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FOREWCRD |

All technical and formulated 2,4,5-trichlorephancl (2,4,5-TCP)
mumcmmmmmmwabnmtor the
tarufacturizg process, 2,3,7,8-tetrachiorodibenzomp-dioxtn (TCOD). For
this reason all rederencas to 2,4,5-TCP denote TCODecontaminatsd 2,4,5-7C2,
Munercus texicity studies on purified TCID are ivcluded in this pesition
document. Many of these studiea were dons in ccnnection with another
pesticide, 2,4,5-trichlorophenaxyacetic acid or 2,4,5-T, which L3 maru-
factured from 2,4,5«TC7. 2,4,5+7, which is a candidate for rebuttable
presusption agaipst reglstraticn, is ttu”mbjecz of a ssparate positise
document., '



I. Background

A, Chlemical and Physical Charactsristics
2,4,5~Trichlorophencl (2,4,5-TCP) and its sodium (Na=g,4,5-TCF)

and potassium (K-2,4,5-TCP) salts are used as fmgicides, algicides, and
bactaricides (Weissberg and Zinkl, 1973; Plimmer et al,, 1973). The
empirical formilss for 2,4,5-1CP and its sodium and potassizm salts are
CHCLOH, CHCL O Na, ard C H C1 CX, respectively, The structural
62 3 62 3 62 3
formulas of these campounds mxy he found in Flgure 1. 2,4,5-TCP s
also ows by ita trade name, Dowicide 2; tim trade name of Nae2,¥,5-TC2

18 Dovd.oids B.

- QM o
et &1 4]
& < &1
o el 4]

z,u,sﬁm M.u,s-TCP E-a’u's-m
FIRIRT 1. Structural formulas of 2,4,5.TC?
and i3 sodium ang SotasIzum satts
2,4,5.TCP i3 a fairly wmak acid and is considered to be the legst
toxic of the chlorophencls (Rirk=Otimer Encyclopedia, 1968), The sodium

salt is slightly more toxic. 2,4,5-TCP ocours as gray flakes in sublized
muss with a strorg phenclic eder. Altheugh 2,4,5-TCP is relatively ine-
scluble in watar (< G.2 g/100 g watsr at ZSOC}, it {s soluble in crganic
solvents such as alcolol, etimr, and acstone. The sodium salt is more
soluble in vater (113 g/100 g water at ¢5°C). 2,4,5.7C2 m.s a zplecular
weight of 197.“6 and a specific gravity of 1.678 (2% C/ﬂ C). Its beiling
point is 252 C; the zalting polst is 60-70 C.



B. Manufacturine Process and Resulting Comtaminants
1. Formilatien '

2,4,%-TCP i produced commercially by the allalins hyrirolysis of
- 1,2,4,S=tatrachlorvbenzens to 2,4,5TCP. The reaction is carried aut |
under presnrs st 1&°cmwmummmm«m'
methancl (Kirk-Otimer Eam;oicpodia. 1964; Fistbeis, 1973). 2,4,5-TCP
can be convertad to its sodlum or potassium salts by the addition of
sodium or potassalu carbonate. | ‘ .
Polyshlorinated dibenzoepedioxins are formed in tie mamufasturirg
process of all chlorcpbencls, However, the amount formed is dependsnt
on the degres to which the tagperature 2od preamus are cootrolled dring
production (Flshbedn, 1973; Milnes, 197%; Scmilz, 1968; Higginbottam et
al. 1968; Muslder and Shadef?, 1973). '
An especially texic dicxin, 2,3,7,8-tstrachloredibenzo-gedicxin
(TCID), is formed during the procduntion of 2,4,3<7CP. is can be anticle
ated, TCDD bas been associated with all syotbecic cumpounds derived
from 2,4,5-TC7 (Rearney ot al., 1973). This includes the widely used
harsicide anc defoliant 2,4,5-T (2,4,S~trichlorophsnoxyacetis acdd).
Toe formation of 2,8,5-1CP and TCDD is ulu.straud in Figure 2.
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Figure 2. Formulation of 2.53.5-TC? apd TCOD
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2. Iypes of Dioxing _
Therw are many different dioxins; the particular dioxin produced

depsnds on the chlorephanols prmnt‘ (Poland and ewde, 1976)., Different
dloxing can be distinguiared by the muzber and position of the ablorines
they contain, Chlorine atoms may be attached a£ any of sight di:fwt
positiona, creating & theoretical possibility of 75 campoumds or lLaomers
(Cresaland and Shea, 1973; Khera and Ruddick, 1973).

