The SAP's 500 ppm NOEL for 2,4-D reproductive toxicity was con-
verted to 24 mg 2,4-D per kg body weight as follows:

S00 ug/g 2,4-D in feed X 12g feed/day = 6000 ug or
6 mg 2,4-D dose per day.

0003479

6 mg 2,4-D per day « 24 mg 2.4-D/ka/day
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cautions observed in T2, there seems to be 1li int in

adopting the T2 special precautions day-to-day field opexa-

tions since the safety margins in Tl were already
substantial.
E——————e

The National Forest Products Association would be pleased to
discuss both the methodolegy and results of the 2,4-D Exposure
Study with EPA representatives. In addition, NFPA would be
pleased to furnish EPA with an aliquot of the remaining urine
samples so that the Agency can run confirmatory analyses.

As always, we remain committed to providing EPA with useful
information about forest use chemicals. We believe that the
enclosed exposure study significantly advances the currgnt state
of knowledge concerning forest worker exposure to 2,4-D following
aerial application of that herbicide. NFPA hopes that EPA will
increase its level of participation with the forest industry in
these dispassionate scientific inquiries so that future regulatory
decisions about forest chemicals can be based on the best infor-
mation available.

20c1890M0OQ

Respectfully submitted,

AL

John F. Hall
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oxrcs law could sttmulate movahon RERR

Lmere T

. by the chemiical industry as a hindrance to innovation,
" may, in fact, stimulate the development of new and

*":=). “safer chemicals. So finds a study prepared for EPA by -

. -Massachusetts Institute of Technology’s Center for -

~the impact of the law is not predictable, the agency
-.can do much to thwart any negative effects. Among

% generic premanufacturing notifications for selected

k \ plement this report, EPA has begun a three—year study
iz analyzmg innovation in the chemical industry. The MIT
report can be obtamed from EPA’s Industry Assxs- .

'can be destroyed safely by bummg them in hngh-efh- -
. “ciency. industrial boilers. Tests were performed last
- May at the Chevrolet plant in Bay City, Mich. A mix-
“ture of PCB-containing oil and No. -6 fuel oil was
bumed having a final PCB concentration of about 50
ppm Monitoring of the emissions found no PCB's or
“other toxic substances, meaning that at least 99.99% -
-of the PCB’s had been destroyed. Finding a safe meth-

= many industrial boilers throughout the U.S: can be
\- | © used to destroy PCB-contaimng wastes wuthout nsk to
h health or the envnronment. .

',herb:cxde 2,4-D In its 325 parks and recreation areas.
= Park service spokesman Duncan Morrow says that

ronmental groups, which cited spontaneous abortions -

- "7, -%?F'Chemical, says that in 30 years of marketing there

-

~7<’has been “absolutely no problem associated with the

~ says the evidence of adverse health effects is incon-

v i o, . .
- “'"r : :‘—.'-,- I R = .--‘.-'." Colar ‘. x-"'-" foaels

;._Two Califomia air standards overtumed

. Under a ‘special procedure to hear the petroleum in-
.- “*Idustry’s lawsuit against the California Air Resources
. _T.*Board retired state judge Eugene Sax ruled in a
... : »memorandum of intended decision that the board
A3 must rescind its strict sulfur dioxide and sulfate stan- -
- dards. In his ruling, Judge Sax declares that the board -
adopted the standards without adequate procedures -
g ‘t.and wnhout careful consaderatnon of economic un-.

i

~The 1976 Toxic Substances Control Act, long decned

." Policy Alternatives. The study concludes that aithough o

- the suggestions to offset any discouraging effects are

-'_:‘classes ‘of new chemicals, “fast-track” premanu-
=+ facturing reviews for safe chemicals or major innova- -
. tnons. and government subsldy of the testing and com- *:}-

od for disposal of PCB's has been a problem for EPA

and birth defects as adverse reactions to the weed *
killer. One of the major manufacturers of 2,4-D, Dow

T+7VC chemical.” EPA Is studying 2,4-D. So far the agency

ﬁQ * The Justice Depanmem s antitrust divnsnon wnhout any =
7 elusive, andit has no plans to ban the herblcxde s use. C '

_ pacts. Further, he says, the standards went beyon&.
- the recommendations of the state health department.

- The Air Resources Board has indicated that it will a =)
peal this ruling, and will particularly challenge the =N
: contention of economic impact. A board spokesman .. ol

_tells C&EN that standards, as opposed to regulations,
are based on health “not economic eonsnderation

House wranglmg over commlttee seats

B . The 33 seats the Republlcans snatched from .
- Democrats in the recent election mandate a change

:j}_ ~_ in the number of members of each party who sit on.
each of the House's 22 committees. But Republicans.
*.. are already crying “foul.”” Rep. Bud Shuster (R.-Pa.),
:- chairman of the Republican Policy Committee, charg-
"es that Speaker Tip O'Neill (D.-Mass.) is trying to
.-.stack the three most important committees ‘in the
: -House—Appropnatxons. Rules, and Ways & Means—
<. by maintaining the. current ratio-of Republicans to
-~ Democrats on those three’ commlttees. ‘while chang-
~7." ing the ratio on all other'committees to approximate
_-—- ‘the overall ratio in the House. According to the Re-
publlcans" calculations, they should pick up a total of
‘12 seats among those- committees,- which “would
- make it harder for the Dernocrats to garner the major— >

" Gulf Oil Chemicals Co. has issued a strong denial of
- charges by the Council on Wage & Price Stability that-.3
- the company did not comply with the voiuntary price
gu:dehnes in the third quarter of 1979. During the en- 383
" tire first year the guidelines were- in.effect, October
' 1978. through September. 1979, the ‘company says
" that its profits were about $60 million less than those
~-- permitted by the council’s original rules. According to
-=:+ ~the company, eight months after the program began
" 7. the council changed the rules and imposed a “condi-T
- tion” that the company was not to raise its average”, =P

. :_; - prices during the quarter except to pass- through.:3
i *specifled cost increases. Gulf says it comphed bu
- that later the council changed the rules again, inter-- =%
-'.--.‘pretmg the “condition” to mean that Gulf had to lower "<>2%

:_its prices, with the result that the company would lose 22

: money during the quaner. :

S wr

TR LM R T e e

) - action, has closed a five-year-old investigation of alleged ;
‘improper pricing practlces and communicatlons inthe -

' ', aluminum industry. .. . - e SR TR TS ‘f'ﬂ =
-» The American Arbitratnon Association says it stands -
- ready to provide arbiters to help resolve disputes be-
. tween pesticide manufacturers arising from the use of *

- technical data produced by one and used by another.
:'s_After months of wrangiing, the House and Senate have
- agreed on a binding budget resolution setting federal -
7. outlays for fiscal 1981 at $632.4 billion and revenues -7 3%
=== at $605 billion, leaving a deficit of $27.4 billion. it ls el
4,,,.. unhkely that any of those figures Will hold UP. .smrm-- iR
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SUMMARY

Several experiments were conducted to study the involvement of the
adrenal and the pituitary gland in the acute toxic effects of TCDD.

Adrenalectomized or hypophysectomized rats were treated with a single
oral dose of 10 or 20 ug of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)/kg
body weight. The reduced growth rate, the hepatotoxic effects and thymic
involution induced by TCDD were not prevented by the adrenalectomy.

The pituitary gland did not appear to be involved in causing thymic
involution. In fact, the thymic effects of TCDD intoxication were even
somewhat increased in hypophysectomized rats. Treatment with growth
hormone failed to prevent thymic involution or the influence of TCDD on
the liver. ’

INTRODUCTION

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is an extremely toxic com-
pound which has been found as an impurity in chlorinated phenols and other
chemicals derived from chlorophenols. Trace amounts of TCDD and other
dioxins, e.g. 1,2,3,7,8,9-hexachlorodibenzo-p-dioxin, were isolated from
animal fat which was mixed into the food of chickens resuiting in the death
of millions of broiler chickens from a syndrome referred to as chick edema
disease [1,2]. The reported oral LDy, ranges from 0.6 ug/kg body wt in male
guinea pigs to 115 g TCDD/kg in rabbits. The LDy, for rats is about 50 pg
TCDD/kg [3]. In rats given TCDD 5 days/week for 13 weeks, the no-toxic

*Present address: National Institute of Public Health, P.O. Box 1, Bilthoven, The
Netheriands. ’
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effect level based on liver enlargement was between 0.01 and 0.001 ug
TCDD/kg body wt. In a chronic study in rats the incidence of some types of
neoplasms were increased, whereas the incidence of other types were
decreased at dose levels of 0.01 ug/kg body wt [4,5]. At higher doses TCDD
induced a reduction in growth rate, progressive wasting disease, severe
thymic involution and immune suppression {6--8]. Stress induced release of
glucocorticoids was not considered to be responsible for atrophy of the
thymus. In TCDD-exposed rats, decreased eosinophilia was observed in
acidophilic cells in the adenohyphophysis, whereas the serum levels of
growth hormone (GH) were increased. These changes may indicate a dis-
turbance caused by TCDD in the relationship between the pituitary gland
and the thymus, either by blockade of the GH receptor sites on the thymus
or by a disturbed secretion by thymus epithelial cells {8].

To test the forgoing hypothesis, experiments were carried out using
adrenalectomized or hypophysectomized rats. The interaction between
TCDD and GH was studied also.

METHODS

The 2,3,7,8-TCDD utilized in these studies was supplied by Dow Chemical
Company, Midland, M1, U.S.A. and was 99% pure. It was dissolved in reagent
grade acetone and subsequently diluted with comn oil. The stock solution was
calculated to contain 10 ug TCDD/ml. The TCDD-acetone-corn oil solution
was administered via gastric intubation; the dose being calculated according
to the weight of each rat (specific pathogen free femaie Fischer 344, Charles
River, Wilmington, MA, U.S.A.). The volume given was either 0.1 or 0.2 ml/

- 100 g body wt. Control animals were gavaged with an acetone comn oil
mixture. Bovine growth hormone, NIH-GH-B17 (National Institutes of
Health, Bethesda, MD, U.S.A.) was dissolved in 0.9% sodium chloride
solution immediately prior to injection. All rats except those hypophy-
sectomized were individually housed in suspended wire cages in animal
quarters maintained under a rigid sanitary regimen. Temperature was main-
tained at 21 ¢ 1°C and relative humidity at 50 £ 5%. Four to 5 hypophy-
sectomized rats were housed in each plastic cage to diminish body heat loss.
Water and food (Wayne Sterilizable Lab-Blox, Allied Mills, Inc., Chicago, IL.
U.S.A.) were available at all times. - )

Dorsal adrenalectomy or hypophysectomy by the parapharyngeal
approach was performed by the supplier. Surgical procedures were carried
out at least 1 week before the administration of TCDD. Adrenalectomized
rats were given 1% sodium chloride in their drinking water; the hypophy-
sectomized rats received 5% glucose in their drinking water.

Body weights were recorded at least twice a week. All rats were.

anesthetized with CO, gas and blood specimens obtained via cardiac puncture.
Serum sodium and potassium concentrations were measured by the flame
photometric method. Tissue samples for histopathologic evaluation were
fixed in neutral buffered 10% formalin, paraffin-embedded, sectioned 6 um

/
136

0a00S

RARRHO XY

A

8259

(<)
<

14®)



g
>f
re

>f

e

of
S-

18

[SHEY I - I R <)

-
-n

R

e e e

thick and stained with hematoxylin and eosin. Statistical analysis of the
numerical results was preformed by the Student’s ¢-test.

In the first experiment, groups of 10 normal and 10 adrenalectomized
rats were given a single gavage of 10 ug TCDD/kg body wt in com oil.
Similar groups of 10 normal and 10 adrenalectomized rats received corn
oil only. Five rats from each of the 4 groups were killed 3 and 10 days later.
The following tests were performed on blood samples: serum sodium and
potassium concentrations, packed cell volume, hemogiobin content,
erythrocyte count, total and differential leukocyte counts. Lung, heart,
spleen, liver, kidneys, thymus, adrenals, ovaries, uterus, brain, thyroid and
pituitary gland were removed, trimmed, and weighed. Specimens were then
retained for histopathologic evaluation.

In a second experiment, 2 groups of 5 normal rats received either comn oil
or 20 ug TCDD/kg body wt, 1 group of 5 adrenalectomized rats were given
corn oil and one group of 10 adrenalectomized rats 20 ug TCDD/kg body
wt. Ten days later, the rats were killed, organ weights recorded, and the liver,
thymus, and adrenals retained for histopathologic evaluation.

In the first hypophysectomy experiment, 8 normal rats received com oil,
and 9 hypophysectomized rats received 20 ug TCDD/kg body wt. Ten days
later, the rats were killed, and the liver, spleen, thymus and adrenals were
weighed. These tissues were aiso saved for histopathologic evaluation.

In the second experiment with hypophysectomized rats, the effect of
GH was evaluated. Ten normal and 19 hypophysectomized rats were injected
subcutaneously with 0.25 mg GH in 0.25 ml saline for 11 consecutive days.
Similar numbers of normal and hypophysectomized rats received 0.25 mg
saline daily. One day after the first injection with either GH or saline,
one-half of the numuer of rats in each group received 20 ug TCDD/kg body
wt. The other rats were given com oil only. After 10 days, all rats were
killed, the organ weights recorded, and specimens of the liver and thymus
retained for histopathologic evaluation.

RESULTS
Adrenalectomized rats

First experiment

The body weight gain, serum sodium and potassium concentrations and
relative weight of the thymus are presented in Table I. After 3 days there
was a decrease in body weight gain caused by TCDD in both normal and
adrenalectomized rats which persisted at the 10-day observation period.
In fact the effect of TCDD on the body weight decrease of adrenalectomized
rats was even more pronounced. The serum potassium concentration in

adrenalectomized control rats was higher when compared to normal con- .

trols, probably due to the absence of aldosterone. The relative weight of
the thymus of both the normal and adrenalectomized TCDD-treated rats
was lower when compared with the control animals.
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TABLE1

BODY WEIGHT GAIN, SERUM SODIUM AND POTASSIUM CONCENTRATION
AND THYMUS/BODY WEIGHT RATIO OF NORMAL OF ADRENALECTOMIZED
RATS RECEIVING A SINGLE ORAL DOSE OF 10 ug TCDD/kg BODY WEIGHT

The rats were killed after 3 or 10 days. Values presented are means = S.D.

Parameter Normal rats Adrenslectomized nts
Com oil TCDD Com oil TCDD
Killed after 3 days
Number of
ats 5 5 4 5
Body weight
quin (g) 10 22 4 z21ve 13 =3 2 =27
Sodium cone.
{mmol/1) 145 27 147 23 134 t3 140 + 8
Potassium
cone. (mmol/l) 55 =10 52 :05 68 07 83 27
Relative weight
of the thymus  0.26 = 0.02 0.22 : 0.02* 0.31 2 0.05 0.26 = 0.04
Killed after 10 days
Number of
rats 5 5 5 4
Body weight
guin (g) 27 =3 20 2% 31 =4 9 3%
Sodium cone.
(mmol/l) 138 =3 140 =26 134 =3 128 =5
Potassium conc.
(mmoll) 44 201 50 1.2 82 =08 7.2 0.7
Relative weight .
of the thymus 0.22 = 0.01 0.14 £ 0.02%* 0.34 £ 0.02 0.19 z 0.03**

Values marked with asterisks differed significantly from appropriate control values:
*sp < 0.01;*P < 0.05.

Sigunificance calculated by comparing TCDD to corn oil in both normal and adrenalecto-
mized rats. -

There was no significant effect on the leukocytes, hemoglobin concentra-
tion, packed cell volume and the number of erythrocytes.

Second experiment

The results of the second experiment with adrenalectomized rats are
given in Table II. The effects of 20 ug were more pronounced than the
effects of 10 ug TCDD in the first experiment. Not oniy the thymus to body
weight ratio, but also the relative weight of the uterus decreased, whereas
the relative liver weight was higher. There was no significant effect (P < 0.05)
on the weight of the other organs. The increase of the weight of the lungs
in the adrenalectomized rats is thought to be due to a decreased giuco-
corticoid level in the blood [9].
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TABLE I

BODY WEIGHT GAIN AND ORGAN WEIGHTS, EXPRESSED IN PERCENTAGE OF
THE BODY WEIGHT OF NORMAL OR ADRENALECTOMIZED RATS, RECEIVING
A SINGLE DOSE OF 20 ug TCDD/kg BODY WEIGHT

The rats were killed 10 days after dosing. Values presented are means : S.D. @
Parameter Normal rats Adrenalectomized rats O
Carn oil TCDD Com oil TCDD E]
Number of animais 5 5 4 10*
Initial body weight (g) 117 115 106 110 O
t 4 6 5 t 6 04
Body weight gain ’ oe
after 3 days (g) 9 5 10 -1
£2 + 2% 4 t g% 04
after 10 days (g) 23 14 29 9
2 z 58 z 4 11 )
Relative orgen weights -~
Lungs 0.70 0.69 0.83 0.82
£ 011 2 0.03 £.0.10 0.09
Liver 443 6.38 4.34 5.43
+ 0.09 + 0.14%%D £ 0.21 0.85°
Spleen 025 0.23 0.28 0.30
£ 001 £ 001" £ 0.03 0.03
Adrenals 0.034 0.034 - -
+ 0.004 £ 0.002
Thymus 0.23 0.11 0.28 0.11
£ 002 t 0.01°* + 002 0. 02e=
Ovaries 0.052 0.048 0.056 . 0.045
+ 0.005 = 0.008 z 0.016 0.007
Uterus 0.20 011 0.22 012
£ 0.11 = 0.02 £ 0.10 t 0.03
Brain 119 128 1.29 1.38
¢+ 0.02 + 0.07* z 0.06 t+ 014
Pituitary 0.006 0.008 - 0.007 0.006
+ 0.002 £ 0.001 + 0.001 + 0.001*

* Three snimais died after 5 and 1 after 6 days respectively.

b Average of 4 animais only.
Values marked with asterisks differ significantly from appropriate control values:

%P < 0.01;*P < 0.05.

Significance calculated by comparing TCDD to corn oil in both normal and adrenal-

ectomized rats.

Histopathologic evaluation

Microscopic changes in the thymus of normal or adrenalectomized rats
examined 3 and 10 days after a single dose of 10 ug TCDD were not
remarkable. However, there was an indication of an increased number of
mitotic figures and slight swelling of hepatocytes in TCDD-treated rats.
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Rats treated with a dose of 20 pg/kg TCDD had a slight to moderate
swelling of hepatocytes, hyperchromatism of individual cells and single
cell necrosis in the liver as well as a slight involution of thymus. These
effects were accentuated in the adrenalectomized rats treated with
20 upg/kg TCDD. The thymuses of these rats were moderately involuted.
Special staining of the adrenals with Oil Red O for lipid did not reveal
significant differences between the normal and the TCDD-treated rats.

Hypophysectomized rats

First experiment

In the course of the study, the hypophysectomized rats treated with
20 ug TCDD lost 5 * 6 g body wt, whereas the control hypophysectomized
rats gained 2 t 2 g. The relative weights of the thymus were 0.05 £ 0.02 and
0.12 + 0.03, respectively. Apparently hypophysectomy does not protect
against body weight loss and enhances the thymus involution caused by
TCDD. The relative weights of the liver, spleen and adrenals from TCDD
treated rats were not different from those of the control hypophysectomized
animals.

Second experiment

Deily injections of GH had a marked positive influence on the body
weight in hypophysectomized animals, but there was no clear protection
against TCDD in either the normal or hypophysectomized rats (Table III).
The relative weight of the liver, thymus, spleen and adrenals are given in
Table IV. The effect of TCDD on the thymus is even more pronounced in
hypophysectomized rats, in comparison to the controls. Regular injections
with GH failed to significantly prevent the thymic involution. In hypo-
physectomized rats TCDD did not significantly increase the relative weight
of the liver uniess there was GH stimulation, and even then the increase was
minimal compared to normal rats given the same amount of TCDD. TCDD
caused an increase in the relative weight of the spleen independent of GH
injection in hypophysectomized rats only.

Histopathologic evaluation

TCDD injected in normal rats caused only a slight depletion of thymo-
cytes from cortical region. The liver of these rats showed slight to moderate
swelling of the hepatocytes. :

The thymus of hypophysectomized rats treated with TCDD was markedly
affected. There was a marked depletion of cellular elements from the
cortex, dilatation of the blood vessels, and occasional hemorrhages. The liver
of these animals showed random single cell necrosis and moderate swelling
of the hepatocytes. There were also focal areas of centrolobular congestion
in the liver. The microscopic appearance of the thymus and liver of TCDD-
treated normal rats did not differ from those rats which had been given
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TABLE 111

INFLUENCE OF TCDD (20 ug TCDD/kg body wt) ON THE BODY WEIGHT GAIN OF
NORMAL OR HYPOPHYSECTOMIZED RATS

Starting 1 day before the TCDD administration the rats were given daily s.c. injections of
either saline or 0.25 mg growth hormone (GH). Values presented are mesns : S.D.

Treatment Normal rats Hypophysectomized rats
Number Initial Body wt gain Number Initial Body wt gain
of body  after of body  after
animals wt ——————————- animals wt _—
3 days 10 days 3 days 10 days
Corn oil
saline daily S 117 6 22 9* 101 -1 -2
t6 2 + 3 : 7 £ 2 t4
TCDD
saline daily 5 117 1 9 8b 101 -7 -14
t 3 F 2.‘ P 4" F3 5 s 2.. Py 6‘.
Com oil
GH daily 5 118 8 25 9 105 4 16
t3 2 * 4 : -+ 4 +3 s 4
TCDD
GH daily 5 118 2 16 9 105 0.4 8
23 22 t 3** : s 4 2 2% 2 5%

% One animal died after 5 days.

® One animal died after 8 days.

Values marked with asterisks differ significantly from appropriate control values .
*sp < 0.01; *P < 0.05. Significance caicuiated by comparing TCDD to comn oil in both
normal and hypophysectomized rats.

additional injections with GH. TCDD had only a slight to moderate effect
on the thymus in hypophysectomized rats injected with GH. Six out of
those 9 showed swelling of hepatocytes, occasional single cell necrosis,
and some degenerative changes in the liver.

DISCUSSION

Glucocorticoid administration is known to produce a striking involution
of the thymus and a less pronounced atrophy of the lymph nodes and spleen
{10- 12]. The atrophy of the thymus caused by TCDD dose not seem to
result from an enhanced secretion of adrenocorticosteroids, since involution
also occurred in our experiments with adrenalectomized rats. If the adrenai-
thymus axis was involved in the TCDD action, one might also expect an
atrophy of the spleen and a hypertrophy of the adrenals. However, in the
present studies no influence on the spleen or the adrenals was noted, whereas
in earlier TCDD studies, an increase in spleen weight and a decrease in
adrenal weight was found [6]. In rats corticosteroid effects on the lymphoid
system are associated with lymphopenia, eosinopenia, and an increase in
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TABLE IV

ORGAN WEIGHTS, EXPRESSED IN PERCENTAGE OF THE BODY WEIGHT OF
NORMAL OR HYPOPHYSECTOMIZED RATS, RECEIVING A SINGLE DOSE OF
20 yg TCDD/kg BODY WEIGHT

Starting 1 day before the administration of TCDD the rats were given daily s.c. injections
of either saline or 0.25 mg growth hormone (GH). The ratzs were killed 10 days after
dosing. Values presented are means : S.D.

Treatment " No. Relative weight of the
of
rats  Liver Thymus Adrenals Spleen
Normai rats
Com oil
saline daily S 4.51 0.22 0.027 0.258
’ + 0.31 + 0.02 z 0.005 = 0.02
TCDD
saline daily 5 6.28 0.10 0.023 0.246
+ 0.34°* : 0.01°* + 0.005 +0.01
Corn oil
GH daily 5 4.37 0.22 0.027 0.292
£ 041 £ 0.01 + 0.003 + 0.05
TCDD
GH daily 5 598 0.10 0.024 0.258
2 0.356%* £ 0,01 + 0.001 £ 0.03
Hypophysectomized rats
Com oil
saline daily 8 4.56 0.16 0.013 0.200
2 0.29 z 0,02 + 0.002 + 0.03
TCDD
saline daily 7 4.33 . 0.04 0.014 0.258
+ 097 + 0.02%* * 0.004 + 0.02%=
Com oil
GH daily 9 4.14 0.22 0.013 0.242
£ Q.20 + 0.03 £ 0.003 t 0.02
TCDD
GH daily 9 4.99 0.09 0.014 0.286
t 0.24°* + 0.02%* + 0.002 t 0.04%*

Values marked with asterisks differ significantly from control values: **P < 0.01;
*P < 0.05. )

Significance calculated by comparing TCDD and saline to corn oil, TCDD and GH to com
oil and GH in both normal and hypophysectomized rats.

circulating polymorphonuclear leukocytes [13,14]. The experiments
reported in this paper and previous investigations in which rats were injected
with 10 xg TCDD for 10 to 14 consecutive days [15] failed to show a
significant decrease in peripheral blood lymphocytes accompanied by an
incresse in circulating polymorphonuclear leukocytes.

In both mice and guinea pigs, the sensitivity of the lymphoid system to
the action of TCDD is even greater than with rats. In these animal species
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there was also no evidence in favor of a stress induced release of glucocorti-
coids by TCDD [8]. This postulate was confirmed in an experiment with
chemically (Metapyrone) adrenalectomized guinea pigs in which involution
of the thymus caused by TCDD was equivalent to that found in intact
treated guinea pigs (unpublished data, 1975).

Mineralocorticoids regulate the electrolyte balance of the blood by
favoring potassium excretion and sodium retention. An aldosterone
deficiency present in adrenalectomized rats results in a lower serum sodium
and higher potassium concentration than in control animals, TCDD did not
alter the serum electrolyte concentration in normal rats, another indication
that (at least in rats) involvement of the adrenais is of minor importance in
the toxic effects produced.

After hypophysectomy, thymus weight markedly decreased. In our
experiments, TCDD was able o evoke further atrophy of the thymus. This
does not support major involvement of the hypothalamus-pituitary-thymus
axis in the action of TCDD. The weight of the pituitary gland in TCDD
treated animals also did not differ from the controls. The observed decrease
in eosinophilia of acidophilic granules in the anterior lobe of the pituitary
gland is not in direct agreement with the foregoing findings [8]. Pierpaoli
and Sorkin [16] have shown that thymectomy of the newborm mice
provoked a degranuiation of the acidophilic cells of the anterior pituitary
gland. One cannot totally rule out that TCDD-induced atrophy of the
thymus may contribute to the observed alterations in the adenohypophysis.

Regular injections of GH reversed the involution of the thymus which
occurs in hypophysectomized rats; the impact on the body weight is even
more impressive. However, GH was ineffective both in normal and hypophy-
sectomized rats receiving TCDD in preventing the involution of the thymus.
Since GH did not prevent the body weight gain retardation also, interference
with GH action would not explain the toxic effects of TCDD.

As thymosin injections did not increase thymus weight and mitogenic
responsiveness of thymocytes an involvement of a reduced production
of thymaosin, caused by TCDD is also very unlikely [17].

Thyroidectomy also evokes an atrophy of the thymus [18]. The involu-
tion of the thymus therefore, may be secondary to an influence of TCDD
on the thyroid gland. However, until now, no substantial effect on the
weight or the histology of the thyroid was observed.

It has been known for some time that the administration of either andro-
genic or oestrogenic hormones produce atrophy of the thymus in normal
or castrated animals {19]. Hence, the acute involution of the thymus caused
by TCDD could be due to enhanced endogenous secretion of gonadal
hormones. However, since TCDD evokes thymus atrophy in fetal and
juvenile rats, it seems unlikely that TCDD effects are exerted through effects
on the gonads.

From the present experiments it can be concluded that the effect of
TCDD on the thymus is not mediated by the adrenals or pituitary gland.
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Accidental Release of 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD) at Seveso, Italy

VL. TCDD Levels in Atmospheric Partic.les
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TCDD in atmospheric dust was monitored in the Séveso area between 1977 and 1979
using both dustfall jars and high-volume samplers. Apart from the sampling site in Subzone
Al, sporadic TCDD levels were detected at different times and different sites throughout
the contaminated area. Variable amounts of TCDD were constantly detected at the sampling
site located in the most heavily contaminated subzone. All findings were in the range of
0.06-2.1 ng of TCDD/g of dust. for dustfail jar specimens. and 0.17-0.50 ng of TCDD/g of
dust, for samples from high-volume samplers. i

I. INTRODUCTION

Continuous monitoring of atmospheric dust in the Séveso area was carried out
to establish to what extent air-borne TCDD could contribute to contaminating
nearby areas. Breathing in contaminated dust was also suspected as representing
a potential heaith hazard for inhabitants residing near heavily contaminated areas.
Moreover it was of interest to clarify the dynamics of mechanisms responsible
for TCDD mobility in the environment.

Due to expectably low levels of TCDD in atmospheric dust. and to the sensitivity
capabilities of presently available analytical methods, it was necessary to collect
dust samples amounting to hundreds of milligrams. This was achieved using both
dustfall jars and high-volume samplers. Some attempts to use electrostatic pre-
cipitators were performed. but these devices offered a number of inconveniences
including poor reproducibility, low tolerance to atmospheric moisture, and special
location and care requirements to prevent accidents. Preliminary findings have

been previously reported by Viviano ¢t al. (1).
1. EXPERIMENTAL 8270

Dustfall jars (Fig. 1) were 10-liter glass vessels topped by a plastic metal screen-

lidded funnel with a collecting cross-section of approximately 0.11 m?. The top

of the funnel was approximately 160 ¢m above the soil. Samples were collected

for one month or the time needed for the vessel to be filled with meteoric water

-~ and sediment. This sampling methodology enables dust particles smaller than

S00 um. most of which are >10 um. to be collected (2-4). A relatively small

amount of soluble particles was dissolved in the liquid phase. whereas most
0147-651/80/030346-11502.00/0 M6 03003058
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TCDD LEVELS IN ATMOSPHERIC PARTICLES 3ss

TABLE 5
TCDD i~ DusT SAMPLED WiTH HIGH-VOLUME SAMPLERS (POOLED SAMPLES)

Dust per
Sampling  Air volume Dust airvolume TCDD per TCDD per
Sampling  duration sampled weight ratio dust weight  air volume
site” (hr) (m®) ®) (mg/m*) (ng/g) (pg/m?)
. A 161 1.58 x 10¢ 2.19 0.139 0.432 0.060
B 151 1.45 x 10 '1.66 0.115 0.504 0.058
C 161 1.51 x 10* 1.79 0.119 =<0.168° =0.02

® For site locations. see text.
* < indicates uncenain detection.

were pooled and analyzed (Table 5). The sensitivity of the method used was,
in this case, equal to 0.2 ng of TCDD/g of dust.

IV. DISCUSSION -

The data reported show that both dustfall jars and high-volume samplers can
be used to monitor TCDD levels in atmospheric particies. TCDD levels ranged
from 0.06 t0 2.1 ng of TCDD/g of dust from dustfall jars and from 0.17 to 0.50 ng
of TCDD/g of dust from high-volume samplers. These findings suggest that the
different dimensions of the particles sampled with the two devices are of minor
significance for TCDD contamination levels. Moreover, it can be observed that
TCDD levels detected in some dust samples are considerably high and, if
expressed with the units used for soil contamination (7), correspond to TCDD
levels in the range of 10-300 ug/m? of soil surface.

A comparison of TCDD levels in dust and soil samples taken at the same
locations, indicates that air-borne TCDD does not significantly affect TCDD levels
in the soil top layer. Moreover, data from dustfail jars show that TCDD levels
in the dust decrease with increasing distance from Subzone Al moving along
the main diffusion pathway of the toxic cloud generated by the accident. TCDD
levels found in some samples suggest that some TCDD diffusion into adjoining
areas may have been propagated by dust originating from contaminated areas.
Calculations based on TCDD levels detected in atmospheric particles may provide
a rough estimate of the amount of TCDD breathed in by a person exposed to
TCDD-containing dust for a given period of time. For instance, assuming a dust
concentration in the air of 0.14 mg/m?® and a TCDD level in the dust of ! ppb
(an approximate average of the levels detected at different times in Subzone Al),
it can be estimated that an exposed individual, inhaling an average of 10 m®
of air in 24 hr, would also take in 1.4 pg of TCDD.

ACKNOWLEDGMENTS

We are gratefully indebted to the Segreteria Generale Tecnica (ISS) for the helpful assistance pro-
vided. We also wish to thank Ms. G. Piva Micozzi for her technical help in the onginal drawings
and Mr. A. Lezza for his photographic assistance.

Wf desire to express vur great uppreciation to Lombardy Region Authorities for all the collaboration
provided. The experimeniul work reported herein was carmied out by the Istituto Supetiore di Sanita
‘Rome) and the Laboratonu Pravinciale di Igiene ¢ Profiassi (Milan).

992680.M0Q0

8271

~,

Tl
RN

- 000CZ




8272

A



YA /
' Al - . ..—"' {‘
b ! - - - :
; 1 _: _* . :."‘_ .'. . .
L) t - ‘-. 33 g " l ',- "/ :
':" . ‘ ' . I-l .A. < / .l §
"' '\ i y N
. _- . : .'. .. J \-‘ ] b
- - ' w N
—— .— . L v N
. V)
. ©  AGRICULTURAL PRODUCTS
A A L A = e e et e T TS 2 DEPARTMENT - 9001
TR AR g [ e T TG A ARSI T = A TR Midland, Ml 48640
. st
< >
- COPIES TO: —
INDEX 14 =
i
_ M. TUCKER 2030 o
- L J. GLEESON 2030 o
R. FLANNERY 9008 N
R. RUSSELL 9008 4
- R. CHARLTON 9008
E. H. BLAIR 2020
K. WATSON
R. MOFFAT
T. HAAGSMA HONG KONG
) L. RIBIERO S. P. BRAZIL
- E. R. LANING CORAL GABLES
. . R. CAPUTO S. P. BRAZIL
A. SCHAFER HONG KONG
" ' B. MCCREDIE
T 0.A. WOLCOTT
¢
B )/ 82 73
GGGW!’\ -y
6 1678 ¥
- . . :2>;. JOHN DAVIDSON

PTAT Mo AN



™
,JL'I"'(-:JV

THE TORONTO STAR Sunday October 26, 1980 Socl il - /),‘_,
g
f
il E@XEHES @Hﬁﬁ Eﬁ'ﬁ =
—_—— - ) W"'a'c-v"-—- SrgT——— §° “""""ﬂ{
Z&Hﬂ"ﬁ'ﬂ @Emwa 4
i 53
LI I I I Y ;-v"" T - - - et
By Ross llo“ard Toronto'Star P ‘4-{ annually in C:mada for controlling broad-leared
- Dioxins discovered in 2,4-D, the moﬂ widely ** weeds and brush in farmers' fields, along road-.
lused vegetation killer in Canada, didn’t include~ ' Ways, power line r 1ght-of-ways, and publnc par ks
dioxin TCDD, one of the most deadly man-made - .and school yards. . -.:
chemicals, says Sharan McKay of the federal agri~: ° A similar chemical, 24, 5-1' already known to:
cu.l%x;f la;?cli'x‘tl:s:xrr{s are a problem and the dlscow,ry °°§ta'" dlo'lcm &CDD has been g",_fc"md '"foﬁla{t'ﬁ
an ral other provinces because of health:
of at least three different dioxins in 2,4-D is a sur- nsks.scve 2 P R
prise and a cause lor concom, she said m an :
interview. - Until now, envnronmcntahsts have unsuccessrul-
The dioxins were discovered -within the last ly opposed 2,4-D's widespread use only. on the
month by federal researchers in tested samplts o[ grounds of other suspected dangerous ingredients.
© 24D, . T A Iederal health ministry scientist said ycster--,
Until now, most scientists and the chermi cal e Tt TR TN TTaTemytL o e T
indl.gtlry believed 2.4-D o be completely rreel of day the dioxins findings and a ratmg of their dan-
dioxins and relatively safe for widespread use. g:ﬁl‘g’u ber s’\ge\;\ed quickly and the results made,
- As little as six units of dioxin TCDD in one tril- - PUt o
Jion units of another substance, such as water, can ChWe'll have to make some’ d,°°‘5’°"s befor e}
cause human death, cancers or birth defects. ristmas, because ‘alter that it's too late for"
Federal agriculture and health officials won't - {‘I’Iaur:ulf:gtﬁrers é° prep:; e approvfd products,.
say which three of 75 different kinds of dioxin dl t!f ing about risks, in time for their use .
they found, or exactly how dangcrous they are, : “.H‘“g :Ig)r owing season,” the spokesman said.’
but said concentrations ranged as high as four 32'b° herbicide is used most in “estem
" parts per million. - " a:::alal‘y ::11 8:?;:'{04 pTlfItlxlcounlal;lll;gbryarg:v:::r::;?
prz;‘sig:}z;nﬁ;'&:%‘;cgc'z s‘;"&?‘é}g’;‘;?&';ig:;' agencies, according to Ontario agriculture minis- ;
. ing implications for agriculture. ./ try reports. . -
Almost 4 million kilograms of 24-D are used =
=
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Massive rise
in cancer deaths

predicted . -

EDMONTON (CP) = There

will be a massive Increase in
cancer deaths as the effects of
the chemical age start lo catch
up to North Americans, a2 U.S.
professor said Monday.

Dr. Samuel Epstein said
cancer rates are increasing as
4 result of exposures to large
quantities of cancer<causing
chemicals put Into the environ-
ment in the 1930s. He is a pro-
. fessor ol occupational and
environmental medicine at the
University of Iliinols In
Chicago.

Statistics from the Natlonal
Cancer Institute in the United
States and other U.S. sources
show the cancer rate among
100,000 people rose between one
and wo per cent annually bet-
ween 1969 and 1976.

“Within the last decade the-
increase in cancers has becn
equal to the increase in the en-
tire 35 years between 1935 and
1970, Epstein lold 140
delegates at a seminar on
cancer at the University of
Alberta.

‘CANCER RATE UP*

“We now have good evidence
that we are going up steeply In
cancer rates. We are beginning
to see the emergence of very
significant trends in a disease
that is killing many of us.”

Cancer kiils about one In five
North Americans, a figure that
will seem trivial in 20 to &

ears when the cancerous ef-
ects of chemicals now in use
become apparent, Epstein said.

He said the environment can
be cieaned without a loss of jJobs
In the chemical ingustry, which
Is using three strategies in try-
Ing to keep government regula-
tions from clamping down on
cancer-causing chemicals.

“The strategy Is to deny
there is a risk, control data on
health effects and blame the
victim and his lifestyle for
eancers that do show up.”

Blaming cigarette smoking
28 a cause of cancer Is part of
this ‘‘dblame-the.victim’’
strategy, said Epstein. Recenl
studles In the U.S. show a
“'greater lnk to occupationally-
nduced lung cancers than to
smoking.”

EVERYONEATRISK

He said workers in chemical
plants, farmers and forestry
workers who apply pesticides
and rle who live near
chemical plants face the
grealest risk. Bul everyone is a

- potential victim of cancer

caused by chemicais dumped
{nto the environment,

“We just have a little more
time than the chemical
workers."”

Epstein criticized industry's
use of economics lo defeat
regulations and controls, using
the risk-benelit ratio iIn
arguments for continuing the
use of dangerous chemicals.

“The cost of regulation will
be seen now. Butl the benefits
{rom those regulations won't be
seen (or 20 or 30 years. And then
It will be in the form of an
absence of disease.

*“The benelits are beneflts for
industry. But the risks are to
the public or the workers, and
there are no matching
benefits.”

High carcer-death rates can

be avoidcd only by stif safety.

regulations and controis over
m; petrochemical plants, he
sad.
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Employers withhold
truth cabou? toxics,
MD warns workers \

By ROBERT STEPHENS

Waorkers exposed to toxic and carci-
. nopenic substances are little more

than guinea pigs, and their employers .

i are purposely withholding informa-
tion about the very real risks of indus-

trial cancer, a expert on occupational |

heaith has warned.

Dr. Samuel Epstein, professor of

occupational and " environmental

. medicine at the University of lllinois, *
told a conference in Toronto vester- -

day that workers who are exposed (o
hazardous substances *‘are the throw-
away segment of society.’’

He condemned the governments of
the United States, Canada and Britamn
{or [ailing t0 regulate toxic substances

in the workplace. While regulations -
controlling the use of seven designat. -
ed substances were proposed in Ontar. *
io more than two years ago, these :

regulations are yet to be passed.

-Dr. Epstein said the incidence of -

cancer is increasing among the gener-
. al population at an alarming rate that
reflects the huge growth in the pro-
duction of synthetic organic chemi-
cais beginning 30 years ago.

He said the worker is being sacri.

. ficed by pgovernment and industry -
. because “they believe that economic -

growth js paramount.” And he
charged that industry was engaged in

a massive coverup to keep its employ- .
. ees ignorant of the risks of cancer in .

the workpince.

W

Dr. Epstein said one of the favorite

strategies of industry was 1o “blame '

the cancer victim himsell™ by llnktng
his discase to smoking, dlet, and even °

his genetic makeup. “Industry triesto ’

deny the evidence for occupm.ionall
cancer.”

He said industry also {requently
resorts to the argument that the costs
of complying with exposure rcgula-
tions will resuit in plant shutdowns *
and higher unemployment.

He said chemical companies in the
United States had fought regulations
on vinyl chloride for years. and that
their spokesmen had claimed the
costs of compliance would be $50-bil-
lion and 2.2 miilion lost jobs.

“But when BF Goodrich came
under the regulations in the spring of
1975 — its cost was $35-million — it
actually began to make money on the
recovery of viny! chloride, and then,
complaining of unreasonable govern..
ment interferemce, it had the nerve to
raise its prices,”” Dr. Epstein said.. \

One of the delegates at the confer-
ence asked what workers could do to
protect themseives.{rom exposure to
dangerous substances in the absence
of government regulation. and Dr.
Epstein replied: *“! you have an op-
tion, I'd say get the hell out of hazard.
ous workpiaces.”
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] Park Service to StOp

SN =

On All Tts 325 Areas

l!)' Jnﬂnnr Omang
. Wuwrm .
The National Park Service 1 to call
- a halt nest week 1o the wse of the naJ
tion’s most popular weerdkiller, %44 'I")

: ';-.---u: lls 325 rarks and rocrestion aress,
-+ The chemicul, one of the conslituents
. of the herhicide Agant Orangn that was |

sprayed in Viediam, is in commnn com-
mercial use, and tons of it are used ev-
ey year nstivawide to kill weeds along
highwayx, an goif cnurses ard on mil-
liens of lawna, Figures were unavailable:
on bow much the Park Service wsed na-
" tioaally last year, Ind some 60 pounds
. wene usad t0 contaed dandelions on the
Mall, the White House grounds and'
other park linds bere
The Favignmental Protection
Agency is studying the chemical, but of

. e fickals there saxd evidene of it Lealtht

effects &8 innnchusive so far and there
- are 1o plam to curtall its ves. - °
. Pnrk Service Dirxtor Ruswedl Di-
ckenson ermfirmed that he had wnt{m

& memorsndum $o all park supirine |

- tendents ordering them (0 halt we of
: the herbigide immediately. Future use
3 10 be allowed only if the sipetin.
. (endenls convinae their negional diree-
. "tam that no alternative methods are

" isvailable ta_sccomplish indispensabie

- -u,_.

M.;."h":'u  for the pak
A n for servu'e
Imean Morrow, said lhls was “nearly
but not quite”.& han an 2.4.D, “hidt
it will halt its use for now and in tha
bng run... :L wil wlblanhaﬂy nduut\
s use®
) M.)mw m(l the nclion l'o"cm'd
" fpreisu: Gom eavionmental giovps;
in the Washington ares, wluch ar-
: gu«flhat the hrshicide had been found
1 cavsé spontancous ahartions, hired-
ing of fetusee and Lirth defocts,
“It a malter of cunidersble con-
troversy, and the evidence is inadequates
to maks sny finn judgment,” Morrow

' mard. “Themfure [Dickenson] decided.

that it's better o err on the side of tone

e a4 g« Yo}

CFPA %un‘(‘s the risks of several otlwr -
© pesticides are higher and better docu.™ 7%

" ranted, we'll act quickly” he said.