The toxicity of a dicxin varies with the position and oumher of
chlorines attached to t:m__ srczatic rings. Generally, the toxiglity in-
creases with incressed chlorine substitution. Those dioxins time mave
malogens at the 2, 3, and 7 positions are pﬁ.rucula.rly toxie (RBurger,
1973). TCOD, which bas chlorine atoms at the 2, 3, 7, and 8 positions,
13 considered the most toxic of tim dioxins (Sparschu et al., 1971).

3. TCOD Comtant in Formilated Pesticides

Altiought TCOD levals in 2,4,5-TCP kave not been monitored cousise
tently over the years, tless levels huve been msasured in 2,4,5-7, Oif-
ferent mumfacturers produced 2,4,5-T whth varicus TCOD contents (Rearzey
ot al., 1972). Samples of 2,4,5-T produced by ons mamufacturer from 1666
te 1963 often centained more than 10 ppe TCOD (Flstbein, 1973). Because
there as oo.’ern ahout the extremely toxic effects ¢f TCID, marmfactur-
ing netiods ware changed and carefully controlled to minimize its formae
tion. By 1971 imdustry bad reduced the mmtormincmmiaim
ples of Z,8,5<T to less than 1 ppm (Greig et al., 1973; Hussain et al.,
1972; Milnes, 1571). Production conditicns and tie amount of contaminant
in the final product are now closely menitored by induscry.

()



2,4,5-TCP 4s available in both a technical and analytical form.
Tectmical grade 2,4,5-TCP (Dowlcide 2) currently contains 95% active ine
grodient and 9% lnert {ogredients in which TCID is present at a maximm
of 0.099 ppu. Tecmical grade Na~2,%,5-TCP (Dowicids B) centains 852
Nae2,4,5-TCP and 158 inert ingredients in which TCDD is fresent at a
zaxizm of 0.099 ppa (Dow Chemical Company Sales Specifications, 1976).
The dioxin comtant in both of these products doas not exceed the Limst
of Q.1 pmmmmwmmwcmtm to the EPA Administras
tor on May 7, 1971,

‘ o cbtain a oeaningful zssessment of the lavels of TCDD prasesnt
in thy enviroment and to detsrmine ths ameunt that cculd be scammlated
in the food chain, a sensitive analytical metind kad to be developed that
could accurataly identify TCCD in parts per trillion., During the past
10 years considarable advances bave been made in tids w. Te» ans-
lytical procedirre timt i3 currently considered ths 3ot sensitive is.
muqm'mwsrapw coupled with high resciution zass spectrometry
(b!az.‘:.nml Acadewy of Sciences, 1977).

C. Registrations, Uses, and Preducticn

The largest ure of 2,%,5«TCP L{s as a starting material ig the
naufazcure of & series of industrial and agriculiural chemicals, the
most ootable of which £{s the terbicide 2,4,5-T and itas related products
including stlver [2«(2,4,5-trichloruphencxy)propionic acid], comnel [Q,
O=dimethyl 0-(2,4,5-trichlorophanyl)-pbusphorotidcats], aud tim bacteri-
cide baxachicrophene. '



2,8,5-TCP and its sults are used in the textile industry to pre=
serve smulsions used in rayon spianing and silk yarns, in the adhegive
industry to preser~- polyvinyl asstate emulsiony, {n the leathsr i{ndus-
try as & hide preservative, and io the automotive industry to prescrve
rubber gaskets. The sodium salt Ls used as & preservative in adbesives
dorived from cssain, as a constituent of metal cutiizg fluids and Zowndry
core washes to prevent breakdowns and spoilage, as » bactericide/fungicide
in recireulating water ip coald.ng‘ towers, and as an algicide/slimicide
in the pulp/paper mamufacturing irdustry,

Thare are soms 2dizor uses of 2,4,5-TCP and its salts in disinface
tants witich are of mjor importancs relative to [uman exposurs, These
include use on swimmingepoclerelated mu-faces; housebpld sickroa equip~
ment; food processing nlants and equipment: food contant surfaces; hos-
pital rcoms; siciroon squipment; apd bathroczs (including shower stalls,
urinals, floars, and toilet bowls).

2,4,5=-1C7 and its salts lave beeq pogistared for pescicidal use
since 1948, Current EPA records iodicate that 42 registrants have 9b
Federallyeregistersd products and one State-registersd product containe
ipg 2,4,5-TCF or its malts. Thes=s procucts are usually formulatad as
wettable powciers, esulsifiable concentrates, dry powders, liquids, or
ball briguettes. Dow Chemical Compazy is the major mamfaciurer of
tactpical grade 2,8,5«7CP (Dowicide 2) and Ha=2,4,5-TCP (Dowicide 3).
2,4,5+7CP and its salts are frequently mixed with other pesticides ine
oluding pentachlorophsncl, tetrachlerephencl, and sodiuzm pentachlerc-
phenats.