]
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farmers and oﬂvr laue-@mle wsersun-- -
der ‘several Tmanifacluress’ brand T T 00
names, including Weedone, Fstrom, -~

Weed-Rhap and Brush-Rhap, and o .

homeownets & Weed-B-Gon and Foe- . ¥
“muls 40 T SITIRIL LTI = g o=
Althuugh it was onc of the eonatif- ; o
nmts of Apent Orange, 2.4.D wag o ] m.‘g'_"
‘the controyersial parte That was 2.4 $- = =
T, which wxs (ourd to be contaminated 3 ot S
. with desdly dixins and has sohse- 7 H-‘.;-.-'
quenﬂ) been hanned from mest M an.=
in the United States . . .. - et
. Hundieds of Vietnaun velerans hn\:r, B SEE
fild suit and have sought enmpensatigy =+ < 2L de T
for a wide range of ibievess thev cloim - - - . T
Tesulied from their eaposure to Agent. S
Orunge. “The EPA is halding hmrmfs : Sl
«n whether 15 han all rrnumu)g ey oo B
uf 245T. _ s
LD. Blanchard of EPA's Prstirides e
J)mslm said dioxins of the Agent Op< = -~ 77 . =7 T =T
mnge sort have 80 far never been ded L z
fected in 24-D. While tests haveshown - . - - )
Ythat large deses of 24-D are toxic o . 3

‘animds, he said, seall deeem appear - V.
“to have no effect. The ageney has asked
124.D manufacturers  for addnuomd -.'-"1. .
tests, but conclusive results are mof ex.c
p:ded fur two years, Blanchard sl
An Aptil fuct sheet on the keue said -

mented than thoe asacinfed with 24- -
D." Blanchard said the FPA & cager
tn s any new evidence the purh servive ™7
wiay have. "If we recvive anything that 42500
mikes us beleve swpendon & war- v

Krik Jansan of Friends of the Ewth, ’
viie of these incdsumental in peraading
Dickviran of the nred fur his action,
raid exiling literature *is ahesdy cver-
whelming” in praiding evideswe of
gpantanceas alaotiony and feld Lled
ing. “There’s alealutely no douht it’s
a probirm diemical™ he said,
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Amputee
continues
-his fight for

‘a precedent

Story and picture S
by BRUCE STEWART .-

-
o Spectator Staff

. CALEDONIA — Peter Ward lost his arm to

..cancer earlier this year and has since lost a

,bid to link his problem to weedkiller heusedat . -

4 Work.

4+ But the 44-year-old Caledonia area truck
driver isn't giving up his fight as he feels a

,: victory would heip both him and others who

3, have been exposed to chemicals at work.

.+ In April, Mr. Ward had his arm amputated

about four inches (10 centimetres) below the

‘ ,. Shoulder after dqctors discovered a malig-

" nant tumor.

Since then Mr. Ward. who works for the
town of Haldimand roads department, has
been trying to get compensation from the
Workmen's Compensation Board.

Although his request has heen denied by the

" -board's review branch, and he has lost an
- appeal of that decision, he is ready to launch a
‘final appeal. with the heip of the Canadian
. Union of Public Emplovees (CUPE).

.+ “I would like to be able to set some kind of a -
precedent with the \WWorkmen's Compensation
Board as there are many other ‘feople using

* . these types of chemicals.” he said.

*  “If we can get our nose in the door and get
them to recognize this type of claim, it may
heip others.” .

Wages

:* Mr. Ward is now able to carry out 2 number
<ol functions with the hook attached to the
- ;stump of his arm. He hopes to be able to re-

’

* :turn to work soon, and resume most of his old

» ‘duties.
+{* He feels he should be reimbursed for the
2 swages he has lost while off work and compen-

-';'sated for the loss of his arm.

{Thave been caused by a combination of an ear- |
Y¢ller injury at work and later exposure to weed-
:*killer at work. He says the tumor could have
*also been caused by either the eariier injury
‘tor the weedkiller exposure alone.

.:cutunz down a tree while working {or the qid
ftownship of Seneca on March 11, 1974, he said.
The tumor developed in the same spot that

v- was injured in the 1974 mishap.

** said. “In his particular case the tumor was In -

v¥" *“Iwashitbya chain’in the upper arm while
;tcutting down a tree and thought [ had broken
sisomething,” he sald.i*“But jt turned out 1
sthadn't, although my arm was in a sling for a -
Iwhile. But it ﬁot bettest, although It bothered
fimea littie in the winter.®* , | .
s A few years after the accident, he spent
«{three weeks spraying roadside weeds for the
{-lown of Haldimand, whicl\ replaced the oid
:townshipofSeneca. - . )

"He belleves the weed’prays Included the

5 herbicide 2,4,5-T, which aas now been banned )

{: in Ontario. It may havd also included the con.

¢; troversial herbicide harbicide 2.4-D, he said. . -

} The herbicide 2,4,5-T Has been the subject of

.! controversy: because {t contains dioxin, an-

liextremely toxic compound linked to brith
J defects and considergd cancer causing. - ..

 ange; which was used to defoliate forests dur-

o
.
-

Y It jvas one of twg herbicides in Agent Or- .. - .

¢ ing the Vietnam war. But the 2,4,5-T used in -o_s
*! Vietnam contained as much as 50 parts per .

4 million, while Canadian regulations limited it :
§jto less than 0.1 parts per millfon. ~+ ", - Liig

I was breathiny in weedspray some of the.:

+' time and noticed .hat my sandwiches tasted * - °

funny,” Mr. Ward said. “I had a mask but. 3 :

, couldn’t wear it all the time because it was too

- hot and my glasses would fogup.” ~*

Mr. Ward wants his doctor to search the
. medical literature for research and experi-
mental data which would establish a link
between the weedkiller and the tumor or the -
eariler accident and the tumor. -
Dr. Kenneth McKenzie said yesterday he
would be willing to try to set up a computer
search of the medical literature to try to es-
tablish some link hetween the tumor and the

- . weed killer or the tumor and the njury. -

“There might be some link but 1 don't
know, it is a very hazy area and it wouid have
to be looked into,” he said. ! {oid Mr. Ward

that if he or the union were ready to pay for

_ the search, I could set jtup."”

*“The type of tumor he had could have heen
caused by anything. It could be a virus,” he -

an area of the arm where they usually don't ...
3ccu= tov often. But it might be a coinci-
ence."”’ . .

A

Y t Mr. Ward said he now thinks his tumormay ~*

+ His upper armsivas injured when he was o

“0r it could be caused by the trauma of an
earlier injury. But short of going through
hundreds of vears to literature to support it,
we reaily don’t have a leg to stand on, unfortu-

- nately.” S

Dr. McKenzie said he hoped to meet union
* officials about Mr. Ward's case and the possi-
billty of a records search.
Meanwhile, Jack \hite, a national repre-
sentative for the Canadian Union of Public
- Employces, said tests in Sweden and New
York have proven that neither herbicide 2,4,5-
T nor 2,4,5-TP cause cancer. . N
He said the onus should be on the Wor-
kmen's Compensation Board, however, to
prove that Mr. Ward's earlicr injury didn't
cause the tumor., 0 :
Mr. White has written to Mr. Ward, asking
him to obtain information from bath of his
doctors on what they believe caused the prob-

-
o

Board.

' . "* lem before an appeal is made 1o the Appeal
( 8280-

0GGB320

Workmen's Compensation Board officials
were not available fur comment yvesterday.
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Peter Ward won't give up his battle for compensation
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Killer chemical found in 2,4-D

Rv ALLAN MAYER

A herbiide wilely uwd in Alberia
and  found n surfove  waters
througaout westemn Canady awmtant
doun, sae of the mant deadly
chemcals, say federal agnulture
oificals.

Depariment teiers have found the
exrzmely ouc dioua . wwme
samples of the herbriade 24D,
Arncuiture Minister Eugene Whelan
said Thursday.
| Avost 2 auilion pounds of the
weed~ontrolhng herbwide 15 used 1n
Alherts annuaily.

=1f :his 18 true thea we're :n real
i troudle” Kaith Pace. head of

Y, o

Herbicide's use in jeopardy

Alberta Agnenlurs’s weed contrd
branch  sa:d  Thursday  might
“There's aothing to replace it. |
Jon't Lnow what the (armers would
Jo ather than lee the weeds grow.™

14D is used 0 conted broad-lesf
weeds in evervihing {rom lawns to
cereal fields. About eght million
pounds of it 1t used in Canada each
year. This ecpresents about 1S per
eent of total herbiaide use.

Agneulture and health departuent
officials in Quawa 3re insesuganng
the ntuanon {urther and 4 dearvun
will be made on 1.&D uwe before
PETT MEIr's SrowIng Mt

The oaiy  Canadian  plaat

SININ ST CACEN L et - nbee 2210 BY

manulactunng 240D s Unirayal
acar Sherwosnd Park,

Giean Marun, Unirwal plant
manager. s3d Re comldn’t disch~e
how much 240 is mude 3t the
Sherwaned Park plant hecause ~that's
something our competitors would
love to know.”

The Energy and Chemucal
Workers” Union is conducting o
myjor medical survey at the plant in
an  attempt 10 pipant  any
_correlation between workers
lnesses and  thar eapmure
hermade peaducts,

P.ay Semies, Alterta Faleratuon of
Laber health and safety director.
Rid 4 roval commussion 1y Acedad o

- Canadian manuisiterer waze Dow

etamine wrety's use of chemicals.
He Jacnhed the  federd”
government’s awthad of appeening
chermicaly as 3 "My disaaer.”
Mr. Prive wud Uniroyal s the waie

| Z¥Y0GO ! MOT

Chemncals in Fuat Saskatchewas
phated our 240D product:an thi
summer. He sad 24D s aiw
impocted [rom the United States ang
Furope.

The popular and cheap Rerbizide
hat been used etteasnely i this
countr: vrce the late s,

=it's suppueed to ¢ impiiable
Rave diwun in 28D Me Prce
aand, “unles thete's onie
omtamntsae”

Dioxin levels in 2,4-D low— official

By ALLAS MAYFR

The t.m..m of Jduvan lound in amples of the

herdmade 240 18 aut as great 1s ather res of

1he themual. Wi federal asruitare afficiale

Clantving 4 Prose release nsued o dav etrrer,

Wnae Ormined, Jswewnate ydiretor of  the
derortmenrs  ponade” SR, empared

Hzront Limeitof dicun with speicre

“TRere’y syt LAt Gafeseat binds of spiders
1 Canada. Some are harmicet 1ad wane e act,”
A Mz Oemarecd 10 the wime 3 dioain, sweme

Niads 428 maore vneg R n b

He vad the muest toven Loem of dusan, 2278

LCCD. say new h'uml in 23.:0 The dwwuns
feund were nich lesy tovs,

But Jdepartnent oflwrals arz coannmne
aapnhwe e ataten nd will dnvide M nsat
spnag o adpastments ol he male wuh the
produt, weed tu Contrcd benadedeal aceds aa
ever.thing from iaans '-ncrul fiedy Adweut cranne
milion fourdt o 280 n wed Canada
aonuily wuh § 8 nvﬂum s used :a Alberta

Teaces of 2.3 Yave been (ound in wifase
waters tareushoant Wastern Canals,

M Oemwed wnd that 12 o 06 23D pecatnts
1eated M M department evaey Weveds of Jisun

He sandiRat as fur as he Anewe, at's the firat ume
ansune has foured anv hounan 2,6

ile wasd keveis M divun in 2.4.0 ranced fsom
four pats fur -mlln s Lo parte por Slion

Kuth Poue, head of Albseta Agniisare's eed
contrel Bear . Gud Yo et treh e (olerl
pemment’s imbng st presear un LlLouls w
larmwert in Asherta

He snd e doune fonmd S \omoxitase
()".l..a aete 180000 10 Sie 0ot g tong tonig 10 90
2000, 20N 81. Naeq aied anh Merh
Y LY
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Wéedkmer 'nas“'
deadly chemlcal

~..' v H
. ]
e

8y The Canrsdian ’nu e . o
Agnculturc dcpartment testers have found dioxin,

" onc of the most deadly of chemicals, in some samples .

,, ; of the herbicide 2,4-D, it was announced Thursday.

' Agriculture and health department officials arc in-

" vestigating the. situation further and a decision will be
*.. ‘madc on 2,4-Duse before next year's growing scason. -
The herbicide 2,4-D is used 10 control broad-leaf
weeds in cverything from lawns to cereal ficlds. About

cight million pounds of 2,4-D is used in Canada cach
year. This represeats about 25 pcr cent of total herbic-
ide usc.
Agricuiture mestcr Eugcnc thlnn s:ud “Thcsc
" findings clearly identify dioxin contaminants in some,
" but not all, 2,4-D samples cxamined. Work is continu-
ing 1o gain a broader and morc delallcd undcrstandmg_
of these new findings, - : !

- “When some pesticide products were registered, to-

iday's highly sophisticated testing equipment did not
. exist. The investment my ucparlmcnt has made in

hxgh-pnccd laboratory cquipment and in highly traincd -

" scicntists is paying off with results like these.

“] can guarantee the pubhc that Agriculture Camd:
will continuc to' work hard in \ceping agricultural che-
mncals under constant review and to.provide answers to
- concerns that may arise as a rcsult of the mxcmng

. process,” Mr. Whelan said ia a ncws release,

“

0Go552;
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U'I"HOT] charges Uniroyal workers
endangéred by toxic chemicals

~ EDMONTON (CP) -—

* Workers st the. Uniroyal Lid.
herbicide plant are being con-
taminated by toxic chemicals,
the Energy and: Chemical
Workers Union charged Flr-
day.

“We've noticed an abnormal
number of peaple who have had
to take time off because of colds
and lung prodblems,” said Reg
Basken, national
tative of the union.

He said one of the 25 Uniroyal
employces has uncontrnllable
tremors, annther has probicms
with his memory and several
others have experienced mus-
cle weakness in their arms.

He 3aid the company has not
done enough to prevent ex-

' posure to the herbicides,

Among t pro-
duced at the piant are 2,4-D,
"MCPA, pentachiorephenol,
tetruchiorophenol and 2.4.5-T ~
a highly toxic chemical used by
the American military as a
defotlant duﬂgg the Vlemam
War. .

represen-

oy e .,-_.

The production of 2,4,5-T and
pentachlorophenol - produces
small quantities of the dioxin
TCDD, one of the most deadly
chemicals. -

Basken sald the unlon obtaln-
ed a3 copy of 2 study done last
year by the Alberta labor
department which showed ab-
normally high - leveis of
pentachlorophenol and
dichlorophenol in Lhe urine of
workers. .

Those two chcemicals can
cnuse birth defects i passed on
In sperm, he said. R
DETECT PHENOL

Dave Glbson, director of the
hygicne branch of the labor
department, said the report did
find *“some of the urine sampies
of a minarity of the workers in-
dicated higher phenol levels
than we want 1o sce.™

RBut air tests showed no pro-
blems, he added, and the ouly
pulential exposure came {rom
absorbing the phenols through
the skin.

Basken sald the workers

were not told of the test resuits.

The union has staried a8
medical survey of all former °
and current employeces at the ;
plant to determine what kind of ;
hazards exposure to the’
chemicals might cause.

The survey will study a
number of polenlial heaith pro- *
blems including cancer, liver .
damage and nerve disorders. It
wiil also ook into the number of
birth defects among Lhe
warkers' children and miscar-
riages among the workers'
wives.

NO COMPLAINTS

Glenn Martin, manager of
the Uniroyal plant. said his |
company has not rcceived any ¢
complaints about medical pro-
blems. - 4

He said some monitoring and
testing had been done by the |
Alberta government but the
company has nuot been given :
detailed information of the fin- ~
dings.

“We are going to talk to the
workers and sce what they are .

=
v =
: ©
y ~d
1 &
NS
3

.
P UCSQIEPR P

uplo."Marunsald. A
He dismissed allegations
about poor safety standards,
saying workers are supplied
with masks, gloves., work
ciothes and rubber-soled shoes.
And all workers trained in how

. lo handle the chemicals.

Basken said the company has
Instalied washing machines for
. the empioyees’ clothes and a

i sauna to sweat the chemicals

-~

§10 S04 MmoQ

g

<

out of the workers' skin, but - -*
most of the men are stil] con- e

, laminated. :
.""We notice tnat they (md to
buy less weedkiller than most -
people — they just go home and
throw their shirt on lhe lawn,”
the union oflicial said. - - !
“I'm not kidding. I'll bet a
survey of these guys’ homes

. wowld show none of them ean

grow houscplants because of

1

e
L 47

the stuff they take home in u:elr -

:skin and clathes.”

Basken said conditions at the
.plant have improved in rece
years bul remain far from
; Ing safe.

8284
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Farm chemicals

safely

tests ‘faulty’

thirt in o serien)

the fledetal pineen.
nent van e hger
voah for ihe alvin of
" Lrmmenty sz
sztecuhiutal  chiemn sl
sveatse of fauly 1ot
seaulty a2 U°N Lilava-
[

The posieades were
Ol aeated for salfors by

., eme W
. Comineransl
st Iy BOME CeMnpany

Report
By

Allan

Maver

2ale US
1teth the Cansdian and Sowrcan

govermnents have acvuned the v’

sany ol makig up sost touits and
unketmg with ity

LI\ L]

e t
v te apprisne e oz of the

e I
cemals

T Afwors, e base ten inete
Sents pmolving the dhznmats

Sewag! Coedit deader S (Tald
was at e an Oy last spump
spraving by parden sasplatncs with

8 weed billst when he suddenly de-
velioped had chest pains.

e felt sud fuor alnnt twe weels
and didn’t fedd e hamwll for an.
otler month. Me Clorl was wsing @
sheinwal Aprwn as Paraguat.

bbby Nuthak of Locombe was
apphang Later™s Flant thatw on g
Tewise plant thn s when she

hevane extrencly aanseom.
She  hepan sulfering  from  evere
halucimatiuwy and way in hospital for 3 weck

and away [rom work fur 308 weeks. The chemical
in the plant di<tor was Disulfpton.

A worker 3t Unwayal's herbunde plant neat
Sherwanal Patk spillcd snme pentachhwoplicnod
o hes arm and pbet.

e washed the chemical off his ann but pot
s jus ket bk nn M dieinical got in hiv skin
amd, aceondip te an Loagy and Cheoneal
Warken' UVimon oftwial, the winket’s anm iy
it shonnt uscless *

Winle the thice victims survised their sun-m
with postnides, there is ne loag-tenm puarcnice
thast Wheir expraences might cafch up witl thean
m 7 \ealy

Al alie pestientes wete asiginally approved by
Bondrrstrea? hotest Labuoratosses,

Abvnt hall of the 106 pesiticilos aow amics
sspre s are uvad an Allwita,

Canadean  offwisly  mamiam  the  lem
sultsitted live rats for dead oncy in long-term
saleiv fos.

Othier tesulis wore gay

fed 10 stuvw fewer barth
defrans heturen
Liboratery aninesbs that were led chenwcaly amd
thene that were md

The prabldem o 8 massive one Tor foderal
prvernmwnt plixcsls, whns have hnovwn alwm) the
situatien for thece deans

Nune of the alfected chemivals have twen
withleawn frevn the nacket and biske s been
dotse ta indonan the prbin.

Chommats o the It sie unel in prosto
snhi as “Ne Peat™ stipy, bowise and panden
tectionles, and Lanate, 2 tisger mmsaain sbe oved
Lo conteed Nertles arins wominen h
i e, Captan, whind s stoll wacd ®
i the preame, snderwent 14 dess i ML Lol
Thineen of e s Bave e lwen suled
invalul

Captan i sonprctal of caming camee Ay
much v WA ety of Capitan o wswel s
Al'wriaras b yeas.

B, Alcw Moo, feal of  the fuderal
government’s biealth pactcy teen branch, ssvs by

YOI has andee
stinhies e by BHE, s alunds of whnl aie
surprated of bt invabud

omay cont onalacivrces $100 sl 1a
fciest spa il CIWLINRVTE I J TR N PR TTINEY
The federal ¢ [T RISV TN IR Y2 TIXT YL IS
Far iy nvestopating the 100 snnatien

LN (T
fonsd st deng N Eation 1 100

A spvlevman e e convinennenal
Provtecinm apenmy e Washingten
el e ¢
Connprany beanld ol e sesgen oy

The Canadian grovcrnm
tekeing i 1977, amnttinng tha bage Inmica
of the problenny but dnd st ssy what chicmnialy
were invedved

This sumnser, Heatth Minisses Rbonigue llepen
wucd » of 97 postnndes timber s
wily afecr prossie fnan abe Sobatdivaon

Imemmcnl and ot nwwlars of
arbsnnent

Int Colbson,  Allwita’s  envitonnwn
annger, savs bis goveenment “eclies st

fudee, pencentient e . omabe e
seven *
The owadian  with

Saskatchewan's emvitmncit dopastincnt, e,
David Peanan, iv detnanding wnne informaten
fron Ciawa,
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June
Sieppard

On Aug 200 ainercd the pracine of baving deceeons
alvurt what chomnal pesisonbos shull be alkesed o the
e0e ket s € ananda con 108 sesnlts Tromn Labuaatinscs hised
by the s Diconm ad sndunstey,

The vodunmm way preunpcl by Heabih gnd Wellaee
Mlommpr Ihopm’y enwnt carly s the
v that twer-thands of the tonts dine by onie loh -
ln-hmu..l ot of Nhinoes - G te wannd tnne
nvanw the ludt wite 3o laulty) bad sho (wmn
wntuhuadde,

F wiestc that dissobidan ium with the bsh bad evonted IM
senine e Bt bsalin’s bcen pevealid 1o Canadiany until
s vear 3 have 2 et Do Dvn Carbon, sepmnal
dn tlatnues oftnce e bealth and wellae
B alinssatins, saving 1hat i ant the Brotsrs smensicr, Marg
babwple, ammapncd i 1977 investipaten had
n it the Auwinan b’y [N
ot bes the mews tekease from Labiie munl--ulu-‘

ths

Winte Fon pleasedd 1o chear upy thas eone errevr, the e
[ N wiansweird.

A e the tezting by
sl promtont Latwaateones, D oan alss sssurg v shat tlwee
stv swey ponel ) valnd s foor shes ap b and
altfeozyh e sy ov b veanpictely failoaale,
weverthedess g shivnnty scentul b many dean
T bend | [ TR AT tar foun km! the
s, an o Fant sy sonnh e @ vacptnen 1o te Tule.
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Doctor red chemucal test
raise questions about
Afid@mrangmg dishonesty

1n labs

(iof 2 r—\Jr‘;

. Tt 18 he sccomd in @ series of
artecles, The first apprared n tke
Jovenol Tuccdiv, (dr, 21, The fast o8
on Pase Al 7 tenbay.

Ity Atlan Mayer

tnducrisl  Bintest  Lahoratovics
(BT has boen an cmbarrassmient 1o
hoth the Canaban snd  United
States  govcnmemts  and  raises
queshions abwwt the way in which
pestivides are approved for i,

When it was diwaveral in 1976
that INT had been dintoring bath
long-termi and  shost-termy  safety
studies  on peslivides vl
internationally. the Us.
gorernment w as taken ahack,

“IDY i <t i opcestion but pnly
for pe-evaluvation of he suspect
snfety tests. Two of the 1IBTs thice
fahs have buen wold and a buyer is

yhang sught Ree the semaining lab
“in Nosthlwanl, 1L The bab is alw
“facing numcrimn Linspits,

’-'. D Aley Mostium, head of the
sCanadian  government's health
.pln!nlum heanch, adiits that IBT
twar  dliwinemng  chomee touclty
Setidics on 3 gramd wale for the favt
vanle.

wng thit? That's the mehtinase,
spays D Moernsen, “ICIRT isgun
stogue company which fir unne
sreavmt went wremiked fhwn B
'-k:l with that. But of HIT is the “p
u( the eberg  and  Mlwre it
m-larvud chwancry powng oa in
scommercial Dabedatines then we
Jhave a very scoous puohlom where
.um cannot trust informatum pven
oy the Prvate soctof te governinent
supparting the wie of chemicah,

3 Since the

"ot vas MNT the only company

% "We don't know how g the
irblem is yp We've been bymg e
‘eoncentrate on JIT Dt there o i
{donlst that we will bhe going bak 10
Jook at olfier faboratories 1 see
‘ulmlm W it we have mnwkey
Liwsiness going on there.™

fll‘l' allain hegan, the
Us. Ford and Deng
'/\Jnunululnvn has  initialed  a
;hlmk inspection  cycle  wheh
tincludes Jdata amlits and on.ute
nn-mlmu of comnercal  Iesing
dabs,
< M in Canwda. 1%, Rwhard

';T'umic-e. c-omdinator of
vigriculture Canmla's ceop
prolection tescarch feamh,

amainiane the oashing prowess of
Yegistration is aequate.
2 "o you put inte npeal evary
St of st yom disin’t Gindd
YyeunliT he says. “The fuung
Hevww process ian’t vavalics.”
¢ Undce thar provess, pestwidde
.wnlml\ are  examinal by
IApmulture Canada,  Healtl\ aml
.\\cll.ne Canada,  Favironment
Canads  and  Fycheries (ana-l.“
fFonal appraval [TRUY wl
JApriculate Canmla which i’y
necessanily have toe ak for healih
4Qleparyment input.
5 AON-CONIINGG vonnines, dle
frinaple  respunshility  for e
‘satery of theunals has fallcn upun
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the ulatnres, whe then wbminy
e NLUCT TR T
|p|mn E N m\cmmcnl\ o't ofo the

£ in (lie caer of IBT, 2l e
an poveinmcil QW weie
w ity
rusl the privaie
that keads you win
bopoduy ddevisveouns”
wh, * the Bt one iy

we Well, theee .ll-cll
fowr gl S0 omMum every fonne 2
new dheatival connes up. B ey doall
8 tcaning on severdd hondend

At il of ceversl nnlies) modlien
dotlass 4 year. Convernncats die’t
Jave that Lisnd of pnsney.
“She thud s:plion 3
perople whe e o, go back into thes
faluaarerns, ks cvery weed on
what thev're shang w ey can’t
Bt o yow g got away with 0™
g federst NDP wieng e \m«
Sivseuy ol ]nng (Repna  Fav)
) the lact thas  the
18w (e ting.

of inteeeus imvodved heie and the
sates are pretry Inugh,” he save, fle
e e vication of pineranwnt
fokopy araires, (pread across the
cemicitey, which wenkl  evanme
aprviculinal choensicals wsed o the
iffcrent srgions,

Mr. e Jong savs there are s
“shwr't Anows™  concuining
1T s that dhe comnley is wang
'.ll"l"'\ |lll' agf  cov Nt 3%
testing greanmis,

The & heaan envisonsnent
departent is the oy provincrad
apsmy that’s it pressure on the
deedd  povernoent i e
wenativn, e Daval I

noamenl  depatimont’s e

i ronsultang,  has aked
whe € A fw ealy
tvpetes on [RE spproned chgmuals
Vitaras, dichkitaven anml

Protn hloroghend hat was ok 1o
!

. 'pl that gl fienn e
he's
comoennd abont Vitavae he

the chemm ol e spring Jyedd shonily
Mty hom Aslney (ahare

to Allwsty, I ncgranment Minssice
Ik Cendum vl hye
It the fodveal ponern
what's sde and wh
11 atfae,

.

.
’l."'

UUWIUDU4D/

“Te pull eventhing
shiches wimbl by
lhmr tooofos wath L

et the tests grouired 1n thus ame
“Wowe pulledl wuine e thene

chernrcals off the mert ey ekt now,

bandie for insiame e, there ombt he

s capesced crop Fiw feethy a0y
worm  wemld dbtiw 0 degr
rapesved ml e uiragion plints o the
pm\cmg world hase 10 he e
divan,” he o

“The st of the wekhd is dink
with tha e Iy e folbeeal
pCttet’s sesponaibiling and we
hasve vonfidence o them

Me  Guibey  sdoits dhat die
Alherts gavernmient ki an ity of
the quantims of pestundes wed 1n
this priwince el ather goseranmng
eihcaale ading v dden't LA
v nuanv peaple get sk from
Pesticides ewh year

0 Sianky Greentufl, charnin
of e Alpiverany of Al
commumty  health department, »
somrencd abeut the cavv Jceeny (o
these chenvicals

e wans that weganephogoe
postcides, such as [nzinen te b h
noon the BT D) are sheluby
omntificd aceve ey and th
purchaw of these postcades sner the
counter are cidwudiendy cavy, Jle
s the wller often hse o
bivwicidge of the pucncy of the
Ml

Fo cwnbay tles, the  provinge
wiently appaned new sl
abenimeats reeulstnmy wivih  wiil
fonie  dealess W canplte
NSRS Pandenre Conne i posinnle
afcty.  Chennealv have  bewa
clasuficd under dilfceent he.nlings
reganbing ihwer petenes and Lsimers
will have t0 ugn for wme of ihe
shemicale  they e, Uinder they,

a

anl e oles

S anky
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o b g,
e un.l.
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e o Ve
e ey
Bt MUKy, buen ing supve
with Albety In

i chemial. by
Baomnes By 400 200 e namse w by
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Wha 1.4 Mostevalon,
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et e Ay
LY EREPP I
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sofloeend Proun |
Ihe questamane

Spalhine, g litmin
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it could take some years,
‘0 know for surehow safe

agricu

really are

Hy ALIANMAVER

etrt 12 it varacsp

1t wild be gt least ihree sears hefve a foderal
grsernnent Jeam o bovieohigints can say whethies
10 comimuly uwed agreoltural chemwals ate
sale

Between then and wow, the tosictogniy will
hare 100 pour over thounrateds of pages of raw dats
suppliad by lntusinat Bruest Latnwatonies (19T
of Newthherol, Hhnas, in an cffiet to saeriam
which sturdies are valid and which studecs are nen,

“Wene fomml flows 10 bl stusi-seon and
tong-teem studice,™ sayy D, Aley Maasnon, head
of the federal povernament’s Bealth peetccivon
hramh “Roght anw ae can’t gudge whether the
chenncaly sre safc or unsale ™

Foo tind ot thie tonnnlatints woll hove o go
et abaot WO studies dune by BT, Alfier
g 0 snkbies, bealth department ofticeals

The gmernnwnt hay v tuneloging on stafl
new wath plans 1o add another our sy vwon 3y
they wan be foumd  they will all be 1DD-Jevel
Wientiss,

“We thek to e ol a given anmnal iy follened
thraowrgh 4 sty whethior the proticed i the
studs wan (ollaecd. I 2 2d-nwnth vudy wgs
Lonndin tod. ded o8 carry on that Tong o was 'y
20 nnmttn, o 1Y menahs " s, Ih Metoivn
“Can you st fie dead snimals? Sonntnney
we find that these woese nwere ananssls ot the el of
a sty tham at the tvcgimmng

“Miaue they nnght have dose the study n
pars, they immyit hase nuade 10 all up. they Ay
have done 1 o 2 difterent way than ihicy sand thes
had e Hey elien wem 1o hune done thee
ks 4o tlean dhicy s .
16 Muvreson savs that Vi b -approsed o Inumeah

a2 jove .
[}

-

-

ltural

chemicals

are used on foue 1o five Mallson datlars worth of
fowsd promdices ol i thus cemntey cach vear,

He ays untid his vfficnabs bnow nese vt ihe
INE g, the ale with Bt fee warclul shat
“we dont’t erg 1 teoms of pubilic idviee”

=We have ni ovidence fo deinonstrate that theve
resticides represent a2 health ated o0 UCEs o oy
senufues in food,” savs Uealth Mimester Muongue
Bepin, "I evidence hecormes avaitable that these
procducts Jo sepresent 4 health hazasl, imawdiate
ation 10 protect the pullic will be 1aken,”

But neither My, Begin nor any of boe edfionds
can voych hiv long-term health cticats. And unul
they can, the fuderal gmcrament will spond
thounands of dodlars, in adiition 10 SR8 spent
alrcady, in dJeaning up the situstion,

Rueplacemsent studics frr fnvadid BT oty will
have t be conducted by dhonmal smanulactiurces
and sune of those studies wall fake as b as three '
years 4

A Wetinie study on 2 13t 1abes abont fua years
with anmher year analysang the data. says Iy,
Muorrivon, If you're using monkeys vor dhags it nnay
tuke finor o five yeurs.
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On April 15, 1980, the Ontario Mini-
ster of Ervirenzent banned the use of the
herbicides 2,4,5,T and 2,4,5,TP. Studies
have shown that the substances can cause
irreversible health effects. This ban
follows similar bans in the USA, New Bruns-
wick and 3ri::sk Columbia. Other provincss
are considering whether to placs a ban on
iz mo.

.Usss

: iThese chemicals are used cxtminly
&3 8 control for broad lesfed weed and bush
and hardwoods. Thay are sprayed on the
sides of hxg)-nys, on hydro right-of-ways
ntl iu forest aress

CUPE mexbers that nay iu\u m:‘blo
exposite include Hydro workers, mmicipal-
ity workers and school beard employess.
The justification for this spraying is
puTely econoaic; spraying is chnp«r than

gueeing.

n.mi.eipnuuu. Provincial Gavcrn- o
eonts and Hydro suthorities are the lu-g-
est users of thcu chcalcals.

HeaLtn EFFeECTS

i The prodlem that exists vith these
chenicals is that after spraying the sub-
stances tend to decompose very quickly.
They leave beRind however, sn extraely
toxic substanca known as DIOXIN.

Bioxin ia one of the most toxic
swuhstances Fuown to man. It is estimeted
that one-twelve hundredth of one drop of
Zioxia ls fazzl ¢s a humsa. The explosion
at Sevesso in Italy caused dioxin td peollute
the surrounding countryside turaning it into
a waste area. lMilitary personnel xhe were
exposed to it in Viotnam, whers it was used
as a defoliant in the jungles, are now
experiencing many heslth probleas.

Studies have shown that where thore
is exposure to 2,4,5,T and TP there is an
jacroase in cancers of the muscle and of
the tissue. Reports from a town in Oregon ~
drdicate that there was an abnormally high

7ate of miscarriages among pregnant wezen
~%

Camman Ve 0F Puic Enlfrsvies

* whers it is storsd, to your union. .

- - .90€92S | MOO—

LEXKE

" spproximately six weeks after spraying

occurred in the area. Swedish studies -
have shown s link betwaca incressed
levels of csncar and exposurs to the i
chemicals. &

The residue dioxin that is left ta- -
hind can get into the food chain and :
cause prolonged exposure in the geneixl

public.

Action REquirED

¥herever spraying af harbiclds o
eonducted insist on knowing the type of
chemical that you are using. Ask the
following questions: - :

i) What is the name of the chemies), .
both the generic name (this will imdi- -
este the type of chemical e.g.r 2,4,5,T !
and 2,4,5,TP are the genoric nases) l
snd the trade nams (silvax is s comrea |
trads name for these chomicals).

11) Obtain the name of the msnufactuses.|

111) If it is confirmed that it {3 the
sbove chexicals, then rofuse to use riea.i

1v) Report all uses, snd/or all aTs:s

R it matd

v) If you have thess present at yous
worksite and they are being sold eor
transported elsewhere, find out vhere
and zeport it to your umion.

vi) Yhere thers is any chance of axpa-
sure, insist on protective clothing,
self-contained bresthing apparatus aﬁ
decontsainction 2fter expesuss.

vii) uporc any employer vho i{s usisg
these materials in the provinces whaze
a ban exists, to the Ministr) of Ladoce
and the Ministry of the Environmes:.

"NOTE: All roports to local unicns sisuld’

be actad upon - inform your Sctaff 2epce-
sentative and the Nationgl Office. Coe- '
plain to your provincial goverameat.
2, 4,83, Tand 2, 4, S, TP ARE HEALTH
HAZARDS TIIAT MAY EFFECT YOU OR YOUR
CHILDREM - DON'T USE THEM!

remet, e

.-,y . (N ) Y
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ABSTRACT

This study was undertaken to determine the effects of wmixtures
(simulated Agent Orange) of 2,4-dichlorophenoxyacetic acid (2,4-D),
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and 2,3,7,8-tetrachlorodi~
benzo-p~dioxin (TCDD) on reproduction and fartility of treated male
mice.

Male CS7BL/6 mice were given feed containing varying concentrations
of 2,4-D, 2,4,5-T and TCDD such that d;ily doses of approximately 40
mg/kg 2,4-D, 40 mg/kg 2,4,5-T and 2.4 pg/kg TCOD (Group II) or 40 mg/kg
2,4-D, 40 mg/kg 2,4,5-T and 0.16 pg/kg TCOD (Group IV) or 20 mg/kg 2,4~

D, 20 mg/kg 2,4,5-T and 1.2 pg/kg TCOD (Group III) would be achieved.

~ Controls (Group I) were given a diet with only the corn oil vehicle

-

added to the feed. In the treated animals, dose-rslated liver and

thymus toxicity were found and body wéight gain was significantly reduced.
Liver and thymus toxicity showed significant or complete fecovery when
‘the mice were returned to a control diet. Sperm concentration, motility
and percent sperm abnormalities wers evaluated and ne significant effect
was poted during or after the dosing period.

At £he conclusion of an eight week dosing period treated males were
mated to untreatad virgin females (three per male per week for eight
weeks). Mating frequency, average fertility, perceat implantation and
resorption sites and percent fetal malformations were all measured in

relation to the treatment. No significant decrement in fertility or

‘reproduction was noted in the study. There was no evidence of germ cell

toxicity. Survival of offspring and neonatal development were apparently

unaffected by paternal exposurs to the simulated mixtures ovagent

Orange. N | _ "“8296
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INTRODUCTION
Chlerinated phenoxyacetic acid compounds are used extensively as
herbicides in forestry and agriculture. The Departmeant of Defemse
tested and used 2 number of different herbicides containing chlorinated
phenoxy acids in Vietnam as defoliants; these included Herbicide Orange,

Herbicide White, Herbicide Purple, Herbicide Pink and Herbicide Green

QRTAFTI Mnn

(Toung et al., 1978). The herbicide most extensively used was Herbicide -~
Orange, a 1:1 mixture of the n-butyl esters of 2,4-dichlorophemoxyacetic
acid (2,4-D) and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T). It has

been gstima:ed that 107 million pounds were sprayed with the majority

used in the years 1967 to 1969 (77% of total hezbicide sprayed) (Young

et al., 1978).

During the synthesis of 2,4,5-trichlorophencl (TCP) and.subsequently
2,4,5-T, but not 2,4-D, a highly toxic contaminant is fo:med:' This
contaminast, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), has been found
in Herbicide Orange at an average concentration of 2 ppm with individual
analysis of up to 47 ppm reported (Young et al., 1978). Occupational or
environmental exposure to humans to TCDD has been associated with a
number of clinical disorders (Firestone, 1977; IARC, 1978). The heaviest
exposures have involved industrial acgidents which occurred in plants
synthesizing TCP. The most consistently documented clinical manifestation
has been chloracne, a severe form of pustular felliculitis which is mest
frequently observed on the face, neck and ﬁpper extremities. Other less
'comm?n c¢linical findings following TCDD exposure include porphyria
cutanea tarda, central and peripheral nervous system disorders, depression
and irritability, hepatic dysfunction and altered serum lipid concen- .

trations (Firestonme, 1977; IARC 1978; Young et al., 1978).

Ci36K14
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A number of Vietﬁaﬁ Veterans have expressed concern as to health

" effects that may bave ressulted from exposure to Herbicide Orange either

through application of the herbicide or through inhabiting defoliated
areas (Holdem, 1979; Rawls, 1979). A particular coacern is that Herbicide
Orange exposure may be related to reported decreases in both libido and
fertility (low sperm counts and abnormal sperm forms) and that it may
also be responsible for birth defects observed in offspring sired by
veterans who were exposed to Agent Orange (Bogea, 1979; Holdem, 1979).
The toxiecity of Tcns-and the phenoxy acids 2,4-D and 2,4,5-T has
been studied in some det;il. The.bioclogical effects of these chemicals
are well documented in a number of mammalian tast systems (Gehring and
Betso, 1978; Moore, 1978). 2,4-D, 2,4,5-T and TCDD have all been
investigated for teratogenicity and fetotoxicity whea given to pregmant
females. 2,4-D acid and 2,4-D esterghshow signs of fetotoxicity and
emhryotoxicity.in bhamsters and rats at high dose levels, but it is
unclear wvhether the compounds are actuglly teratogenic (Collins and
Williams, 1971; Khera and McKinley, 1971; Schwetz et al., 1871). Exposu:e
of mice to 2,4,5-T during pregnancy results in congenital malformatioms
(Cou;tney and Moore, 1971; Neubert and Dil;man, 1972; Hoed et al.,
1979). Studies in rats (Sparschu et al., 1971) and momnkeys (Dougherty
et al., 1975), indicate that the teratogemicity of 2,4,5-T may be a
species~dependent phenomenon, sinces gestational exposure to this compound

produced fetotoxic but mot teratogenic effects (Gehring and Betso,

- 1978).

Early studies with 2,4,5-T samples which were contaminated with 30
ppe of TCOD indicated that the herbicide was teratogenic in rats (Courtney

et al., 1970). Subsequent studies by Courtney and Hoore-tlgiij; using

238
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purified 2,4,5-T; showed that both 2,4,5-T and TCDD wers teratogenmic in
three strains of mice but in rats only TCDD was fetotoxic and possibly
terhtogenic. TCDD has been shown by other laboratories to be teratogenic
and/or embryotoxic in mice at levels above 0.1 pg/kg/day (Smith et al.,
1976) and rats at 0.125-2.0 pg/kg/day (Sparschu et al., 1971).'.
Although fetotoxicity and teratogenicity associated with gestatiomal

exposures to these compounds have been exteansively studied, there is a
paucity of data as to th? effects of ;ale exposure on fertility and
development of their offspring. Investigations in male rats undertaken
to determime whether dominant lethal mutations could be caused by TCDD
were pegative. However, the incidence of fertile matings was decreased
but it was not determined whether this was due to the systemic toxicity
of TCDD or a direct effect on reproduction (Khera and Ruddick, 1971).
Other studies that have considered repréductive competeance i& males have
generally been multigeneration studies of animals treated.dnring their
entire iives with one of the compounds of interest. Ian those studies
neither 2,4-D (Hansen et al., 1971) nor 2,4,5-T (Smith et al., 1978)
significaﬁtly reduced fertility when males and females were given fe;d
containing the herbicides. Three-generation studies with TCDD demon-
strated that ingestion of levels greater than 0.1 ug/kg/day decreased
fertility and litter survival in the fo generation; exposure to 0.01
pg/kg/day decreased fertility in the fl and fz generations, but not the
f, generation (Murray et al., 1979). 1Ia that case, an increase in the
‘percentage of resorbed implantation sites could be related to female

exposure to TCDD, but not to male exposure (Murray et al., 1979).

Cloelis
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The consequences.of chemical toxicity on male resproductive capa-
bilities might include loss or decrsase ip fertility, abnormal sperm
morphology, decreased sperm concentration and/or motility, or lesions in
the reproductive tract and accessory sex glands (Goﬁes, 1970; Maason and
Simons, 1980). In addition to effects on reproduction or fertility,
chemical exposure might cause genetic mutations in the male germ cells
which could be expressed in the offspring as an inherited azomaly, or
embryo and fetal death (Joffe, 1979; Manson and Simons, 1980). Another:
mechanism to explain fetal effects via the male would be that the chemical
might-actually be transmitted to the female in the seminal plasma which-
could then result in a direct exposure of the ova.

The dominant lethal (Epstein, 1973; Generoso, 1973) and sperm
morphology (Wyrobek, 1979) assays, used routinely in mice to evaluate
potential chemical mutagenicity in male germ cells, wers employed in
this study. Both of these test systems involve chemical exposure followed
by fertility tes%ing or sperm evaluation of the amimals for the duration
of the spermatogenic cycle (approximately 35S days in mice). This approach
is necessary since male germ calls are constantly dividing and differ-
entiating during trapsit from spermatogonia to spermatozea with each
developmental stage varying in its seasitivity anod susceptibility to
chemical toxicity or mutagenicity. Experimental designs which are
dirsctaed at detarmining male germ cell toxicity must comsider this sperm
maturation process to assure that all stages of development are tasted.

The following investigations wers undertaken to determine if compo-
sit; exposurs to 2,4-D, 2,4,5-T plus TCDD (i.e., Berbicide Orange),

could affect reproductive function in male mice.



" MATERIALS AND METHODS

Test Chemicals and Purity ¢

=
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2,4-dichlorophenoxyacetic acid (2,4-D) 0o
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2,3,7,8-tetrachloredibenzo-p-dioxin (TCDD)

2,4=dichlorophenoxyacatic acid (2,4-D) (AGR 171114, 98.5% pure) and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) (AGR 133711, 98.7% pure)
were supplied by the Dow Chemical U.S.A., Midland, Hichigan.' Both |
sagples were analyzed by Dow Chemical for TCDD contamination who reported
no TCDD or other dioxin detected in the sgmples (Tables 1 and 2).

The free acid was used to elimipate the volatility problem associated
with the butyl ester which would compromise quantification of dose
administersd and pose an exposure risk to laboratory persomnel. The
free acid form is readily absorbed from the gastrointestinal tract.

2,3,7,8-tetrachlorodibenzo~p-dioxin (TCDD) was synthesized by the
Enviroamental Chemistry Branch, National Iastitute of Eavironmental .

Eealth Sciences, Research Triangle Park, North Carolina. . 'I'he TCDD was @301

reportad to be of greater thao 98% purity by gas chromatographic amalysis

Cidelis
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TABLE 1

Analysis of 2,4-D Sample for Dioxins

Concentzation

2,3,7,8-Tetrachlorodibenzo-p=dioxin

Hexachlorodibenzo-p—&ioxin
Heptachlorodibenzo-p-dioxin

Octachlorodibenzo-p~dioxin

Not detected
Not detected
Not detected

th detected

Detection Limic
1 ppb
1 ppb
20 pob

5 ppb

CiSLrin
8302



TABLE 2

Analysis of 2,4,5-T Sample for Dioxias

Concentration

Detection Limit

2,3,7,8-Tetrachlorodibenzo~-p~dioxin

Eexachlorodibenzo-p=dioxins

Oczachlorodibenzo=p~dioxin

Not Detacted
Not detected

Not detected

0.5 ppb
0.03 ppm

0.3 ppm

(306530

{
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performed by NIEHS. The principal contaminate was 2,3,7-trichlorodibenzg-
p-dioxin.