(&)



Section 7(2) of the Federal Insecticide, Fungicide, and Rodenti-
cide Act (FIFRA) requires manufacturers and formulators to :sbmit to EPA
information on the production, sales, and distribution of their projucts.
Acesrding to Sections 7(d) and 10 of FIFRA, this information may not be
‘oade available to the publie, A:onrmmm oemo summrizing thisz la-
formation (Reace, 1977) Das been sant to the Deputy Assistant Adminis-
trator for Pestizide Pregrams.

D. Tolerances '

Thary are 0o tolerances for 2,4,5-TCF, {tas salts, or TCCD ia or
on ford crops, 40 CFR 180,302 doss, hovever, establish a tolerance of
0.05 pem bexachlorcppene 15 or on cotion seed (a noniaman distary foed
itam) ana states tiéat techmical rade mmchlcroﬁmns shall not econtaln
more than 0.1 ppm TCZD.

E. Mu:abold_‘ﬁ. Degradation, and Residues

Nc data bas been found cn the nature of the degradaticn products
of 2,4,5«7CPF. EHowever, thare is evidencs that 2,4,5-TCP itself is tie
metabolite or primary degradacion product of 3 mmber of pesticides in-
eluding 2,8,5+7, silvex, ronnel, lindane, and bdenzene mxachloride (Wacss
anc Storrere, 1973; Cresby and Wong, 1973; Goto et al., 1972; Leng, 1972).

T+ Sell

2. 2.4,5-TC? and It= Salts
Aexander and Alees {1961) found that 2,4,5-TCP Ls persistent be=

éau.se it is resistant to migorobial decampositicn in eartain soil popula-

ticns., They alse found tiat compounds containing a meta-substliiuted

chlorine (such as 2,4,3-7CF) ware zore persistent than ticse that did nes.

()



Thase results were verified by Helling et al., in 1973.
/s 1

Crosby ot al. (1973) irradiated 2,%,5-TCP and its sodium salt
and found trat they dlscolorsd rapidly but did not degrade into dicuins.
Eearney et al. (1972) incubated 2,4,5-TCP in two types of .ao.i.‘l. for 70
deys to determine whather becterial action might ccavert the 2,4,5-TCP
to TCD0. The fact timt no TCDD was detected demonstrated that TCDD was
oot formed under thmse laboratory corditions. Thus, TCID i3 neithar
formed indigencusly in scil (Kearmey et al., 1972) nor produced bio=-

synthetically fras soils receiving applications of 2,4,5-T or 2,4,5-1C7
| (Belling et al., 1973; Kearney et al., 1972; Kearmey et al., 1973).

TCID is a remarikably stable compound in bicloglcal systams at
tamperaturss up to ?OOOC {Croesland and Shes, 1973; Piper et al., 1973).
Tt {3 also imobils in soil amd tends 0 remain on tbe surface (Belling,
1971). TCUD degrades slowly in soll; it lws a Balfelife of 1 year
(Kearmey et al., 1972; Balling et al., 1973).

In 1973, Woolscn et al. investigated the pesaibilivy that TCCD
residues from old, extremely heavy 2,4,5-7 applications might still zcse
a threat to wldlife. They analyzed scil samples frem experimental plots
of Lakelard sand in Florida that asd received massive doses of 2,4,3-7
(947 pounds 2,8,5-T/acre) by aerial application fram 1562 to 1570, The
authors estimated tiat the 2,4,5-T used at timt time coutained betvwesn
2 and 50 pge TCDD. Twenty~{ive gram =amples of f-inch incresents of a
3-foot ccre ware taken in 1970, No TCTD residues were found in ary of
the incremmnts; the detection lizit was leas than 1 ppb. The autinrs

{8)



tad estinated timt there could be up to 2.1 ppm TCDD present in the soil
43 & result of the aerial applications. Thay felt timt the absencs of
datsctabls TCDD residues could be explained by several possibilitiss:
1) the 2,4,5.T applied contained lszs thmn 2 ppm TCDD, 2) the TCDD moved
daeper timn 36 inches into the soil, 3) the TCDD was deccmposed in the
soll pintochemically or bilologically, or 4) wind ercaion rexoved tie TCDD
from the point of applicaticn. Hovever, TCDD L3 {mmobile in 30il and the
Likelilmod of wind arosion or the smcunt of TCOD present being lsss tran
2 ppo L3 remote. I {3 most likely tiat the TCOD photochemically Mﬁ.