Animals and Husbandry

Four week old male and 10 week old female CS7BL/6N inbred
mice (Cesarean-Originated, Barrier Sustained) were purchased from the
Charles River Breeding Laboratories, Inc., Wilmington, Massachusetts,
Upon arrival the mice were eartagged and housed in plastic cages with
stainless tops (males, one per cage; females, tea per cage). Absorb-ﬁri
hardwood bedding (Batne; Supply, Durham, NC) was used, and cages were
cleaned once each week. The animals wers kept in constant temperaturs
(20 * 2°C) and bumidity (R.H. 50 # 10%) om a fixed cycle of 12 hours
light-12 hours darkness. The mice were allowed food and water ad libitum.
The powdered diet was open formula NIH-3l prepared by Zeigler Bros. Co.
of Gardners, Pa.

Prevaration of Diets

S;ock solution of the test chemicals were prepared in a corn‘oil
vehicle. The calculated ard analytical values ars given in Table 3.
The test diets were prepared each week for 8 weeks by adding the aépro-
priate stock solution into the feed (2% vol/wt). The concentration of
chemicals in the feed was not changed during the 8 week exposure period
study. Feed consumption‘(gm/nouse) was measured once a week. Approximate
dose levels were projected using consumption of 5 gm feed/day by a mouse
weighing 25 gm. The controls (Group I) were given a diet containing 2%
corn oil. Group II consisted of mice that received about 40 mg/kg/day
of 2,4-D, 40 mg/kg/day of 2,4,5-T and 2.4 pg/kg/day of TCDD for a total
dose of 2.24 gm/kg of 2,4-D and 2,4,5-T each and 0.13 mg/kg of TCDD over

the entire 8 wesks. Group. III mice wers treatsd at a r;tenéé 40 mg/kg/day

8304
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TABLE 3

2,4-D, 2,4,5-T and TCDD

*
Concentrations in Stock Corn 041 Solutions

and Projected Dosages in Feed

Treatment 2.4_01 '** 2,4,5—T1 - T0002 "
Group ppm mg/kg/day ppm* mg/kg/day ppb* ng/kg/day
"I (Control) 0(0) 0 0(0) o _ 0O o
I1 10, 000(9380) 40 10,000 (9590) 40 600(505) 2.4
1844 10,000(9310) 40 10,000 (9480) 40 40( 39) 0.16
v 5,000 (4880) 20 '5.000(4830) 20 300(271) 1.2

:Cnlculated prepared concentrations and in ( ) amounts detected by analysis.

Dose levels based on idea

gm mouse.

1 concentrations in feed and an average feed consumption of 5 gm feed/day/25

lSamples of oil collected for 2,4-D and 2,4,5-T analyses were extracted with ethyl ether, derivatized
with diazomethane, extracted with hexane and analyzed on an electron capture gas chromatograph (ECGC)
by the Midwest Research Institute.

2Samp]ea of o1l collected for TCDD analysis were saponified in ethyl alcohol and potassium hydroxide,
then extracted with hexane and analyzed with an ECGC by the Hldyest Research Institute,
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of 2,4-D and 40 mg/kg)d;y of 2,4,5-T (same as Group II), buz received
only 0.16 pg/kg/day of TCDD; the total dosages of 2,4-D and of 2,4,5-T
were 2.24 gm/kg and 0.009 mg/kg of TCDD. The mice in Group IV received
20 mg/kg/day of 2,4-D, 20 mg/kg/day 2,4,5-T, and 1.2 pg/kg/day of TCDD,
resulting in a total 8 week exposure of l.li gn/kg of 2,4-D and ;f
2,4,5-T and 0.067 mg/kg of TCDD. After the 8 week exposure period all

mice were fed standard pelleted NIH 31 di;t.

Experimental Design

Two hundred male mice were weighed and sorted (by weight) into
eight groups (25 per group). One half of the male mice (4 groups of 25
each) were used for toxicity evaluation, while the other half (4 groups
of 25 each) were used for fertility and reproductivg studiss.

All males were then acclimatized on NIH-31 laboratory chow for
three weeks before the chemical exposurss were begun. Chemical exposure
began when the males were eight weeks old. Body weights and food consump~
tion weres racorded on a weekly basis. The males wers assigned to =xperi-
mental and control groups such that weight differences between groups
were minimized. The mice were then treated with one of the three treated
or control diets for eight comsecutive weeks.

Toxzicopathology

One hundrad of the mice were studied during and after the 8§ wesk
feeding period. Four animals from each of the four dese groups were

killed by decapitation at 1, 4, 5, 8, 12 and 16 weeks after first recsiv-

"ing treated feed. Each mouse received a gross autospsy examination; body

and organ (brain, liver, spleen, kidney, thymus and testis/epididymis)

weights were measured. These organs as well as lung, ducdenum, ear,
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prostate, seminal vesicle, coagulating gland and urinary bladder were

fixed in 10% neutral buffered formalin, dehydrated and embedded in ' g
paraffin blocks. Six um hisiologic sections were prapared and stained :fi
with hematoxylin and eosin. The tissues were examined for evidence of ::
histopathologic change. | gg
Also at sacrifice, the vas deferess wers removed and spermatozoa ﬂ:ig
milked into a 1.0 ml volume of 0.9% saline. The concentration of sperm ~;;:

A

per vas deferens was est@pated with a hemocytometer immediately after
collection. Additiomally, the percent motile (any movement vs. no
noveiqnt) spern was enumerated. The sperm sample was then stained with
0.25% eosin Y for 30 minutes. The spé:m were'evenly distributed within ’
the staining solution using a Pasteur pipette and four slide presparations
wvere prepared from each sample. The smears were allowed to_ai: dry,

were cover slipped and wers examined az‘aoo X maggification.z Three
hundred sperm were studied for each sample and sperm were classified as
normal or abnormal using the critsria of Wyrobek and Bruce (1975) and

Soares et al (1979).

Fertility and Reproduction

Fertility and reproduction assessments weres conducted on the
:emainiﬁg 100 mice (four groups of 25). |

After the male mice had been treatea with the test chemicals for
eight weeks they were returned to control feed. Beginning the next day,
each male was housed with three virgin female mice (fourteen weeks of
‘age) for up to 5 days each week for eight weeks. Each female was examined
each morning for evidence of mating by detectiod of a_vaginal plug (Day
0 of pregnancy). Each mated female was removed from the cage, weig?ed
and placed in a cage with other mated females in that group. Females

which did not appear to have matad du:ing'the 5-day cobabitation period

8307 ggounsd
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were observed for threse more weeks to permit detection of possible
pregnancies for which vaginal plugs were not observed. Apparent failure
of a female to mate or conceive was verified three weeks after cohabi-~
tation by killing the animal, removing the uterus, and staining it with
ammonium sulfide to better identify the prasence of implantation-sites
(Kopf et al., 1964).

For each weekly mating trial one female bred to each male was put
in a group to be sacrificed om day 18 of pregnancy for teratology examin-
ation. A second bred female from each male was placed in a group which
was a;lowed to deliver and rear her offspring. All remaining dams found
to have plugs were placed in a "taratology backup group” to be subjectad
to teratological evaluation if the dam selected for day 18 sacrifice was
found not to have any live fetuses. The above pregnant mics were
systematically distributed to the teratology, postnatal or "backup"
groups such that no one group was biased with dags which mated first,
second or third. However, if less than three dams had matad, priority
was generally given to the teratology group. All mated dams were weighed
on days 0, 7, 11, 15 and 18 of gestation.

On day 18 of gestation, the dams designated for teratology examina-
tion were coded to permit identification only by number so that laboratory
personnel conducting the teratogenmic apalysis did not know the tast
group. The mice were killed by cervical dislocation and their reproduc-

tive status was determined. Implantation sites in each uterine horn

‘were counted and the general condition of each conceptus was recorded.

The detection of implantation sites in the uteri of apparently nonpregnant
females was achieved through use of ammonium sulfide (Kopf et al.,
1964). Live fetuses were weighed individually, sexed internally (surgical

incision below navel), and examined for external malformatioms. Live

AN
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fetuses weighing <0.5 g, or wéighing less than two-thirds the mean of
.their larger littermates, were designated .as being "stunted”. At least
one=half of the fetuses of each litter, all "stunted" fetuses and
fetuses having external malformations, were examined for visceral
alterations (Staples, 1974). The bodies of all fetuses were then
processed for skeletal examinationm (Staples and Schnell, 1964). The I
heads of each fetus subjected to viscaral examination (with the exception-
of any fetuses which had external head malformations) were cut off at

the base and examined bywthe'f:ee-hand sectioning technique described b}
Wilson (1965).

The remaining dams (postnatal group) were allowed to deliver thei:'-
litters. Live and dead offspring as well as birth weight were recorded
(day 0). The pups were reweigﬁed on days 4, 7 and 21 and viability also
was recorded. The dams and their cffspring were killed on aay 21.

The above procsdures were repeated weekly for eight weeks resulting
in a total of eight sets of data. Four weeks after the conclusion of
the breéding study, (week 20 of the experiment), the male mice were
killed and autopsied in a. manper ideatical to that described for the
males sacrificed for toxicopathologic evaluation.

Statistical Evalunation

Statistical evaluations of possible pairwise tresatment-control
differences in food comsumption, body weights, organ weights, fertility,
mating efficiency, and sperm number, motility and abnormalities were
. made by Dunnett's test (Miller, 1966). Analysis of variance procsdures
were employed to assess the significance of differencas among groups,
week-to-week variability, and week by group interactions. Analyses of

abnormalities among the offspring wers carried out employing pairwise

8309

0T29¢T| 00



1129¢T1 MOd

14

comparison of control versus treated groups with the Manan Whitney U

test. The apnalysis of malformations considerad the average percent

malformed fetuses per litter.
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RESULTS

Feed Consumption and Body Weight

The projectad food comsumption of 35 gm/week (5 gm/day) proved to

be a conservative estimate in all groups throughout the period of chemical
exposure (Figure 1). Lower food consumption for all groups is indicated

in week-2 because only a fraction of the wesk (5 days) was measured.

N

2129€T] MOG

The addition of 2,4-D, 2,4,5-T or TCDD did not significantly decrease
feed consumption during the full eight week dosing period in any treatment -
group, as compared to the controls. Statistically significant changes
in fegd'consumption were only found in sporadi; cases and no gemeral
trend of decreased feed consumption could be attributed to the additionm
of either phenoxy acids or TCDD.
Body weight and weight gain, however, showed significant reductioms
in the treated animals when compared to controls (Figures Zﬂénd 3).
This reduction in body weight was most pronounced in group II (2.4 pg
TCOD/kg/day and 80 mg phenoxy acid/kg/day) from weeks 3 through 8 of
the study. The Group II animals recoversd most of their weight deficit
when returned to control diet. -
Generally all of the mice appeared healthy th:oughoui the course of
the study. Only two animals died during the tweaty weeks, ome in group
IV at 5 weeks and orme in group fI at 19 weeks. Their death did not
appear to be treatment-related.

Organ Weights and Histovathology

The mean organ weights of animals killed on weeks 1, 4, 5, 8, 12,
16, and 20 are shown in Figures 4-9. Statistically significant increases
in liver weight (Figure 4) were observed in all treated groups and was

positively correlated with the amount of TCDD exposure (i.é::'s.é >1.2

8311
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> .16 pg/kg TCDD/day,'gfoup§ II, IV and III respectively). After conélu=
sion of exposure the liver weight raturned toward normal, although

Groups II and IV continuned to show significantly elevated values even at
week 20. The livers of treated mice were enlarged, lighter in color
.than normal and mottled. The thymus was decreased in weight, which also
appeared to be a function of the level of TCDD rather than phenoxy acid
exposure (Figure 5). Although the thymus weights were significantly
(p<.0l) raduced in Groups II and IV rslative to controls throughout the
treatment period (weeks ils), thymic recovery appeared coumplete and |
weights were not statistically different from the controls by 4 weeks
after the last exposufe. No significant treatment-relatad effects were
observed in the spleen (Figure 6), tastis (Figure 7), kidney (Figure 8),
or brain (Figure 9). Histopathological evaluation showed no treatment-
related changes in any organs, with the excaption of the liver. Even

the thymus, which had decreased in size to as much as one-third that of
the control thymus, appeared histologically normal. The mild toxic
effects observed in the liv;r included hepatocesllular swelling, scattered
single cell necrosis, increased pumbers of mitotic figures, excess
extramedullary hem;topoiesis, and leukocytic infiltratiom. These changes
wers most appareat in group II (2.4 pg/kg/day TCDD; 80 mg/kg/day phenoxy
acids) and least apparent in Group III (0.16 ug/kg/day TCDD; 80 mg/kg/day
phenoxy acid). These signs of toxicity diminished substantially by the

end of the twelfth week of the study (four weeks after chemical exposure

. was coacluded).
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Figure 3. Average weekly weight gain. Weight gain was significantly (p<0.01)
reduced in Group II relative to control during weeks &4, 5 and 8.
Rapid recovery was observed such that no significant difference
was present by week 12 in these animals. Values are mean + S.E.XM.,
n = 4 per group.
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Figure 4. Average liver weight. Liver weight was-significantly (p<.0S)

increased in Group II (weeks 1-20), Group III (weeks 1-5,
week 16) and Group IV (weeks 4-20) relative to controls.
Values are mcan + S.E.M., n = 4 per group, weeks 1-16, o = 25
per group in week 20. ‘
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Figure 6.

Average spleen weight was not significantly changed by treatmeat.
Values are mean + S.E.M., 0 = 4 per group ip weeks 1-16, o = 25

per group in weei 20.
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Figure 7. Average testis and epididymis weight was not significantly affectad
by treatment. Values are mean + S.E.M., n = 4 per group in weeks

1-16, @ = 25 per group in week 20.
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Figure 8. Average kidney weight was not significantly changed by treatment.

Values are mean + S.E.M., n = 4 per group in weeks 1-16, o = 25
per group in week 20.
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Fertility

The average percent matings and overall fertility of the males
through 8 weeks of the study are given in Table 4. There was a signifi-
cant reduction in the mating frequency in males from group III (80
mg/kg/day phenoxy acid, 0.16 ug/kg/day TCDD). This effect was not
significant in Group II whose phenoxy acid exposurs was similar and
whose TCDD exposure was 15-fold greater. Thersfors, no dose-rslated
effect could be attributed to this decrease. Al?o, the percent fertile.
matings and total fertility were not significantly reduced in Group III
or in‘any group when compared to the control.

. When fertility was evaluated on ; week by week basis, no treatment-
related changes were observed. Fertility was also studied on an indi-
vidual per male basis and no significant changes were detected within
treated males as compared to contzols. At the conclusion of the study
sperm concentration and motility and ﬁercent abnormal spern vere measured
(week 20, Figures 10-12). These values wers analyzed, on an individual
male basis, to detarmine ;he:her any correlation existed between low
fertility performance (plug frequency, perceant fertile matings and tﬁtal
fertility) and low values for sperm quality (concesstratiom, motility,
percant abono-mal). In all groups there was no correlation betwees the
parameters measured. This would indicate that, evean though there was
considerable variability within these parametsrs, variatioms in fertility
could pot generally be attributed to specific changes in sperm quality.
The values for sperm concentration (Figure 10) and sperm motility (Figure
il) fluctuated considerably from week to week. Perceat abnormal sperm
were less variable (Figure 12). No treatment-related changes were
observed in these parameters. The marked reductiopns in sperm conceﬁira-
tion (Figure 10) and increase in sperm motility (Figure 11) which were

t 8322
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TABLE 4
Fertilicty and Mating Efficiency in Tresatad and Consrol CS731/6 Mice
8 Weak Toczal
'
percent) {percent)
I(Ceacrol) 74.6 + 1.6 ' 56.2 + 2.2 42.0 + 1.9
11(80;2.4) 70.3 + 2.4 $8.3 * 2.9 41.0 + 2.6
II1(80;0.16)  67.8 % 2.4° 55.3 * 2.3 377422
IV(40;1.2) 7.0 + 2.0 60.8 + 2.9 ' 4hy2 + 2.3 '
1

Calculatad daily exposurs is given in parenthesas as total g phenoxy acids/kg/day;
ug TCOD/kg/day
?-zmz plugs observed/tocal females housed with males.
erzent fartile macings/femsles with plugs.
JFercent ferrile matings/tocal females boused with males.
2<.05 ralazive to contrals .

Vme:ttMQm:atthu.n-awm.
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Figure 10. Average sperm concesatration. Sperm concentration was quite
variable and the only significant reduction relative to
controls was in week 16 (p<.05, Group II; p<.0l, Group IV).
The markesd reduction in all groups at 20 weeks may have been
related to the mating of those animals. Values are mean *
S.E.M., n = 4 per group in weeks l-16, a = 25 per group
in week 20.
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Figure 11. Average percent motile sperm. No significant change was observed
in the percent motile sperm (p<0.05) whea treated and coatrel
values vere compared. The drop in motility seen from week 4 to
veek 16 may have resulted from not breeding those males; in contrast,
the week 20 (mated) values were much higher. Values are mean *
S.E.M., n = 4 per group in weeks 1-16, n = 25 per group in weesk 20.
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Figure 12. Average percent abnormal sperm. Treatment had no significant
influence on the percent abnormal sperm (p<0.05). Values are
mean + S.E.M., o = 4 per group in weeks 1-16, n = 25 per group
in week 20.
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1
observed from weeks 16 to 20 of the study might be at least partly
explained by the fact that the males whose sperm were thecked on week 20
bhad been through an 8-week intensive mating program whereas the males

mogitored in the earlier weeks were virgins.

Teratological Examinations

The results of the teratology examination of the dams mated with

treated or control males for each group by week are detailed in Tables

.8239€T| Mpn

5-8. A comparison of the tables indicates that the average number Af
implants per litter, average number of resorptions per litter or average
numbe; live fetuses per litter (Tables 5-8) were unaffected by the
male's chemical exposuze;. For exampie, the mean values for control and
Group II (most heavily exposed) were 7.1 vs 7.4 implant sites per litter;
also in Groups I and II there wers 4.9 vs 5.0 live fetuses per litter
and 2.18 vs 2.37 resorptions per litter.  The average fetal Qéight was
significantly (p<0.05) greater in all treatment groups as compared to
controls. The total number of dead fetuses (i.e., offspring which
weighed more than 0.3 g?; offspring weighing <0.3 gm were listed as a
resorptions) was 1 in Group I, 2 in Group II, 1 im Group III and 0 in’
Group IV for the entire 8 week study. The ratio of male to female
fetuses was also determized; no treatment group exhibited any sigmnificant
change (p<0.10) in this ratio as compared. to the control.

Congenital malformations were not significantly incrsased in the
offspring of treated versus control males (Tables S5-10). Visceral
malformations w;:e obgerved with less frequency than external and skeletal
malformations in all groups. The incidences of the most frequently
observed malformations are summarized in Table 9: eye defects (anophthal-
mia and microphthalmia), jaw anomalies (agnathia, micrognathia), were

observed in 1.4 to 2.4 perceat and 1.2 to 1.6 percent of ihengétﬁses,

2327
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Effect of 2,4-D, 2,4,5-T and TCUD on Fctsl Development
Group 1 Control

€328

Week of Study Total '
] 2 k] [ [ é 8 8 weeks
Nuaber of females examined 19 22 22 25 23 19 22 19 (1]
Naterna| welght gain 13.1t1.0 12.8 £ 0.7 12.730.7 . 12.0t 0.8 .I0.0 t 0.7 10.4 £ 0.7 il.420.8 12.1 2 0.8 1.8 t 0.3
Number ;( {mplants per litter s8.1%0.5 7.720.4 8.0¢0.4 1.4t 0.6 54105 $.8¢t0.4 7.2t 0.5 6.6 0.6 7.1t 0.2
Nusber of resorptions per litter 216 £ 0.38 2.41 £0.32 2.18$£0.32 2.1610.25 2.39:0.25 2.1620.3) 2.27%t0.) 1.68 2 0.30 2.18 ¢ 0.11
Number of live fetuses per litter 5.920.7 s.3t10.5 5.9%10.5 5.2 2 0.6 3.010.% 3.7t 0.4 . 491058 4.9 % 0.6 4.910.2
Average ‘[etal weight per litter 1.06 £ 0.0 ).06 £0.02 1.05%20.03 1.0020.02 1.0)20.02 ).06$£0.03 0.99%0.0) 11.00%0.0) l;OJ t 0.01
Hale/femple 59/52 L1/68 ° 61/64 69/60 J8/32 31/38 52/5) 42/52 404/419
Visceral llalformations; -
Nunber of fetuses exsmined 60 62 68 13 k] k1 62 52 455 &
Humber with viscersl malformations 0 0 0 ] ] 0 0 0 2
Skelelnllnud External Hallformations; ' .
Nusber of fetuses examined " " 129 129 'R 10 108 9 830
Numbey with malformations 2 k) 4 4 4 ] 4 5 26

Valuca are mean + etandard ervor of the mean.
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Table 6

Effect of 2,4-D, 2,4,5-T and TCLD on Feta) Development

Group 11
Week of Study Tolal
1 2 3 4 ] 6 ! - 8 8 wcebs
Number of females examined 19 18 ‘) " 22 ° 20 17 14 148
Haternal welght gain 5.1 £ 0.5 12.7¢0.9 12.21 0.8 nstio 10.8 ¢t 0.2 104 20.9 12.6 £ 0.9 12.0¢£ 1.0 12.0 2 0.3
Nuaber of implants per litter 9.2%0.4 1.4 0.6 8.2%0.4 6.210.6 1.1t 0.4 6.220.5 1.5 ¢ 0.4 1.0t by 1.4 % 0.2
Number of sesorptions per litter 2374027 1.9 20,37 2.71t040 1.7620.22 2.55120.36 2.3020.45 1.8820.38 23.4310.71 2,374%0.14
Huaber of Jive fetuses per lltter ‘6.8 0.3 3.5 1.0.7 S.610.5 A3 %207 5104 1.9%0.6 5.610.6 3610 5.0t10.2
Average fetal weight per litter 1.00 £ 0.02 1.3420.03 1.08t0.0) 1.09%0.02 1.0220.03 1.1 0.0 1.02:0.02 1.101¢ 6.03 1.08 t 0.0}
Hale/(emale 62/67 39/60 61748 36/39 45/54 £3/34 42/54 28726 556/]76
Visceral Halformations:
Humber of fetuses examined 66 53 61 42 54 42 47 28 ¥ Y
Number with visceral malformations 0 0 [ ] 0 (] 0 2 0 2
Skelelo} ond External Halformations: '
Number of fetluses exsmined 129 99 113 "1 100 n % 50 144
Numbier vith malformations 2 6 4 0 5 ? 7 1 26

Values are mean + standard error of the moan.
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Table 7
Effect of 2,4-D, 2,4,5-T snd TCDD on Fetal Development
Group 111
Week of Study Tolal
] 2 k] 5 [ 4 7 3 8 wecks
Number of females examined 1] 13 21 L} 19 22 21 12 145
Haternal weight gain 129t 0.9 129t 0.9 11.9 2 0.7 'IZ.Q t 0.9 10.7 £ 0.8 10.9t0.8 10.2 £ 0.6 12.2 2 1.1 11.6 £ 0.3
Number of implants per litter 8.4 2 0.6 1.6 0.5 1.510.4 6.6 £ 0.6 .21 0.5 6.610.6 6.8 20.4 7.0 0.6 7.2¢0.2
Nusber of resorptions per litter 2652058 2.2720.44 2.0620.35 1.6520.28 2.8420.37 2.34£0.3& 2.052£0.30 2.33£0.72 2:26¢0.!
Nunber of live fetuses per litter 5.7t 0.7 5.4t0.6 5.3.1 0.5 5.0% 0.5 4.320.4 4.5t 0.5 £.8120.4 4.71 0.7 4,9 £ 0.2
Average fetal welght per litter 1.06 £ 0.0 1.112£0.02 1.15%0.02 1.09$00) 1.09%002 ).052003 1.00%0.02 1.091%0.03 I.:(II 1 0.0}
Hale/female 41/50 41739 58/53 33/50 46/3% SI;l‘I 51749 29/26 35‘6/3‘9
Visceral Halformations:
Number of fetuses examined 53 & 60 “ & s8 56 32 R
Iluabe.t with viscersl malformations 1 k| 0 0 0 0 0 ! 3
Skeletal _lnd External Halformations: '
Numbecr of fctuses examined 97 []] 12 a5 82 98 100 56 111
2 | 4 2 5 ° 5 | 20

Number vith malformations

Values are mean 4 standard ersror of the mean.
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Teble 8
Effect of 2,4-D, .2.‘.5-1 and TCOHD) on Fetal Development
Group 1V
Week of Study Total
] 2 3 3 6 7 U 8 weeks
Nusber of (cmales examined 18 r§ ] 20 24 21 21 18 19 164
Haternal weight gain 11.6 1 0.8 129 1 0.8 11.5 ¢ 0.7 12.2 t 0.8 ’.91t0.8 9.9%20.8 11.9t 0.8 11.9 2 0.9 11.5 2 0.3
Nuaber of lmplants per litter 8.9 to0.7 7.3t0.6 7.010.6 1.6 to0.5 60105 651058 7.5 t0.6 5.9 0.7 7.0t0.2
Number of resorptions per litter 4.00 £0.50 1.7720.29 "1.30£0.28 1.8820.30 1.95£0.37 2.4320.35 2.3920.48 1.58tb.30 2.11 ¢ 0.14
Number of live fetuses per litter 49106 °~ 5.6%0.6 5.7¢03 5.8%2 0.6 4.112058 4.1 £ 0.4 5.1t0.6 4,92 0.7 3.0 £ 0.2
Aversge fetal weight per Jitter 1.122 006 1.1640.0) 1.0920.02 1.13£0.02 3.10£0.03 1.0720.03 1.05%20.03 1.07%b.03 .I.IO 1 0.01
Hale/female .JJI’oS l 59/69 S8/54 63/13 45/41 40/46 42/46 36/44 376/420
Visceral Hal formations: &
Humber of [etuses examined 41 67 62 n 50 50 50 46 44
Nusmber with visceral malformations 0 : 2 1 1 [} 0 0 0 S
Sieleui snd External Halformationss
Ruaber of fetuses examined 18 129 1 139 86 86 92 ) 82 805
Number with malformations 2 s s 3 2 ° ‘ 4 25

anuel are mesn _i_'numlnrd error of the mean.
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raspectively. Cleft palate and heart or major blood vessel anomalies
were observed in all groups in somewhat lower incidences (Table 9). The
total percent malformed fatuses (Table 10) ranged from 3.1 to 3.6 percent
and .the weekly percentage did not show any treatment-related increases

in cangenitil malformations. A comprehensive listing of malformations
observed during the study has been included (Appendix Table 1).

Postnatal Litter Examinations

When females were allowed to carry their litters to term, the
survival and development of their offspring were studied. The aumber of
live pups and their mean body weight were compared in treated and
control offspring (Tables 11-14). The lack of a taxic effect is graph-~
ically demomstrated by comparing valueg for control. (Group I) animals to

those for the animals exposed to the highest dose of phenoxy acid and

TCDD (Group II). There was a marked reduction in the pumber of litters

from day 0 to day 4 in all groups. In group I the number of litters

fell from 80 to 44 and in group II from 90 to 60. This was accounted

for-in all groups by cagnabalism by the mothers. After day 4, the loss
of litters was greatly decreased. Other parameters show little difference
between Groups I and II; om day 0, the number of live pups per litter
were 4.40 and 4.19, number of dead pups per litter was 0.92 in both
groups, and the average pup weights were 1.37 and 1.39. At day 21 the
sumber of live pups per litter were 5.15 and 4.59 and the average pup
weights were 7.48 and 7.60, respectively, for groups I aad II. No
effect on postnatal viability or growth could be attributed to the
exposure of the adult male mice to phenoxy acids or to TCDD.

The pups were examined extermally on day 0 for malformatioms

(Tables 15 and 16). During the eantire eight weeks the total malformation

006349
T 8332



37

TABLZ 9

Sumnary of Most Fraquently Occurring Defacts in —

Fetusas Sired by Males Traatad with 2,4=D, 2,4,5-T and TCDD —_—

ok

Iraacnent Group P

I pad =z v (%)

o)

Anopthalzdia/ 1.4(12/830) 1.9(14/744) 2.0(14/711) 2.4(19/30S) P &)

nicropehalxia QO

Agnachia/micrognathia 1.3(11/830) 1.2(9/744) 1.4(10/711) 1.6(13/805) =
Cleft Palate 0.6(5/830) 0.7(5/744) 0.7¢(5/711) 0.7(6/80S)
Eeart/Vessels Aocmalies  0.2(1/455) ~ 0.5(2/393) 1.0(4/394) 0.7(3/443)

Valuas ars percant incidence of specific anomalies; no. specific malformacions per no.
ohserved i3 given in paresntheses.
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Percear Malformed Fetuses Sired by Males Trsacad with
2,6eD, 2,4,5~T sad TQD

38

TTABLE 10

3
F

Treacnent Group

1 ™
1 1.8(2/113) 1.6 2/129) 3.103/97) 2.6(2/78)
2 2.6(3/117) 6.1(6/99) 3.7¢3/81) 5.4(7/129)
3 3.1(4/129) 3.5(4/125) 3.6(4/112) $.3(6/113)
4 3.104/129) 0.0(0/78) 2.4(2/85) 2.2(3/139)
s 5.7(4/70) 5.0(5/100) 6.1(5/82) 3.5(3/26)
6 0.0(0/70) 1.3/ 0.0(0/98) 0.0(0/88)
7 3.7(4/108) 8.3(8/96) 5.0¢5/100) 4.3(4/92)
8 5.3(5/94) 2.0€1/50) 1.8(1/56) 4.9(4/82)
Tocal 3.1(26/830) 3.6(27/744) 3.2¢23/711) 3.6(29/805)

Valuas ars percent malforaed fectuses, nunber malformed per tumber obsarved is

given in parenthases.

No values are significsncly differsac from controls (p<0.05).
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Table 11

Effect of 2,4-D, 2,4,5-T and TCDD on Postaatal Development of Offspring of Treated Hales
Group 1 Control

Week of Study Total
1 2 k) [ 'S 6 7 [ 8 weeks

Day 0

Number of litters 17 15 15 10 - 8 10 3 3 80

Number live pups per litter 394t0.70 A4.67t0.80 6.0020.62 2.6020.85 4.00%1.10 1.7010.91 5.4020.51 5.00% 250 4.4010.32

Nunber dead pups per litter 1.47 £ 0.43 1.3320.45 0.20%0.20 1.10 2 0.4} 1.00 £ 0.78 O0.44 £ 0.18 0.20%20.20 1.33 ¢ I.j] 0.92 £ 0.16

Average pup weight 1.39 £ 0.0 1.34 £ 0.02 1.3720.48 1.4) ¢t 0.02 1.361%0.04 1.38 1005 1.33$£0.03 1.30%0.6)3 1.3 1% 0.0
Day &: | )

Nusber of litters ] 5 10 ' 4 6 s 2 o

Number live pups per litter .00 £ 0.20 6.60£0.93 S5.,30£0,2%5 5.5020,50 4.75120.)5 4.001%0.78 5.401% 0.5) 71.50 £ 0.5 5.30 £ 0.3)

Average pup welght 1.8720.10 2.22%20.19 204 120.15 2.4320.10 2.720£0.2§ 2.,32%0.28 2,3510.19 2.2510.39 2.221% 0.0

Nusber of dittecs 8 S \ 9 4 ‘ 4 ) . s 2 42

Nusber live pups per litter 4.29 £ 0.99 6,60 20.93 5.78t0.64 5.501%0.50 ‘-7; $£0.75 4.00:0.95 5.40 %2 0.50 7.501% 0.50 5.321%0.3)

Avesage pup welght 3.1320.29 3641033 3.60£0.19 4.072£0.18 4.7120.39 4.6720.26 4.0310.26 3.5910.35 31.831%0.12
Dey 21; '

Number of litters 8 4 9 4 4 5 5 2 41

Nusber llve’pnrl per litter 4.7510.98 6.0020.9) 5.7820.64 5.2520.63 1.501%1.04 4.00%20.95 5402051 17.50£0.50 5.1510.3

Average pup weight 6.43120.5) 7.0220.75 1.30$£0.32 8.74120.21 8.6220.5& 7.712£0.65 8.0720.51 6.4)20.02 J.481¢%0.21

Valuece are q?ln + standard error of the mgan. .
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Table 12
Effect of 2,4-D, 2,4,5-T and TCDD on Postnatal Development of Offapring of Treated Males
Geoup 11
Week of Study Total
1 2 k] .5 [} 8 weeks

Day 0;

Nusber of litters n 16 14 5 16 1] ] 6 90

Nuaber llve pups per litter 4.6 £ 0.5) A.88 2068 5.29%t 0,04 2.801%1.20 3.55%0.59 ]1.55 74 1.6 .92 .00 ¢ I.‘(l 4.19 £ 0.29

Number dead pups per litter 0.88 £ 0.40 1.06 £0.20 0.642£0.27 1.0020.78 0.79120.26 1.25 45 1.3 .80 .00 £ 0.4 0.92 t 0.14

Average pup weight 1.39 20,03 1.39£0.06 1.33£0.02 1.47£0.05 1.422003 1.422009 1.3840.07 1.3620.04 1.39¢ 0.0
Day &; ’

Humber of litters 1" ] 1" 3 1] k) 3 60 .

Humber live pups per litter 4.6 £ 0.46 5.2510.56 5.36 2 0.6t 4.67t0.67 A.641%0.58 4.5 .50 3.67 33 252 144 4,09 2 0.2

Average pup veight 2.20 20,00 2.30t0.14 2.10 £0.06 2.5910.19 2.47 i 0.10 2.44 .18 2,36 .18 .47 ¢ o.él 2.33 1 0.05
Day 11 ' ,

Hnnbe} of litters 1" n n 3 1% 3 3 60.

Number live pups per litter 4.202 044 4.7t 0.65 5.3620.61 4L.672 £ 0.67 4.64 %£0.58 3.67 .88 3.33 .68 .25 £ 1.h4 4.5 2 0.25

Average pup weight . 3.61 £0.19 3.6520.25 3.5820.10 4.121£0.29 4.08%0.22 3.0} .90 4.19 .21 .06 £ b.24 13.19 t0.09

Number of litters 10 10 10 3 13 3 k) 56

Number live pups per litter 4,00 £ 0.49 5.00£0.58 5.1020.64 4A.67120.6?7 4L.92%0.55 13.67 .80 31.33 .67 .25 ¢ 144 4.59 & 0.25

Average pnplvelght 7.28 £ 0.48 7.71 £ 0.26 7.20£0.39 8.11 £0.45 B8.4320.21 5.3 .16 8.4) .11 .58 £ 0.52 7.60 %t 0.16

Valuee are mean + standerd error of the mean.
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Table 1)
Effect of 2,4-D, 2,4,5-T and YCDD on Postnatal Development of Offspring of Treated Hales
: Geoup 111
Week of Study Total
1 2 3 [ 5 ] 8 weeks

Day 0:

Numher of litters 14 1 ” 9 10 1" n ;] 8

Nusber Mive pups per litter S.64 £ 0.52 J3.91t1.00 35.67%0.85 6.)0%1.03 ls0to.B0 2.7) 7% 3.82%10.89 1.671% 1.67 .46t 0.32

Numbee dead pups per 1itier 0.57£0.24 1.5520.4) 0.27%0.14 0.)1 20.1) O0.60%0.34 0.50 .27 0.90 2 0.42 .00 t 0.5 9.61 t0.12

Average pup weight 1.324 002 1.3920.06 1.37140.27 1.3620.04 1.3220.06 V.29 05 1.3720.02 1.3 1.36 £ 0.01
Bay & . i

Numbet of litters 12 k | 8 4 8 3 ? 1 48

Number live pups per lilter 5.0 2 0.47 4.3310.67 5.2520.10 5.2510.)5 4.2510.49 4.60 40 5.57 20.5) 5.00 4.91 £ 0.25

Aversge pup welight 20%20.09 1.26120.89 2.19%0.16 2.25%t0.06 2.50t0.10 2.)9 .08 2.73to0.07 2.081 2.31 t 0.06
Day 7: - !

Nusber of litters 12 3 8 ‘ 8 5 ? 1 48

Humber live pups per litter 5.00 £ 0.44 &.3320.67 S5.13% 0.0 S5.25%0.75 4.25 £ 0.49 4.60 .40 5.57 £ 0.5 5.00 4.92 £ 0.24

Average pup welght 3,251 0.2 2.7910.17 3.5210.9) 3.6720.23 A.1620.1) 4.67 M6 454 £ 0.13 4.66 3.82t0.02
Day 21:

Number of litters 12 3 ? 4 8 L 6 i 46

Mumber }ive pups per litter 5.00 £ 0.44 4.00 2058 5.4310.97 35.0020.70 4.25%0.49 4.60 .40 5.50 £ 0.62 4.00 4.87 t 0.2)

Aversge pup welght 6.8 £ 0,22 1.4t 0.64 7.92%20.07 l‘.'.'” £0.25 8.15%0.18 7.66 .24 08.59 t 0.28 0.0} 7.6 1 0.5

Values sre :-e-n 1 standard error of the mean. o
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Table 14
Effect of 2,4-D, 2,4,5-T and TCOD on Postnatal Nevelopment of Offspring of Treated Hales
Group 1V
Veek of Study ' Total
1 . 2 k] -3 6 ? 8 8 wecks

Day 0:

Nusber of llitters 19 23 14 n . 15 10 " 5 108

Nusber live pups per litter 4.86 £ 064 5.35£0.68 5.29 £0.8). 3.82% 0,06 I.67+0.56 2,602 1.19 &.4520.720 23.801% 0.66 4.4) % 0.29

Number dead pups per litter 0.952£0.29 0.7420.20 0.79£038 1.0920.32 0.7910.28 1.50£050 0272014 o0802biy o0.84120.11

Aversge pup welight 1.36 £ 0.02 1.36£0.03 1.3920.03 1.4620.05 1.3920.03 1.4320.05 1.3810.03 1.431%0.06 :|.39 t 0.01
Day &: ‘

Husber of Mtters 10 10 ' 4 ) s s 3 56

Nusber live pups per litter 5.5720.43 35.4020.67 6.00 42066 6.25%21.03 3.3320.50 5.7521.49 4.8810.55 4.6740.88 5.1310.2;

Average pup welght 2.24 4 0.16 2.41 2008 2.6010.97 2.30£0.13 2.4020.19 2.9410.50 2.56120.16 238 4 0.28 2.41 1 0.08
Day 1: . !

Humber of litters 10 10 8 4 ] 4 s 3 56

Nusber live pups per litter 5.00 2047 5.4020.67 6002066 6.00%1.08 3.332050 S.751%1.49 4L.a810.55 4.67t0.88 5.041%0.26

Average pup weight 3.26 £ 0.30 4.08 £0.15 4.06%0.18 .88 % 0.24 3;9. £ 041 3.80120.33 4.24320.25 3.99t0.46 3.9410.10
Pay_21:

Nuaber of litters 10 10 ] 4 9 4 ] 3 . 56

Numbier live pups per litter 5.00£ 047 S5.301% O.lﬂl 57512059 6.00%1.08 3.33£0.50 5.75%1.4%9 4.75%0.59 4.6710.88 4.3 £0.25

Aversge pup welight 6.99 £ 0.34¢ 8.1520.33 7.5)%0.40 2.2020.09 8532068 &6.6610.74 8.3420.3) 2.3820.97 7.801%tO0.18

Values are mean + standard error of the mean.
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TABLE 15 =
Summary of Malformactiom Rates (3) in Postnacal Study -
onmnh
b
Treatuent Group %)
Week I pod boss w Q.
0o
b 5.4(5/92) 2.1(2/96) 1.1(1/37) 1.9(2/10%) 5N
2 2.2(2/90) 3.2(3/95) 5.0(3/60) 0.0(0/140) =
3 1.1(1/93) 6.0(5/83) 6.6(5/76) 2.4(2/8%)
4 0.0(¢0/37) 5.3(1/19) 8.9(5/56) 13.0(7/54) -
5 4.0(1/25) 1.1(1/88) 4.5(2/44) 2.7(2/773)
6 2.2(1/45) 0.0(0/32) * 2.1(1/48) 2.1(1/47)
b 7.1(2/28) * 13.3(4/30) 3.8(2/53) 3.8(2/52)
8 5.3(1/19) 8.0¢2/23) 0.0(0/8) 4.3(1/23)
Total 3.0(13/429) 3.8(18/468) 4.4(29/432) 2.9(17/579)

lL'.l fatuses (live or dead) vars assumed to be ac Tisk.
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Ta3Ls 16

Sumnary of Specific Malformacions in Postnacal Study

1 pod m by g
Ancpehainta/ 1.9(8/429) 2.6(12/468) 2.5(11/432) 1.7(10/579)
micropthalmia -

Agnathis/micrognathia 1.4(6/429) 1.3(6/468) 1.9(8/432) 1.4(8/579)
Claft Lip/palace 0.2(1/429) 0.4(2/468) 0.0(0/432) 0.0(0/579)
All else 0.0(0/429) 0.0(0/468) 0.5(2/432)* 0.0(0/579)

%0ne exencephaly; one elubbed right hind limb,

Q)
o
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rate in these mice vaé Between 2.9 and 4.4 percent. The oaly individual
values which .approach statistical significance are the malformation
rates for week four group IV (40 mg/kg/day phenoxy acid, 1.2 pg/kg/day
TCDD) (Table 15) versus control. In that case the control animals had
no malformations and the treated had 13% malformations; all of ﬁhese

were either eye or jaw anomalies.

As se=n in the pre=natal evaluatioms, eye and jaw malformations

2p29€T| f00 -

accounted for the majority of the defects notad (Table 16). Anopthalmia -
or micropthalmia were seen in 1.7 to 2.6 percent of the pups and agnathia

or micrognathia were seea in 1.3 to 1.9 percent of the pups for all

tresatment groups.

~
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DISCUSSION
Ip these studies we have evaluated the toxicity of threse mixtures
of 2,4-D, 2,4,5-T and TCDD on reproduction in male mice. Mating frequency,'

fertility, germ cell mutagenesis, and fetal or postnatal development

‘were all counsidered in the selection of toxicological eadpoints. Male

mice were continuously exposed to high doses of 2,4-D plus 2,4,5-T mized
with 2 or 30 ppm TCDD in the phenoxy acid for 8§ weeks. These TCDD
levels represent average and high contamination levels within Herbicidg
Orange used in Vietnam (éoung et al., 1978).

This study employed the free acids of 2,4-D and 2,4,5-T rather than
the butyl esters which were components of Herbicide Orange because of
the lower volatility of the acids. The esters are rapidly metabolized
to the free acid in both plants and animals, and thersfores, the systemic
toxicity can be attributed to the free acid (Gehring and Betso, 1978)
and should be comparable on a molar basis. The dose levels employed
exhibited moderate to low diresct toxicity in exposed male mice as
evidenced by decreased body weight gain, changes in thymus and liver
weights and morphologic changes in the liver. The mortality, howevé:,
was quite low. The severity of these toxic effects appeared to be
primariiy related to the TCDD content of the simulated "Herbicide Orange”
mixture.

Despite the use of continuous, moderateiy toxic, chemical exposures

throughout the complete period of spermatogenesis, no significant increase

. in reproductive abnormalities in the 2,4-D, 2,4,5-T or TCDD exposed

groups were observed. TCUD has previously been demonstrated to alter
spermatogenesis in CS7BL/6 mice (McConnell et al., 1978), however, that
study used a single high (ie:hal range) dose of TCDD. Additionmally,

LLUbRS33 8342
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testicular lesions wers only found in clinically ill animals, as oppesed
to those which survived exposure to siﬁilar doses (McComnell et al.,
1978). Altered spefmatogenesis has also beesn reported in rats (Xociba
et al., 1976), guinea pigs (McConnell et al., 1978), and moﬁkeys and
chickens (Norback and Allem, 1973), although these were again toxic

exposures. In the present study, morphological changes were not observed

pp29eT| MO0

in the testis of treatad mice. Throughout this study testis weight was
not affected, nor was sperm motility or perceat abnormal spermatozoa. -
Mean sperm concentratio;; however, was slightly reduced afﬁer five and
eight weeks of dosing, although the effect was not statistically sigmi-
ficant (p>0.10).

The levels of TCDD chosen for this study were within the range that
had already beea shown to result in clgft palate and kidneylagomalies
vhen given to pregnmant CS7BL/6 female mice (Moors et al., 1973). Mixtures
of phenoxy acids plus specific levels of TCDD were ﬁsed in order to
better mimic human exposures to Herbicide Orange. Additionally, prev;ous
investigators (Neubert et al., 1973) showed that adding as little as 0.1
pé/kg TCDD to 2,4,5-T increased the teratogenicity in mice of 2,4,5-T in
offspring of exposed mothers above that expected bf a simple additive
effect. The dose of TCDD in this study is at or above the 0.1 pg/kg/day
level. Also, it should be emphasized that human exposures involved
mixtures of 2,4-D, 2,4,5-T and TCDD (Berbicide Orange).

Certain chemicals, when given to adult males, can cause fetal death
. or alter normal development in offspring sired by those males (Joffe,
1979; Manson and Simons, 1980), however, such effects were not elicited
in the experiments we rsport by exposing male mice to the 2,4-D, 2,4,35-
T and TCDD mixtures. As evidenced by the numbers of imélaﬁ;;“;nd tesorﬁ-

tions, neither embryo toxicity nor dominant lethal mutations could be

~
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attributed to exposure to these chemicals. The unaffected values for

. percent .abnormal sperm, which is a test for mutagenicity (Wyrobek, 1979)

also leads one to the conclusion that the chemicals, as given, were not
mutagenic towards the male germ cells. This correlates well with p:evioug
multigeneration studies (Murray et al., 1979) and dominant leth;l assays
(Khera and Ruddick, 1971).

The values for perceat malformed fetuses also indicated that 2,4-D,
2,4,5-T and TCDD had no influence on the offspring of exposed males.
The study was designed such that, if the overall perceat malformed
fetusgs (3%; see Appendix Table 1) was doubled in one of the experimeatal
groups, there was a 90% chance that it would have been detected. Thers
was a 70-80% chance of detecting a four-fold increase in congenital
défects in ;ny one week. TFor any specific malformation or class of
malformations the corresponding powers would be somewhat less. For
example, for visceral defects (background rate 0.44%; see Table 5) the
experiment hzd-approximztely a 90% chance of detecting an overall rate
as high as 3% in any particular treatment group. The on;y variation
which we could find elevated in treated versus control offspring, iﬁ the '
entire study, was the incidence of fused sternebrae (Appendivaable 2). |
In that case, we observed a statistically significant (p<0.0S) increase
in fused sternebrae in Group III at week 3 and in Group IV at wesek 4.
The incidencs in the controls at those times, however, was unusually low

(0 in both weeks 3 and 4). This type of skesletal variation has been

" described as occurring as often as 5-15% or more in offspring from

untreated pregnancies in mice and although it is frmquently observed,
the incidence is quite variable and this anomaly is considered a variation

and not a malformation (Wilsom, 1973).
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APPEXDIX TAXLE 1

%9

Summary of All Malformacions Observed in Fetusas Sired by

Males Treated with 2,4-D, 2,4,5-T and TCDD

Traactnant Group

T II poss Iv
Visceral Halforaa:icgg}
Heart/Vessels Anomalies 0.2(1/455) 0.5(2/393) 1.0(4/394) 0.7(3/443)
Kidney Agenesis 0.2(1/455) 0.0(0/393) 0.3(1/3%4) 0.0(0/443)
Liver-cwo lobes ouly 0.0¢0/455) 0.0(0/393) 0.0(0/394) 0.2(1/443)
Lung=-lobes 2/3 nor=al size 0.2(1/453) 0.0(0/393) 0.0(0/394) 0.0(0/443)
Right kidney-1/2 asormal size 0.0(D/455) 0.0(0/393) 0.0(0/394) 0.2(1/443)
Skeletal and Ixternal Hgégpruaziansl
Anopthalmia/wicropthalmia 1.4(12/820) 1.9(14/744)  2.0024/711)  2.4(19/805)
Agnathia/micrognachia ~ 1.3(11/830)  1.2(9/744) 1.4(10/711)  1.6(13/805)
Cleft palace 0.6(5/830) 0.7(5/764) 0.7(5/711) 0.7(6/80S)
Clefz lip/nose 0.0(0/830) 0.0(0/744) 0.3¢(2/711) 0.0(0/80S)
Open eye 0.5(4/830) 0.0(0/744) 0.0(¢0/711) 0.0(0/805)
Exencsphaly/hydrocephaly 0.2(2/830) 0.4(3/744) 0.1(1/711) 0.2(2/805)
No tongue . 0.0(0/830) 0.0(0/744) 0.1(1/711) 0.0(0/805)
Umbilical hernia 0.1(1/830) 0.3(2/744) - 0.3(2/711) 0.1(1/803)
Ribs fused/missing 0.1(1/830) 0.3(2/744) 0.0(0/711) 0.0(0/805)
Spipal centra doubled/misaligned 0.1(1/830) 0.0(0/744) 0.1(1/712) 0.0(0/805)
Spinal arches fused 0.0(0/830) 0.0(0/744) 0.1(1/71) 0.0(0/80S3)
Mandibles fused 0.0(0/830) 0.0(0/744) 0.1(1/711) 0.0(0/80%)
Skull bones missing 0.0(0/830) 0.1(1/744) 0.1(1/711) 0.0(0/805)
Eye bones missing 0.0(0/830) 0.1(1/744) 0.0¢0/711) 0.0(0/80S)
Factal bones fused 0.2(2/830) 0.5(4/744) 0.4(3/711) 0.0(0/805)
Kinkad Tail 0.1(1/830) 0.0(0/744) 0.0¢(0/712) 0.0(0/80S)
Toval Halforaa:iausz 5.2(43/830) 5.8(43/744)  6.6(47/T11) 5.7(46/80S)
Total Malformed Fc:uscsz 3.1026/830)  3.6(27/744)  3.2(23/711)  3.6(29/805)

lValues are percent incicencs of specific ancmalies; no. specific malformstions per no.

bservations is given in parenthesas.

o
zValues are percent incidenca of malformaticns or malformad fecuses; 2o. malformations

zor aalforsed fetuses per no. obsarvaticns is given in parsnthases.
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APPRNDIX TABLE 2

lacidence of Fused Sternebrae in Feruses Sired by Males Traatad wizh
2,4=D, 2,4,5-T and T30

Traatment Group

Veak 1 e bosd ™
1 0.9(1/113) 1.6(2/129) 1.0(1/97) 1.3(1/78)
2 1.7¢2/17) 3.0¢3/99) 3.7(3/80) 1.6(2/129)
3 0.0(0/129) 0.9(1/118) . 7.18/12)" 2.7¢3/113)
4 0.0(0/129) 2.6(2/78) 2.4(2/89) s.0(7/139)"
s 1.4(1/70) 2.0(2/100) 3.7(3/82) 2.3(2/86)
6 1.4(1/70) 5.204/77) 3.2(3/98) 3.5(3/36)
7 3.7(4/108) 2.1(2/96) 0.0(0/100) 2.2(2/92)
s 2.1(2/94) 2.0¢1/50) 0.0(0/56) 1.2(1/82)
Total 1.3011/830) 2.3(17/764) 2.8(20/711) 2.6(21/805)

'p<.os va. coatrols.



31
Certain anomalies are associated with embryotoxicity, not teratogen-
icity or mutagenicity. However, with ehemical exposure only to the
males, not pregnant females, embryotoxicity would not be expected in
their ofispring. If exposure of the embryo directly to the chemicals
had occurred, via seminal plasma or sperm, one would expect to Abserve

increased embryotoxicity in the first weeks of the study, when the

8%29¢1] MOT-

chemical levels in the body (or ejaculate) were the highest. One would
have also anticipated that during the first weeks of the teratology
study germ cell toxicity would most likely have been detactad, because
the'sgermatozoa that were evaluated in the first week of mating had been .
exposed to the chemicals throughout all stages of the spermatogenic
process. If the spermatogonia had been affected by the exposures, the
effect would have been most apparent in the last weeks of t?e mating,
because at that time, we were evaluating spermatozoa which w;re sperma-
togonia during the entire 8 week dosiné period and only began to proceed
through the spermatogenic cycle pear the end of chemical exposure.

Thus, there does aot appear to be a residual or transieat effect of
2,4-D, 2,4,5-T and TCDD at the concentrations in thi; study, oan the
fertility of exposed male mice. In addition, exposure to tﬁese chemicals
did not appear to influence the fetal or neonatal development or the

viability of offspring sired by these mice.
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Percutaneous absorption of Z2.4-dichlor-
prenoxyacetic acid by indirect method
was investirated, determinine the amount
of 2.4-D in the urine of rats.

The production of pesticides and their aprlication erive
rise to wide possibilities of poisonine with these compounds
(1,2,3,5), and this rrompted the determination of the deeree
of te~cutaneous absorption of one of most frequently used r-o-
tective arents, namely 2.4-dichlorphenoxyacetic acid (2.4-D).

%849G1ZN00Q;

Dxperimental Part
Material and Method

The tests were carried out on 28 rats of the Wistar
specles, weighine each 200 ef: 1Ce. The animals were divided
into seven eroups of four rats each group.

Commercial preparation “Pielik"(2.4-dichlorphenoxyacetic
acid: translator) containine about 85% of sodium salt of 2.4-
dichlorphenoxyacetic acid was used for the tests. The prepar-~
ation was used in the forz of agueous solutions of different
2.4-D concentrations.

Results of Determinations

1. Determinatiorn of 2.4-D acid in the urine
dependineg on the concentration of the tested
compound in the solution

The tests were carried out with the use of aqueous solutions
of "Pielik" containine 0.5, 1, 2, 4 and 5% of 2.4-D acid.
After six hours there was deterrined the amount of 2.4-D acid
exére{ed with urine. The results are shown in table 1 and in
Fle, 1.

2. Determination of 2.4-D acid in urine dependine 835.
on the period of exposure 6

The influence of the exposure period (2, 4 and 6 hours)
on the excretion of 2.4-D with urine was determined ty usine
aqueous solution of "Pielik" containing 4% of the tested acid.
The resilts of the determination of 2.4~D acid in the collected
portions of urine are shown in table II. Fig. 2 graphically

0009753



illustrates the results

Table 1. Results of the determination of 2.4%-~D acid in urine
dependine on the concentration of the compound in the solution

Anmount of 2.4-D acid in urine (mr)

Solution ¢ Animal 1st day 2nd 3rd Jointine after
No__ (24 hours) day day three davs
1 0y 1.4 1.2 1.3
“ L0 1.3 1.0 1.5
0.5 3 1.0 N 1.0 4.8
o L0 1.6 1.1 .
averace Srveinin 0T LT T s Tamp T
] 1.4 .4 1.0 N
2 1.4 1.6 1.2 N
1.0 ] . Lz o N
4 3 1.0 a0 1.4
average _ Sevalnm 1.02 1.5 055 a7
1 1.2 a0 I.x N
2 20 n3 17 124
“n 1 1.6 4.5 6 9.0
4 25 Ix 1.1 LY
. averaee __ Snlnia 142 Al T e T T
. ’ ’ ‘ o - )
i 1 (XL s 7.2 N0
: - X1} R X1 13,4
: 40 3 A 2.1 7 0.4
4 20 31 ) N
average_  Snxinis 445 4.0 .50 1225
1 3.5 43 4.9 13.1 |
average 2 b b <) 7.4
a0 a 1.6 S i.X 162
= . 4 4.8 axn 7.2 IS8
| . Sevnlnrien a0 4 223 14az

Table II. Results of the determination of 2.4-D acid in urine
dezendine on the exposure period

smount of 2.4-D acid in urine (me)

Period of =animal lstday 2nd -3rd  jointing after
IZxposure No (2% hourddavy day ' three days

—— e - .. . e e ————
i 1 1.6 " 0y 12 i
2 4.7 1.8 1.3 10,2 |
- 3 b 1, 0nx nn '
4 3.0 1.5 ([} a4
. ao-sluning 2,95 197 (XL 2407
; average :
: 1 1.8 t1 1.4 7.3
! 2 1.4 1.3 1.5 %2
4 1 (KU 2 a2 6.0
. 4 32 105 .0 177
T ieeslnin 207 aa 227 9,40
™
aver ai? e G0 (R 7.2 InG
2 X A% 2.6 11,4
Py 3 4.8 2 23 .6
. ] 20 3] 2.0 n0
averare auwa 445 19 3. 12,25 X
. .

5949612M00;
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Discussion of the Results

It has been cdeterzmined that the amount of the substance
excreted with urine is progortionzl to the 2.4-D concentration
in the tested solutions(rFiz.l). 4is the 2.4-D concentration
increased, the amount of this compound excreted with urine, as
compared with the precedine egroup, i.e. of lower 2.4-D con-
centration of 2.4-D increased by about 50%. This wrelated to
0.5 to 4% concentrations, but after exposure to 5% concentration,
in comparison with the eroup of anirals exposed to 4% solution,
17% less 2.4<D acid were excreted with urine.

Also the period of exposure influenced the azosunt of 2.4-D
acid absorbed by skin. This relation was proportional for 2, 4
and 6 hour exrosure (Fig. 2). This can provide a2 basis for .
further research in determinine the biochemical absorption index.

Fieurel. Excretion with urine of 2.4-D acid dependine on the con-

centration of the compound in the solution

x
|

E

3 3
. F————

D

&
[ e——p ot

Awas 2.5-0 a mocs, Img!

2.4-D acid in urine (me)

‘Concentratiorof 2.4-D acid
in solution (%)

as

1
1 L J 4
Steiewe kwagy Li-0 o 160 w0, Ya)

I'd

-
5

v

39499G61ZM0Q:

Ficure 2., Zxcretion with urine of 2.%-D acid dependinrs on the
period ol exposure.

Wy
2.4-D in urine (me)

iq

caufmg)

2,4-0 wmo
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exposure tizme (hours)
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A Russian summa-y corresponds to the followine Enelish suz=ary,

TTWwW.Nenczuk, II. Pogorzelska, M. Debska
ABSORPTION OF 24-DICHLORPHENOXYACETIC ACID THROUGIl THE SKIN
Summary
The degree of percutaneous absorplion of one of the most frequently uscd
herhicides - 24-dichlorphenoxyacetic acid — was investigated. The investiga.
bans were carried nutl with dilferent concentrativns of thix acid in aqucous so-
lutions of ,Piclika” und in relation to the duration of exposure. Wistar rats were
used 1n these experiments.
The dermal exposure was done by the tail methnd. The urinary excretion of

the acid was determeuned by gas chromatography afller previous extraction of the
acid [rean urine and ils estrifieation,

a
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and tlood. PZH annuals. Faper remitted to vrintine.
5. Poisoning with 'Plelik', Occupational l{edicine

July 17, 1980
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taetie., 1993,
nae actd -
Ve, 19, . Zaklad Toksykologii Instytutu Bioanalizy i Badania Srodowiska
- acelic Akademin Medyczney w Poznaniu
- strong Kierownik: prof. dr hab. W. Sencsmk
Kooy W, .
_:: "}d ;;s Zbadano wchlanignic proes skory k:cusu 2.4-dwuchlurofenokryoctoweyo
Tie. — 10, metodq posredmiq aznacrajqe :os¢ 2,4-D w moczu sscsurow.
PR $8 8 T ..
e Produkcja pestvevdow i ich stosowanie stwarza duze mozliwosci za-
R trucia tymi zwinzkami [1, 2, 3, 3], stjd celowym bylo okreslenie stupnia
ieeRSY- wchlaniania przez skore, judnego z czysciej uzywanych srodkéw ochrony
+ dru- roslin, a mianowicie kwasu 2,4-dwuchlorofcenoksyoctowego (2,4-D).
fee.. wWulnej .
"ot : CZESC DOSWIADCZALNA
Material i metodyka -
Badania wykonano na 28 szezurach, szezepu \\’mar-. o muasie ciata 200 g =10 g .
Zwierzeta podeclons i 7 grup po 4 szezury. Xy
Do hadan uiyte preparaty handlowego Piehik™ giwicrajacegn okolo 85%s soli
sodowej kwiasu 24-dwuchiorofenoksyoctowegn, Preparat uzyw:ine w postaci roztwo= o
row wiinych o roznych stgzemach 2.4-0. 2
Ogony zwierzat po dokladnym umyciu i obliczeniu powierzehni, zanurzane w pro- :
howkach sinvieraeyeh okole 20 cod lmdaoege raztworn o temp, 37- 40°C. Po okre- 2y
slonym eznsie ekspozyedi (. mzep) ewrersgta pr2enescone do klalek metabobconyeh -
typu WSimax™, e czym prevs 72 gpimbziny Jnerianes doebowe pereje wenezu, Dwoo ey .
dziennie podawano zwierzQtom sonda do coligdka po 5 cmn? wody, Zawartos¢ kwiasu g5
24-D w e o srreslame metids chteaudopralin o sewe ), e npirzednim wyek-tra- -
- howamu badasege swiiehu 2 meczu 1 Jego estiylikae e 41 ';_
) 3
WYNIR] QALNACZEN >~
1. Oznaczanie kwasu 24-D w moczu &
w zaleznosci od stezenia badanego zwigzku k-
w reztworze =t
A
Badaria wykonano przy uzyciu wodnveh roziwordow | Pielika” zawie- 2,
rajacych 0,5, 1, 2, 4 i 5% kwasu 2,4-D. Pu 6 godzinach okreslano ilosc 8
wydalonego z moczem kwasu 2,4-D. Wyniki przedstawionn w tabeli 1 LS
oraz na rycinie 1. >
2 Oznaczanie kwasu 24-D w moczu w zaleznosci :;,
od ¢zasu vkspozveji g
Wplyw czasu ckspozyeji (2, 4§ 6 godzin) na wydalanie z moczem 2,4-D -
okreslono stosujac wadny roztwor ,Piclika” zawierajacy 4% baduncego ?
- “ i
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Seveluiine la2 EN S R S
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4 20 33 2.9 EX]
- Sealnu 445 4. 1.0 12.25
1 Py 4.7 4.9 13.1
2 P 2.4 21 74
a0 3 .4 a0 (X 16,2
4 ) (R .2 186
! Kreinsias 400 407 ads T peas T

kwasu, Wyniki oznaczania kwasu 2,4-D w zebranych porcjach moczu
przuvdstawiono w tabeli 11, Nustracjy graficzng wynikow jest rycina 2.

. © OMOWIENIE WYNIKOW ¥
\

Stwierdzono, 2g ilos¢ substancji wydalonej z moczem jest proporcjo-
nalna do stezenia 2,4-D w badanych rnztworach (ryc. 1). W miare wzro-
stu stezenia 2,4-D ilosé tego zwiuzku wydalonego z moczem, w pordéwna-
niu z grupa poprzednigz, tzn. o nizszym stezeniu 2,4-D wzrastala o ok.
50%. Dotyczylo to stezen od 0,5 do 4%: natomiast po ekspozycji na roz-
twor 5%, w poréwnaniu z grupa zwierzat eksponowanych na roztwér 4%,
Z moczem wydalilo sie o ok. 17% mniej kwasu 2,4-D.
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-2 ABSORPTION OF 24-DICHLORPHENOXYACETIC ACID TIHROUGI THE SKIN AL A
b Summary <o silno
The degree of percutancous ahsorption of one of the most frequently used stanen
Liertneides = 2d-dichlorphennxyacetic acid — was investigated. The investigoe wirksss
tinn. were carried out with different concentriations of this acid in aquecous so- - irnh
lutiens of . Pielika” and in relation to the duration of exposure. Wistar rats were walt .
used .n these experiments. ] i _\-k-.-.r_.
The dermal exposure was done hy the tail methad. The urinary excretion of ' Nick
the acid was detertnined by gas chrmatography alter previous extraction of the i Kajiere
acid framm urine and its estrification, R
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1. INTRODUCTION: THE FATERRXENOBIOTICS® .. ._ .
Early physiological and pharmacologisal studies clearly demon-
strated that many drugs and foreign compounds when sdministered are
not excreted unchanged and have to be metgbolized in order to be elim~
inated. In fact, before the end of the 18th century all the major path-
ways of drug metabolism had been discovered [1, 2] and were at that
time considered to be detoxication mechanisms. Owing to the funda-
menta! work of R. T. Williams and B. B. Brodie, a bettar understand-
ing of the fate of foreign compounds was reached in the middie of the
20th cenmury and subsequently became important for pharmacology,
pharmacotherapy, and drug development. Williams not only system-
stized xenobiochemistry [2J, but also deduced the general principles
-governing the fate of foreign compounds in the body. It became-tlear
that only hydrophilic compounds can be excreted in urine and bile
owing to the peculiarit.es of the major excrstory organs. ln comtrast,
lipophilic compounds are metabolized to polar metabolitéss Thus,
elimination of a xenobiotic can be achieved by excretion, metabolism,
or both. Typically, a drug will be eliminsted from the body by proc-
ssses following first-order kinetics. Metabolism of xeancbictics does
not lesd to chemical degradation but rather to formation or unmasking
of fanctional groups at selected metabolically vuinerabie positions of
a molecuie. These Phase I reactions (oxidations, reductions, hydrol-
yses) are unable to biotransform highly lipophilic xsnobiotics such
as hydrocarbons, thereby increasing their polarity. Once functional

*The [ollowing abbreviations are used:

Al acceptable daily intake

6-CB 2,.4,5,2',4', 5'-hexachlorobiphenyl

DDA 2,2-bis~(p-chlorophenyl)-acetic acid :

DDE 2,2-bis~(p-chiorophenyl)-1,1-dichioroethylene
DDT 2,2-bis-(p-chiorophenyl)-1,1, l-trichlioroethane
EPA Environmental Protection Agency

FDA Food and Drug Administration
MC J-methyicholanthrene

PB phenobarbital

PCB polychiorinated biphenyl
PCDD polychlorinated dibenzodioxin
PCDF polychlorinated dibenzofuran
PCP pentachiorophenot :
2,1.5-T 2,4,8-trichlorophenoxyacetic acid
TCDD 2.3.7,8=-tetrachlorodibenzo~p-dioxin
TCDF 2,3,7,8=tetrachlorodibenzo~-furan

s
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T TIME

R G, 1. .Types of pharmacokinetic bebavior: (a) "ordinary" xeno-

“- biotics, e.g., drugs (T1/; = hours or days); (b) persistent xenobiotics,
4.8., DOT (Ta47 = months or years); (¢) ideal unmetabolizable lipo-
philic xenobistic; and (d) unmetabolizable lipophilic xenobictic, e.g.,
2,4,8,2',4', 5'-hexachlorobiphenyl (6-CB) [64, 102]. -

groups are present, Phase II reactions (conjugations) may take over,
giving rise to the formation of highly polar and excretable menbolites.
- Brodie, on the other hand, was more concerned with the enzrmes
-~ estalyzing Phase I reactions and with paysicochemical and evolutionary
aspects of drug metabolism. In a series of classic papers [3-5.,
Brodie and his early associates summarized a decade of research and
. came to conclusions and outlooks which seem to have withstood the test
of time and a flood of additioml information. Thus, since lipophilic
drugs have been shown not to be excreted unchanged to any significant
degree, they must of necessity be metabolized. Otherwise, a lipo-
philic drug (like quinacrine) with a volume of distribution as high as
1000 L/kg and 2 renal ciearance g8 low as 1| mL/min would have &
half-life of some 90 years (6,. The liver microsomal drug-metabo-
lizing enzyme system, which was discovered by Brodie and his asso~
. ciates, could be characterized as extremely nonspecific yet highly se-
lective for lipophilic xcnobiotics. As we are now witnessing in the
ca8e of opiaid and other receptors, the question then arose: What can
the natural substrates for this enzyme svstem be? According to
Brodie's hypothesis, a great number of lipophilic organic compounds
such as steroids, alimioids, and terpenes, present in food, would
gradually accumulate, perhaps to toxic leveis, in the body unless
mechanisms were prescnt to dispose of them. In the process of | 8 Q 6 8
" evolution, deveiopment of the microsomal oxidative enzvmes must .
therefore be considered as one of many biochemical adjustments
that madc possible the conquest of land by formerly marine forms
of ife. In conclusion, the microsomal drug-metabolizing enzymes
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prevent higher organisms from beinggraiiually poisonsd by lipophilic
(natural or synthetic) compounds and 2bas sre an essential protective
system, comparable perhaps with the immune systam.

This fascinating theory has drawn little opposition, which may be
due to the fact that it has not been possihie to chalienge it experimen-
tally [7], for these hepatic and extrabepatic enzymes can neither be
surgically removed nor can they be blocked by inhibitors, at lesst not
for long enough to allow for accumulstion of lipophilic xenobiotics and
observation of the appearance of deleterious efiects.

The aim of this review is to show that the simplistic scheme of
hydrophilic-excretable and lipophilic-metabolizable organic com-
pounds bas beer disturbed by the advent of DDT-like persistent com-
pounds and must now be enlarged by a third group, that of kpophilic-
unmstabolizable compounds. The last-pamed type of xenobiotic ex-
hibits a new «ind of pharmacokinetic behavior and has certainly as-
centuated the problem of giobal ecodisposition. Finally, this new
class also contzins members of extrems toxicity which have added
or could add to the severity of the universsi-ecotoxicological condi-
tion. Old and new facts will be used to discuss and assess new as-
pects, concepts, and outlooks rather than merely reporting recent
findings and progress in one limited field. Thus the quotations for
the time before, say, 1970 will be drawn largely from the review
literature, and the list of recent origipal works quoted will not be
exhaustive. Our literature search was concluded in early 1980.

I. THE APPEARANCE OF DDT

A. New Compounds and Properties

In 1938 DDT came out of a screening proocdure-(or insecticidal
activity. The compound, dichiorodipheayi-trichioroethane (chioro-
phenothane) had in fact gathered dust on a shelf for aimost 70 vears
before it had been rediscovered and put to woridwide use. The suc-
cess of DDT became immediately clear during its use in World War II,
the first war in history not to be followed by devastating epidemics.
The postwar years and the 1950s added further to DDT's success
story owing to its woridwide use in the fight against vector-borne -
diseases like typhus, veliow fever and, particulsrly, mataria which
was being eradicated in vast arcas. It has been estimated that 50
million lives have been saved and 1 billion cases of iliness averted
by DDT, thus this "drug" can be second only to penicillin and other
antibjotics. This aspect must not be forgotten in an era ready un-
critically to ban and damn DDT and other pesticides.

2369 L2 i1l
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. TCDF.- It has taken 2 long time to detect both the existence and the

noticeable residues in human tissues simply reflects the low levei of
exposure as compared with, say, DDT or PCBs. However, large-
scale monitoring and improved analvtical sensitivity may reveal TCDD
residues in humans tomorrow. If so, what would residues at the ppt
level mean? A cautious assumption would be that with compounds like
TCDD, any residues may be harmful. Such 2 statement is based on
facts like extreme species differences in toxic sensitivity which do
not allow an extrapolation t0 humans of even the LDy value, Fur-
thermore, it is based on documented long-term etffects like terato-
genicity and carcinogenicity in animals and, finally, oz our ignor-
ance with respect to a no-effect ievel. Thus, in the absence of bard
disproving data, it seems wiser for the time being to assume that
‘TCDD is unmetabolizable, that it has entered the biosphere, and that
humans do have tissue residues. Resuits of epidemiclogical studies
of directly exposed people are still controversial [236, 237 but will
certainly provide useful information in the future.

There is even more to this than just the problem of TCDD and

toxicity of thess chemicals, years during which individuals and popu-
lations were exposed to them. The disturbing question therefore
arises of whether such a situation can recur. Owing to one particu-
lar fact this does not seem to be too unlikely. This fact is the er-
ratic structure-toxicity reiationships which exist within the series
of polychiorinated dibenzodioxins or dibenzofurans (Table 2), i.e.,
the general possibility of the appearance of excessively toxic mem-
bers within chemical families of relatively barmiess compounds.
This is indeed one of the most important lessons that the TCDD
story has taught us. Dispersion of high-toxicity compounds cam-
ouflaged by a harmiess “carrier” can happen again in the manutac-
ture and use of some other chemical product at any time. After all,
polyhalogenated compounds have surprised us more than once by
creating ecotoxicological hazards which are becoming increasingly
difficult to cope with by traditional technical and legislative means.

- Vi. CONCLUSIONS

1." Lipophilic xenobiotics cannot be excreted but are eliminated
by being metabolized. lience, according to Brodic, these compounds
remain in the body or accumulate in the absence of metabolism, so
that drug-metabolizing cnzymes must be regarded as a protective
system against the accumulation of lipophilic xenobiotics, such as
those contained in natural food.

2. U membolically vulnerable groups of a lipophilic organic
molecuie are blocked by halogen atoms, the compound nuay become
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persistent, i.e., very slowly m . Owing to their lipophilic-
ity, persistence, and lipid nonmm like DDT and related
insecticides have become subject te global ecodisposition and biocon-
centration.

3. Polychlorinated biphenyls (PCBs), another class of poly-
halogenated hydrocarbons, hsve also undergone global ecodisposi-
tion and concentration in the biosphere, sven though these industrially
used compounds had never been intentionally introduced into the en-
vironment. Their appearance {n humsan and animal residuss bas re-
vealed unsuspected pathways of scodisposition.

4. By blocking 1ll metabolically vulnerable groups of & molecule
according to.established criteria, a persistent compound may become
an unmetabolizable one. Studies with model compounds like 2,4,5,2',-
4',5'=hexachiorobiphenyl have shown that its metabolism is indeed
negligible, that total excretion (mainly in the feces) of unchanged ms-
terial acoounts for only a small fraction of the administered doss, and
that the major part is stored in the adipose tissue whers it is not avail-
able for elimination. These unmetabolizable lipophilic compounds thus
Tepresent a new class of pharmacokinetic behavior. In addition tw its
potential for ecodisposition and bioconcentrstion, this class of com-
pounds aiso proves Brodie's bypothesis in demonstrating accumula-

tion and retention of lipophilic compounds which cannot be substrates
of the drug-metabolizing enzymes.

phenol, and PCBs contin traces of the extremely toxic poivhalogen-
ated compounds TCDD and TCDF., As contaminants of widely used
products, they have aiready entered the giobal ecosystem. 3By being
persistent or even unmetabolizable, they have the potential to enter
food chains and undergo bioconcentration. Finally, by being exces-
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INTRODUCTION

During several occasicns human populations have been exposed
to compounds, which contain as a contaminant small amounts
of 2.3.7.8.~tetrachlorodikenzo-para~-dioxin (TCDD). Such com~
pounds include herbicides such as 2.4.5.-trichlorophenoxy
acetic acid (2.4.57) and an antiseptic compound, hexachloro-
phene. .

£t is now known that TCDD is one of the most toxic compounds
ever synthetized, and its acute toxicity is for instance of
the same magnitude as that of many well known toxins, such

as diphteria toxin or tetrodotoxin. TCDD has received world-
wide attention as a potential health hazard for humans because
it was noticed that many widely used herbicides cecntained
small amounts of TCDD and when on several occasions large num-
bers of wild and domestic animals were killed after acute
ezposure to TCDD.
Although the acute and chronic toxicity of TCDD has been exten-
sively studied, little is so far known of its longterm efiects
on huﬁans. The present study was undertaken to test whethsr it
is possible to make epidemioclogical and clinical field studies
on Finnish persons exposed to TCDD-containing.herbiéides for
long periods. Also it was the purpose of the present study to
examine whether there were any clear-cut differences in the
anamnestic and clinical health status of the exposed persons
as ccmpared to control persons living in the same areas and
belonging to similar social groups. This study was carried out
with persons who had spread TCDD~containing herbicides, such
as 2.4.57, for many weeks each year during several years. It
ié_iﬂzgggggépg_zgii“ifcording to two Swedish studies, higher

than average numbers of malignant tumors were found among—the
same kind of workers. i S

/'_—-\——__'
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MATERIAL AND METEODS

The study was carried out with 31 exposed persons from Finnish
forestrxy, rcad and railway workers living in Central Finland
around the city of Jyvédskyld. All of the exposed persons weras
Finnish Government employees and most of them had been exposed
to herbicides during several summers. The average exposﬁre time
varied each year from one to three months and the herbicides
were in most cases spread manually during five days a week.

The amounts of exposure for each person are shown in Table 1.
The herbicides used were mostly 2.4.5T and 2.4D until 1976 when
it was replaced by MCPA in about half of the cases. The use ¢f
protective c¢lothing, respiratory masks or gloves were almost
negligible; About half of the exposed persons had used glcves
and paper maskg only occasionally during the last three years
or so.

The control group consisted ¢of 28 railway workers employed by
the Finnish Raiiways from the same area as the exposed_peréonst
Similarly to the exposed workers, these persons worked out of
doors throughout the year. The control group was matched to the
exposed group by age. The smoking habits of both groups were
guite similar as seen in Table 1.

The epidemiclogical study consisted of interviews with each
person (one hour per person) by a work health nurse. For the
anamnestic interviews, three different guestionnaires were used.
One was an occupational health questionnaire used by the Finnish
Railways, another was designed to ask exposures and symptoms
mediated by air, and the third questionnaire was designed for
tracking exposures and symptoms caused by toxic chemicals.

Detailed medical records were available from all control perscns

as well as about half of the exposed persons. Half of the ex-
posed forestry workers did not have organized occupational

8375
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health care and there were little or no written records cn their
previous health status cr on their exposure to chemicals. The ex-
posed and control persons were examined by the same pnysician.

The examination of the dermatological status was made by a dermatc-
logist.

The laboratory tests (Takle 2) included blood haemeglebin, haematc-
crite, sedimentaticn rate, total leucocyte count, total thrombocyte
count, serum glucose, serum creatinine, SGOT, SGPT, SDH, serum LDE
isoenzyme pattern, quantitation of immunoglobulin classes (A,G,d),
relative amounts of T and B (X) c¢ells in the blood, urine colcur,
urine albumine, urine gluccse, urine pH and urine sediment. In
adéition, vitalograph was taken. Chest X-rays wers studied by a
radiologist.

In 1970-76 the most widely used herbicude was Vesakon Tuho Special
manufactured by Kemira Co. It contains 2.4.5T 750 g/l. In 1976 the
content of TCDD in 2.4.57 was 0.04-0.07 ppm. :

RESULTS AND CONCLUSICNS

The major anamnestic results ars shown in Table 1. There were no
significant differences in the age of the exposed and contrel
persons, nor their smoking habits or their consumption of alcchol.
The average time since the first exposure was ten years and tie
average total exposure in weeks was forty-nine, thus making an
annual mean exposure time of 4.9 weeks.

Anamnestically the expcsed c¢roup had about twice the number of

———— e ——— -
cardiovascular, respiratory and skin diseases and resviratery
e ——— et . e, S—
allergies (Takle 3). On the other hand, it was found that
approximately half of the exposed persons were tranferred from

heavy to easier forestry work (includung the spreading of the

nerbicuces) because of heal:n prcblems, such ardiovascular or
m———————
musculcskeletal diseases.

S 8376
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including the palpation oI the abdcminal organs, respiratcry and
cardiac auscultaticn, dermatoclcgical, neurological and orhthalng-
ological examinations, no clear-cut d--berences were found between
the groups (Table 4). Anamnestic symptoms of acute toxicity in the
expcsed group are shown in Table 5. For statistical conclusions,
this ma+erial is, however, far too small

As shewn in Table 4 elevated blood pressure was found in six ex-
posed persons and in seven contrcl persons. The heart was radio-
logically enlarged in four ocut of fifteen exposed perscns and in
three control persons. In vitalograrhic £indings and in radic-
logical examination of the lungs, no differences were observed
between the two groups.

In the cdermatological examination done by a dermatologist, no skin
lesions typical to chloracne were found.

The results of the blocd analyses showed no cbvious differences
between the two groups. There werse, however, two expcosed perscas,
who had bhe lowest B lywmhocv values: 6.5 % ané 6.1 %, O“- o
these persons had also the lowest thrembocyte value 133 x10 /l
However, the immunoglcbulin amcunts of these persons were in
normal range. In the urine analyses, no obvious differences were
focund between the groups.

Summarizing, this study shows that it is possible to get koth

anamnestic and epidemiological as well as clinical data on the past

and present health status of Finnish employees exposed for long

pericds to herbicides containing TCDD. In this study no cbvious or
ﬁ- \-

significant differences were found hetween the exposed_and contrcl

groups. It is, howevex, evident that this material is far tco smal
_——_——_/ \—‘———\\
to make any conclusions in this respect. - ~.

—— e —————— e

It is also suggested that this type of approach could be one

possinility to further evaluats the potential and so far undocument
chrcnic effects of TCDD on humans.
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Table 1.

CHARACTERISTICS OF THE CCONTROL AND ZXPOSED GROUPS

Contrels Exposed

Persons Number Mean Number Mear
Persons studieé Age (years) 45 43

Tobacce 15/28 21/31

Alcchol 16/28 16/31

Cancer 0/28 1/31
Exposure Time since first exposure (years) 9

Number of weeks expcsed 43

Annual exposure time (weeks) 4.8
Table 2.
LABCRATORY TEZISTS =

S

Haemoglcbin (g/1) Blcod gluccse (mmcl/l) :E
Haematocrite (%) Serum creatinine (umol/l) Ej
SR (mm/h) Serum GOT (U/1) 3
Total leucccytes (xlOg/l) Serum GPT (U/1) -
Leucocy+te differential Serum LDH (U/1) o
count (%) Serum LDH/HED (U/1)
Fhrcmbocytes (xlOg/l) Serum LDHl_sisoenzymes (enzyme ZIZraction)
T and B lymphocytes (%) Serum immunoglobulins A,G,M (g/1)

0278

0002283



Table 3.

ANAMNESTIC FINDINGS
Controls Exposed
Diseases Nuwnber $ Number %
Cardiovascular 5/28 18 13/31 42
Lung 1/28 5/31 " 16
Respiratory allergies 0/28 0 8/31 26
Gastrointestinal 7/28 25 8/31 26
Skin 8/28 29 11/31 35
Mental retardation 0/64* 0 1/31 3
(Children)
X Number of children
Table 4. . E
. ABNORMALITIES FOUND IN CLINICAL EXAMINATION 5, e R . éﬁ
: ' - Ly - LoSrwte =
-~
Pa - o
Organ (system) Controls Exposed D R A TR L ¢r
. N ( . N
’ ” L S P"
.//-’;:c»/ L Qe q_\_
Cardiovascular 7 6 /, n '
Lung 7 7 AR
Liver 0 2
Skin 2 5
Neurological 1 2 )
Eye 1 2 b
Rl
—
[~
Table 5. | e~
S =
ANAMNESTIC SYMPTOMS OF ACUTE TOXICITY p Ay
or o=
— sSS
Organ (system) Number $ o —
.. =
. m L“
Respiratory 9/31 29 & o
— Gastrointestinal 6/31 19 = E
Neurological 13/31 42 =
Skin 12/31 39

8379 0002261
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Edﬁ orial

The Burial of the Two Million Dollar Teaspoon

EPA has reportedly contracted for the disposal of 30
million pounds of lawn fertilizer containing silvex. The cost
of the “grave™? S2.1 million.

The EPA release reads, “This contract involves disposal
of dry fertilizer-based products which contain no more than
1.5 percent of the active ingredient, silvex, which the Agency
estimates to contain aboutr 25 parts per billion or less of the
toxic contaminant dioxin (TCDD). Over 95 percent of the
material being disposed of consists of inert carriers for the
fertilizer and weed-killer (such as corn cob grits or vermicu-
lite).” Registrants of the products are to transport the mate-
rials to the disposal site and that could increase the cost
considerably.

According to my calculations, the whole “kitten caboodle”
contains abour 5 grams of dioxin — one teaspoonful. Boy,
are we ever 2 bunch of scaredy-cats, spending over S2 million
to bury a teaspoonful of anything.

The grave, referred to as a “single burial cell,” will re-
portedly hold 240,000 cubic yards. According to figures
from the local trainmaster, that's about 1,500 box cars. With
100 cars per train, that's 15 trainloads.

Perhaps what we should do for
slow-learners is park them by a
railroad crossing to warch a2 100-car
train pass by — at the speed they
> usually do for you — then another,
"~ and another, unul 15 trainloads

have passed by. And in all that time,
one itsy bitsy teaspoonful would have passed before their
eyes — not in one car, not in one train, but in all 15 trainloads.
Just think of the time, effort, energy and cost — to dispose of
such a tremendous trifle — one teaspoonful. What should we
call it, “Blum’s folly™?

But that's just part of the story. There are about four
million containers of various sizes with almost a million
gallons of liquid silvex. EPA has considered having these
containers emptied and rinsed and the matcrial incinerated
at sea. According to one estimate, the siliex going to sea
would contain about two teaspoons of dioxin.

One EPA official reportedly estimated the total cost to
taxpayers for silvex disposal and indemnities at $30 million.
So that’s $30 miilion to_dispose of three teaspoons — one by
land and two by sea. Wouldn't Paul Revere turn over in his
grave if he could see what foolishness the burcaucracy of his
great country is up to.

And what really gets your goat
is the way we squander money frivo-
lously, and necedlessly on such regu-
latory activities while funding for
educational programs for pesticide
applicator training are heing  cut.
Who will pick up the burden for that
program initiated by the feds? You
guessed it, the feds would like to
dump it in the suates’ laps. And
where will the states yet the funds —
the most likely place is by charging
those who are being regulated and never asked for the pro-

s 1o the firet mlars

2+2=4

896£LONN

We certainly don't have anything against educarion. In fact,
some good old arithmetic for some of those folks in EPA
might be a good place to start.

The average mind probably hasn't caught up yet with terms
like parts per trillion. If you say 10 parts per something —
well, 10 sounds like 2 faxrl) bxg number. But 10 parts per
trillion is like 10 seconds in 320 centuries.

Come on EPA, get your rear in
supposed to provide some responsible

leadership instzad of catching butter-
flies with bear raps.

2,4-D

What concerns many of us now is EPA’s domino game.

They suspended many uses of 2,4,5-T and silvex just before
the RPAR decision was ready. The major basis for their
decision has been largely shown to be faulty. But perhaps
their math book says 1 wrong + 1 wrong = 1 right. They
acknowledged that dioxin had not been found in 2,4-D, but
now 2,4-D is under scrutiny and subject to guilt by associa-
tion.
. 2,4-D provides one of the lowest cost, most efficient
methods for controlling weeds. If you are truly concerned
about water quality, remember that the trend is toward
reduced tillage — to save soil and energy. As we reduce zillage,
2,4-D, still our major postemergence herbicide, will become
all the more essential.

I like Steve Jellinek's story about the G.I. who walked
into a French village after the American’s had bombed it
to drive out the Germans. He said, “Boy, we sure liberated
the h out of this place.” At the rate EPA is going, that's
abour how our farmers and cven the food consumer will
feel if EPA continues their bombardment.

If EPA wants to listen to the potheads who want 1o get
rid of any chemical that kills marihuana, or to the mafia,
that’s their privilege, as long as that's all they do is listen.
But remember that the Good Lord doesn't let man Jdiscover
2 2,4-D very often. .And if we fritter away the discoveries
he does allow us, we know not when he will let man use his
mind for such great discoveries again.

“The concern for man and bis dv m'n) must always
be the chicf interest of all technical effort. Never

L]
forget it among your diagrams znd equations.” g

—=Albert Einstéin
“When a country chooses its technology,
it chooses its future.” SRS
——E. F. Schumacher

“FPA, yours is a grave responsibility. Don't dig one for
2,4-D."
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DESCRIPTIVE SUMMARY '
WITH CONCLUSIONS:
Groups of 15 male and 15 female 6-week old CDF Fischer 344 rats were given diets

formulated to provide doses of 0 (control), 15, 60, 100 or 150 mg/kg/day of tech-
nical grade 2,4-dichlorophenoxyacetic acid (2 4-D) herbicide for 13 weeks. Data
were obtained on the following parameters: overt signs of toxicity, body weights,
food consumption, food conversion, clinical evaluations (clinical biochemistries,
bematology, urinalyses), organ weights, organ to fasted body weight ratios, gross
?xamination at necropsy and histopathological examination of tissues.

&rowth retardation and decreased food intake were evident for males and females
given 150 mg/kg/day of 2,4-D. Food conversion was also slightly reduced in the
top dose males and females. Serum glutamic pyruvic transaminase activity (SGPT)
was statistically significantly increased in both sexes fed 150 mg/kg/day and
females fed 100 mg/kg/day; total thyroxine (T4) values were reduced significantly
for females at the highest 2 dose levels whereas T4 values for males were unaf-
fected at any dose level.

6¥Zh830M97 @

Hematological values and urinalyses were not affected at any dietary level of
test compound. The absolute (g) and relative (g/100g) kidney weight values were
statistically significantly increased in all experimental groups of males fed

60 mg/kg/day and greater. Males given 15 mg/kg/day had a significant increase
in the relative but not absolute kidney weight. Relative kidney and liver weights
were increased for females given 150 mg/kg/day whereas only the relative kidney
weight was increased at 100 mg/kg/day. Minor histopathological alterations of
the liver were noted in both sexes given 100 or 150 mg/kg/day. At 60, 100 and
150 mg/kg/day both males and females had dose-related microscopic changes of the
convoluted tubules of the kidneys. These slight changes of the renal tubules
were not seen in male or female rats given 15 mg/kg/day.
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In conclusion, the results of this study with technical grade 2,4-D
indicate the primary target organ to be the kidney. Dose levels of
60 mg/kg/day and higher exceeded the maximum tolerated dose as evi-
denced by morphologic changes in the kidneys of both sexes. The 15
mg/kg/day dose level was interpreted as a no observable effect level
(NOEL) in the female rats whereas in male rats this dose level pro-
duced only a slight increase in relative kidney weight.
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TECHNICAL GRADE 2,4-DICHLOROPHENOXYACETIC ACID (2,4-D): RESULTS OF A
13-WEEK SUBCHRONIC DIETARY TOXICITY STUDY IN THE CDF FISCHER 344 RAT
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Midland, Michigan 48640

162%890M00

8236

0003584



hiiaty

o~

saldal

witld

[ PR

Wahsd ke WOH A

-23-

DISCUSSION

The growth retardation observed in males and females fed 150 mg/kg/day was
associated with a slight decrease in food consumption and food efficiency
(both sexes); this may suggest a degree of unpalatability of the experi-

mental diets and treatment-related systemic toxicity.

Increased SGPT activity for males and females given 150 mg/kg/day;ind females
given 100 mg/kg/day was considered treatment-related and suggests an effect
possibly on the liver. The decreased serum alkaline phosphatase activity in
the top dose females appears to be caused by non-specific decreases in food
intake. Osihi (1979) has reported decreases associated with restriction of
diet. Thus, the reduced value seen only in the top dose females may be
related to the decreased feed intake where consumption was approximately

2 g/rat/day less than that of the concurrent controls. Serum T4 values

were decreased in female rats of the highest 2 dose levels. This is
interpreted as a treatment-related effect consistent with a previous
literature report by Florsheim and Velcoff (1962) of decreased serum

levels of protein bound iodine in rats given higher dose levels of 2,4-D.
None of the other clinical biochemistry results were considered to be the
result of treatment with 2,4-D based on the reason included in the results

section.

Organ weight data indicated that the kidney was the primary target organ
with dose/treatment-related effects at all dose levels in male rats and

at the highest dose level in the female rats. Histopathologic examination

£L79390M00
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also identified the kidney to be the most sensitive target organ with
minor kidney alterations in male and female rats given the highest three

dose levels of 60, 100 or 150 mg/kg/day; these effects seen on the kid-

ney may be related to saturation of the elimination mechanism.

In conclusion, the results of this study identified the kidney, and to a
lesser extent the liver, as target organs for rats ingesting up to 150 mg/
kg/day of 2,4-D with the kidney being the more sensitive index .for. itpxicity.
Dose levels of 60 mg/kg/day exceeded the maximum tolerated dose as evidenced
by cellular alterations in the kidneys of both sexes. The 15 mg/kg/day dose
level was interpreted to be a no-observed effect dose level (NOEL) for female
rats whereas in male rats this dose level produced no effecfs except for a

slight increase in relative kidney weight.
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Canada To Phase Qut Some
2,4-D Products

c66990NN

BveggeMoaq

In a telegram to DAA Ed Johnson dated 1/27/81, Canadian Agriculture
Minister Eugene Whelan outlined measures that his Government is taking
aimed at phasing out some products containing the herbicide 2,4-D. Agri-
culture Canada's measures are: (1) an immediate ban on the sale by basic
manufacturers of technical esters of 2,4-D that have been shown to contain
dioxins; (2) a phasing-out of all sales of a volatile form of the ester-
based 2,4-D called butyl ester (Department studies have identified concerns
about rapid evaporation and drift of such products, the telegram states);
and (3) action to ensure that all 2,4-D material is free of dioxin con-
tamination by 1982. ®We realize that these measures will not ensure that
only dioxin-free 2,4-D is used this season," Whelan said. "Our aim is to
phase into completely uncontaminated products by next year." :

These actions are based on the Canadian findings, announced last
fall, of three types of dioxins in 2,4-D product samples taken in the
Canadian marketplace. The dioxins found are: 2,7 dichlorodibenzo-p-dioxin;
1,3,7 trichlorodibenzo-p-dioxin; and 1,3,6,8 tetrachlorodibenzo-p-dioxin.
Some of the samples tested were free of dioxins, but when the contaminant
was present concentrations ranged from 5 parts per billion (ppb) to approxi-
mately 8,000 ppb. None of the sampies tested contained the highly toxic
2,3,7,8 tetrachlorodibenzo-p-dioxin which is often present in 2,4,5-T.

EPA is coordinating its review activities on 2,4-D with Agriculture ’
Canada, but the Agency says that there is no justification for regulatory
action to change current uses of 2,4-D in the United States because products
tested here were either dioxin-free or contained extremely low levels (less
than 100 ppb.) EPA has a number of review activities under way to assess
the safety of 2,4-D. More details are contained in a fact sheet on 2,4-D
issued 1/23/8l. Copies of the telegram and fact sheet are being sent to
the Regions. For more information or copies of the fact sheet, contact
Jan Wine, 703-557-7973.
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The Development and Prognosis of Chronic Intoxication
by Tetrachlordibenzo-p-dioxin in Men

JANA PAZDEROVANEJLUPKOVA M.D.
MARCELA NEMCOVA Ph.D.

JANE PICKOVA Ph.D.

LUBOR jIRASEK Ph.D.

Faculty of Generai Medicine

Charles University

Prague, Czechoslovakia

ABSTRACT. During 1965 to 1968, 80 workers who had

been engaged in the production of 2, 4, 5-sodium trichlor-
phenoxyacetate and butylester of trichlorphenoxyacetate

acid became ill. The causeofthe iliness was 2,4, 7, 8-tetra-
chlordlbenzo-p—duoxm A 10-yr study has been conducted

for 35 “exposed individuals. The majority of the patients
developed chloracne, and 11 manifested po_gp_hyﬂa cutanea

tarda. Approximately one-half of the patients suffered

from metabolic disturbances, i.e., pathologically elevated

lipids with abnormalities in the Ilpoproteln spectrum, and
two-fifths of the patients had pathological changes in the
glicos_e__tglerance test. One-third of the patients had bio-
chemical deviations indicative of a mild liver lesion. Histo-

logical examination revealed light steatosis, or periportal

fibrosis, or activation of Kupffer cells. Fluorescence of the

S hver tissues was present in ultraviolet Ilght In 17 persons
symptoms of nervous _system focal damage existed, with
predominance G'f'—Beripheral neuron lesion of the lower
extremities (verified by EMG examination). The majority
/,/of-patientrmffeFéH'ﬁJnT various psychological disorders.
As of this date, two patients have died of bronchogenic
/‘lung arcinoma; one of liver cirrhosis; one of a rapidly
-4’ developed, extremely unusual type of athcrosclerosis pre-
r 1‘" cipue cerebri; and two patients have died in traffic acci-

,"'"t dents. The conditions of most other patients have
improved, -
s .\‘_.’,,u; -
/ ._,_r‘

PERHAPS THE most potent man-made toxin presently
1 ~ known is 2, 3,7,8-tetrachlordibenzo-p-dioxin (TCDD), a
- >4 .t
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EDGAR LUKAS, Ph.D.
Institute of Hygiene and Epidemiology
Prague, Czechoslovakia

solid substance that is insoluble in water and slightly solu-
ble in fats and chlorinated soivent. It is a heat-stable,
amphoteric substance, and exerts its biological effects at
extremely low concentrations. TCDD is not translocated
in plants, and has a half-life in soil of about 1 yr. Microbial
degradation of TCDD is reported to rarely occur in nature,
Irradiation of TCDD in water produces few changes after
14 days.! Due to its extreme toxicity, its chemistry has
not been fully evaluated. There are considerable differences
in species susceptibility, but in all laboratory animals the
lethal effect is slow and ensues severa! days or weeks after
asingle dose.?
TCDD is formed as a by-product during the synthesis
of 2,4,5-trichlorphenol, which involves the hydrolysis of
1,2,4,5-tetrachlorbenzene using methanol and caustic soda -
at atmospheric pressure. TCDD is formed in the distillate
by the condensation of two molecules of sodium trichlor-
phenolate influenced by the highly exothermic decompo-
sition of sodium-2-hydroxyethanol. Trichlorphenoxyacetic
acid (2,4,5-T), a herbicide produced commercially prior to
1965, contained 30 mg/kg TCDD. Currently, 2,4,5-T, con-
taining < 0.05 mg/kg TCDD is produced in several countries
and is available in commercial quantities.®
Several accidents have occurred during the industrial
synthesis of 2,4,5-trichiorphenol and 2,4,5-T, the conse.
quences of which are well described in the literature.>”? |
The most recent large-scale TCDD intoxication that 8 L
occurred in Seveso, Italy in 1976 renewed the interest of
specialists and the general public. Since we have acquired
considerabie information during the 10 years we have
observed patients with chronic TCDD intoxication, we
have choscn to present our findings in this study.

0003448



Table 1.—Physiologic, Neuralogic, Psychiatric, and Dermatologic Observations for
Fifty-Five Males with TCDO Intoxication®
Percent
of patients (¥ = 55)
Medical lesions .
Porphyria cutanea tarda 20
- Only uroporphyrinuria 21
Hypercholesteroiemia 56
Hyperlipemia 87
= Hyperphospholipemia 42
. Diabetes mellitus 8
s L Low giucose tolerance test value 9.
AT __. Hepatic lesions 120
SN Increased total blood proteins 13
-t Increased plasma
7 globulins 36
a, globulins 44
Decreased plasma albumin 33
Neurological lesions
Pathological changes without any connection with exposure
4 exposure to TCDD 8
- | - Polyneuropathy 23
‘| *~—— Encephalopathy 7
Psychiatric changes
Severe neurotic symptoms and signs with disorders
of vegetative nervous system 64
Neurasthenia syndromes with depressive component 11
Depressive syndromes with endogenous component 8
Pseudeoneurasthenia syndromes in patients with
arteriosclerosis of central nervous system 14
Skin lesions
Chloracne of different severity ,/95 "
! k
* Al results were obtained at the beginning of intoxication.

MATERIALS AND METHODS

The Department of Occupational Diseases University
Hospital in Prague admitted 55 males for the first time in
1968 and 1969 suffering from chronic TCDD intoxication,
who had been engaged in the production of sodium 2,4,5-
trichiorphenoxyacetate and buty! ester of 2,4,5-
trichlorphenoxyacetate acid. This incidence of mass intoxi-
cation occurred during a time when alkaline hydrolysis of
tetrachlorbenzene at atmospheric pressure was used to
increase and shorten reaction time, and probably during
the same time the mother liguor, which was originally dis-
posed of, was put back into production. The concentration
of TCDD in the work atmosphere was never measured;
however, TCDD _was_fot_md in the final product—Arboricide
E-—and several years later, was also found in the building
and on wall paintings.

Originally, 80 of 400 persons who were cngaged in this
production became_ill. Only 55 of those persons have been
observed on a long-term basis; the remaining 25 persons
either refused to be examined in our hospital or moved,
leaving no address. Those who moved were usually for-
eigners who returned home. The mean age of the 55 intoxi-

pa—

cated individuals was 36.3 [standard error (SE) = 11.2] at
the time the outbreak of iliness occurred. We do not pro-
vide any further details about production conditions and
the course of the illness during the initial 3 to 4 yr in this
article, since these were described in our 1974 report;’
therefore, we shall only provide the most important data
required for understanding the development of the illness.

RESULTS

The first symptoms of intoxication which occurred at
the time of cxposure were: gradual, but rarely sudden,
formation of chloracne; a fecling of sickness; fatigue;
weakness in the lower extremities; and frequently, pain
under the right coastal arch. In 10 patients, however, the
first symptoms of intoxication appeared several months
after work with TCDD was compieted. The intoxication
affected several organs and systems {Table 1). It should
be noted that only the most severely affected patients
exhibited all of the above-listed symptoms, and the extent
of organ damage was not uniform for these patients. The
severity of iliness was not related to the duration of expo-
sure, job status, or age.

Y6169 MOd
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Table 2. —Cause of Death for Six Patients with TCDD Intoxication

Duration
of
Intoxication

Age (yr) Exposure

Severity of TCDD Intoxication
Cause of Death and Post-Mortem Findings

1. 57 9 mo 2yr

2. 59 3yr 2yr

2,5yr 3yr

15 shifts 4yr

s. 63 7 mo Syr

32 shifts 9vyr

_Macronodular cirrhosis with signs of portal

Severe type of TCDD intoxication.
Unusual type of very severe arteriosclerosis
of cerebri, liver, pancreas, and kidneys.
Dementia cerebri.
!mmediate cause of death: bronchopneumonia.

161629 MOQ

Severe type of TCDD intoxication.
Bronchogenic carcinoma.

Severe type of TCDD intoxication.
Bronchogenic carcinoma.

Slight signs of TCDD intoxication.

Traffic accident—comminuited fractures of .
lower extremities. )

Immediate cause of death: fat embolisation to
lungs.

Severe chioracne and slight signs of lipid
metabolism disorder.

Traffic accident—fractura coli femoris.

Cause of death: bronchopneumonia hypostatica.

Severe type of TCDD intoxication; about 3 yr
before death; complicated with hepatitis
epidemica, type B. i

hypertension, ascites.
Cause of death: hepatic coma.

The progression of illness was not linear, In some
patients, symptoms and signs of intoxication that were
present from the very beginning of the illness, became more
severe during the 3-4 yr that followed intoxication. In
others, however, organs and systems that were functionally
normal during the beginning of illness later became
impaired. Deterioration occurred suddenly, the eliciting
factors sometimes being intercurrent iliness, stress, or
unusual physical exertion. in other patients, however,
deterioration could not be ascribed to specific factors, but
was probably attributable to the spontaneous course of the
iliness proper. Deterioration and subsequent improvernent
did not occur consistently in individual organs and sys-
tems. During 5 yr of intoxication, the health status of
most patients was stabilized; some patients’ status even
improved. During this time 6 patients died, the causes of
which are listed in Table 2, and 5 refused our systematic
medical care. The authors are therefore providing medical
care to 44 of the original 55 patients; all patients’ condi-
tions have improved, but no patient is entirely healthy.
Most of these individuals gradually re-entered the work-
force, and established themselves in society. During their
iliness, 18 healithy children were born. The wives of two
patients had spontaneous abortions in their third month
of pregnancy, but the cause is not known becausc the
fetuses were not autopsied.

The impact of the intoxication varies. There are still

January/February 1981 (Vol. 36, No. 1)

pathological deviations in lipid metabolism in most of the
patients. Figure 1 shows mean values of total cholesterol
measured when the illness was first noted and “to-date”
values, both compared with a control group. Figure 2
shows similar results for phospholipid measurements. At
the beginning of intoxication, lipid values were pathologic
in more than one-half of the patients (mean = 13.85 g/L).
Currently, the mean values of lipids do not significantly
differ from controls. Lipoproteins ¢could be examined
only in recent years; we found elevated mean values in .
the pre-beta fraction [VLDL (Fig. 3)]. In the blood pro-
tein spectrum, pathologically increased alpha 1 and gamma
globulin levels have normalized, but there are still elevated
mean values of total blood proteins in comparison to con-
trols: 7.5404 (SE = 0.5499) against 7.0296 {SE = 0.4462
(P=.01)]. For all internal examinations we used the Stu-
dent’s ¢ test for statistical evaluation.
Currently, one-fifth of the patients has a pathological
diabetic glucose tolerance test and another one-fifth has
2 pathological flat glucose tolerance test. Pathologically
high excretion of uroporphyrins, together with other signs
of porphyria cutanea tarda, were present at the outsetof
intoxication in one-fifth of the patients. The same fraction 8 o
had a siightly increased uroporphyrin excretion in urine e «9,‘
(10 100 ug/24 hr) without any skin manifestations. Excre-
tion of coproporphyrin in urine was, only rarely, substan-
tially affected; mean values of delta-aminolevuinic acid in -

30034&n
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[ OF INTOXICATION
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4 AGE 408 YEARS

0,01 0,001
SIGNISICANT DIFFERENCE
Fig. 1. Values of cholesterol in serum of patients at the ““beginning

of intoxication” and ‘‘these days” in correlation with ‘‘control
group.”

urine were, during the first years of intoxication, signifi-
cantly hxgher than in controls. At present, pathological
excretions of uroporphyrins and skin manifestations of
porphyria cutanea tarda are very rare. Similarly, functional
liver tests (i.e., bilirubin, thymol pyruvic transaminase in
serumn, bromsulphalein test) are seidom pathological,
whereas in the beginning of the illness, one-fifth of the
patients had mild hepatic lesions. Lwer  necropsy and
bnogs_y showed that even for the most severe forms of

most severely affected | patlent who was the ﬂrst victim
of intoxication, showed only slight activation of Kupffer
cells. Only one patient, who died in hepatic coma attribut-
able to concommitant infectious hepatitis B (HBAG posi-
tive), displayed | large-nodule active cirrhosis with manifes-
tations of portal Rypertension and ascites.

In all decreased patients and for those in whom liver
biopsy was performed, liver tissue fluorescence in ultra-
violet {(UV) light was present, even in cases where repeated
examinations revealed normal values of urinary porphyrins.
Throughout the entire observation period of the whole
patient group, goal-directed examinations did not indicate
any signs of toxic lesions in the myocardium or kidneys,
and hemoponesns was not affected. There were no patho-
logical values of phosphatase alkaline serum and iron in
serum, nor ophtalmological impairments that could be
atrributed to the effect of TCDD.

The results of repeated ncurological examinations are
presented in Table 3. During the initial 3~} yr of illncss,
the Iesion in the peripheral ncuron of the lower extremi-
ties deteriorated, which in most patients, was present
from the onset of intoxication. In some cases, polyncu-
ropathy appeared only during the course of the illness; in
these patients it could be refiably documented that clinical
and electromyographic examinations were normal at the

Table 3.—Results of Neurological Examinations for Individuals
Exposed to TCDD
Onset At Present
(N=55) (N = 44)
Normal neurological examination 62% 51%
Pathological changes without any 8% 9%
connection with exposure to TCDD
Polyneuropathy 23% 31%
Encephalopathy 7% 9%

outset of intoxication. In addition, in four patients there
was peripheral lesion N Vii, which occurrzd either in con-
nection with polyneuropathy of the lower extremities, or
was isolated. After 4 yr of illness, the neurological picture
stabilized; three patients even showed improvement,
Encephalopathy sometimes develops in persons aged 50-
65 yr, accompanied by organic psychosyndrome on the
basis of atherosclerosis of cerebral arteries. Very rarely is
ischemic heart disease concurrently present. The patient
who presently has the most severe form of the illness is
also afflicted with paroxysms of temporal epilepsis and

memol P/
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Fig. 2. Phosphorus of lipoids in serum at the *’beginning of intoxi-
cation” and “these days” in correlation with “control group.”
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Table 4.~Psychiatric Changes Observed in TCDD-Exposed
individuals

Beginning of Intoxication {N = §5) At Present (N = 44)

Neurotic symptoms
without any depressive
symptoms and anxiety
symptoms

58%

Neurotic symptoms, neurasthenia
syndromes with depressive com-
ponent, depressive syndromes with
endogenous compaonent

83%

Developed to scvere
type with signs of
dementia cerebri

18%

Pseudoneurasthenia syndromes in
patients with arteriosclerosis of
central nervous system

16%
Without any psychiatric
symptoms or signs

3% 24%

Without any psychiatric symptoms
or signs

external and internal hydrocephalus; polyneurapathy has
remained unchanged throughout the 10 yr.
The neurological picture of the iliness is compiemented

with results of repeated psychiatric examinations {Table
4). Psychiatric disorders aiso progress on the basis of
cerebral atherosclerosis, predominantly in patients over
50 yr of age. However, a severe organic psychosyndrome
with dementia is also present in a 30-yr-old patient. The
depressive and anxiety components of ncurasthenic dis-
orders have completely disappeared, and the number of
patients who show no signs of mental disorders has
increased.

'Chloracne, which in the beginning of the iliness was
the most constant sign of intoxication, has healed in one-
fifth of the patients; one-half of the patients has only iso-
lated cysts and comedones. Fifteen percent, however, still
have florid manifestation of chloracne with large cysts,
abscesses, and comedones. The pathological changes often
affect the genital region, thus seriously curtailing sexual
activity. Severe forms of chioracne, though healed, have
left gross defects in the form of scars which have perman-
ently disfigured the patients.

DISCUSSION

There is no doubt that TCDD intoxication is one of
the most severe occupational and non-occupational poison-
ings. There are two reasons for this: (1) TCDD is highly
toxic; and (2) the noxa interferes with many metabolic

f
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Fig. 3. Value of plasma lipoproteins in correlation with control group.
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processes which still remain disturbed az a time wien
TCDD, in view of its short biological half-life of 21 davs,
should be eliminated from the organism. There is a con-
siderable specics-specificity in the sensitivitv of laboratory
animals to this toxic substance, and the impact on indi-
vidual argans differs in different species, In monkeys, as in
humans, 3 permanent sign is skin lesions, while hepatic
impairment is in the background.

The long-term and relatively complex observation of
our patient sample with chronic TCDD intoxication per-
mits us 1o express a hypothesis on the nature and prog-
nosis of this illness in man. There is no doubt that TCDD
was present in the air of the workshop, and because of
the coristantly changing technology, its concentration in
air was inconstant. TCDD caused intoxication which in
turn, nonuniformly affected a number of important organs
and systems. The course of the illness was more severe in
individuals when the iliness started during exposure than
when the first symptoms appeared several months after
cessation of this swdy.

Even though most of the patients did not experience all
symptoms and signs of intoxication, and some patients
showed only symptoms and signs in different combina-
tions, we assume that in this type of intoxication all the
systems and organs mentioned in this study were simul-
taneously affected, aithough some only slightlv. This
assumption is supported by several facts. Fiuorescence of
liver tissues in UV light, which is a sign of patholagical
porphy_rm metabohsm _was present_in al] cases of necropsy
and biopsy, i.e,, in persons in whom long-term monitoring
‘of porphyrm excretion in urine and delta-aminolevulinic
acid values were constantly within normal limits. Probably
a slight subclinical lesion was present. Further evidence
was furnished in repeated neurological examinations.
Polyneuro_gathy of the fower extremities was manifest in
some patients anly in the third or fourth year of iliness;
we have definite clinical and electromyographic evidence
that the first examinations conducted when the iliness
commenced were entirely normal. The manifestation of
these lesions was promoted by unspecific stress (e.g.,
greater physical exertion, mtercu_rrent inflammation of
upper respiratory pathways stress situations, etc.), none
of which could, by itself, produce a similar illness. Simi-
larly, slight hepatic lesions and diabetes mellitus—manifest
or latent—appeared in some patients 1 or 2 yr after intoxi-
cation, and were related with some unspecific stress, or
sometimes they occurred independently. The alteration of
many mectabolic processes and functional disturbances of
several organs indicate a high probability that TCDD
affects general enzymatic processes that are present and
necessary for the activity of more systems,

Qther than the direct toxic effect of TCDD on nervous
tissucs, we also assume that indirect intervention may
exist, i.e,, impaired metabolic processes in lipid and hvdro-
carbon metabolism. The incidence of palyncuropathy was
more frequent in patients with manifest or latent diabeles.
Changes were also marked in the central nervous system
on the basis of atherosclerosis of cerebral arteries, the
development of which might be ennanced by hvpercholes-
terolemia, hyperlipemia, hyperpnospholipemia, and higner
pre-beta fraction (VLDL) in the iipodrotein spectrum.

10

- Unfortunately, we could not arrange the autopsy of all

deceased patients in a qualified, university surgery where @
detailed attention could have been given to atheroscicrosis.
The patient who was the first to die, and who had demon-
strated the most severe clinicai and laboratory signs of S
intoxication, was thoroughly examined in this respcct and &+

autopsy revealed very severe, entirely untypical athero- -
sclerosis. Detailed information is given in our swdy of <L
1974.7 b

The mass occurrence of psychic disturbances, pre- <

dominantly anxiety and ‘depression, was in the first years C
of illness mainly due to exogenous influences: fear of
death; dlsﬂgurement mvahdlty, marltal problems, and in
young individuals, the diffi culty of entering intimate,
close relationships because of the disfi igurement resulting
from chloracne. Gradual adjustment to the iliness, its
improvement (especially on the visible skin area), and
return to normal work and social life all contributed to
decrease psychic disturbances, thus faciliyting better
adaptation to life.
It does not appear that chronic intoxication in our N
patients unfavorably affected the quality of offspring. All
of the 18 children born to intoxicated individuals were
free of the developmental anomalies; their postnatal
development has aiso been normal. Two spontaneous
abortions in 10 (10%) pregnant wives of our patients is
less than the number of worldwide spontaneous abortions
relative to the number of pregnancies (15-20%).2
{n recent years the possible carcinogenicity of TCDD
has been widely discussed.! Even though two of our
patients died of__bl_'q_nchogemc lung carcinoma after 2 and
3 yr of the intoxication, no definite conclusions can be
drawn in view of the small number of persons in the
group.
This illness is characterized by its non-uniformity, both
in its developments and its effects on individual organs.
Deteriaration was always sudden, followed by less gradual
improvement. This is a rather cheerless balance of an iil-
ness, where the mechanism of origin and cause of unusual
development we know virtuaily nothing. Being awarc of
this poor understanding, we were very careful in our
therapy and concentrated on the prevention of further
possible stressful situations that could have aggrevated the
illness. We attempted to remove all neurotoxic, hepatotoxic, .
and dermatotoxic substances from the work and living
areas. Each patient received a list of drugs known for their
hepato- or neurotoxicity, and those drugs suspected of
producing porphyria cutanea tarda, which he was instructed
to avoid. Rarcly did we apply medicines to alleviate symp-
toms which were particularly distressing. The treatment of
chioracne is discussed elsewhere by the dermatologist,
Jirdsek %?
In our paper we wished to indicate the importance of
having a thorough understanding and knowicdge of unde-
sired by-products resulting from synthesis or manufacture
of various products, being alert to changes in technology
and 10 systcmatically protect the health of workers.

7
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Tetrachloroazobenzene in 3 4-Dichloroaniline and

Its Herbicidal Derivatives Propanil, Diuron, Linuron, and Neburon

ROBERT H. HILL, JR., Ph.D.

ZELDA J. ROLLEN, B.S.

RENATE D. KIMBROUGH, M.D.

DONALD F. GROCE, B.S.

LARRY L. NEEDHAM, Ph.D.

Center for Disease Control

Public Health Service

U.S. Department of Health and Human Services
Atlanta, Georgia

ABSTRACT. The presence of 3,3 ,4,4" -tetrachloroazoben-
zene (TCAB) was determined by high performance liquid
chromatography in 3, 4-dichiloroaniline and herbicides
made therefrom. The concentrations of TCAB in 3, 4-di-
chioroanilines and in diffcrent herbicides from a variety of
manufacturers ranged from 9 to 1400 uy/g (ppm). The
chloracnegenic potential of these products, as determined
by rabbit ear test, suggests that it is in the same range of
2, 3, 7, &tetrachlorodibenzodioxin, a known potent chlor-
acnegenic agent.

january/February 1981 {Vol. 36, No. 1)

RECENTLY, some outbreaks of chioracne in groups
of chemical workers have been attributed to 3,374,4°
tetrachloroazobenzene (TCAB) and 3,3 (4,4 “tetra-
chloroazoavbenzene (TCAOB) as contaminants in 3,4
dichioroaniline and its herbicidal derivatives.!** These
contaminants arc by-products of the commercial syn-
thetic process.” In addition, several workers have reported
that tiw herbicides degrade in soil to produce TCAB and
TCAOB.® Chlorinated azobenzenes are structurally smf‘gf Q
lar (isusteric) to the chiorinated dibenzodioxins and ~ ?
dibencofurans, which 2iso cause chloracne. Poland has
reported that chiorinated dibenzofurans, dibenzodioxins,
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OBSERVATIONS AND CONCLUSIONS
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As a result of this study the following

conclusions can be made.

7.1

7.2

7.3

7.5

The major route of worker exposure to 2,4-D herbicides
is through dermal absorption.: Comparison of the
breathing air and urinary data indicates at least

35 times more 2,4~-D is absorbed through the skin

than is inhaled with the breathing air.

The avera?e breathing air concentrations were

0.01 mg/m® which is 0.1% of the current TLV of

10 mg/m® for 2,4-D exposures. The maximum air
concentration for a single day was 0.1 mg/m® which
is 1% of the current TLV.

The average worker excreted 2.1 mg/day of 2,4-D -
in urine. This is 2% of the maximum daily allowed
exposure. via inhalation. The maximum urinary
elimination encountered was 43 mg/day. This

maximum falls within the range of moderate exposure
to 2,4-D.

Mist-blower operation provided the greatest air
exposure to workers at 55.2 ug/m’. The right of
way spray operations average 13 ug/m?® 2,4-D and
the roadside operations provided the lowest worker
air exposures to 2,4~D at 6.4 ug/m’.

Improved work procedures, protective equipment

and training provided to the workers reduced the
maximum average weekly urine 2,4-D concentrations
by a factor of 3 times over those measured in. 1979.
This reduction may also reflect increased worker
awareness to possible hazards of these herbicides.
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RECOMMENDATIONS

8.1

8.2

8.3

8.4

Work procedures and protective equipment used by
herbicide applicators should be reviewed keeping in
mind that the major worker exposure pathway is
through skin absorption. 1Inhalation exposure to
2,4-D has been shown to be minimal. :

Further reductions in 2,4-D intake can be achieved
by washing of exposed skin areas and changing of .
clothing which has been exposed tc 2,4-D residues

-AS soon as practically possible after exposures.

There is a great variability in urine elimination
rates throughout the day. Better exposure values
can be obtained if 24 hour urine samples are .
collected rather than spot samples through the day.
The 24 hour samples can be better related to the
urinary model for total exposure calculations.

The 1981 herbicide monitoring program can be
restricted to urine monitoring as air exposures
have been shown to be negligible. Urine monitoring
should be continued to check work control methods
and to continue our data base.
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J2155149 INTRODUCTION

This paper by the American Council on Science and
Health was prepared as a result of the controversy con-
cerning the suspension and poasible cancellation of reg-
istration of the herbicide, 2,4,5-trichlorophenoxyacetic
acid. Use of the herbicide is currently being questioned o
and indeed may cease permanently after scheduled hearings
by the Environmental Protection Agency (EPA), which began
March 14, 1980.

008745

Registered in 1948, the herbiclde, 2,4,5-T, is not a
newcomer to weed control. But studies within the last
ten years involving both human and animal exposure to
the herbicide have raised questions regarding potential
health hazards accompanying its use. 1In 1978, the EPA
issued a Rebuttable Presumption Against Registration
(RPAR) (EPA 1978) and Continued Registration of herbi-
cides containing 2,4,5-T, initiating the process to
question the need for continued registration.

However, on February 28, 1979, the EPA exercised its
option by citing an "imminent health hazard" and called
for an immediate Emergency Suspension of 2,4,5-T (EPA
1979z) on rights of way, forests, and pastures. Exempt
from this suspension order were rangeland and rice paddy
applications.

Proponents of the ban argue that the herbicide is very
toxic to humans. They illustrate their point with a
variety of studies that attribute an increase in mis-
carriages, birth defects, and certain forms of cancer to
exposure to 2,4,5-T.

Opponents of the ban defend the use of the herbicide.
Interested parties in this camp feel that the scientific
evidence does not substantiate the claims made by critics
of the chemical. They therefore feel that the EPA's
proposed cancellation is unfounded.

At the heart of the matter lies the chemical 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD). Regarded as one of
the most potent toxins known to man, TCDD is a consistent
contaminant of 2,4,5-T.

The American Council on Science and Health seeks to
present a balanced and unbiased assessment of this cur-
rent public health issue. In preparation of this paper,
the Council has diligently studied the history and past
and present uses of this herbicide both.in the U.S. and
abroad. Furthermore, it has scrutinized available data



on the effects on human and animal health. 1In addition, |
it has ygeviewed information about 2,4,5-T in the’ popular
press and from interested parties on both sides of the
issue. - .

The American Council on Science and Health appreciates
the problems encountered in making a definitive decision
regarding the use of 2,4,5-T. A tharough analysis of
the 2,4,5~T dilemma is complicated by a paucity of human
evidence, the need to extrapolate from animal data and a
lack of sophisticated detection equipment. The Council
recognizes valid arguments submitted by both parties
involved in this dispute. The Council presents its
paper as its own opinion and interpretation of the infor-
mation studied and hopes that it addresses all pertinent
arguments in this important public health matter.

~VIP8
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Based on. its review of the scientific evidence, the
American Council on Science and Health (ACSH) concludes
that there is insufficient evidence to support a ban on
2,4,5-T. No scientific reports presented to date have
shown any convincing relationship between the traditional
use of 2,4,5-T and adverse health effects in humans.

0008746

The toxicity of 2,4,5-T and its contaminant, 2,3,7,0-
TCDD (2,3,7,8~-tetrachlorodibenzo-p-dioxin), has been dem-
onstrated under laboratory conditions at doses far high-
er that those to which humans are exposed. Estimates of
human health risk derived from animal experiments are un-
reliable, Furthermore, those risks which have been cal-
culated for 2,4,5-T and 2,3,7,8-TCDD are extremely small.

ACSH recommends that the current uses of 2,4,5-T in
rice fields and rangeland be continued and the suspended
uses in forests, railways and highways, and landscaping
be reinstated.

ACSH recognizes the problems posed by 2,4,5-T's unavoid-
able contaminant, 2,3,7,8-TCDD, and urges that every ef-
fort be made to further reduce contamination during the
manufacturing process. ACSH recommends that applications
of 2,4,5-T, particularly aerial spraying, be strictly mon-
itored to minimize unnecessary environmental and human
exposure, ACSH believes that stringent safeguards for
the manufacture and application of 2,4,5-T will effective-
ly reduce any potential adverse effect of 2,3,7,8-TCDD
wniie allowing for the continued use of the herbicide.
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Chronc. qy of Events Involving 2,4,5-T

1945 - déveloped as an herbicide i% Douz '55 ' ‘5

1948 - registered with USDA as a pesticide

1949 - accident at Nitro, West Virginia, 2,4,5-T plant
1967w 2,3,7,8---7CDD lmpurltyuihﬂz,l,sqm-made~known~
1962 - Vietnam defoliant spraying commenced

1966 - USDA and FDA order residue tolerances be estab-
lished for most pesticide chemicals in or on food
crops

1967 - deadline for obtaining tolerances for residues of
most pesticide chemicals including 2,4,5-T on
food and feed products and by-products

1969 - 2,4,5-T and 2,4-D were reported to produce birth
dafects in animals

1970 - USDA requested further teratogenic studies

1970 - Department of Defense cancels use of 2,4,5-T in
' daefoliation procedures in Vietnam

1970 - USDA cancelled all use of granular 2,4,5-T formu-
lations for use around the home, recreational
areas and similar sites and all food crops
intended for human consumption

1970 - USDA suspends use of 2,4,5-T in lakes, ponds,
ditch banks, and all liquid formulations for use
around the home, recreational areas, and similar
sites

1970 - Congress directed DOD to contract with National
Academy of Sciences for study of ecological and
physiological effects of use of herbicides in
Vietnam

.1970 - uge of 2,4,5~T banned in Italy; it is also banned
in Sweden and the-Netherlands

1971 - accident at racecourse in St. Louis, Missouri,
involving exposure to TCDD resulting in animal
death and human illness; 2,4,5-T not involved

1971 - FJFRA Advisory Committee recommends continued use

of 2,4,5-T on forest, range, rice, rights of way;
stipulates TCDD (dioxin) content be reduced to

2k



0.1 ppm, 2,4,5-T be applied no more than ce a
year, and applieqjgn‘a‘nmnnqg thab-will not
contaminate humans i

1971 - EPA prohibits use of 2,4,5-T on most food crops

1972 - Amendments to Federal Insecticide, Fungicide' and Rodenticide @
Act (FIFRA) enacted requiring registration of all
pesticides and their use plus certification of
applicators~-Administering Agency for FIFRA is EPA

08747
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1972 - pow Chemical obtains an injunction against EPA
enjoining further action against 2,4,5-T

1973..» The study “Primary Carcinoma.of._the.Liver in
Vietnam" released in medical journal Chirurgie

by Dr..Ton That Tung.

1973 - U.8. Court of Appeals overturns injunction; can-
cellation proceedings continue

1973 -~ Notice of Intent to hold Hearings on all uses of
2,4,5-T. Public hearing scheduled for April,
1974, following completion of intensive monitor-
ing for TCDD in part per trillion {(ppt) range

1974 - National Academy of Science Report - "Effects of
Herbicides in South Vietnam - Part A Summary and
Conclusions® issued

1974 - information hearings expanded to include all
insecticides and herbicides using 2,4,5- -
Trichlorophenol in their manufacture

1974 - EPA withdraws from cancellation and information
gathering praceedings because of its inability to
accurately monitor food for TCDD residues

1974 - EPA establishes Dioxin Implementation Plan to
identify good analytical methods for detecting
TCDD in ppt range

1976 - explosion at ICMESA Chemical Plant in Seveso,
Italy, releasing an estimated 1.7 kg. (3.74 1lb.)
TCDD in an area with population of 100,000

1977 - decision to continue use of 2,4,5-T in New Zealand
issued by government

1978 - Ministries of Agriculture, Fisheries and Food
(MAFF) of United Kingdom - Advisory committee
announce that herbicides containing 2,4,5-T were
safe, "if used in the recommended way for the



1978 -

1978 -~

1978 -

-
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100!

recommendeg\ pynpeses? -« approval given for their
continued S wn UL K

Agent Orange Victims, International formed by
U.S. Vietnam veteran

EPA publishes Rebuttal Presumption Against
Registration (RPAR) and Continued Registration of
2,4,5-T, citing research that indicates 2,4,5-T
and TCDD cause tumors, birth defects, and fetal
deaths. RPAR allows continued use pending final
decision :

piring of ABC~TV's 20/20 News Magazine two-part
program detailing 2,4,5-T and Agent Orange

suspension hearings commenced on April 19, 1979

hearings stopped on May 15, 1979, after all
registrants withdrew from the hearings

“politics of Poison," a documentary on 2,4,5-T
shown on NBC San Franc;nco affiliate KRON-TV

Dispute Resolution Conference on 2,4,5-T held
sponsored by the American Farm Bureau Federation

availability of EPA Position Document on 2,4,5-T

hearings before 'House Sub-committee on Oversight
and Investigations on Involuntary Exposure to
Toxic Herbicides and Pesticide Products

Pendulum and the Toxic Cloud by Thomas Whiteslde
published, dealing with the Seveso, Italy, dioxin
accident

Notice of Intent to Cancel Suspended Uses of
2,4,5-T by the-EPA

Alsea II report submitted to the EPA which pro-

- vided grounds for initial suspension action by

the EPA

EPA issues Emergency Suspension Order for 2,4,5-T

. on rights of way, pastures, forests, home gardens,

aquatic weeds, ditch banks, and ornamental turf;
exeppt from this suspension were rangeland and
rice paddy applications

FIFRA Scientific Advisory Panel reviews non-
suspended uses of 2,4,5-T and issues opinion
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PBS airs "A Plague on Our Children" as part of
}tp Noqflfrries dealing in part with 2,4,5-T

1979
(3 'i. ‘

1979 - EPA issues Final Determination Concerning the
RPAR for certain uses of Pesticide Products and
Notice of Intent to hold a hearing

0008748
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1980 - bow Chemical filing against U.S. Government claims
negligence in misuse of Agent Orange and failure
to inform servicemen of potential dangers of
exposure to Agent Orange

1980 - Cancellation hearings of 2,4,5-T begaﬂ March 14,
- 1980

1980 - Operation Ranch Hand.- in depth study of Vietnam
veterans scheduled begins




Herbicide Production Statistics ‘Douz ' 55 ' ,l 7

Forty years ago, while researchlng the properties of
naturally ogcurring plant growth hormones, scientists
discovered the phenoxy herbicides (Peterson 1967).
considered as synthetic plant growth regulators, the
phenoxy compounds were developed to mimic the properties
of a naturally occurring plant growth regulator, indole-
acetic acid, Concurrent research in the United States
and Great Britain revealed the capabilities of certain
phenoxyacetjc acids, including 2,4-dichlorophenoxyacetic
acid (2,4-D), as active herbicides, selectively killing
many broadleaf weeds in cereal grain, grasslands, and
coniferous forests (Bovey and Young 1978), (Nutman,
Thornton and Quastel 1945), (Blackman 1945). The mili-
tary furthered their investigation by studying phenoxy
herbicide use as a vegetation control weapon in 1944-
1945,

By 1946, 2,4-D was used extenslvely to control weeds
in turf, small grains, and corn. However, its efficacy
did not extend to brush control. Research for an effec-
tive substitute began. Use of 2,4,5-trichlorophenoxy-
acetic acid began after its registration by the Amchem
Products Company, Ambler, Pennsylvania, on March 2,
1948. 1In the years that followed, 2,4,5-T made its mark
as the material of choice for effective brush control on
rights of way, rangeland, forestry, and certain weeds in
rice, wheat, corn, and sugarcane (CAST 1978).

Although mapy phenoxy compounds have herbicidal capa-
bilities, mpst are not commercially available because of
prohibitive cost or narrow effectiveness range. Phenoxy
herbicides presently in use today in the U.S. include
2,4-p, 2,4,8-T, MCPA, Silvex, 24-DB, MCPB, dichlorprop,

. mecoprop, 2,4-DEP (Weed Society of America 1974), and
dichlorprop-methyl (Federal Register April 7, 1980).

2,4-D predominates in the U.S. today, due to its low
cost and high effectiveness. Other phenoxy herbicides
are employed only in instances where they exceed the
capability qf 2,4-D.

In 1975, the United States used 59 million pounds of
2,4-D, 6.7 million pounds of 2,4,5-T, and two million
pounds of Silvex (Stanford Research Institute 1976).
MCPA, 2,4-DR, dichlorprop and mecoprop find important but
limited use for specialized applications (Klingman and
Ashton 1975). 2,4-DEP, a chemical related to 2,4-D, acts
principally through soil transport (Crafts 1975), but it
is not used.with the same frequency as 2,4-D.



. one hundred companies hold federal registrations and
formulate 424 pioducts containing 2,4,5-T. Eleven
companies have applied for federal registration of 21
products containing 2,4,5-T previously registered only
in certain states (EPA 1974).

0008749

In 1969, 11,626,000 pounds of 2,4,5-T acid, esters, and
salts were produced in the United States alone. In 1970,
the guantity rose to 12,335,000 pounds. Between: 1971 and
1974, 738,907 pounds of 2,4,5-T were imported into the
U.S. averaging a total of 148,000 pounds per year (EPA
1974).

The phenoxy herbicides gain entrance to the target
site by penetrating the plant foliage, roots and soft
stem tissue. When applied as a drench in diesel oil,
they can soak through the dry bark of trees and enter
living tissues (Crafts 1964). Accumulating in the
actively growing parts of roots-and stems (Crafts 1964), !
they cause the leaves and buds to twist and curl and
new growth of stems and leaves are malformed. Sensitive ,
young plants may die in a few days. Hardy shrubs and ’
trees may succumb only after weeks or months or may
survive without injury (Bovey 1977).

A phenoxy herbicide enters a plant in an imperfect and
uncontrolled way. Once inside the plant, it interferes
with the regulation of growth processes normally gov-
erned by the plant's own naturally occurring growth .
hormones (Ashton and Crafts 1973). The phenoxy herbi- ;
cides interfere with cell division (mitosis) and cell i
enlargement, food utilization and various other processes :
necaessary to stabilize life.

Scientists do not know the precise mode of action of
either synthetic or natural plant growth regulators.
They do know that phenoxy herbicides are far more toxic
to green plants than to animals. Plant growth regulating
compounds act on plant cell compounds such as cellulose
and lignoceallulose which are not present in animals.
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Land management personnel utilize phenoxy herbicides
in varioys situations. The following discussion lists
kinds of upes and the preferred herbicides for the job.

Timber Management -~ Foresters have included the
phenoxy herblcides among their timbesx management tools
since the early sixties (Bentley 1967).

Forests cover a third of the U.8. (approximately 750
million acres), and two thirds of this land is usable
for commercial timber purposes. The remaining, approx-
imately 2350 million acres, either produces too little
timber for commercial classification or has been utilized
for other functions, namely wildlife, water yield,
grazing, or recreation (CAST 1978).

. According to Walker (1973), competing undesirable
vegetation causes about 300 million acres of commercial
timber land to operate at less than two thirds of its
timber production capacity. Over one hundred million
acres of historically high yleld areas, now support no
significant timber growth because competing vegetation
robs treeg of vital space, sunlight, and nutrients.
Phenoxy herbicides applied here literally shift the
advantage to the desired trees, increasing productive
land for forest purposes and allowing re-establishment
of mature. forests.

Traditional forestry methods emphasize hand cutting
for thinning and culling of forest stands (Newton 1973),
a procedure proven satisfactory as waell as economically
sound. But natlonwide manual attendance of guch large
forest areas is economically and physically unfeasible.

Kimmins and Fraker (1973) have cited 280 references
to herbicide uses in forestry, and Johnson and Lawrence
(1977) have listed more than 80 references in a more
recent review. 1In California, herbicides are extensive-
ly used to control weeds in Douglas Fir forests, Ponder-
osa Pine mixed conifer forests, and Red Fir forests.

Peraonnél used herbicides in two ways in forests:
gite prepagation for stand establishment and conifer
release,

The site preparation method involves treatment of land
before planting desired conifer seedlings. Fires,
logging, and other natural or intentional situations
often leave a forest area overgrown with herbaceous and
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woody “undesirfd” growth shich must be controlled for -

successful seedling establishment. This area is first
prepared by clearing the site and crushing or burning §§

the waste. A broad spectrum herbicide is applied durin
the next spring to prevent new growth. After the coni-
fer seedlings are planted, foresters then employ a
selective herbicide for continued suppression of rapidly
growing plants. This application takes place within one
to two years after the desired plantings during the late
spring season, a peak time for rapid growth and resprout-
ing of broadleaf competitors. ,

Some areas may be treated with herbicides prior to the
initial burning and planting. With either of these
treatments, conifer seedlings establish themselves with-
in six to twelve months. Occasionally land management
personnel may find it necessary to re-treat areas because
undesired growth has returned (Bentley 1967), {(Schubert
and Adams 1971), (Gratkowski 1975).

In california, low volatility ester formations of
2,4-D and 2,4,5-T, alone or together, are used for
brushfield control, while amitrole, atrazine, dalapon,
dicamba, and simazine regulate herbaceous plant or grass
growth in site preparation (California Department of Foods
and Agriculture 1978).

The conifer release method of herbicide control protects
conifer seedlings from competing vegetation which robs
young conifers of sunlight, nutrients and moisture.

To accomplish this, aerial application of phenoxy
herbicides takes place in early spring or'late summer
when conifer buds have not broken or hardened$ avoiding
any damage or injury to new growth (California Department
of Foods and Agriculture 1978).

Repeated treatment may be necessary depending on the
species of brush or hardwood involved. Because conifzrs
are relatively tolerant of 2,4,5-T, it is the herbicide
of choice for broadleaf control. When the control of
certain grasses and herbaceous growth is necessary for
conifer release, the herbicides atrazine and simazine are
used. Conifers are tolerant of these compounds unless
their root systems come in.contact with them.

In addition to suppressing new growth, conifer release
management may also involve control of mature hardwoods,
such as .oak. On an overstocked plantatiop or forest,
conifers may be thinned out through direct injection of
the herbicide into the base of a tree or direct applica-
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interferons sugpest that it hag a tantalizring
degree of activity against & broad spectrum
of viral discases and tumours. But activity is
not enough, or consistent enough, in mont
dineases (0 give & final verdict withowt more
trisls. Also, 8 genetically-manipulsted
bacteria aart to yiekd sufficient smounts of
the ten or 30 subtypes of alphe-interferon, the
permutations of subtypes and dissases

huge.

Meanwhile, large-acale trisls of bets-
interferon (from fibroblasts) lag slightly
behind, The largest has yet to start.
Financed and organized by the National
Lastitutes of Health (NIH), the trial will use
90,000 million units of beta-interferon,
enough for several hundred patients. The
interferon is being supplied by Flow
Laboratories Int., which won the $2
million contract a year ago. First deliveries
were due a few wesks ago, but NIH appear
to be in no hurry. This is hucky for Flow
Laboratories,

they have & subcontract 'ith the West
Qermany company of Dr Rentschier
Armeimittel GmbH which has continued
to amass beta-interferon made by its own,
less advanced, techniques.

‘The next big contract, also for NIH, will
be for gamma-interferon (from cells of the
immune system). Far less is known, at least
publicly, about this type of interferon, but
Blogen and Genentech are rumoured 10 be
on the verge of cloning the relgvant genes.

Other commercial interssts centrs oa

original

1990) is as yet commercially available. The
sellers are-the British company Celltech
Limited, so far its only product. It will be
surprising if the Calltech cstalogue dom
aot double soon. * Peter Newmark

Dioxin hazards

Secrecy at Coalite

Secrecy about the medical conssquences to

MMWﬂmmwmm
medical investigation of workpeopls if the
physicians concerned inalet that the resulks are

evantually published.

Coalits’s shynem s act wnprecedented.
Last year, the company withheld information
on an of worken
exposed to dioxia (2,3,7.8-
tetrachiorodibensodioxin) at ks Bolsover
{Derbyshire) plant in 196871 (ses Nerwre, §
March 1900). The exposure followed en
explosion in & vesssl used for the manufacture

The fresh trouble which has arben ‘2
Coalite resuits from the nesd for more

detailed umu.uioas of {adividual
'wkmnm:upf«tkdeﬁdendaof

the epidemiological survey of 1977-78.
That involved oanly 41 of the 90 workers

laboratory and works staff, most of whom
were being investigated for blood lipids at
the time,

The 1977=78 survey showed biood-lipid
disorders, with elevated concentrations of

protein. The enzyme y-glutamyl
transpeptidase, diagnostic of liver func-

tion, was abnormally high in the exposed
group. On the other hand, levels of two
immunogiobuling (IgD and I1gM) were
depressed in the exposed group, suggestirg
w«m-muma

mmamwam
from clear, with the comsensus /mong
physicians in the fleld that ‘urther
investigations are needed. They i+ gue that
the persistence of the phenomena un-
coverad by the earlier study should be
confirmed = but also that further surveys
shouid dbs more carefully controlled.

Dr George May, Coslite’s company
doctor, comfirms that those workers
included in the original survey have since
besn offered a second medica! examine-
tion, but that “not everybody availed
themssives of, the opportuaity”. I the
event, 39 of the original sample of 41
workers were: re-examined, but measure-
ments of immunogiobulis were a0t made.

lﬁiolodélmunkmn

Dioxin a sarcoma risk

Reassesting clinical data is not the only

reason for monitoring the health of
workers exposed to dioxin. Recent letters
in mLam(P. A.Honchorand W . E,

. I, 268, 31 January 1960; and R.
R. Cook, |, 618, 14 March lM)hI;hh;h(
another resson.

The authors of the letters point out thas
in four indusiry-sponsored mortality
studies of dioxin-exposed workers in the
United States, 105 deaths were recorded.
In four of these cases, death was caused

Soft ‘tissue sarcomas have also been
idendﬂe# in another cohort of workers

to have been exposed 10
dioxin. According to two Swedish
epidemiologists, Dr Lennart Hardell and
Anita Sandstrom of the Centrs of
Oncology at the University of Umes,
to the dioxin contaminated
herbicide 2.4,5-T (2.4.5-trichloro-
phenoxyacetic acid) or chlorinated
phenols 6 to 20 years previously could be
responsible for the sixfold greater
incidence of soft tissue sarcomas

Coalite is thus far from compiete. Oue
clinician dexcribes the re-examination of
the 29 workers as 8 ‘“totally useless piece of
work" which cannot be expacted 10 yield
any meaningful results.

Coalite's managing director, Mr Charles
Nesdham, has been approsached by several
clinicians prepared to carry out further
investigations. Coalite’s reluctance to
agree to publication of the results from any
future comprehensive medical screen of its
workers has, howsver, forcud at least one
clinician to sbandon his proposal.

Mr Nesadham, described by his secretary
as solely responsible for press relations, has
pot been available for comment. One
consequence of criticisms of the 1977-78
survey, and of Coalite’s continued
fnsistence on secrecy, is that the financial
sponsor of the survey (an independent non-
governmental source) will be uawilling to
provide further support.

As the law stands, Coalite may have the
last word, Hitherto, the company has bestt
abie to exploit an ambiguity in the 1974
Health rnd Safety st Work Act whea
deciding whether or not to releass medical
laformation on its workforce (ses Neture 6
March 1960, p.2). The routine powers of
the Health and Safety Exscutiveto demand
maedical records of workers tikely to have
boea affected by 8 product lapes when
manufacture stops. Although Section 27 of
the sct allows the executive to discloss
whatever information & requires (see
Narwre 1 May 1980, p.4), epidemiologists
ot the executive consider that & test case is
required (0 clarify the law.  Alasteir Hay
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DEPARTMENT OF AGRICULTURE e SCIENCE AND EDUCATION ADMINISTRATION e NORTHEASTERN REGION

WORKERS' EXPOSURE TO 2,4-D STUDIED

ATLANTA, Ga., April 2--How much 2,4-D enters the body of an average 175-pound

worker who applies this herbicide 30 days a year for 30 years? The estimate is
less than 1 gram.

The conclusion [s based on a study that measured the amount of 2,4-D
(2,U-dichlorophenoxy acetic acid) in the urine of workers involved In ground
or aerial appllcgtlons, according to Ralph G. Nash, a U.S. Dgpartm;nt of
Agriculture chemist who Is a speclalist in analyzing pesticide residues.

Evidence suggests that the amount of 2,4-D excreted is equal to the amount
absorbed, Nash told an audience at the American Chemical Society's National
Meeting here today. He cited studies by J. B. Kohll and colleagues (reported
in Xenoblctica, 1974) and M. W. Sauerhoff (repbrted_in Toxicology 1980) which
Indicate that this herblcide Is not metabollzed i;itge human body, but rather
passes through unchanged after a large dose }s ingested. Studies on a similar
herblcide--2,4,5-T--substantlate this finding, he added.

"The present study gives us an estimate of exposure for a segment of the
population In closest contact with 2;&-0," says Nash of USDA's Science and
Education Administration (SEA). '"And our figures can generally be interpreted
as the upﬁér limit of exposure for more toxic pesticides. Because users of
2,4-D consider the herbicide to have a low order of toxicity, they are less
likely to wear protective clothing than when applying more texic pesticides,"
he noted.. Some pesticides, however, may be more rapidly absorbed, and more
toxic, he cautioned.

The study was conducted in spring 1980 among two §r0ups of workers who
applfed 2,4-D to wheat fields in two areas of the country, Grbund applicators
in Noresh Dakota applied the herbicide only once and provuded daily urine samples

- MORE -
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Science and Educatlon Administration - Contact:

Agricultural Research Center Judy McBride .
Beltsville, Maryland 20705 . ) (301) 344-354]
April 1981 pP-16

. - 2 -

for six day; afterwards-~enough time for complete excretion, A different
sampllng procedure was used with th; second group to optimize the validity of
the findings. Aerlal applicators in Washington State applied the herbicide
intermittently for 2 weeks and provided urine samples every other day for 12
days. Both groups used routine dress and procedures when épplying 2,4-D.
Absorption was presumably through the skin, Inhalation, and possibly some

ingestlon.

ryro~n~A R

The North Dakota samples were analyzed in Nash's laboratory at SEA's

Agricultural Research Center in Beltsville, Md., while the Washington State samples

| were analyzed at SEA's Agricultural Research Laboratory in Yakima, Wash. Working

with Nash were pesticide specialists P.C. Kearney and S.N. Fertig from Beltsville;
and J.C. Maitlen and C.R. Sell, from the Yakima_L;boracory. |

| Results.shcwed that absorption Is directly related to the type of job,

the amount of herbicide applled and the lenégﬁrof time it is handled. Thcse

who mixed and loaded (and, In No;th 65k6:§f£§:§§ied) 2,4-D had the highest total
absorption-=0.02 milligrams per kilograﬁ.;}%igz} weight (or 1.6 hllligrams for

a 175-pound person). The least exposed group--pilots--absorbed less than one-
third that amount.

The Information from this study and other similar studies will be evaluated
by the U.S. Department of Agriculture, other Federal agencies, and the Environmental
Protection Agency (EPA) which, last spring, requested additional safety data from
2,4-D0 manufacturers. Absorption data will be compared with toxicity data--how
much is harmful or safe--when the chenical is reevaluated.

2,4-D, which Is the active ingredient in many products from six

major companies and several smaller manufacturers, was registered about 1946 and has

been used widely and safely for more than 35 years. It is used extensively to kill

- - HORE - . - 8425
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Science and Educatlon Administration . Contact:

Agricultural Research Center Judy McBride
Beltsville, Maryland 20705 , (301) 344-3541
Aprll 1981 P-16 :
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weeds in crops, rangelands, and noncropland areas. Some groups have expressed
concern about the reported finding in Canada of minute quantitles of dioxins In &=

certain formulatlons of 2,4-D. It should be noted, however, that while 2,4~D

I M0

has been reported to contaln small amounts of relatively nontoxic dioxin compounds
the highly toxic 2,3,7,8-TCDD has never been found in this herbicide.

The study with aerial applicators will be continued during 1981 to further

G980GG

assess methods of reducing the level of exposure reported in these studies.
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_ |  MEDICAL <> INFORMATION
MATERIAL: ESTERON™ 245 BE HERBICIDE MATERIAL NO: M-4498

SYNONYMS: “USW REMQETaMI BITEN Killer T, M-4498 SOLUBILITY:
COMPOSITION: see below PHYSICAL STATE: - amber ljauid
TOXICOLOGY = ANTICIPATED HUMAN RESPONSE - BASED ON: 1. ANIMAL DATA = 3, STRUC
EYES: S1ight transient {rritation and/or corneal injury. 2 HUMANDATAD 4. UTEAA
sKiN: Prolonged contact: slight {rritation. =
Repeated contact: moderate {rritation, drying, even a bumn. =
Not 1ikely-to be absorbed in toxic amounts. e
) ™
ORAL: Moderate to low single dose toxicity. g:
a»

RESP: Dow guide for naphtha 250 mg/m3 vapor, 10 ng/m3 aerosol.
*COMPOSITION: 58.1% 2,4,5-T, Butoxyethyl ester
32.05% aromatic or aromatic/aliphatic blended ofl (petroleum naphth:
5.85% emulsifiers GAFAC RE-610 and GAFAC PE-510 diesel]

Pat Keseler P‘ 12-30-81 based on ingredients and similar products

SUGGESTED — TREATMENT AND HUMAN EXPERIENCE
gYes: May cause irritation. Injury is unlﬂ:e]y.. Stain for evidence of corneal injury.

SKIN: May cause irritation. Not likely to be absorbed in acutely toxic amounts.
Effects may be cumulative.

RESP: Anesthetic or narcotic effect may occur.

ORAL: May cause reaction similar to petrojeum or petroleum-1ike solvent. Danger of chem
pneumonia must be weighed 2against toxicity when considering emptying the stomach.
If lavage is performed suggest endotracheal and/or esophagoscopic control.

SYSTEMIC: Anesthetic or narcotic effect may occur. May increase myocardial frritabilit;
Avoid epinephrine or similar acting drugs if at all possible. No specific antidot
Treatment based on the sound judgment of physician and the individual reactions of

£ S~ - .

SUGGESTED FIRST AID PROCEDURES
EYES: Irrigation immediately with water for 5 minutes {s good safety practice.

SKIN: Contact will probably cause no more than {rritation. Wash off in flowing
water or shower. Wash clothing before reuse.

INHALATIONRemove to fresh air {f effects occur. If respirztion stops give
mouth-to-mouth resuscitasion. S

16840212 Hog

INGESTION: Do not {nduce vomiting. Call a physician and/or transpo'rt to emargency
facility.
8434 908370

8Y  H.C. Scharnweber, W0  12-30-81 ﬁrvuwrs
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MEDICAL <> INFORMATION
: MATERIAL NO: M-3506

. MATERIAL: ECTERON 245 BRUSH AND WEED KILLER®
SYNONYMS T-S5U% . SOLUBILITY:Emulsifiable in
COMPOSITION: SEE BACK * . - - PHYSICAL STATE: Licuid
' : 1. ANIMALDATAD 3. STRU(

TOXICOLOGY — ANTICIPATED HUMAN RESPONSE — BASED ON
: ; ? HUMANDATAZ  d. LITER

EYES: Slight to woderate pain, slight transient conjunctival

inflammation and iritis. .
Prolonged contact, intact skin, uncoafined: slight erythema. Repeated skin
Skin absorption capacity not

SKIN:
contact slight to moderate erythema and edem
evaluated (Based on minimal tox study) :
©
ORAL: Moderate to low acute oral lethality (LD50 rats approx. 1 g/kg body weight. ~N
(Based on minimal tox study). g
: o
&
RESP: Ome hour exposure of 20 rats to an aerosol of M-3506 resulted in no adverse
effects.
- ATE:. rzr::rnce
Par Keeler 6-24-80 *Reviced R—
SUGGESTED — TREATMENT AND HUMAN EXPERIENCE . Q
EYES: grain for evidence of corneal abrasiom or injury. ' - g
SKIN: :’
' )
- L]
RESP: o
) -
May cause reaction similar to - i
. . Product moderately toxic.
If lavage is

ORAL: petroleun or petroleup-like solvent
Danger of chemical pneumonia must be weighed against toxicity.

performed suggest endotracheal and/or esophagoscopic control
d Probably could cause serious illness with

SYSTEMIC: yuman effects not established.
spontanecus recovery. Based on minimal data.

“: F‘L 10-30-78 A _

°UCGE°“D FIRST AID PROCEDURES
EYES: Irrigate with flowing water immediately and continuonsly for fi.fteen minutes

Refer to medical personnel.
SKIN: Wash off in flowing water. Decontaminate clothing and accessories before
reuse. Good personal hygiene. _ )

INHALATION: Remove to fresh air if effects occur. Consult ne:‘::;.cai“{e.rsonnel.
........... . . O C G 8
Call a physician anc/or transpost to emerge{gga

=  M3ZESTION: Do not induce vomiting.
facility.
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-~ MATERIAL: ESTERON ® 245 CONCENTRlTlE BRUSH MATERIAL NO: M-3557
" SYNONYMS: M-3557 AND WEED RKILLER ) SOLUBILITY: Emulsifies in H
COMPOSITION:An emulsifiable fornulation 2,4, 5 PHYSICAL STATE: Liquid

I

_ORAL: Moderate single does oral toxicity. LDSO (rat) in the range of 700 to 1000

TOXICOLOGY — ANTI iPA ED HUMAN
EYES:

ESPONSE — BASED ON: 1. AUMALOATAD 3. STRU.
May be a mild irritant but should cause no more than 2. HUMANDATAD 4. LITER
slight transient comeal effects.

SKIN:  May cause mild to moderate irritation on repeated contact. Not absorbed .
in toxic amounts. -

g/ONN

mg/kg.

195

RESP; TLV: No zu:.de for control establzshed Cons:.dered to be low in hazard by
..~ Solvent low in volatility.-: S

T Pat Keeler PV - RoeeE
k"

SUGGESTED — TREATMENT AND HUMAN EXPERIENCE
EYES: May cause mild irritation. May cause corneal injury or burn. Stain for eviden.

of corneal injury. .If cornea is burned, instill antibiotic steroid prcgmtzon
frequently. Comult ophthalmologist.

o 3

SKIN: May cause mild irritation. Wash clothing before-reuse.

RESP: No tox data. Human effects not established.

CLRA . May cause Teaction similir to petroleum or petroleum-like solvent. --May cause
chemical pneumonia -if aspirated into lumgs. NKét- 1ikely to be absorbed in acutely toxic
amounts, If lavage is performed, suggest endotracheal and/or esophagscopic control.

SYSTEMIC: Anesthetic or narcotic effect may occur. May cause kidney damage. May causc
liver damsge. No specific antidote. Treatment based on sound judgment of
physician and individual reactions of the patient.

o . A. Fishbeck 1°'3°°78 » )

SUGGESTED FIRST AID Paocsouass

EYES: Irrigate with flowing water immediately and contumously for f:.fteen minutes.
Refer to medical personnel.

SKIN: Contact will probably cause no more than irritation. Wash off in flowing
water of shower.

INHALATION: Remove to fresh air if effe;ts oscrr. Consult medzcal.pe:fsonpgl.

8640212 ﬁ.ﬂﬂ

INGESTION: Do not induce vomiting. Call a physician and/or transport to emergency .

facility. 8436 0008369

BY: ATE: -
W. A. Ficsbeck | 10-30-78 I
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Report: A
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Subiect: Health Effects of "Agent Qrange’
and Dioxine Contaminants

Presented by: William D. Dolan, M.D., Chairman

ﬁ
£1529% "”00-§

Referred to: Reference Committee E
(John J. Gaughan, M.D., Chairman)

The American Medical Association's Council on Scientific Affairs,
in response to a request from the Medical Student Section, has reviewed
the medical evidence regarding the toxicity and long-term health effects
of Agent Orange and its associated contaminant 2,3,7,8-tetrachlorodi-
benzo-p-dioxin (TCDD). This Executive Summary, which was prepared by
the Council on Scientific Affairs Advisory Panel on Toxic Substances,*
summarizes the findings in its Technical Report on the subject, which is
available on request.

BACKGROUND

During the latter stages of the US' involvement in Vietnam,
herbicidal mixtures of 2,4,-dichlorophenoxyacetic acid (2,4-D) and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T), otherwise identified by the
military as Agent Orange, were sprayed over certain areas of Vietnam for
the express purpose of defoliating the jungle and destroying one of the
enemy's means of concealment. ‘Similar spray programs have been used in
the US as a means of forestry management. For the past 30 years,
mixtures of 2,4-D and 2,4,5~T have been used extensively by the home-
owner and farmer for ridding lawns and agricultural acreage of unwanted
broadleaf vegetation. Large numbers of persons have been exposed to
varying amounts of 2,4,-D and/or 2,4,5-T, as well as the contaminant
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), in the normal course of

employment.

Also over these years, there has been a number of 4ndustrial inci-
dents wherein workers, as well as civilian populations, have been
subjected to acsidental exposure to these compounds. There are now

* John R. Beljan, MD; Nelson S. Irey, MD; Wendell W. Kilgore, PhD; Kazuo
Kimura, MD, PhD; Raymond R. Suskind, MD; Jaroslav J. Vostal, MD, PhD;
R.H. Wheater, MS, Secretary
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pendlng a number of litigious actions and government regulatory
respounses that are based upon alleged adverse health effects from such
exposures.

The most serious of these allegations by Vietnam veterans and
persons who were involved in accidental industrial exposures assert that
Agent Orange, or compounds of a like nature, may have caused malignant
tumors, sterility, spontaneous abortions, birth defects, disfiguring
skin diseases and other illnesses. In spite of the voluminous data on
the biological effects of the phenoxy-type pesticides and the associated
chlorinated dioxins, there is still very little substantive evidence for
the many claims that have been made against these compounds. Data from
experimental animals do indicate that TCDD is & toxic material; however,
while suggestive, the animal data are not necessarily applicable to
man. Still, a number of those exposures to TCDD of industrial and
general populations that have occurred have been sufficiently well
documented to offer some insight into the effect of TCDD on man.

Agent Orange, or Herbicide Orange, was a label given by the US
military forces to a 50:50 mixture of the n-butyl esters of 2,4-D and
2,4,5-T together with a minor amount (1Z) of the free acid of 2,4,5-T
and varying smounts of the contaminant TCDD. Agents Green, Pink and
Purple also were used as defoliants by the military forces from 1962
thru 1964, a time when very few American troops were committed to the
field. Another formulation, Herbicide Orange II, was similar to Agent
Orange except that the isooctyl ester of 2,4,5-T was substituted for the
n-butyl ester of 2,4,5-T. In addition to Agent Orange, other spray
defoliants used in Vietnam included Herbicide White, whose active ingre-
dient was picloram (or the triisopropanolamine salt of
4-amino-3,5,6-trichloropicolinic acid). This substance is very
persistent in the environment and highly carcinogenic in rats and
mice. Lesser smounts of Herbicide Blue, which contained sodium
cacodylate* (26X) and cacodylic acid (5%), were used. Though the long-
term effects in humans of either or both of these compounds is
uncertain, picloram and cacodylic acid should be considered along with
the above agents that were ‘encountered in Vietnam. ,

~————

PP

TCDD may form as a by-product of the syanthesis of 2,4,5-trichloro-
phenol (TCP), a precursor of 2,4,5~T, when 1,2,4,5~-tetrachlorobenzene is
subjected to alkaline hydrolyszs at elevated t.-perature and pressure.
If the reaction temperature is allowed to go above 180° C, the

- sodium~2~hydroethoxide (formed from the ethylene glycol solvent and

caustic soda) decomposes exothermically and promotes the dimérization of
sodium trichlorophenate to TCDD. The presence of TCDD as a contaminant
of 2,4,5-trichlorophenol was discovered in 1957, when workmen involved
in the manufacture of TCP developed chloracne.

CG07103
8439

* Sodium cacodylate is the sodium salt of cacodylxc ac}d o e TR : '37‘\
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About 20 years ago, commercially available 2,4,5-T contained any-

1

2 where from 1 to 70 ppm of 'TCDD. When the industry became aware of the .-
3 contaminant's existence and toxicity, production operations were -
4 monitored and altered to reduce the level. Current manufacturing :ng
5 operations are able to control the amount of TCDD in commercial 2,4,5-T =
6 formulations to less than 0.0l ppm (with occasional batches as high as

7 0.05 ppm), a level believed to be non-hazardous to humans and other :;:-
8 organisms. Data relating to an acceptable maximum level are presently -
9 under regulatory review by FIFRA (Federal Insecticide, Fungicide and DO
10 Rodenticide Act); the recommended maximum concentration is now placed at e -
11 0.1 ppm. ot
12 (9]
13 Commercial formulations of 2,4,5-T and 2,4~D were used safely in

14 agriculture for over 30 years with no recognizable evidence of carcino-
15 genicity or birth defects in humans. Those adverse effects that did

16 -occur from massive doses of either pure 2,4-D or pure 2,4,5-T were

17 wanifested soon after the exposure, and the victims recovered with no

18 signs of. long—-term damage. When the firat symptoms were to present

19 months or years after the last exposure to these compounds, it was

20 evident another causal agent had to be responsible. That agent was

21 1later suspected to be TCDD. Though closely related chemically to 2,4,5-
22 T, 2,4-D is.not generally contaminated with TCDD.

23

24 . BIOLOGICAL EFFECTS
25 : :
26 Two of the more pronounced biological effects of some of the

27 chlorinated dioxins are their tendency to cause chloracne (especially,
28 in the rabbit, nude mouse, monkey and man) and the accumulation of fluid
29 (ascites) in the pericardium and peritoneal cavity of chicks.

30 :
31 Chloracne in man is typified by comedones in a malar distribution;

32 the pre- and postauricular portions are often accompanied by hirsutism
33 and sometimes by. melanosis and a secondary inflammation. The disease

34 was first described in 1899; its cause was discovered in 1918 to be due
35 to contact with certain chlorinated hydrocarbons. Chloracne has now

36 become one of the more common forms of occupational dermatitis. Other
37 acute toxic reactions to dioxin include liver and renal damage, por-

38 phyria cutanea tarda, hyperpigmentation, hirsutism, polyneuropathies

39 (eg, sensory impairments and weakness in lowver extremities) and neuras-
%0 - thenic . or depressive- syndromes.’- Thus-far,-long-term effects, except for
41 persistent chloracne, have not been seen.

42
43 Chloracne is not caused by 2,4,5-T and 2,4~D per se; if the

4% condition occurs upon exposure to either or both of these compounds, it

45 is most likely that the contaminant TCDD is responsible. Chloracne

46 usually appears within 2 to 3 weeks after the first exposyre. Mild

47 chloracne clears up within several months after cessation of exposure;

48 severe chloracne, on the other hand, has been known to persist for as

49 long as 30 years .following the last exposure. Persons most responsive

50 are those wvho are promne to develop acne vulgaris. If one's exposure to

51 TCDD is severe enough, cysts form and, on occasion, inflawmation and

52 scarring will occur. If there is no medical history of chloracne, then . ,

53 the likelihood of a significant exposure to, or adverse health effects 440
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3 1 from, TCDD is remote. Hence, chloracne is the clinical marker of TCDD
€ . 2 exposure.
; .3 , .
'E. T4 Chronic exposures to TCDD lead to degeneration of the liver and :
7 5 thymus in experimental animals: one sensitive index of exposure is
‘._,g" 6 atrophy of the thymus. Porphyria, altered levels in serum enzymes and
-;’-N .7 weight loss are also observed. Major organs to be affected are the
N 3: 8 liver, blood forming organs and the reticuloendothelial system.
L N 9 Progressive weight loss, the first clinical sign of toxicity in the
©> 10 wonkey, may be accompanied by alopecia, facial edema and a dry, scaly
11 dermatitis over the rest of the body.
12 .
13 The metabolism of TCDD in man is unknown, and for the present
14 there is only limited information available on the metabolic pathways
15 - afid metabolites that may occur in other mammals. TCDD is distributed
16 equally among the fat and liver of mammals, to a lesser extent in the
17 kidneys, and is eliminated via the feces. Samples of fat from beef .
18 cattle and samples of milk from cows that had grazed on 2,4,5-T-treated
19 pasture or rangeland, in addition to human milk from an area where
20 2,4,5-T herbicides:were used repeatedly over a period of 20 years, had
21 small to undetectable (not wore than 10 ppt) amounts of TCDD. :
22 '
23 Ro clearly defined mutagenic effect has been observed in vitro
24 with TCDD. TCDD does induce genetic changes by the Ames test with s
25 typhimurium and E coli but not wvith :epnr-defecuve strains; there is
26 no evidence (from dominant lethal and cytogenetic evaluat:.on: in
27 rodents) that such changec occur in whole animals. ' )
28 ' )
29 Of perhaps more relevance to man are the in vitro studies on
30 wmsammalian cells—ie, Hela; Balb-3T3, normal mouse fibroblasts; SV101,
31 virus (SV40)-transformed 3T3 mouse fibroblasts; human foreskin fibro-
32 blasts; and normal human lymphocytes. No significant growth inhibition
33 in the cell cultures nor discernible ultrastructural changes have been
34 observed by electron microscopy.
35 o .
36 The teratogenicity and fetotoxicity of TCDD were discovered in
37 1969, in the course of a study on the biological activity of 2,4,5-T.
e 38 _ThE sample being used was later found to be contaminated vith ‘ICDD. The
39\ incidence of cleft palate was greater in two particular mouse strains = & =~
40 (C57BL/6 und AKR), while the C57BL/6 mouse and the rat developed a
41 higher incidence of cystic kidney. All doses given the rat led to
42 gastrointestinal hemorrhage in the fetus. The increased ratio of fetal
43 liver to body weight in the mouse suggested that TCDD was fetotoxic in
44 this particular species. _
45 ) oo ¥
46 A majority of studies using high doses of 2,4,5-T with 0.1 ppm of
47 TCDD or less showed cleft palate in mice, but no other species, and
48 embryotoxicity in the mouse, rat, hamster, sheep, monkey and rabbit.
49 There is no scientific evidence that 2,4—D, 2,4,5-T or TCDD has caused
50 reproductive difficulties or hazards in the human. No conclusive - fj é
s1 evidence is yet available that pheuoxy herbicides or TCDD are mtlgem.c
52 or teratogenic in man.: ; )
ST — B Ui e v . v_:gtm' i L "“.Qs o O oy Cd v o i AR Vv 2 QT oo, ¢ ST ¢
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1 TCDD can induce cané%r or serve as a cancer promoter in some N <
2 strains of rats and mice. In contrast to some other chemical carcino- R S
3 gens, the carcinogenicity is always accompanied by considerable systemic -
4 toxicity. -
5 - .
6 _ From an environmental view, TCDD breaks down rapidly on leaves of =
7 plaants, in water and on the surface of soil, especially through the “453
8 action of lunlxght. In soil it generally has a half-life of about 230 fﬁg;
9 days; some soil microorganisms can degrade it, especially if other {'h;
10 chlorinated hydrocarbons are present. 'R
11
12 EXPERIENCE IN MAN
13 _
14 One of the most exteasive human experiences with the adverse

15 -seffects of TCDD in man involves the residents of Seveso, Italy. In July
16 of 1976, TCDD was accidentally released from the ICMESA* trichlorophenol
17 synthesis plant when a safety disk in a steam—heated reactor vessel
18 ruptured.-The:plume of reactor contents,: including TCDD,. rose 160 feet
19 above the: factory and fell in a cone-shaped pattern sbout s mile long
20 and a half-mile wide. This is the largest single population to have
21 been exposed to the compound. Over 37,000 persons were potentially
22 exposed to vnryzng doses. -
23 ke '
24 Two years after the incident occurred, the acute and mid-term
25 health effects were assessed; the mild chloracne, which occurred mainly
26 in a small group of children, healed quickly. Subclinical peripheral
i:) 27 unerve impairment was reported; there was also some liver involvement,
28 but without apparent functional disorder. Neither 1mnunoreaponne nor
29 .utceptxbzlxty to 1nfectxous dxnealel was altered.
30 Rl u..'...-. T :
31 : The most recent ptogreas tepor: on :he long-tetn epidemiologic
32 survey of the residents of the Seveso area emphasizes the preliminary
33 nature of their findings and reiterates the conclusions of prior
34 investigators. - Except for the skin, no organs or body functions were
35 impaired. No derangement of gestation, mo fetal lethality and loss, mo
36 gross malformations, no growth retardation at term and no cytogenetic
37 abnormalities have yet occurred.
AT The-firit-"of “several ‘accidental-releases~of~TCDD-and--other--.: . . - .
40 dioxins, attendxng the manufacture of 2,4,5~trichlorophenol (ICP) or
41 2,4,5-T occurred in 1949 in the US. At least 11 other industrial acci-
42 dents or exposure incidents have occurred since then, both here and
43 abroad. To date, an estimated 579 workers are known to have been
44 exposed,. 1nc1udxng 156 employees in the ICMESA plant at Seveso.

45 ¢
46 : CURRENT STUDIES

47 _

48 There are how a number of studies underway by agencies of the US

49 government and industry, which may resolve questions on the kinds and

0607106 . g44p2
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CSA Report A -~ page 6 o
_-g . ; extent of human damage from exposure to low levels of TCDD: .
i 3 Thru its Department of Environmental and Drug-Induced Pathology, ')
4 the Armed Forces Institute of Pathology (AFIP) is examining biopsy
o 5 and autopsy tissue of all Vietnam veterans. To date, only 152
™o 6 cases have been assessed: the dominant diseases are epidermal
e 7 inclusion cysts and chroaic, non—-specific dermatitis. If any
p— 8 malignancies were to have been induced by TICDD, they should be
co 9 - appearing by now, yet there have been no unusual morphological
10 features nor clustering of tumors by diagnosis or site as to
; 21’ implicate Agent Orange.
13 A soft-tissue sarcoma study also has been proposed that will be
14 .. ..conducted jointly by the Armed FPorces Institute of Pathology and
15 : the !a:xoncl Cancer Institute.
16 LI T E
17 +“The- A:.r Porce, »through ProJect Ranch Eand, will administer’ and
18  ‘exsmine the'1,200- personnel vho -were involved in the actual
19 - handling -and -spraying of Agent Orange. They, and the control
.3.(1) population of 20,000, are to be followed over the next 20 years.
22 The' University of California, Los Angeles, was awarded a contract
23 by the Veterans Administration for the design of an epxdelnolog:.c
gg study of Vxetnn veterans. :
Noun. S )
26 'Approxmtely 45,000 V:.etnn veterans wvho expressed concern about '
27 " the hazards of Agent Orange have been examined by the VA; data on )
28 25;000 of these men have been placed in a special Agent Orange
29 Registry, vhich may serve later to identify them and to provide
30 medical information as well as indications of health trends over
31 the long term. .
32 TEsrug e .
33 The Chloucne Task rorce vas establuhed to sift out those cases
34 of dermatitis that either resemble or are truly chloracne. Cases
35 of the former type will be re-examined by dermatologists who have
36 an expert knowledge of the disease. Thus far, there are only 700
37 cases of "skin conditions” out of the total of 3,500 filed claims
39 ~ -‘fordmge'fm tgent:-o::ange. - - - o
40 T e nwmmmnms _
2; The Council on Scientific Affairs tecomeng!s that:
43 (1) The above studies on exposed, or allegedly exposed, persons’

44  continue to be supported and, if feasible, enlarged to include the
45  cooperative engagement of all internationally known exposure data, as
46  recommended by the International Agency for Research on Cancer (IARC).

£
48 " (2) All physicians be alerted through AMA publications to the 8443
49 classical signs of chloracne and the possible signs and adverse effects
50 of TCDD exposure. They should be encouraged to enlist in the present
efforts to identify and treat those persons who have had serious

L 4 ey

51 T

§2  exposures to TCDD, and to cooperate in the collection of vital

53 information that is needed for the ongoing human epidemiologic studies. >
R e - — L5 T e i i i T
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be assessed on lots found to be deficient in quality or quanti-
tv. The money collected would be paid (o the pesticide users,
when known.

Vincent Giglio. director of the department’s Division of
Inspection. March 3 distributed a letter to pesticide control
officials from other states seeking comment on the proposal
and inquiring about practices followed by other states.

For further information, contact Giglio at the Florida
Department of Agriculture and Consumer Services, Room
232. Mayo Building, Tallahassee, Fla. 32301.

Health Hazards

REDUCED SPERM COUNTS FOUND BY NIOSH
IN PRODUCTION WORKERS AT KENTUCKY PLANT

Workers in a Kentucky plant who were exposed to toluene
diamine (TDA) and dinitrotoluene (DNT) during the produc-
tion of TDA were found by the National Institute for Oc-
cupational Safety and Health to have reduced sperm counts.

The findings were made after the discovery of abnormal
sperm morphology in one worker in the TDA unit at Olin
Chemical Corp., Brandenburg, Ky., according to the in.
stitute,

Some 30 workers participated in the study, including nine
workers cutrrently exposed to both substances, 12 who were
exposad in the past, and nine with no history of exposure, the
institute reported.

The currently exposed workers had *‘significantly reduced
sperm counts’’ compared with the non-exposed group, the in-
stitute said.

Wives of the exposed workers indicated that spontaneous
abtortions had become more frequent after their husbands
were first exposed. the institute commented. It cautioned,
however, that ‘“‘this finding had only borderline statistical
significance, and may have been affected by factors such as
age and inaccuracy of recall.”

Implications Indeterminate

The findings *‘can neither be considered conclusive nor can
they be dismissed as insignificant,” the institute com-
mented. Because™the population size was small, a “large
number” of additional subjects must be studied to cor-
roborate the findings, it asserted.

‘NIOSH said it plans to locate other plants using TDA to
determine if the problems that were identified exist
elsewhere, and to recommend that the Nationai Toxicology
Program conduct additional animal studies to assess further
the reproductive toxicity of the substances.

™
Benzene

NO EFFECT ON REPRODUCTIVE PERFORMANCE
FOUND IN STUDIES CONDUCTED FOR INDUSTRY

Benzene has no effect on the reproductive performance of
laboratory animals. according to a study recently completed
for the Chemical Manufacturers Association and the
American Petroleum Institute.

The study. conducted by Bio/dynamics Inc., East
Millstone, N.J., subjected mature male and female rats to
benzene at 1 to 300 parts per million for six hours a day, five
days a week, during a 10-week period prior to mating with
untreated animals.

Female rats continued to be exposed during the mating
and gestation periods and days five to 21 of the lactation
period. No statistically significant adverse effects on
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reproduction or offspring were observed in any of the tests,
according to CMA.

Testicular changes were observed in two out of 20 male rats
at the highest dese level, but this did not appear to affect
reproductive performance. Nor was it clear if these changes
were related to benzzne exposure, the group said.

The study results were submitted to the Environmental

Protection Agency, the National Cancer Institute, the Oc- |

cupational Safety and Health Administration, the National
Institute for Occupational Safety and llealth, the National
Institute of Environmental Health Sciences, the Food and
Drug Administration, and the Consumer Product Safety
Commission.

Dioxins

SECOND DOW SARCOMA CASE FOUND;
COMPANY SUGGESTS SMOKING AS FACTOR

Dow Chemical U.S.A. March 11 reported that it found a se-
cond case of soft tissue sarcoma among Dow workers expos-
ed in the past to dioxins.

The company stated, however, that the conditions to which
the employee may have been exposed ‘‘do not exist in the
workplace today.” The worker also was a cigarette smoker,
“which may have a bearing on this incident,”” Dow said.

According to Dow, the employee began work in the produc-
tion area of a trichlorophenol plant in the company’s
Michigan Division in 1951. An outbreak of chioracne
appeared in that process area in lale 1363 and 1SG4, ap-
parently due to contamination by 2,3,7,8-tetrachlorodiben-
20-p-dioxin (TCDD), the company reported.

The worker cited by the company developed chlorncne
and was diagnosed by his personal physician in late 1979 or
early 1980 as having a malignant fibrous histiocytorna, Dow
said.

Production of trichlorophenol by Dow in the U.S. ceased in
1979, the company said. It added that its overseas production
facilities have been modified over the years so that exposure
to the contaminant TCDD *‘virtually has been eliminat

Smoking Seen Factor

Dow noted that another trichlorophenocl-production worker
was found in an earlier company study to have died from
fibrosarcoma. This worker, and two Monsanto workers who
also had been exposed to dioxin and had died from soft tissue
sarcoma. were noted by researchers with the National
Institute for Occupational Safety and Health, who said that
the deaths represented a higher than expected mortality rate
{Current Report, p. Feb. 27, p. 1517).

A review of the two Dow and two Monsanto cases revealed
some ‘‘common characteristics,” Dow maintained:

» All four workers were cigarette smokers.

» Three of the employees had substantial exposure to
trichiorophenol, and all four probably had substantial ex-
posure to TCDD.

> Two of the workers developed chloracne, and another
had facial dermatitis not diagnosed as chloracne.

» Although the report on the fourth employee does not in-
dicate if he had chloracne, it mentions that a number of
other employees in his work area at that time did have the
condition.

No definitive causeeffect relationship can be drawn, but
the data suggest that persons who exhibit chloracne as a
result of substantial TCDD exposure, and who were
_smokers. may be at increased risk of developing soft~ussue
‘sarcomas. according to Dow. %
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CHEMICAL REGULATION REPORTER

Cancer Rate Ssid Less

Pow roported the second case of malignant fibrous
histiocytoma to the Environmental Protection Agency
March 6. to provide “technical compliance™ with the Toxic-
Substances Control Act. The information "does not, in our
judgment. scientifically demonstrate a substantial risk at
this time."" according to a memorandum signed by Etcyl H.
Blair. Dow vice-president and director of health and en-
vircnmental sciences.

None of the four studies evaluated in aggregate by NIOSH
researchers found ‘“‘any increased overall mortality, nor
siznificantly increased mortality due to cancer,” Dow main-
tained. When combined, the studies ‘‘reveal an apparent in-
crease of soft-tissue sarcomas (albeit histiologically dis-
tinct).” but the *“overall cancer was substantially less than
that expected in the general population,” the company said.

Noting that NIOSH has further dioxin studies under way,
Dow said it was making the latest data available so that the
information could be included in the studies.

Pesticides

EPA PUBLISHES TCLERANCES, PERMITS,
GRANTS 13 SPECIFIC PESTICIDE EXEMPTIONS

The Environmental Protection Agency March 6-18 acted
on 29 pesticide petitions and received two petitions and two
notices of crisis exemptions.

Tolsrance Amendmaents

The agency March 17 set maximum levels of acephate and
its metabolite methamic-phos on mint hay at 15 parts per
million tppm) (46 FR 17020).

For further information contact Clinton Fletcher,
Registration Division, Office of Pesticide Programs, EPA,
1921 Jefferson Davis Highway, Arlington, Va. 22202.

Tolerances for O.0-dimethyl S- [(4-0x0-1.2,3-ben-
zotriazin-3(4H)methyl] phosphorodithicate on birdsfoot
trefoil and birdsfoot trefoil hay also were established March
17. at 2 and 5 ppm respectively (46 FR 17021). Contact:
Fletcher. -

A proposed tolerance of 0.5 ppm for chlorthiophos on
tomatoes imported from Mexico was published March 16 (46
FR 16917). Send comments by March 26 to Jay Ellenberger
at the above address.

EPA March 18 proposed to set tolerances for amiben on
pigeon peas and pigeon pea forage at 0.1 ppm (46 FR 17229).
Comments to Fletcher by April 17.

On March 18 the agency also proposed that boiled linseed
oil be exempted from tolerance requirements when used in a
formutation of S-ethyl hexahydro-1H-azepine-1-carbothioate
applied to growing rice before edible parts form (46 FR
17230). Comments to: John Shaughnessy, at the above ad-
dress. by April 17.

Tolerance Petitions

Monsanto Co. filed two petitions with the agency. One re-
quested an increase in a proposed tolerance for glyphosate
and its metabolite aminomethylphosphonic acid on cot-
tunseed from 6 ppm to 15 ppm. and the second proposed to
set tolerances for S-2.3.3-trichloroallyl diisopropyithiocar-
bamate on sunflower seed. mustard seed, safflower seed,
flax seed and byckwheat seed at 0.02 ppm.

Temporary Tolerances

EPA issued a temporary tolerance for norflurazon and its
desmethyv] metabolite on sovbeans at 0.10 part per million
(ppm with an expiration date of April 20, 1982,
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Temporary tolerances were renewed for glvphosate and
its metabolite aminomethvlphosphonic acid on forage
legumes at 0.4 ppm. and the liver and kidney of cattle. goats,
hogs. horses, poultry, and sheep at 0.1 ppm. The tolerances
expire Jan. 29. 1982.

Specific and Crisis Exemptions

Exemptions for the use of pesticides in emergencies were
issued to: :

» Animal and Plant Health Inspection Service, to use
naled to eradicate the oriental fruit fly in California.

» Arkansas, to use Machete and Propanil to control
grasses and weeds in dry-seeded rice fields.

» California, to use Botran and orthophenylphenol on kiwi
fruit to control Alternaria alternata and DBotrytis
cinerea. ) ’

» California, to use Carzol on strawberries to coatrol the
two-spotted spider mite.

» Fish and Wildlife Service, to use sodium-cyanide-loaded
M-44 devices to control coyotes and red foxes preying on the
whooping crane.

» Florida, to use heptachlor to control the West Indian
sugarcane rootstalk borer weevil on ornamental plants and
nonbearing citrus nursery stock.

» Florida, to use permethrin to control the vegetable leaf-
miner on celery, lettuce, and tomatoes and to control tomato
pinworms on tomatoes.

» Georgia, to use fenvalerate on cabbage to control the
cabbageworm.

» Idaho, Oregon. and Washington, to use benomyl in fail
seeded wheat acreage to control Cercosporella foot rot.

» Washington, to use Nemacur 3 EC on raspberries to con-
trol the lesion nematode.

» Washington. to use napropamide to control annual
grasses in mint fields.

The Texas Department of Agriculture notified EPA that it
had used a crisis exemption to apply Paraquat CL to mung
beans and other dry beans as a harvest aid. Vermont also
used a crisis exemption, for zinc phosphide to control the red
squirrel in sugar maple orchards.

Experimental Use Permits

Permits to use pesticides in experiments were issued to:

» Monsanto Co.. for 8.000 pounds of glyphosate and ala-
chior on corn and soybeans to evaluate control of weeds.

» Uniroyal Chemical, for 296 pounds of UBI-S734 on cot-
ton. peanuts. potatoes, soybeans, sugar beets, and
sunflowers to evaluate control of weeds.

» Dow Chemica! Co., for 1,000 pounds of chlorpyrifos on

~ wheat to evaluate control of aphids, brown wheat mites,
grasshoppers, army worms, and cutworms.

> Agway. Inc.. for alkanolamine salt of dinoseb on field
and sweet corn to evaluate use as a plant growth regulator.

» Sandoz Inc., for 30.000 pounds of norflurazone on
soybeans to evaluate control of grass and broadleaf weeds.

EPA extended two permits issued to Abbott Laboratories,
each for eight pounds of gibberellic acid and 6-benzyladenine
on apples 1o evaluate typiness and shape improvement.

The agency also amended a Nor-Am Agricultural Products
Inc. permit for use of propyl (3-(dimethyl-amino) propyl]
carbamate monohvdrochloride on turf grass to evaluate con-
trol of pythium blight by including acreage in Nebraska and
New York. '

Registration
EPA approved an application submitted by Chempar
Chemical Co. Inc. to register conditionally MAKI Rat and
Mouse Meal Bait containing 3-{3-(4-Bromo-1.1"-biphen-
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{t is essential to recognize that chloracne is always 2 symptom of systemic poisoning and rot *
just a cutaneous affecion (Goldmann, 1973). Although most cases of mild or moderate
chloracne appear fit and well such a statement may seem contradictory (May, 1973), but it
is not. Since chloracne appears to be the most sensitive indicator of poisoning in the human

subject (Moore, 1978), in most cases the systemic levels of chloracneigen are insufficient to >
cause target organ damage either clinically, or as assessed by laboratory investigation. There - ;

are two factors which probably make up this equation; the relationship between dose and s
route of absorption on the one hand, and chloracne and systemic effects on the other. Much " \

work remains to be done in this field but one thing is certain—animal experiments demonstrate
conclusively that the effects of an arbitrary amount of any chloracneigenic toxin are less
severe as a single dose than if given in divided doses over & longer period. The effects of the
route of absorption will be discussed later.

Definition ' : B

Chloracne may be defined as an acneiform eruption due to poisoning by halogenated aromatic " :
compounds having a specific molecular shape (Poland & Glover, 1977). Since bromination Tl
renders such a compound more acneigenic than chlorination (Echobichon, Hansell & Safe,
1977), halogen acne may be a more specific term, but the word chioracne is now far too well
established to be abandoned.

5 2
Chloracneigens ' ' ' L h
Only the following substances can unequivocally be proven to have caused chloracne in.man, 8 4 4 8 : i

and some in experimental animals also: 3

(a) Chlornaphthalenes (CNs). : . i "
- (b) Polychlorinated biphenyls (PCBs}. 0 0 1 1 0 3 3 ﬁ -
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NE . (c) Polychlorinated dibenzofurans (PCDFs).
R (d) Polychlorinated dibenzo-dioxins (PCDDs).
- (e) Tetrachloroazobenzene (TCAB).

(f) Tetrachloroazoxybenzene (TCAOB).

Bromination of certzin naphthalenes, biphenyls and dibenzofurans has been achieved and
their acneigenicity confirmed in experimental animals (Kimbrough, Burse & Liddle, 1977a),
but so far only brominated biphenyls, mainly as 2, 4, 5, 24’5’ hexabromobipheny! has caused
chloracne in human subjects from systemic poisoning (Selikoff, 1979), when cartle feed was
accidentally conmaminated with hexabromobiphenyl manufactured as a flame retardant in =
Michigan USA in 1973 (Landrigan ez al., 1979).

No less than four of the chloracneigens on this list are found mainly as contaminants
formed accidentally during the manufacture of other materials. Thus, the dioxins occur in
chlorinated phenols, the chlordibenzofurans in chiorobiphenyls and also chlorophenols
(Taylor, 1979), whilst 3, 3', 4, 4’ tetrachlorazo and azoxybenzenes are formed duringthe manu-
facrure of 3, 4 dichloroaniline and various end products and chemical processes involving its
use or formation (Tayior, 1977).

It is essential to understand that the degree of halogenation does not necessarily determine
toxicity; the position of the halogen atoms on the ourside of the molecule (isomerism) is
vital (McConnell et al., 1978a), and therefore a full knowiedge of the narure and quantity of
the various isomers in any single chloracneigen is essential before any prediction of its possible
toxicity can be made. Great advances in analytical chemistry by conventional and more recent : be
radio immunoassays have made this possible (Albro er al., 1975). ' abn

[S
v
Cutaneous manifestations ' vu.

blc
The distribution of chloracne lesions is of considerable diagnostic importance. The most the

sensitive areas of the human skin are below and to the outer side of the eye (the so-cailed
malar crescent) and behind the ear. They frequently may be affected when the rest of the skin
is perfectly normal. Furthermore, they are the areas most likely to show residual lesions years
after more extensive chloracne has faded. Next in frequency come the cheeks, forehead and
neck but the nose is almost invariably spared. This should cause us to reflect deeply whea we
consider the sebaceous gland development of this region, for the pathological basis of chloracne -

is squamous metaplasia of sebaceous glands into keratin-forming cysts. The geniralia, both Ic
penis and scrotum, but particularly the larter, are sensitive regions. With increasing toxicity - b
the spread of the lesions affects the shoulders, chest and back, and evenrually burtocks and
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abdomen. The hands, forearms, feet, legs and thighs are rarely involved and-usually only in ‘;r.
the worst cases. One curious ‘quirk’ of distribution is axillary lesions (Jirasek er al., 1974)
which have only commonly been seen in those patients where ingestion and/or inhalation an.
have been known to be either the only, or 2 major route of absorption, as in Japan in 1968 PR co:
(Yusho poisoning), or at Seveso in Italy in 1976 where axillary lesions were seen only in those ™ la:
few children who were actually enveloped in the toxic cloud. bu

The basic lesion of chloracne is the comedone, and, in the mildest exampl&sd 5helselrba§ 4 ch




Figure 1. Chloracne: rypical comedones.

be the only lesions present (Fig. 1). If so, they are likely to involve only the very sensitive
areas, i.e. malar crescenrs and behind the ears, and a few as a dozen lesions on each side may
be diagnostic. One must, however, be most careful in older age groups to distinguish the
so-called senile comedones, so often seen in the malar areas or, in younger patients, acne
vulgaris which may exactly mimic chloracne. The distinction'in fact may be clinically impossi-
ble, but a consideration of various other factors should decide the issue. Thus, apart from
the distribution, unusual age of onset, clustering of similar cases in a factory, involvement of
a specific occupation or even a township, the presence of known chloracneigens or of chemicals
with a similar molecular shape, as well as the absence of other external causes of acne such
as pitch, tar and mineral oils, considered together make the diagnosis fairly straightforward.
Where doubt still remains, histology is usually conclusive,

In all but the mildest cases small, pale yellow cysts, from pinhead to lentil size, mingling
with the comedones (Fig. 2) make up the characteristic picture of typical chloracne (Crovy,
1970). As the severiry of the disease increases, not only do the lesions become more numerous,
but, in the worst cases, comedones some no larger than pinpoints may involve every follicle
giving the appearance of greyish sheers. These lesions are to be distinguished from the equally
profuse but pale follicular hyperkeratoses yet to be described.

In the most severe cases inflammatory lesions begin to appear, and with them larger cysts

and even cold abscesses (Fig. 3). As ever wider areas become involved the picture may well __

come to resemble that of severe cystic acne but with much less inflammation than in the
latter disease. Such gross lesions are most often seen on the back of the neck, trunk and
burtocks (Fig. 4). Widespread changes resembling solar elastosis have been described with

chloracne from 2,4,5 trichlorophenol manufacture (Jirasck ef al., 1973) and the 3"‘h°w1 103 5
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j Figure 2. Chloracne: comedones and small cysts.
_ exhi
seen such changes still present in some of over 116 cases examined in 1979 in West Virginia, - the -
U.S.A., 20~30 years after their initial severe chloracne, and some years after all contact with ; bee::
245T had ceased. A similar case which was also examined, was due presumably to hexachlor- ] Thi:
dioxins from pentachlorophenol manufacture. The histology was that of chioracne. _ _ hun
Scarring, absent in the mildest cases, varies from a fine pitting, like atrophoderma vermicu- dire-
lata, 1o extensive lesions of the sort following severe cystic acne. In the worst cases, lesions '
may still be present after 30 years but usually only in the malar region and behind the ears.
Very mild cases may clear a few months after contact ceases, as at Seveso (Puccmcllx, 1977), Hy:
_ and after 2-3 years all but 2 hard core of 20°%; or so are likely to have molved : Hy,
i . hey:
i ; Pigmentation d ’ :,:.
1 Pigmentation is largely confined to the face but may in the worst cases extend more widely, '
: and has been known to be generalized and so severe as to cast doubt upon the patient’s racial -8 4 5 ll’h
A ) origin. Japanese victims of a mass poisoning in 1968 called Yusho due to the use of a rice-
<. based cooking oil (Kuratsunc er d/., 1972) accidentally contaminated with large amounts of !
s tetrachlorobiphenyl, itsclf hca\_'il)' contaminated with chlordibenzofurans (Rappe er al., 1977), sct

.
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Chioracne 247

Figure 3. Chloracne: cysts and inflammatory lesions.

exhibited a curious pigmentation affecting the nails, lips, gingival and buccal mucosae, and
the conjunctivae in about 70;. Such pigmentation affeczing the nails and conjunctivae has
been described also in industrial PCB poisoning (Fishbein er al., 1979), but only in 2-3°/.
This difference may be a dose effect, racial or both. Yusho is the only recorded instance of
human poisoning where external contact and inhalation can positively be excluded, and a
direct comparison made with toxicological animal feeding/intubation experiments.

Hypertrichosis

Hypertrichosis, 8 rare finding, is mainly confined to the temples and may be secondary to the
hepatic porphyria caused by TCDD, bur it has undoubredly been present aiso in patients
whose uroporphyrins have been measured and remained consistently normal (Jirasek er .,
1974).

Phrynoderma i 8 4 5 2

Follicular hyperkeratosis, to be distinguished from cdmcdons may, in rare cases with usualli'
severe accompanvying chloracne, be widespread and cven generalized (Crow, 1978).
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Figure 4. Chloracne: resembling gross cystic aone.

On the other hand, despite its usual rarity, no less than 70%; of the Japanese Yusho

victims developed a similar fine follicular hyperkeratosis on the upper trunk, neck and, most
unusual of all, on the flexural arcas (Goto & Higuchi, 1969). It is interesting to speculate
whether this is due wholly or in part to the exclusively gastro-intestinal route of poisoning in
these cases. Cutaneous findings in still-born infants and neonates born to Yusho mothers
poisoned with PCBs and PCDFs have been of great interest. Instead of chloracne, the entire
skin was hyperpigmented and covered with greyish scales (Higuchi, 1976a). Several months
after birth the skin became normal. The histology showed an atrophic epidermis with hyper-
keratosis and dilatation of follicles which were filled with keratin. These findings are clinically
and histologically similar to those which occurred in cattle poisoned with penta and hexachlor-
naphthalencs in 1947 (Olafson, 1947), and with hcxabromobiphenyl in“Michigan, U.S.A.,
in 1973. Similar changes were again found in horses poisoned with TCDD in Missouri in
1971 (Kimbrough er al., 1977b).

Ia

Ophthalmic changes e

Conjunctivitis has often been noted in severe poisoning with chloraencigens, but has only
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been seen in an exreme form in Japanese Yusho victims whose meibomian glands were con-
verted into squamous cysts filled with a cheesy keratinous material (Higuchi, 1976b).
It is of some interest that in ingestion experiments, similar lesions are induced in Rhesus

" monkeys by chlordibenzodioxins, chlordibenzofurans and 3,4,3'4’ tetrachlorobiphenyl

(McConnell er a/., 1978b). They appear to have been an even more sensitive indicator of
poisoning in the Rhesus monkey than chloracne in the Yusho patients. Where poisoning has
been mainly by external contact, however, chloracne is much more common than mei-
bomian gland changes, thus almost cerrainly indicating the importance of the route of absorp-
tion in determining the clinical spectrum.

Erythema

The erythematous changes which may occasionally be associated with the onset of chloracne
(Jirasek er al., 1974) May, 1973) have been the subject of confusion in the literature. Because
such erythema is confined exclusively to exposed areas it has wrongly been ascribed to photo-
sensinvity. .

Telegina & Bikulatuva (1970) describing an outbreak of severe chloracne and systemic
poisoning during the manufacture of 2,4,5 richlorophenol, established that their cases had a
reduced sensidvity to U.V.L.

A few cases of erythema preceding the severe chloracne resulting from massive internal
exposute to probable chiornaphthalenes are genuine, but apart from these the other recorded
cases have all occurred during chiorophenol manufacture. Such erythema has never been
recorded from PCBs, even in the massive Yusho poisoning, nor from TCAB or TCAOB.

Exposure to chloracneigens in chiorophenol manufacture implies exposure also to sodium
salts of chlorophenols (Suskind, 1978; Joint NIEHS/IARC Working Group Report, 1978)
as well as to the dioxins and dibenzofurans. The corrosiveness of adequate amounts of the
sodium salts on damp skin is unquestioned and there was every reason to believe that
erythema was likely to have been caused by sodium chlorophenate burns. It was the Seveso
accident, however, which provided abundant evidence to support this theory.

Seveso

The Icmesa factory at Seveso was designed in such a way that the vent pipe from the reactor
vessel’s bursting disc was extended through the factory roof into the open air.

On 10 July 1976, at around 12 noon, the full reactor began an exothermic reaction
(Reggiani, 1980), terminating in an explosion which thereupon discharged its contents in a
vertical jet into the air. The cloud of finely dispersed reactor contents, mainly the potentially
corrosive sodium 2,4,5 trichchlorophenate, drifted slowly down wind on a slight South-East
breeze. The day was the hottest day of that summer so far and those who were caught in the
cloud with sweaty skins or who handled objects covered with the discharge suffered chemical
burns. -

Seventy-six per cent of 447 ‘cases of aduits and children examined within days of the
explosion had erythema on the exposed areas of skin. In many cases it was severe enough to
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cause blistering. Needless to say, the small children who were contaminated suffered most. = dile.
By far the most severe burns were suffered by eight children actuslly caught in the chemical v anal
cloud. ‘ v s
An examination of several of the most severely burned children in Milan at the end of & logi
July revealed chemical burns which were quite typical, affecting face, neck, forearms, and JFrs. face
arms below clothing, as well as legs and the lower part of the thighs. In the burned areas were ?,’-'? less
many curious, circumscribed, discoid, raised lesions, mainly confined to the hands, forearms & i
and legs. That these were simply a2 part of the chemical burns and nothing more esoteric was 'v‘f;‘-‘—-" syst:
confirmed as they subsided with the rest of the lesions. A follicular hyperkeratosis affecting ™ surd
} virtually every follicle in the burned areas heralded the first sign of chloracne. As the burns 4’ ofu
| faded leaving hyperpigmentation, so the chloracne developed. With the occasional exception .. sen
i of the axillae, it affected very few covered areas. There were in all, eight severe and cleven 18% chk
1 moderately burned children with a curious form of chloracne which, in the more severe cases, -
f formed diffuse thick hyperkeratotic sheets due to every single follicle having formed a small - His
J keratnous cyst. Four months later this diffuse crusting was already separating leaving small N )
atrophoderma vermiculata-like scarring scattered with comedones. - Wh
i _ There were 168 other cases of chioracne, all mild to minimal in extent. Unlike the children, gl thet
j less than 5 of the adults who had received caustic burns developed chioracne and even then . (Ha
: of a very minor degree. It seems likely that the major contact at Seveso was external since there - s d
were cases where the chloracne was exactly limited to odd shaped areas of pigmented skin - ine
i ' where burns had previously been present, the intervening skin being unaffected (Crow, 1976). = Th:
1 Some ingestion and for inhalation could not of course be excluded. There has at no time been mat
: any clear evidence of systemic poisoning in any of the Seveso cases despite extensive and
continuing investigation, again consistent with a largely external contact. - Cli:
Bev
. dos:.
_ Some properties of all chloracneigens chle
f The acneigenic potential of all chioracneigens can be equated with their overall toxicity. This det.
4! is supported both by animal experiments determining the LD50 and an ingenious experimen-
tal method making use of a characteristic of all chloracneigenic toxins—their ability to induce v
various microsomal drug merabolizing enzymes of which liver cells are a pardcularly rich . '
: 'source. The most useful of these has been arylhydrocarbon hydroxylase (A.H.H.) (Poland W
i & Kende, 1976), which is responsible for the initial rupture of the aromatic nucleus and © ani
3 ! therefore the first step in the metabolism of these compounds. The most powerful known war
LI inducer of A.H.H. is 2,3,7,8 tetrachlorodibenzo-p-dioxin, and by animal experiments it can . se
1 he proved not only to b2 the most toxic small molecule known to man but also the most B
i i powerful to all chloracneigens. Thus we have a simple method of derermining the relative H
3 1 toxicity and therefore acneigenicity of any given chemical and its isomers. This same technique :
* has, therefore, enabled the structure-acrivity relationships of many possible chloracneigenic Li
: : isomers to bs determined (Poland & Glover, 1977). All such isomers, whilst varying greatly - fr

in their overall toxicity, share the characteristic of atracking the same target organs of various ! GhdQ (G
animal species (Moore or al., 1979). The biological basis of chloracne, in parliculzﬁ 6*;{1.0 40 in
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dilection for certain areas of skin, is unknown. Investigation is hampered by the lack of an

analytical method sufficiently sensitive to study the marerial in comedones and cysts. .
Apart from the human subject, chioracne, or something very like it clinically and histo-

logicaily, has been produced in only three experimental animals; the rhesus monkey (on the

face with loss of hair and disruption of meibomian glands as in the human subject), the hair- °

less mouse and, most important of all, the inner surface of the rabbit ear (Adams e al., 1941).
It is not possible to produce chioracne on any other part of the rabbit’s skin. Indeed, even
systemic absorption of chloracneigens by the rabbit produces chloracne only on the inner
surfaces of the ears (Rowe, 1978). Thus, there is a clear parallel to the curious sensitvity
of the malar crescents and ears in the human subject. The rabbit ear appears to be the most
sensitdve biological surface known, reacting to as little as 1 ug of the most potent known
chloracneigen.

Histology

Where exposure has heen severe the histological changes may begin within five days. Inirially
there is stimulation of the epithelium of the outer root sheath and sebaceous gland ducts
(Hambrick, 1957). It seems likely that the subsequent disappearance of the sebaceous glands
is due to squamous meraplasia of sebaceous forming cells. Thus the sebaceous gland is
inevitably replaced by a keratinous cyst, which always has an attachment to the epidermis.
The exit is tiny in some lesions whilst others are little more than a. shallow trough Inflam-
matory changes are minimal in the majority of lesions.

Clinical signs and symptoms in non-cutaneous systems:

Because of cutaneous absorption (which has been estimated as half the applied epidermal
dose for TCDD—Schwetz er al., 1973), possible ingestion and/or inhalation, all cases of
chloracne must be submitted to careful clinical and laboratory investigations designed to
detect the following abnormalities.

Weight

Weight loss is cerrainly one of the most sensitive indicators of poisoning in experimental
animals, especially the rhesus monkey (McNulty, 1979) but in most human poisonings,
wasting has not been carefully monitored or, where it has, it has been found only in more
severe cases (Jirasek er al., 1974).

_ *
Hepatic change

Liver damage has always been heralded as one of the most classic signs of systemic poisoning
from chioracneigens, but the facts do not support this. Liver damage undoubtedly does occur,
(Goldman, 1973: Jirasek er a/., 1974) in some severcly poisoned cases, but apparently not
in others “Joint NIEHS IARC Working Group Report, 1978). This is presumably a factor
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of dose and route of absorption. It is important not to assume that liver enlargement necessarily
means detectable liver damage. The increase in size and weight may be due, as in the rat for
example, to a great increase in smooth endoplasmic reticulum (SER) (Higuchi, 1976c) which
is thought 1o be an indication of increased enzyme induction.

Lipoprotein

Lipoprotein abnormalities are most imporrant because of a possible (though as yer uncon-
firmed) associaton with cardiovascular disease. The only consistent abnormality in animais
and human subjects is a raised triglyceride level. Cholesterol is variable but usually normal
as are HDL /cholesterol levels where these have been done. It is interesting that recent work
with TCDD in guinea-pigs has revealed raised triglycerides and unchanged cholesterol and
HDL. The cause of the raised triglycerides is much debated but two mechanisms may be
involved, separately or together. The evidence for increased hepatic enzyme activity might
support the suggestion of increased triglyceride synthesis. Alternarively, there may be a
decrease in removal of plasma triglyceride due to decrease in plasma lipoprotein lipase activity
as revealed in Yusho padents (Higuchi, 1976d).

Neurological (central)

The reported symptoms of CNS involvement, being entirely subjective, are most difficult
to evaluate, but a combination of headache, fatigue, irritability, insomnia, impotence and loss
of libido have occurred so often as to be unquestionably genuine symptoms. However, it
cannot be stressed too strongly that they were reported only in cases of very severe poisoning
(Suskind, 1978; Jirasek er al., 1974; Goldmann, 1973) before the terms chloracne, TCDD,
etc., became household words all over the world after the Seveso accident in 1976. Further-
more, these symptoms arose during the worst of the poisoning and not after a symptomiess
interval of several years.

Neurological (peripheral)

_ Peripheral sensory nerves, particularly in the. legs, may be affected in severe cases, almost

always associated with halogenated dioxin poisoning. The neuritis may cause lower limb
pains of disabling severity, together with patchy numbness. This neuropathy, may be con-

" firmed by biopsy which shows demyelination or, more easily, by measurement of conduction

velocity which is found to be lowered. The neuropathy is remarkable in that it frequently
arises relarively late in the poisoning syndrome and may appear 2 or even 3 vears after the
onset of toxicity and when other signs and symptoms may have begun to subside (Jirasek ef a/.,
1974). Motor nerves are rarely affected and then oniy after sensory involvement.

Prulmionary

Puimonary changes are frequent, and persistent bronchitis with cflort dyspnoea is well
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documented, but the recent discovery that there is a lowering of the vital capacity is particu-
larly interesting for in PCB poisoning it may be the only sign of toxicity (Warshaw ez a!., 1979).

Porphyrins

Porphyria of the hepatic type.is 2 most interesting finding, described only twice so far in
human poisoning, each time from TCDD in 245T manufacture (Bleiberg er al., 1964 ; Jirasek
et al., 1974). Patients exhibited, in exposed areas, hyperpigmentation, hypertrichosis, traumatic
and acunic bullae, milia and scars. TCDD will also produce porphyria in experimental
animals (Rose er a/., 1976) whereas the very closely related 2,3,7,8 tetrachiorodibenzofuran
appears not to do so (Oishi, Moria & Fukuda, 1978). PCBs have produced porphyria in
animals and also an excess of porphyrins in the liver tissue of Yusho victims. Urinary uropor-
phyrin levels are only moderately raised in most cases. The enormous induction by powerful
chloracneigens of delta-aminolaevulinic acid synthetase in liver microsomes made it seem
likely that this was the cause of the porphyria. Recent work with TCDD, however, has shown
that it inhibits the enzyme uroporphyrinogen decarboxylase which is the almost certain cause
of the hepatic porphyria (Jones & Sweeney, 1977). Rapid poisoning seems to be ineffective,
long term moderate doses being apparently necessary to produce overt porphyric changes.

Stweanng -

Hyperhidrosis, mainly of the palms and soles, has been reported by Jirasek er al. (1974) and
Goto & Higuchi (1969), but it is hard to be sure that it may not have been overlooked else-
where.

Gastro-intestinal

The same is true of nausca,'vomiting and diarrhoea which seem to be confined to acute
poisoning and may therefore be due to associated chlorophenols for example. On the other
hand, these symptoms occurred in 20°;, of Yusho victims.

Musculo-skeleral

Rarer still is bursitis, usually of the olecranon or prepatellar bursae, and oedema of all four
limbs (Kuratsunc ¢r o/., 1972; Baader & Bauer, 1951).
5

TImmunolagical L. 8 L7

Immunological deficiencics have been indicated in animals of various species but the work-is
confusing and of doubtful significance as ver. In humans a decrease in circulating T cells has
been demonstrated in poisoniang trom hexabromobipheny! (Bekesi er uf., 1978).
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(four of eleven autopsied), but this is not considered to be statistically significant and the survey
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Teratogenicity and foetoroxiciry ~
wme  SUR
Teratogenicity has been demonstrated in rats and mice but the far more sensitive effect of &I
chloracneigens as foetotoxic is clearly a limiring factor. Neither of these two effects has yet <0
been demonstrated in the only two episodes of poisoning with chloracneigens in which women =~ Ro
were involved equaily with men, i.e. Seveso and Yusho. :; Al
_ of :
Miscellaneous _ : sta:
The actual cause of death from chioracneigens is unknown (McConnell er al., 1978b), but ‘ f:\
even when the minimum lethal dose is grearly increased, the time to death, e.g. 14~21 days, if ;‘
remains unchanged. Rapid deaths ascribed to chloracneigens must, therefore, be seriously 196
questioned and other causes sought. et
As in animal toxicology, so with the human subject is it even more difficult when severe ahle
poisoning is present to distinguish lesions which are purely secondary to severe illness from i chle
those which are specifically due to the toxin responsible. The symptoms and signs described evie
so far have occurred in a sufficient number of poisonings from different chloracneigens to be
certainly specific. Other findings which have been recorded, such as cardiac, renal, pancreatic exit
and other changes, must await further confirmation. the
el «
Carcipogenicity ing.
1 Numerous studies for mutagenicity have been somewhat equivocal but careful lifetime feeding: ‘::;
2 studies on rats (Kociba er a/., 1978) and mice (Holmes er a/., 1978) with TCDD and the two did
'; most toxic hexachlordioxin isomers have revealed that malignant tumours can be induced, . app.
1 but only by doses large enough to produce a state of chronic toxicity, low doses having no whe
3 | effect. Skin painting (Holmes er a/., 1978) suggested that dioxins may be complete carcinogens, mo-
:§ s i.e. initiators and promoters, but other experimental evidence throws doubt on this. PCBs nat
i fed to rodents throughout their lives produce liver tumours, the true malignancy of which is Nev
3 not fully established. Against this background what are the human data ? ind
Seventy men with chloracne and very severely poisoned with TCDD during 245T manu- .
facture and carefully followed up for 25 years, have shown an increase in stomach cancer in po
one age group only. Seventy-nine cases of chloracne from TCDD following the explosion
of a 245T reactor in 1968 had, 10 years later, shown no excessive evidence of malignant
; neoplasms. Yusho victims have shown an increased mortality from malignant neoplasms Res
\ AN
§ { must continue (Urabe, Koda & Asaki, 1979). A follow up of 121 men, all with severe chloracne
3 ! and very severe poisoning from TCDD again after the explosion of a 245T reactor, has, 29 At
T years later, shown an incidence of nine cancer deaths against an expected figuré 8F 9-04 for o
h that area {Zack & Suskind, 1950). . B4 59

LR Y

The evidence, as far as it goes, seems to suggest that severe and lifelong toxicity in rodents
may produce excess malignancics, but so far concrete evidence of similar lesions in humans
is not forthcoming. There is no reliable evidence so fur of any increase in cardio-vascular

31}

B

0011044



Chloracne 255

‘disease in these cases. The raised triglycerides in the apparent absence of lowered HDL
suggests that all such data will have to be most carefully evaluated.

Routes of absorption &

Although there is no experimental evidence indicating whether or not variaton of the route
of absorption of a chloracneigen alters the distinctive features of poisoning, there is circum-
stantial evidence which allows some speculadon. It is undoubtedly in industry where the
cutaneous route of absorption has been -maximal and ingestion and/or inhalation relatively
less, so the tendency has always been for chloracne to be more severe than systemic changes—
if the larter could indeed be detected at all. Typical examples are: the Coalite explosion in
1968 involving TCDD (May, 1973) where there was little evidence of systemic changes in
seventy-nine cases of chloracne, some quite severe; a personal experience of forty cases of
chloracne from penta/hexachlornaphthalene from 1957-63; twenty-nine cases from hexa-
chlordioxins and 26 from 3,4,3',4 tetrachloroazobenzene in 1978, all without obvious
evidence of systemic disorders.

Further evidence of the opportunities for external contact in industry are afforded by the
examples of children at home developing chloracne from transieat contact with clothes which
the worker has worn all day at work (Kimmig & Shuiz, 1957; Crow, 1970; May, 1973; Taylor
et al., 1977). Conversely, the only incident where absorption was known to be solely by
ingestion led to 18°/, of over 1,000 cases (Kuratsune er a/., 1972) developing signs of systemic
poisoning (which could be confirmed by the highly characteristic pattern of PCBs in the
blood of victims) without chloracne being present. Furthermore, chloracne when it developed
did so in many cases several months after other signs and symptoms of poisoning had already
appeared. This one outbreak, quite unique in the total absence of skin contact, is an exception
which does not disprove the otherwise almost universal rule that chloracae, in man, is the
most sensinve indicator of poisoning by chloracneigens simply because cutaneous contami-
nation is rarely absent and, indeed, everything usually points to the skin as the major route.
Nevertheless, there is the clearest indication that those who contact chloracneigens either in
industry or elsewhere, must be investigated regularly, both during their exposnre and, if
possible, for the rest of their lives.
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istration.” An-OMB review of £PA’s pro--

posed RCRA rules in May, 1980, found
that they represent “an irresponsible sys-
tem for public-private creation, process-
ing and transmission of infrrmation.”
EPA and OMB have been jousting ever
since over OMB's authority to delay, revise
or reject regulations because of inade-
quate estimates of the economic burdens
imposed on industry. EPA contends that
OMB's authority extends to only a review
of the cost and utility of forms, with
burden defined as only the time needed to
fill out the forms. c
OMB regards EPA's interpretations o
the laws as “bizarre,” “narrow” and

“questionable” and recommends that.

these legal interpretations be “‘over-

Regulations under
development

Prevention of significant

eftluent guidelines
Organic chemicals in drink-
ing water .
Sewage siudge dispaosal

Superfund regulations

Unknown
Unknown

Final reguiations

Review of ambient air
quality standards for NO,

Review of air quality stan-
dards for SO,

Prevention of significant de-

Potential regulatory targais 077

Przjected costs
Several billion over

$1 billion over 3 years

Information and capital-
caosts S16 billion annually

$16 billion annually

$6 billion for enforcemeant

LEpl &~
/

- Fa
Sectors attected ' ~™—

deterioration 10 years Electric utilities _
Radioactive waste disposal $300 million Nuclear power industry
Best availabie technolegy $1.7 billion Eiectric utilities, steel,

paper
Pub_ﬁc watar systems

w» le- systems
Chemicals, petroieum

Electric utilities ‘

Electric utiiities o

O
g‘y

Elactric utilities.

turned.” In addition, OMB recommends terioration _ others =
that a thorough regulatory-economic |. Air, watercompliance schea- $1.4 billion deferred Ge- Steel ‘= _
analysis of the entirc RCRA program be ules for steel industry . tween 1981-1984 ¢ o
started and suggests that “the structure of Consolidatad permit pro- $100 million regorting cost Many g ot
the lations must be radically simpli- . gram ) (=p)
fied to remove hundreds of inconsistencies Hazardous waste disposal $15 billion over 10 years  Many - oo
that have been identified.” o regulations : O¢o
3 MLJ

Dioxin haunis EPA refuse plans

The_furor_created in New

York bv _the discoverv of
dioxin at a refuse recvciing
plant_on _Long Isiana last
summer has died down to a
dull hum of confusion and
resignation among federal en-
vironmental ofticials that

?, < n .
expensive path toward resolv-

ing a2 problem that most
beliey= 1< not a prodicmi.

“We've done it to ourselves
again.” says_a_high-ranKing

0
cv official. “It's_a_nonis-~
e _that has become an issue

that_js oning 19 be extremely

sire-to lay to rest” .

gnvcstigalions done since
trace concentrations of the
most toxic man-made chemi-
al known-—2 3,7 8-tetrach-
lorodibenzo-p-dioxin — were
discov i issinns
at_t 2.000-ton-per-dav_Hemps:ead,
N.Y.. olant_have raised the queston of
: : combustion pro-
mmLmhﬁrf_a;xan_titi;s of the
chlprinated compound. Ingitallons are
thai-thes—gobur in sancenrrarions in the
i illion range.

- = oo

-
- -

2 levels henlth rie consid-
ered_minimal, especially when compared
to the environmental and economic bene-

fits of resource recovery systems. Never-
thelece  _thp €190 miilinn  Hemosiend

- TN T WIS e mmTe e ety oS
LI R A U P

Toxics in the stack idled Hempstead, N.Y., plant.

boiler problems and later at the insistence
of.stare 2nd muynicioal othcials because of
dud‘_tcm_nl[_dgin.

The poliucal situation surroundinf the
start up problems at the plant and the
discovery and announcement of dioxin in
the stack gases make Hempsicad an
extreme exampie.

40 1 niant affected bv the diox-
in_issue so far. And there are qucstions

about wneilier the discovery of 3 to 9
marte ner trilhian of dioxin in the <rarl

A

ground level around the plant—is th
only reason the problem-plagued re
source recovery plant is down.

But the controversy that started o
Long Island now threatens to spread ¢
other resource recovery plants and coul
eventually encompass everything fror
sewage sludge incinerators to coal-fire
powerplants. :

Unravelling the complex issues—c
nonissues—and heading off probler
before they arise will be a delicate task fc
a number of reasons:

o Dioxin at anv concentration is harm

ful. There is no proven lower threshold :

which the chemical ceases to caus
adverse health efiects in laboratory ani
mals. a - .

. 1 jis _reer by Do

Chemical Co. indicate that dioxin is cre M

a

ces:

in a_number of manufactuning prc O
ussion system ot
s test results, produced as partof i GO

s amd im v

defense of a suit brought by environmer

tal groups trying to sto
tion of a herbicide, 1

ow’s produc
ve_neither bes

tefured nor duplicated. Literature surve’

n inerator tests. howeve

indicate_that dioxin_mav_be formed i

isomers of dioxin is ve
analysis done for EPA in

. ee tyrnaces. .
e Testing for the most toxic of the 2
expensive. A
cember, 198!

put the cost of testing a single industri.

combustion source at $170,000 t
4083313

$700,000. Finding out if dioxi
et

1M 9
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through tests at specific sites—EPA is cur-
rendy completing- analyses of - samptes -
taken from an Ames, lowa, coal and
refuse-fired incinerator and a much larg-
er refuse incinerator in Chicajo—opens

! the door for community and political

' problems such as were created at Hemp-
stead.

. o There is currently no regulatory
framework for determining the relative
risk of creating minute concentrations of
toxic pollutants in incinerators and the
risk to groundwater supplies of leachate
from improperly designed landfill opera-
tons. .

Acgording to th cial. the agen-

has created its own regulatory mess on
2: dioxin 1ssue, QIsiraned in conmnedtion
ith Agent Orange, 2 detoliant used in

Vietnam, and again after an explosion
a herbicide manufacturing plant at Sev
so, lualy, that contaminated a large are

savs the official.
ecitically, the acen w

with dioxin. “EPA eot hot on dioxin and

weat after the processes tnat creale 4G,

after
Dow, anempting and f{ailing to refute the
chemical manulacturer’s analytical stud-

ies of dioxin. “In_the procees we ended
up.findine dioxin at Hemostead and else-
where. All indications are that Dow is
right_If you look for fioXIn VouTi Aind
itmhe says.
Another EPA official mainuins that
ood incinerator combustion and particu-
gte controls can reduce dioxin emissions
to negligible levels. “The whole issue of
micropollutants is not an issue. But we
can't just say it now. We've got to prove it
and that will take three years and any-

he says, adding, “There ace couple of us
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- Cable stayed bridg

P
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British Columbia’s Ministry of Trans-
poration and Highways has retained
_consultants to prepare detailed alternate
| designs of a bridge that will have the
! world’s longest cable-stayed span. The
! agency expeas to call for bids on the
: structure, now estimated at $S64 million
i (U.S.), early next year. The total project,
including approaches, will cost about
3110 mullion.

The [our-lane, high-level crossing is to

span one channel of the Fraser River
car Vancouver, reaching from the east-
.en shore to Annacis Island. A low-level

bridge will cross the other channel.

An earlier feasibility and preliminary
engineering study prepared by CBA
Engincering Ltid.,- Vancouver, for the
major structure proposes a main span of
440 m (1,444 ft), rising 18+ (t above the
water. One engineer involved with the
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e will offer competing concrete and stee! superstructure designs.. -

Design le? for record span

ment might shorten the main span slight-
ly or extend it to about 1,520 ft. In either
case, it would capture the record. The
longest stayed girder main span now is
1,325 ft, part of a Loire River crossing in
France completed in 1975.

The ministry has commissioned com-
peting concrete and steel deck superstruc-
ture designs. The former assignment
went to a combine of two Vancouver
firms, Bush, Bohlman & Partmers and
Reid, Crowther & Partners Lid. They
have rewined as an adviser the Vancouv-
er office of DRC Consultants, Inc., New
York City. Design of the steel alternarive
went to CBA along with Buckland &
Taylor, also of Vancouver. Foundation
design will be carried out by Golder and
Associates, based in the same city.

The crossing, towling about 9,000 ft
with its approaches, is slated for comple-
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China voys comnensalion
for cancelad projacis

Japanesa jost$ 1.57 biliion

Chirese Deputy Premier Gu Mu” told
former Japanese Foreign Minister Sabu-
ro Okita that his country is willing to
compensate Japanese corporations that
lost money when China unilaterally can-
celed several multimillion-dollar con-
strucuon projects, press reports from
Beijing say. : .
According to Japanese reports, Gu Mu
apologized. to Okita for the troubles Chi-
na’s “readjtistument of the national econo-
my” had caased and said China is willing
to make up for Japan’s financial losses
“in accordance with international com-

trade representative, flew to Beijing last

week to learn of China’s pians regarding

a series of cancelations and postpone-

ments of steel and petrochemical plants

whose contracted value for Japanese

Enns reportedly totaled almost $1.57 bil-
on.

Chinese trade officials plan- to visit
Tokyo soon to discuss how to handle the
situadon, which Japanese industry wor-
ries might lead to a near-freezing of trade
relations between the two countries.

Japanese contractors were keeping a
Qutous atttude. “It is a martter of com-
mon sense that China pay compensation
in accordance with international custom,”

- who ought to_be shot for raising the issie  Inercial practices;”
in the first place.” Y Y 1 Okita, as the Japanese governrent’s

" says one industry source. “Our concern is

to what degree and with what priority.
We will ask the Chinese to make up for
our loss 100%.”

Major Japanese projects canceled b
China inc]]ug:n a $4p203million hot-strig
mill complex, a $640-million cold-stri
mill and emical complexes wort
$32 million, $260 million and $500 mil-
Lion. } . - g

o\

U.S. readies Oman
as troop staging site

8470

Oman is shaping up as the likeliest site
for initial staging of U.S. troops and air
units to police the Persian Gulf area.
Administration officials refuse to com-
ment on such a prospect but recent events
make it increasingly credible.

The Sultan of Oman told President
Reagan last week of his “concern,” says
one source, about a steady buildup of
Soviet naval forces in the Indian Ocean,
centered on South Yemen. Simultaneous-
ly, some 250 Arm{ and Air Force troops
prepared to embark for Oman to sexup 3 -
miliiary communications center orientec
to the needs of rapid-denlovment U.S. air
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STATE OF CALIFORNIA

o i e
L

JAN 1Y 1982

EDMUND G. SROWN JR., Governor

DEPARTMENT OF FOOD AND AGRICULTURE

é@

1220 N Street, Room AlS1
Sacramento 95814

January 12, 1982

R. W. Colby, Ph.D.

DOW CHEMICAL U.S.A.
Route 1, Box 1313

Davig, California 95616

Dear Dr. Colby

Subject: Special Local Need Registrations
ESTERON BRUSH KILLER, CA-780065
ESTERON 245 HERBICIDE, CA-780066

122412100 @

120NN

This letter is to notify you that the subject first-party special
local need registrations have been inactivated at your recuest.

If you have any further questions, please contact me.

Sincerely

™o n‘(a—:/{k

M. D. Black

Registration Specialist

Pesticide Registration and
Agricultural Productivity

(916) 322-5130

¢c Ferial Bishop, EPA
Agricultural Commissioners

oD
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NEURLOEMENMTAL PRULUCT 704 13FER TO SCMMERCIAL STATUS

1. '\NaTILvF S * LT . AN ._,_T
l_R L. Gantz . Ag Products _.__ . __ = _ M dlandﬁ__ .. 8/25/81..
PRCH- ) -D Do AATION .= DL -
L_ESTER0N¢’245 BE Herb1c1de_____-._.._-..__. _ Dow Rangeland Brush Kﬂler_l..(XRM-4498)_c_

APPHOV AL Py, RESPON.

LiSTRIBU NG

: J- \- Toes - -
3 I
’5' _2 45 5-T butoxyethy] ester, emulsifiable concentrate contaimng 4.0 1b. ae/gal.___:_
g; NI - ST eanaLIrne ~N
= X c 0 _ : R L At b T T o :
- _ ——— e X - -.Plan to sell.in 1982 -
‘o ' Subregistered under Union <«
__ e e Car_'l_nge r_t_agntratwn

B R- L G‘"tz_ . Ag, 9008, Midland _
] e — sLme. [ O

| | - A,// R S —
J. W. Ehrmantr . £ /14 (Produced by U. C for Dow) _.

CR Wood gM ?/7&/ R. F. Flanne/y%w% ?— ?/

‘Comments:

Dow makes the technical ester for this product which is also formulated and sold by
Union Carbide as "WEEDONE 2,4,5-T". Dow needs to sell this subregistered product in
order to liquidate a large 1nventor_y of the technical butoxyethyl ester of 2,4,5-T.
(Approved Advance- to Sales is attached for reference.)

L]
n 32
)
Son
l
<
0
7
<
»
2
0
@
[N
-3
o

0€9854€




S

A4

-3
o



-

DOW CHEMICAL U.S.A.

bcc:

MICHIGAN DIVISION - IADLAND, MICHIGAN 8840
March 19, 1982
A, E. Schober
H&E Sciences
1803 Building
cc: C. H. Goodman, 2030
ESTERON 2,4,5 BE-TCDD ANALYSIS
Currently our inventory of BEE 2,4,5-T technical ester i{s made up of one
bulk tank which contains about 635,000 pounds of product and 16,500
pounds of product packaged in 55 gallon drums. The bulk tank was
sampled on March 2, 1982, and was analyzed and found to contain 2 ppb of
2,3,7,8 TCOD. The analytical research method used is an unvalidated
research method with a detection 1imit of 1 ppb. 1 have attached the
raw analytical data which includes the chromatograms.
A1l of the product in 55 gallon drums is from one production lot and
will be sampled and analyzed next week., I will communicate the results
as soon as they are available, : =
) o
X
D. T. Buzzelli ~N
Ag Chemicals Production -—
Environmental Services -
W
r (73
Attachment ~

cc Al £
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AN OPZRATING UNIT OF THE DOW CHEMICAL COMPANY
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“TCAL COMF ALY

SULITY “"SU"AHCE 26731
SPEZIFICATIGY

IFFECTIVE:

NAMI: ESTEROH (S) 245 BE HEREICISE =
(]
DESC: AMCTE, OILYs TMULSIFILRLE LIGUID. —
APPL 30VTZIND STOS: SPL RIe %0e 284~8G-464 N
IPA ETST. NOe 454-MI-1 o
N
N
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THE DCw CHINICLL COMPARY SUALITY ASSUZANCE

28751
FRGOUCTION SPICIFICATION
. FAGE: 2
PRCOUST CCSE: 28751 , ,
(CInTINGED) -
=
(o]
. . —
PECIUITION SPEC APPROVERS: =
. N
LEDRGVALS $GIV-CEPT ¢ DATE ::PPAGVALS IJIV-DEPT : DATE W
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PROZULIZTS NOT MEETING THIS SPECIFICATICN MUST NOT 3E SHIPPED
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<GE» DOW CHEMICAL U.SA.

March 24, 1982 MIDLAND, MICHIGAN 43640

Mr. T. E. Adamczyk, Head

Technical Support Section
Fungicide-Herbicide Branch

U.S. Environmental Protection Agency
401 M Street, S.W., Room 239
Washington, D. C. 20460

Subject: ESTERON 245BE
EPA Reg. No. 464-574
Your letter of March 16, 1982

Dear Mr. Adamczyk:

Enclosed are five copies of finished labeling for subject product.
The Dow Chemical Company agrees that we will submit and/or cite all
data required for registration/reregistration of this product under
FIFRA Section 3(c)(5) when the Agency requires all registrants of
similar products to submit such data.

Also enclosed is a revised Confidential Statement of Formula declaring
maximum TCDD contamination of less than 0.008 ppm (acid equivalent)
for the technical ester. As described in the attached letter of D. T.
Buzzelli, the majority of the technical ester (EPA Reg. No. 464-491)
is in one bulk tank. The attached chromatagram and raw lab book data
demonstrate the TCDD content of this quantity to be 2 parts per billion.
This is the technical ester we intend to formulate and package at this
time. Since it is in bulk storage and represents several "batches"

of production produced according to the manufacturing process already
submitted, analyses of individual batches is not possible. The single
sample analysis is therefore representative.

The 16,500 pounds of technical ester stored in 55 gallon drums is from
one production lot and is currently being analyzed. This material will
not be used until the analysis is completed to ensure that it contains
less than 0.008ppm TCDD. The analysis of this production lot will be
submitted as soon as it is completed. We trust that final conditional
registration can be granted immediately and not be held up while this
analysis is being completed.

The Dow Chemical Company verifies that the amount of ESTERON 245BE to be
formulated, approximating 114,000 gallons, will be from existing stocks
of technical ester produced by the manufacturing process already Sub-
mitted. We further understand that any future production of ESTERON
245BE or its active ingredient by a different manufacturing process

would require an amended registration. s r .
©4810008409

AN OPERATING UNIT OF THE DOW CHEMICAL COMPANY
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Thank you for the excellent cooperation in expediting this registration.

Sincerely,

A Skl

Arthur E. Schober
Product Registration Manager
Agricultural Products Department

nbe
Attach:

becc: C. Goodman - 2030

D. Buzzelli - 834
E. Conyers

R. Laning
E. Ross

9122212 HOdQ
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Mr. Arthur E. Schober
4TV

The Dow Chemical Company
P.O. Box 1706 j's4 3
Midland, MI 48640 \

Dear Mr. Schober:

166116'"‘ $98G6112 Hoa".

Subject: Esteron 245 BE
EPA File Symbol 464-LTU
Resubmission: February 3, 1982

We have completed review of the materials submitted on the above date. The
data concerning the TCDD levels in thia product are incomplete.

It is our understanding, from discussions with individuals in our Office of
General Counsel, and based on a February 25th conversation with Mr. Akerman,
that this application applies to existing stocks of 2,4,5-T butoxyethanol
egter. Please confirm this for the record. In order to reasonably assess
this proposal we need to know the size of existing stocks and the dates of
manufacture. For the TCDD contaminant levels reported, you must submit raw
analytical data and chromatograms for at least S batches representative of
commercial production. If the existing stocks were produced at various
intervals, samples must adequately cover the different batches.

Is the manufacturing process described in this submission that intended for
future production?

The formula statement submitted November 9, 1981 states a maximum TCDD content
of 0.1 ppme The manufacturing process for this ester as submitted specifies a
typical analysis of 0,02 ppm. Since the level of TCDD contaminant is an issue
in the present negotiations between yourselves and the Agency over continued
registerability of 2,4,5-T pesticides you must furnish a full and accurate
desacription of the TCDD contaminant in this ester. .

Sincerely,
Y of )
‘(LLA&URi? Ff/)?c r—A ~ 70 A
(‘;1}:{:}"1
Richard F. Mountfort )
Product Manager (23) ' L -
Fungicide-Herbicide Branch
Registration Division (TS-767)
UG

J4b
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~BET>  DOW CHEMICAL U.S.A.

March 2, 1982 MIDLAND, MICHIGAN 43840 ‘
L |
bcc: E. S. Conyers —
C. H. Goodman = 2030 x
Mr. James K. Akerman E' E‘ %:;:29 N
Chief-Herbicide-Fungicide Branch E. R. R =
Environmental Protection Agency - R. ROSS -
" 401 M Street, S.W., Rm. 237 e
Washington, D. C. 20460 ~ =
™~ o
Subject: ESTERON* 245BE .
EPA File Symbol 464-LTU 0
—

Dear Mr. Akerman:

On November 9, 1981, Dow applied for registration of subject formulation.
The purpose of this registration is only to enable Dow to dispose of our
inventory of technical ester, which was produced earlier for another
formulator. This ester was manufactured by the process submitted February

3, 1982,

The inventory of the technical 2,4,5-T butoxyethyl ester has a 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) content of less than 0.008 ppm. As
you know, 2,4,5-T and silvex negotiations are presently in progress
between EPA and Dow which may result in agreement concerning permissible
levels of TCDD in higher or lower levels. Therefore, the level stated
for this inventory should not be construed as a precedent for other
inventories which may be a subject of the negotiations.

We also assume that since no other concerns have been raised by EPA about

this application, the label wording as submitted is acceptable. Accordingly,

to assure meeting a very tight production schedule we have ordered containers

to be printed on that basis.

We trust this clarification will enable acceptance of this application.

Sincerely,

W

/4
Arthur E. Schober
Product Registration Manager
Agricultural Products Department

nbe
cc: Edward C. Gray, Esquire

Acting Associate General Counsel A
Environmental Protection Agency - EaBd
401 M Street, S.W. S
Washington, DC 20460
AN OPERATING UNIT OF THE DOW CHEMICAL COMPANY 0 C C 8
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B> DOW CHEMICAL U.S.A.

February 3, 1982 p. o sox: 1706 MIDLAND, MICHIGAN 48640

Mr. Richard Mountfort

Product Manager (23)

Registration Division (TS-767C)

U.S. Environmental Protection Agency
401 M Street S.W.

Washington, D. C. 20460

Subject: ESTERON 245BE
EPA File Symbol 464-LTU
Your Letter of January 13, 1982

166 TZ0NN
1985112 NoQ ®

Dear Mr. Mountfort:

Attached are the data requested to enable completion of the processing
of this application. -

1. A description of the manufacturing process, including composition aﬁd
purity of starting and intermediate materials. A theoretical discussion
of impurities which may be present is also included.

2. Physical and chemical properties.

3. Amdlytical methods for active ingredient and impurities in the technical
product including validation reports and raw data.

4. Analytical method for active ingredient in the formulation.

We trust that these data will enable the registration to be issued. While
negotiations are underway between ourselves and the Agency regarding 2,4,5-T,
we hope that registration can proceed under FIFRA Section 3(c§(7)(A?

If additional data of a nature similar to this request are deemed necessary
for this registration under the "cite all" method, we respectfully request
that a “conditional registration” be granted. This would enable us to parti-
cipate in this use season which begins in March.

I will call in a few days to learn the status of the application. We appreciate
the excellent cooperation we have received. '

Sincerely ‘ - bcc: C. Goodman - 2030
W E. R. Laning - 9008
“E. Sch ' . 6. L. Ytzen - 9008
Arthur E. Schober . ) .
Product Registration Manager SherriFAgnzlf ; Eoggiﬁfiaﬁhmen )
Agricultural Products Department gsgnsos: E 3058
nbe Q {38

Attach:
AN OPERATING UNIT OF THE DOW CHEMICAL COMPANY O O 0 8 3 4 8
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DOW CHEMICAL U.S.A.

November 9, 1981 . MIDLAND, MICHIGAN 48640

Mr. Richard Mountfort

Product Manager (23)

Registration Division (TS~ 767C)

U.S. Environmental Protection Agency
401 M Street, S.W.

Washington, D.C. 20460

6385112 Nog @

SUBJECT: ESTERON 245 BE
APPLICATION FOR NEW REGISTRATION

166720NN

Dear Mr. Mountfort:

Enclosed is an application for registration of ESTERON 245 8E, a

formulation containing the butoxyethyl ester of 2,4,5-T. The label
copy is identical to that of our ESTERON 245 (EPA Reg. No. 464-205)
which contains the propylene glycol butyl ether -esters 0f 2,4,5-T.

ESTERON 245 BE is essentially identical to a presently registered
product (EPA Reg. No. 264-89). We therefore request that this appli-
cation proceed under Section 3(c)(7)(A) of FIFRA as amended. The Dow
Chemical agrees that it will submit and/or cite all data required for
registration/re-registration of this product under FIFRA Section 3(c)(5)
when the Agency requires all registrants of similar products to submit

such data.

In the event that it is necessary to obtain concurrence from an EPA
attorney that this application may be processed, we suggest either Mr.
Edward Gray or Mr. Timothy Backetrom be contacted.

Sincerely,

A E.-Schober .

Product Development Manager bee: E S 332329- 2030 (label
Development and Registration C. H. Goodman - 9001 a?e )
Agricultural Products Department G. L. Ytzen (Tabel)

e ) 2,4,5-T BE Action File |,

ioe. ’- Start Mew :./¢ fSTfIWZ‘/S"&[

5487

AN OPERATING UNIT OF THE DOW CHEMICAL COMPANY
C 0008349



(2 Fungicide and Rodenticide Act, as amended; and

(s

_ REVISED 8/16/79

CERTIFICATION STATBENT

EPA File Symbol/ Reg. No. 464- Date of application to which 11-9-81
this statement auvplies

Product Name ESTERON 245 BE

Applicant's Name and Address . . Dow Chemical Company

P. 0. Box 1706

166 120NN

Midland, MI 48640

I certify that I have notified in'writing the companies (except those with whom
I have reached written agreement) who have submitted data upon which I have relied
to support my application and offered to: _
1. Pay compensation for those data in accordance with Sections
3(c)(1)®) and 3(c) (2) (D) of the Federal Insecticide,

-
o

2. Commence negotiations to determine which data are subject
to the compensation requirements of FIFRA, and the amount
and terms of compensation, if any, due.

The companies I have notified are:

2185112 MO,

/X7 All combanies listed on the Pesticide Data Submitters List for all
active ingredients contained in my product (see 40 CFR 162.9-5).
(Check this box only if you are using the ''cite-all' method of support.)

/7 All companies listed on the Pesticide Data Submitters List for all
active ingredients contained in my product which are not derived
from registered and purchased vroducts (see 40 CFR 162.9-8(Z1)). )
'(CI‘F:F%Ius box only 1f you are using the "combined'' method of support.)

/7 Those campanies who have conducted the studies which I have submitted
(or cited if conducted with an identical product)(see 40 CFR 162.9-8(e)).
(Check this box if you are using either the "alternate'' method of
support or the ''‘combined' method of suoport.)

) . - |
Signature and Title %fy‘/’ ‘W/‘ Product Registration Manager

Tvped name A. E. Schober Date signed Nov. 9, 1981

8488
0008350
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AIR APPLICATION FOR
SRUSH CONTROL

Consult the Agricuturst Experiment Station, your focal
Extension Servics Weed or Range specialists for best
tima to treat and need for re-treatment in your area. Do
not use from early boot to milk stage whers grass seed
production is desired. ,
Moesquite: Use 1 pint ESTERON 245BE pius 1/2 to 1
galion of oil in enough water to make 4 galions of total
spray per scre. Apply 40 to 90 days sfter first leaves ap-
pesr.
Sand Shinnery Oak: Use 1/2 to 1 quart of ESTERON
2458E plus 1 gallon of oil in enough water to make 4
galions of total spray per acre.
Post and Blackjack Oaks: Use 2 quarts of ESTERON
2458E pius 1 gation of odl in enough water to mske 4 t0 6
galions of totai spray per acrs. .

STORAGE AND DISPOSAL

Do not contaminate water, food or feed by storage or
disposai

STORAGE: Keep container tightly clased when not in
use. This product can be stored in an unhested
building. If exposed to subfreszing temperatures, the
product should be warmed to at lesst 40°F and mixed
thoroughly before using.

PESTICIDE DISPOSAL: Pesticide, spray mixture of
ringate that cannot be used according to label instruc-
tons must be disposed of according to Federal, State,
or local procedures under the Resourcs Consarvation
and Recovery Act.

CONTAINER DISPOSAL: Do not reuse containers.
Dispose of them in a ssnitary landfill or by other State
and local procedures.

—- USE PRECAUTIONS

Note: Do not graze dairy animsis on trested aress
within 6 weeks after spplication. Do not graze meat
snimais on trested areas within 2 weeks of slaughtar.

AVOID CONTACT WITH 245 T SUSCEPTIBLE
CROPS AND OTHER DESIRABLE BROADLEAF
PLANTS —-ESTERON 245BE Herbicide i injurious to
most brosdieaf plants. Therefore, do not apply directly
10 Or atherwise permit even minyte amounts to contact
cotton, grapes, tobacco, fruit trees, vegetables,
flowers, ornamentais or ather desirable plants suscepti-

bie 10 2.4,5-T. Do not use in or nesr a greenhouse.

00 NOT APPLY IN THE VICINITY OF COTTON.
GRAPES, TOBACCO., TOMATOES OR OTHER
DESIRABLE 2.4.5-T SUSCEPTIBLE CROPS OR OR-
NAMENTAL PLANTS.

DO NOT SPRAY WHEN WIND IS BLOWING

-TOWARDS SUSCEPTISBLE CROPS OR ORNAMEN-

TAL PLANTS.

AVOID SPRAY DRIFT — Applications shouid be made
only when there is no hazard from speey drift sincs very
small quantities of spray, which may not be visible, may
saverely injure susceptible crops during both growing
and dormant periods. Use cosrse sprays to minimize
drift since, under adverse weather conditions, fine spray
droplets may drift s mile or more. The spray thickening
sgent, NALCO-TROL'!, may be used with this product
to 8id in reducing spray drift. If used follow all use
recommendations and precautions on the product labet.

'NALCO-TROL - Trademark of NALCO Chemical Com-

pany

GROUND EQUIPMENT —-With ground equipment,
spray drift can be lessened by keeping the spray boom
as low as possible; by applying 20 gallons or mare of
spray per acre; by using no more than 20 pounds spray-
ing pressure with large droplet producing nozzie tips; by
spraying when wind velocity is 8 miles per hour or less.
Do not apply with holiow cone-type insecticide or other

. nozzies that produce a fine-dropiet spray.
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QUALIFIED PRODUCING POINTS

>

CANADA -

EUROPE

PACIFIC

Ll

LATIN AM,

U.S.A.

QAc. 290

TEST ITEM

e 3|

2,4,5, T ACID CONTENT
2,3,7,8 TETRACHLORO DIBENZQ-

P-DIOXIN

SPECIFIC GRAVITY,
20/20°C, APROX.

EMULSION TEST, 100 ppm

AND 600 ppm HARDNESS
17100

COMPOSITION WA
(™)

SULFONIC 3800

WATER

2,4,5, T ACID BUTYL ESTER

lf.it

VUW CHEMILAL CUMPANT

RESTRICTED

LIMITED INTERNAL USE

PRODUCTION
SPECIFICATION

[ an
ESTERON 21,4,5 C HEQSICIDE

UNIT
9/1

ppm

s
ot

oot
b

N"‘PAchems 205 1ts STEEL DRUMS

DIESEL OIL PLUS ESTER IMPURITIES ev/w®

FOR

- A

LIMITS
480 MIN

0.1 MAX

1.072

NO CREAM IN
1 HOUR

54.6 MIN
3.0

NUMBER

P 2Q@7S72

OATE

EAPrR 37

SUPERSEDES

NUMBER

APPL. GOV'T/IND. STDS,

DATE

—_—— e ———————

TEST METHODS

LA-ALC-82017
See Note 1

ASTM D891

AG 15b-2

SALES NeTe ¢

m%s&ﬂ*

1462212 HOQ

LATIN M-utws ARIA, DX

3.0
3.0
36.4

PRS®NOTE 1:THE LEVEL OF 2,3,7, 8—TETRACHLORODIBENZO -p- DIOXIN (TCDD) IN 2,4,5,T ACID AND ITS

ESTERS AS PRODUCED BY THE CELAMERCK, IS LESS THAN 0.1 ppm.

SINCE THERE IS NO OTHER SOURCE

OF TCDD IN 2,4,5,-T HERBICIDE FORMULATIONS, THE FORMULATIONS THUS CONTAIN LESS THAN 0.1 pp:

OF TCDD.
———————#= DENOTES

CHANGE

LIMITED TO DISTRIBUTION INDICAT!

ITEMS MARKED WITH AN ASTERISK ® ARE NOT TO BE INCLUDED IN THE SALES SPECIFICATION

APPEGVED {SIGNATURE) JDIVISION OR DEPT. DATE ICOPIES| APPROVED (SIGNATURE) | DIVISION OR DEPT. DATE - ICOPIE
—=1 - Production |o-> -ov .M . et QA DEPT [2qrer SR

Reg. QAC /=8 2 /P2 [S) -
North Form fobih2

L.A. QM /‘ﬂ. f/)z

Operations | 3/ /- 024979

R&D Area 2/ 7l el

LAA OQAC riniy

LTRSS PR ) LML
PRODUCTY NOT MEETING THIS SPECIFICATION MUST NOT BE SHIPPED UNLESS AUTHORIZED BY SALES AND PRODUCTION MGAMT.

FORM C-16020
PRINTED R4-73

SALES SPECIFICATIONS FOR THIS PRODUCT APPROVED FOR OQUTSIDE DISTR!
SALES OFFICES OR FROM QUALITY STANDARDS OFFICES.

A0 x Lo



CHEMICAL COMPANY GUALITY ASSUKANCE 28751=21
EFIAL SPECIFICATION INTZRNAL COPY

- v

SUPPLIER CCONFICENTIAL

SUPPLIER: DOWw CHEMICAL CCMPANY

. PAGE: 1
SPEC NJ.: 28751-R1 EFFECTIVE DATE: S APR 83 GAC COOZ

NAME: ESTIROMN (R) 2435 BE HERBICIDE

DESCRIPTION: 4M3ERe OILYes EMULSIFIABLE LIGUID.
- MSDS: 1588

PRCIT*™N PTS UaSe MH

CLASS~CCMMCGDITY CGDES PUKCH SUFPELY MGR CODEC

TEST ITZM s UNIT ¢ LIMITS - TEST METHODS

29693-TRICHLCROPHENOXY <.
ACETIZ (2+445-T)
BUTOXYETHYL ACIDe ESTERY
MINe ) 4 609 28751
294+5=-T ACID ZGUIVes “IN. X 438 28751
294937 ATIC TUNTENT LBS/GAL 4 28751
INERT INGREGIENTS » 39.1 28751
293¢798~TSTRACHLORODIBENZC~
P=DIOQOXIN PPM <0.008 SASED ON

' 29445=T ACID

CECCTIONN

APPIICYED SOQURCE SCURCE REFERENCE PURCHASED AS

NCy CHEMICAL COMPANY SALES GRIDE 287%1 ISTERON 245 BE

EnS UsSE BLDG LOCATICN USER QAC

LA LD L ELDEL TSI LI LD EL T I EL L P LT LI RS LT LT L LT 2 : ——a e e anee

D04 2+#2 BRUSH KILLER (PeCe 22030) - MM 290

APPRCVER? Wele GOLD/N.G. CZLISLE DEFT?: QAC 5 APR 83
AFPROVER: Je'we DRENCKPOHL DEPT: €A DEPT. S APR 83

APPRUVALS sDIV=-DEPT : DATE :APPROVALS $2IV-DEPT ¢ DATE

- .
- . - - [ J

-—uae G T S 4 Gk G ey @ TS -----------‘-----------------------------------------‘-----.
- . - 3 - [
. - - - .

INFORYATION LR CISTRIVUTION RESTRICTED TO TH1S SUXPLITR AND

6292212 MOO @

s 290

TS [OW CHEMICEL COWFEINY. 6008396

¢x) 1uDICATE
* * = C

<y U1

L TRADEL
CONFICENTIAL * » ewe LAST PAGE «w

=

A
MARK OF THE [0k CHEMICAL COMSANY £498



SR A THE J0W CHEMICAL COMPANY QUALITY ASSURANCE 28751 R\
: c:lu.\/ R ,,,Mrm.},_—mes SPECIFICATION

PAGE: 1

PRCIUSIT CCOE: 28751 QAC:T 290 EFFECTIVI: 24—tyr—82 SAoc g Naw
NAME L TZRON (R) 245 BE HERBICICE
DESC: AMBERe OILYe EMULSIFIABLE LIGUID.
APPL GOVT/IND STDS: EPA REGe NOe 254-89=454
t EPA ESTe NOe 454=M]=~1 .
e e TR R T DS D D G5 W R G R D DR D D R A Y G e D TR DD R G TP G GB WD D 6P 4D T a WD e W . = c
TEST ITEM s UNIT = LIMITS . "TEST METHO3S Q
20495=-TRICHLOROPHENDXY
ACZTIC (2e495-T) ™~
SBUTOXYETHYL ACIDs ESTERS. o
wIVe % 0.9 28751 ~
294¢5=T ACID EQUIVes MIN. - 4348 28751 o
299+5=T ACID CONTENT LES/GAL & 28751 o
INTRT INGREDIENTS % 39.1 .~ 28751 et
2039728~ TETRACHLORODIBEVZO- T
P—“I”XIﬂ PPM <t.008 BASED ON
- 2984 95=T ACID =
=
o
SALES SPEC APPROVERS Land
-. o 6 Lu GAC 28 APR 8 N
J.o. c NTI PSC 3 AP S
rrz £y AR o
‘ K GH
Se 'u uS 28 82
.-. DRENCKPOHL GA DEPT 24 MA 2
APPRTVALS sDIV-DEPT : DATE ‘APPROVALS. ' DIV-DEPT : DATE
-- Q- J.t‘@‘ﬁe‘.----- AD.-------.:.---M-_--------------------------
(R) INDICATES A TRADEMARK OF THI DOW CHEMICAL COMPANY
LAST PAGE
Cunis ni
— LG St _Wwg
1w & . en P
ow chownied G- S0dsS gyacde %351 Umion WS 8
D 2+1 Avusfe kdler (7 22036) M 290
000865397
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L9 A TWf Ji% CRI-ICEL COMF LY QUALITY ASSUPANCE 26751
R d COILUCTIL SEECIFICATIOY ¥
__._r_f-_&_ 1 //
2R00UST £325: 28751 CAC: 290 SFFECTIVI: L dn g T
VAMT: ESTERON (5) 243 BE HEXGICIOE ' et /{’ j"")‘"‘
v 8&«. 7 B A
DESC: AMEFR, OILYs IMULSIFIZZLE LIGUID. "J.l'/a/JA“- Lo 435
2PPL 3CVT/IND STOS: EFA RIG. %0. 264—89-428Q H(Y-59 .-Lp-&(. d«wu—vtf aar0a U
TPA T3T. NJe 45a=MI-1 aJﬂwuﬁJ‘
Q:‘,.\
TFST 17E™ T UNIT @ LIMITS $  TEST METHGIS
29445=-T2ITHLORCEHFNO VY
ECETIC 4y S=TMMTUTAXY-
STHYL (ECIC S ESTEFSe “IN, X r— WK a0 a-l)
2e4+5-T ZCID EQUIVes MIN. % 2=S ¢3.8 Penorne E
24445-T 8CID EGUTV. CaATEuT LES/E5G 3.57-4.1 .- Z
INERT INCREDIENTS % S 30,/ —
2930748-TETRACHLOROSIEENZC- <o. 05.9'/ N
©=DIO¥IN {TQDO) o PPM <9~1 BASED GOV w
20445=T 4CI0 W
«SPECIFIC GRAVITY & 27¢ - LES/L5G ete® (APPROX.) ASTX o851 ™
~EMULSICA CREAM RATE € 1 b 0¥7
+ 1G0 PFH HARD W3TER ML 1.0 MAX.
*» 500 PF™ HARC WATER ML 0.8 o
S
======CORPGSITION (NOMINtL)=====-
M " . x
®294935=TFUTCXYITHYL ESTEES ¥ e 0.9 £275613-72-5 ~
~2SSCCIATES COMPCONCANTYS FRO¥ —
20495=T FUTOXYETHYLESTER, w
TOTAL. M:2Xe X 1.8 RESUESTEOD g
«GAFAT 25 &]F ¥ 2.3 O -2
*GAFAS PE E1¢ x 3.5 RESUESTED ::
e
EROMATIC/ALIFHATIC SLEXNDED
GIL . 392
------ 1 CFLLAKEGUS =mm=== .
* APt A Tk G
------ %Au FATIPIALS==-~=-- . -f% SPECz CASA ==
“2549%=T SCIN EUTOXY_ETHYL E3TCR 002543=53=7
GiFaZ BZ 1" THO
~32FAC ¥I 31% TNO
¢ TRGSENS

82731 -<1 CGBLoH-28-6

B2BpTHa, RIAVY ARGMITIC SOLVENT 56204=-71  NE£EZ33-83-C
\, 365( ") (set Lot ;_:pL atfreel1d oiliug s/v.d-af— w,»{-)
’ A psa@wm i for produsct b r witnafartiad -u4_¢£§fu'ur
Z?-’.--e‘-':_:-_.’.T; 1S xa LuES. N )7
: Ao A Y,S5T+
Y . BE ‘f?r o
P3GI FGLLGMS fgpe
G0 8425 N h
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MA WUFACTURING SPECIFICATION

(- . = |ESTEron 295 BE HEeBse,,
L.STRIBUTION FOR APPROVAL -~ ! :
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| . . | Coty#t v T FReIOT o/,
Please review the attached specification|T

and_send to the next person listed.
1. Review specification zs listed,

. % 73 . ) . l’, - 2 [
location and date.

3. If not approved, note recessary ' - - .

changes and initial.

=
When distribution has been completed: z
. . . L~
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_QUALIFIED PRODUCING POINTS

CANADA

EUROPE

PACIFIC

(:' LATIN AM,
us.a. | rant

dERPT !

a DOW

m e W

RESTRICTED

LIMITED INTERNAL USE

- PRODUCTION
SPECIFICATION

aen %

ESTEMN w HERD/ciDE P

;LVY“‘"/

tmttssma wusrts Med e

NUMBER
P

DATE
i(}t5;H¢?/

SUPERSEDES

MUMBER

DATE

{XRPrt #5498  9/2s/

APPL. GOV'T/IND, 3TDS,

Jv/ﬂ ;m REG. 2WH=-89-4¢

l

EP# 5T 0 =
DESC: 2,94.5-T BuTloxy £ rmyL Esro,c Er1uvlSIFIMPLE ConChlNTRA TS

.
o
AvaBER, OILY LIQU!ID. —
~n
W
- e e - e - — —— — — W
TEsSsr ZTEmMmS UNITS LirtT TEST MS 70y
2, 5-TRILHLIRI PHGNORY ‘
mrnc o (2,4,5-T) AC10, e ‘ éO..Q
BUTokyJETHYL ESTER , v 7 AL i Pt Gty
S 43,9
2,4.5 T AciD EQuvALGN T, wvn WHAY ~H2S Perrerrrra—{falmd
397-4. i
L,hS-T Acip ConTENT ’-3/:‘-&056‘ S PP=y7
. )
(

LINERT | wman

SPECIFIC GRAUITY @ 20%C

EMmvision enTAam AaTe @) HR
° |90 PPAm HAAD WATER
s S08 Popr HARD WATER

———————> DENOTES CHANGE

ITEMS MARKED WiTH AN ASTERISK ® ARE NOT TO BE INCLUDED IN THE SALES SPECIFICATION
DIVISION OR DEPT.

APPROVED (SIGNATURE)

39. ) By 4o
W ' PErETTE
~2 AsTMm D
,‘ogq O rix
e 1‘0 AG ysp-~2
Bonls. rea s

DATE

LIMITED TO DISTRIBUTION INDICA

S089EE17 MOGE

APPROVED (SIGNATURE) | DIVISION OR DEPT.] DATE |COPrE:
. P
o~
e z
. P ST
/ /
/ /

FOAM C-18820

SALES SPECIFICATIONS FOR THIS PRODUCT APPROVED FOR OUTS!DE DIST RlBUTlON
PRINTED R-4-73 SALES OFFICES OR FROM QUALITY STANDARDS OFFICES.
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CANADA :

omore RESTRICTED
LIMITED INTERNAL USE

PaCIFIC

e PRODUCTION

U.5.A

SPECIFICATION

FOR

- - - COMPaeSITION -
-M

_/

- 2,4 5°T AWToxy £ TV, KSTER - - ToTML, mmax.

/
2,4.5-T.
214 5Ty Bulaxy ETHYL ESTER

———

ASSeciATED Cowm PONENTS FROM™

——

21 3,0 ~Timtmetetonr. BUuTo vy CTHY ESTER ,warx

2,4~D BuTony & Tmyy , &7

2B METHIAY 4 S Dl critar0 PHEN X'y AL Tre 9»
C‘ZG H
wr .

RO , B8 L£sTEa , vaex.
a—:ro'.'\
S r&Tmory =2,4~ Dcu-ol—-ﬂtop aexy & o
ALD, 8L =sTe R n-u:‘. );’C:E\?\l\)h \\aw O
Y ,
Tabgadlone
GAFAC RE Lio: R L ) - A 23 2.3

GAarae Pg si0 %

_’
-

B -mZTHoxy =2, T-DIOHnsno Pwudvony mce
ACWD, BE ESTER | mio. 7 Ak e

-
————.

B e A Am—actse. N 52_"’3“'“
ARowmATIC[ALIPNATIC RLENDED OlL /e 3

——————————§» DENOTES CHANGE

ITEMS MARKED WiTH AN ASTERISK ® ARE NOT TO BE INCLUDED IN THE SALES SPECIFICATION

. @ THE DOW CHEMICAL COMPANY
. GUALITIED PRODUCING POINTS

EsTERON RTS BE HERBICIDE

'l

i\

e /F; EQuEsTteED

P2

DaveE
P

SUPERSEDES
DATE

NUKBER

APPL. COY’T./IND, STDS,

- e eme s atm—

/ ) 1;3’9‘3'0‘6 i L\)}; REquESTED

P

,-' 0o /729 - 73-3
4)! kEav 55—1-@%

[A!

-\q‘,,

W
nEQutS'I‘D :

Twne
T~ O

68IEEIZ MON

LUMITED TO DISTRIBUTION INDICATE

APPROVED (SIGNATURE) | DIVISION OR DEPT. DATE COPIES{ APPROVED (SIGNATURE) | DIVISION OR DEPT. DATE ]
- ) /
~— B
t/ | Pl

PRODUCTS NOT MEETING THIS SPECIFICATION MUST NOT BE SHIPPED UNLESS AUTHORIZED BY SALES AND PRODUCTION MGMT.

FORM C-168329
PRINTED R.4-73

SALES OFFICES OR FROM QUALITY STANDARDS OFFICES.

SALES SPECIFICATIONS FOR THIS PRODUCT APPROVED FOR OUTSIDE DISTRIBUTION AVAILABLE .



——— s m et mcm = m o mmemcemma o e

: <> THE DOW CHEMICAL COMPANY R
. GUALIFIED PRODUCING POINTS

CANADA
curore nrres Wi us e
( ST , PRODUCTION R ST TYTIYTY
SPECIFICATION e
ESTERN & ‘J‘gFgE HERGICIOA

—-—— = = RAW MATERIALS = — — — — — P .SPEC.~ - =CAS. — ~—

. §=T AL BuTixy L THYL BSTER :
2% A (NoT& 1 +2) OO02545-S
GArFAC RE Gio g
o
- -~ -
Garal PESI10 N
S w
w
NAPHTHA |HEAYY ARomATL SelvenT E204=-iR ] 0L 833V ~-37

DIESEL oIL 26o , ESSo

(

PReDAN ANOTE ¢
l. Thwa 2,4.5-T AC10 USED v PACPARATON OF THE 24,5~ T Buloay & Tyl ESTER
Ll COm TAIN LESS Tedre 0.1 PPy WT OF 2,3,7,8- T& 744 CHis@0 DrdLAIT0 =P=Deroxrrns (7C0.

2. AroonT OF 2,4,5-7 BUTOXY ETwye ESTER PASED ord pesntrrtos) V7 PECCENT 4554

(G 7% mmiamtum 2.4,5~T AciO CavivALENT). =
3. THIS SPECIFILATION 3 DERIVED ERO N EXPERI I EN 2t WERSICLDF X Rry YWYTE, ~
. - - . w
t, Poduct is Sub-rigustiad @mu Wnim Codade . b
: . o
) : w
>

——————— DENOTES CHANGE LIMITED TO DISTRIBUTION INDICATE

ITEMS MARKED WITH AN ASTERISK ® ARE NOT TO BE INCLUDED IN THE SALES SPECIFICATION

APPROVED (SIGNATURE) MION OR DEPT. DATE COfIES AAPPROVED (SIGNATURE) | DIVISION OR DEPT, DATE r COPIE
. _B.‘EE.& 1812 AN TNIDAR, | Fet Cau 7] !
- - . N yogtapt (£ Y ' :
-2\ [/ ¥
LW = ﬁ: Praducdy Y{=5-21 [ - _ laorno
> e PACEVAN, oulY
' PLOD Y1981 1 | a
( &l E#hs: fm.\#ii‘L;ﬂ Q-ff’ﬂ | _ v
: ”ﬁ 52% Al 247% O '
- z‘i:’é: o
PRODUCH'S NOT MEETING TEIS SPECIFICATION MUST NOT BE SHIPPED UNLESS AUTHORIZED BY SALES AND PRODUCTION MGAT.
FORM C-18020 SALES SPECIFICATIONS FOR THIS PRODUCT APPROVED FOR OUTSIDE DISTRIBUTION AVAILABLE .

PRINTED R4-72 SALES OFFICES OR FROM QUALITY STANDARDS OFFICES.
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M ATERIAL SAFETY DATA SHEET PAGE: 1 o

OW CAEMICAL UeSeAe MIDLAND MICHIGAM 48640 EMERGENCY PHONE: 517-636-4400 ©

[ -]

FFECTIVE DATZ: 19 VAY 82 PRODUCT CODE: 28751 :g

RODUCT NAME: CSTERON (R) 245 BE HEREICIDE MSD: 1580

NGREJIENTS (TYPICAL VALUTES=NCT SPECIFICATIONS) I S
29495=-TRICHLOROPHENOXYACETIC ACIDe SUTYOXYETHYL : :
ZSTER : 5941 ¢
CMULSIFIZRS PLUS PETROLEUM SOLVENT : 4Ge9 3

SICTION 1 : PHYSICAL DATA

QILING FOINTS: IBP > 300F (150C) ¢ SOL. IN WATER: EMULSIFIABLE
‘AP PREISS: <€ MMnG 3 20C ¢ SPe GRAVITY? 14129 (68/68F)
AP DINSITY (AIR=1): NOT APPLIC. ¢ % VOLATILE BY vOL: NIL UNDER 150C

¥10€11egMmMoaq

PPEAIANCE AND ODOR: AMBER LIQUID.

SECTION 2 FIRE AND £XPLOSION HAZARD DATA

FLAMMABLE LIMITS
LFL: NOT DETER. UFL: NOT DETER.

LASH POINT: 175Fe 75C
ET400 useD: TCC

"XTINGUISHING MEJTAZ WATER FOGe FOAMs ALCCHOL FDOAMy CO2¢ DRY CHEMICAL.

PECIAL FIRZ FIGHTING EQUIPMENT AND HAZARDS: NOXIOUS FUMES UNDER FIRE
CONDITIONSe USE POSITIVE-PRESSURE AIR SUPPLY.

SECTION 3 REACTIVITY DATA
"TABILITY: AVOID TEMPERATURES NEAR OR ABOVE FLASH POINT.

NCOMPATIBILITY: ACIDy BASEs OXICIZING MATERIALe CONSULT
MANUFACTURER FOR SPECIFIC CASES.

AZARIDOUS DECOMPOSITION PRODUCTS: NOXIQUS FUMES UNDER FIRE CONDITIONS =
HYCRCGEN CHLORIOE AND OTHERS. g

AZAROOUS POLYMERIZATION: WILL NOT CCCUR.

-

8510

SECTION o SPILLe LEAKs AND DISPOSAL °ROCEDURES

CTION TO TAKE FOR SPILLS (USE APPROPRIATE SAFETY EQUIPMENT): ABSORB SPILLS
WITH4 INSKT ORY MATZRIAL SUCH AS SAMD OR SAWDUSTe OIKE AREA IN
IN CASE OF LARGZ SPILLSe DO NOT USE WATER FOR CLEANUP.

CONTINUED 0% PAGE 2 )
R) INDICATES A TRADEMARK OF THE DOW CHEMICAL COMPANY
0003997



PAGZ: 2

M aTERTIAL S AFETY 24T A S H T
517-€26=4400

OW CHEMICAL UeSeA., MIDLAND MICHIGAN 48640 EMERGENCY PHONC

-

»

-
[
]

"FFZCTIVE CATE: 13 MAY 82 PRODUCT CODE: 28731
ROCUCT (CONTYDIS ESTEROMN iR) 245 8% HERBICITT MST?: 1580
SECTION ¢ SPILLe LEAKe AND DISPOISAL PROCEDURES (CONTINUED)

.ISPOSAL METHOD: DISPOSE IN ACCORDANCE wITH LOCALe STATE OR FEDERAL
REGJLATIONS.

SECTION 5 HEALTH HAZARD DATA
NGESTION: MCDERATE TO LGW SINGLEZ JOSE ORAL TOXICITY.

-YE CONTACT: SLIGHT TRANSIENT CORNEAL INJURY AND IRRITATION.

02! 1ZM0gQ

"KIN CONTACT: PROLONGEZD CONTACT: SLIGHT IRRITATIONS REPCATED COMTACT:_,
MODZIRATE IKRITATIONs CRYINGy AND EVEN A EURN.

S

KIN ABSORPTION: NOT LIKSLY TO BZ ABSORBEC IN TOXIC AMOUNTS.

INHALATICNI N GUIDE FOR CONTROL OF MIXTURE ZISTABLISHEDe DOW INDUSTRIAL
4AYGIEINE GUISDE 10 MG/M3 AEROSOLe 350 MG/M3 VAPOR NAPHTHA.

.FFECTS COF OVEREXPOSURE: NAUSEA IF SWALLOWEDs ANESTHESIA.
SECTION s FIRST AID

TYES: IRRIGATION IMMEDIATELY WITH WATER FOR 5 MINUTES IS GOOD
SAFETY PRACTICE.

KIN: CONTACT WwILL PROBABLY CAUSE NO MORE THAN IRRITATION.
WaS4 OFF IN FLOWING WATER OR SHOWERe WASH CLOTHING BEFORE REUSE.

_NHALATICN? REMOVE TO FRESH AIR IF EFFECTS OCCURe. IF RESPIRATION
STOPS GIVE MOUTH=-TO=-MOUTH RESUSCITATION.

NGESTIGN: DO NOT INDUCE VOMITINGe CALL A PHYSICIAN AND/OR TRANSPORT
TO IMIRGENCY FACILITY.

OTZ TO PHYSICIANS

EYES: MAY CAUSE IRRITATIONs INJURY IS UNLIKELY. STAIN FGR
EVIDENCE OF CORNEAL INJURY.

SKIN: MAY CAUSE IRRITATIONe NOT LIKELY TO BE ABSORBED IN ACUTELY
TOXIC AMOUNTSe EFFECTS MAY BE CUMULATIVE.

RESPIRATORYS: ANESTHETIC OR NARCOTIC EFFECTS MAY OCCUR.

ORAL: MAY CAUSE REACTION SIMILAR TO PETROLEUM OR PETROLEUM=-LIKE
SOLVENTe DANGER OF CHEMICAL PNZUMONIA MUST BI WEIGHED AGAINST
TIXICITY WHEN CONSIDERING EMPTYING THE STOMACHe IF LAVAGE IS
PZRFORMEG SUGGEST ENDOTRACHEAL AND/OR ESOPHAGOSCOPIC CONTROL.

SYSTEMIC: ANZISTHETIC OR NARCOTIC EFFECT MAY OCZUR. MAY INCREASE
MYOCARDIAL IRRITABILITY. AVCID EPINEPHRINE 0 SIMILAR ACTING
DIUGS IF AT ALL PCSSIBLEe NG SPECIFIC ANTIDOTE. TREATMENT BASZD
ON THE SSUND JUGGMENT OF PHYSICIAN AND THE INDIVIDUAL REACTIONS OF
THE PATIENTS . ,

CONTINUED ON PAGE 3 ) 8511
R) INDICATES A TRADEMARK OF THE DOW CHEMICAL COMPANY 0003998



"MATERIAL SAFETY OATA SHEET PAGE: 3
OW CHEMICAL UeSehe MIDLAND MICHIGAN 48640 EMERGEVCY PHONE: 517-636~4400
IFFECTIVE DATZ: 13 MAY 82 _ PRODUCT CODE: 28751
RODUCT . (CONT*D3: £STERDN IR) 245 BE HERBICIOE MSD: 1580

SECTION 7 SPECIAL HANDLING INFORMATION

EMTTILATION: RECOMMEIND CONTROL OF NAPHTHA VAPORS OR AERGCSALS TO
SUGSESTED €UIDEZ.
ESPIRATCRY PROTEZCTION: NONE LIKELY 79 BE NEEDED IN ANTICIPATED

OPERATIONSe FOR EMERGENCIESy A POSITIVE=-PRCSSURE BREATHING
APPARATYS 0 A FULL~-FACE RESPIRATOP WITH AN APPROVED ORGANIC VAPQOR

CANISTER IS RECOMMENDED.

“ROTECTIVE CLOTHINGS CLTAN BODY=COVERPING CLOTHING.

giogliecmoq

ZYE PROTECTICN: SAFEZTY GLASSES WITHOUT SIDE SHIELIJS.
SECTION 8 SPZCIAL PRECAUTIONS AND ADDITIONAL INFORMATION
RECAUTIONS TO 2E TAKEIN IN HANDLINS AND STORAGE: SEE LABEL. KEEP OQUT
OF REACH OF CHILDRENe AVOID CONTACT WITH SKIN AND EYES. PROVIDE

WASHING FACILITIES NEAR WORK AREA. DO NOT STORE NEAR FZRTILIZER.
SEEDSe INSECTICIDEISe AND FUNGICIJDES. KEEP AWAY FROM OPEN FLAME.

-DOITIONAL INFORMATIONS: NEW MSDS 19 MAY 82.

-AST PAGE
R) INDICATES A TRADEMARK OF THE COW CHEMICAL COMPANY

ONSULT THE COW CHEMICAL COMPANY FOR FURTHER INFORIMATION.

"HE INFORMATION HERZIN IS GIVEN IN GOOD FAITHe BUT NO WARRANTY,
.XPRESSZD OR IMPLIEDes IS MADE.

8512
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MIDLAND, MICHIGAN 48640
9001 BUILDING
May 21, 1982
R. L. Eischer, 9008 J. A. Schultz, 9001
R. G. Holzschu, 9008 ~ M. J. Skurski, 489 ]
E. R. lLaning, 9008 J. Woods, 834 ;é
. W
cc: D. W. Osborme, 9001 ~ o
J. M. Tichon, 489 =
G. L. Ytzen, 9008 8
MEETING REGARDING ESTERON* 245BE QUALITY AND OPTIONS "R
Meeting was held to discuss possible responses to the appearance of
a crystalline sludge (as much as 3/4-inch in some gallon cans) in
ESTERON* 245BE formulated and manufactured in 1982. All cans do not
contain precipitate, even within the same lot.
Background:
-« Technical ester was produced in 1976-77.
-- The formulation and registration package for the material
was obtained from Union Carbide.
-=- 53M Gallons of product were formulated and packaged; 35M
in one gallon cans and 20M in 55 gallon drums. The one
gallon cans have all been shipped except for a recent lot
of 3.2M gallons; 19.4M gallons of the drummed material is
still at 489 Building.
Technical Considerations:
-~ The crystalline precipitate has been identified as the bis
(2,4,5-T) ester of ethylene glycol.
-~ The ligquid above the solid material in one can of lot
82041467 has an assay of 42.0% T acid (label says 42.5%).
-~ In general, the precipitate appears when the material is
cooled to 45°F.
-- The limited data available indicates the tech ester is
continuously degrading. Without a major change in formu-
lation, the tech ester will be totally unusable by 1984
or 85. ’ '
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Technical Considerations: Continued

-- Both the liquid supernatant above the precipitate and also
the formulation containing redissolved solids give accept-
able emulsion properties upon dilution.

.

-=- There is no way to burn or . dispose of the tech.ester. - It -
gnust be sold. -

GOEYYIZNOO

Options:

-- For drums: Redissolve solid; then, ship all material to
Texas/Oklahoma with adequate notification to customer that
material should not over-winter.

-- For 1 gal. cans: Distribute through dealers a tie-on-tag ,
telling the user to heat the can in a bucket of water and
shake before using. This would require the appropriate
fire-sale rebates. There appears to be a comfortable mar-
gin here for rebates, given the difference between the
standard cost in 1977 dollars and the selling price in 1982
dollars.

-- The alternative is recall of 1 gallon cans. This would in-
volve loss of the cans, can disposal costs, shipping, and
reprocessing costs. Rework technology would have to be
developed. Waste solids that couldn't be burned would
probably be made in the product rework.

To Do:

-~ Determine if drums can be heated and rolled to redissolve
solids (Skurski). :

-- Depending on business considerations, consider the possi-
bility of developing a new formulation for the 300M lbs.
of tech ester remaining in storage. This could not be
ready in time for any 1982 sales.

Marketing will make the recall vs. “"fire-sale" rebate decision in the
near future.

Jim Havel - s 5:5515

Application Systems
Agricultural Products Department
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