Plimmar et 2l. (1973) found tmt TCOD ia rexdily photolyzad under
certain conditions., Crosby and Weng (1977) found trat herbicide formus-
lations containing TCDD on lexces, 30il, or glass platas lost sest or all
of tha TCCD in a single day of exposurs to sunlight dus priseimally %e
photochamical dechlerinxtion. Bowever, Crosby et al. (1571) found tiat
a flln of "pure* TCDD on glass platas was not photodegraded when expesed
to sunlight for 14 days.

| 2. Water

&, 2.4,84TCP and Its Salts

2,4,5-7CP is soluble only in organic solvents such as aleshol,
ether, or acetone. The sodium salt is more socluble in «mter but less
soluble in crganic solvents. However, acme of the uses of 2,4,5-702
and its salts cculd feasibly result in their reaching water bodies frem
industrial effiuents or frex cooling tower vater that is not in a clcsed
systesm,

{9)



b. JC00
Becauss TCDD {3 ralatively immoblla in soil and soluble in water
at only C.2 ppb, the pessibility of gramnd water aontamination L3 vire
tually nop-existent and water trapaport is limited {Helling et al., 1973;
Harvey, 1973).
A recent Nationmal Academy of Scisnce report (1977) stated timt
ICOD bas nevar been detectsd in drinking water; the Limit of detaction in
the studies cited wvas in the parts per trillion. The report did note the
taxicity of TCID and it acceptable daily intake ﬁ'cfumur (.0001 ug/kg/
day), and suggesced so-sdverse-effect levels (7 x 10 ug/kg/day).
3. Wildlife -
& 2,4,5-TCP and ITts Salts
- No studies jdentifying 2,4%,5-ICP residues in wilclife were found.
b. IC0D
i. Terrestrial Ecosystems
. To assess tie ecolcgizal importares of chlorinated dicxins, Woclson
ot al. (1973) examined tissues of 19 bald eagles (Saliectas leucsceotatus)
calliected in 15 widely saparate Statea., Ho TCOD residuss were foumd; tia
Limit .cf dataction was 50 ppb. LBecsuse eagles are at the tep of a food
ctmin, the authors concloded tiat TCID resicues fram past pesticide ap-
plications were not availanle to tius fdod ckain,
i1, Aquatic Fcosvstems
Isensee and Jones (1975) conducted an experizent in which TCDD
was absorted oo tivee diffsrent types of soll at ccnesatrations rangin

frag 0.001=7,45 ppm. The scil was tiwn placed (o aquatic medel eccsys-

(10}



tamy. TCD0 accumilated in all organisms (moaquits fish, dapmid, ducke
wead, catfish, and saails). The smount of accumilation was directly ree
lated to the conceutration of TCDD in the water {G.0%-1330 ppt). There-
fore, tie sutinmrs coocluded that wider certain conditions ICDD residuss
cauld scaammlats in fish or other aguatis organiwns, _

Ziteo (1972) wvas wnabls to detact chlorinated dibenzodioxin resi-
duss iz saversl aquatic anizals from verions locations (n Canada; the
Limt of detaction was 0.01-0.04 ug/g (pmm). The autior concluded that
there 13 20 detactable contamimation of food by chlorinated dibenzodioxe
ins sisce the specias analyzed are in high tropiic levels of the aquatic
food chain and serve 23 good indicators of envirormancal contapination by
cumilative campounds. Bowever, analytical methods have improved considere
ably sincs then and sclentists ean now detect dicrins in ths jares par
trillicn.

Macsumrs and Benszet (1973) found thac TCDD piciup (olegical
transfer) was low in brine shreiop and fish tut lizh (a2 scaquits larvae,
which are tottem feedsrs. Thls lad them o dalievs tiat TCID is act
Likely to accumilata in aquatic systams dus 5 TCOD'a low sclubility in
ater.

Baughoan and Meselson (1973) cepartad the presencs of TCTD i
fish ard crustacaans faken fram feur locations in Vietnam., Concentra-
tions ranged frem 18 to 810 pot.

4, Plants
8. 2,4,5-TCP and Its Saits

No studies identifying 2,4,5«TC7 resizZues in plants were foutd.:



b, I

TCDD was not ﬁnmm in the seed3 or mature plants of soybeans
or caty sprayed with TCID or grown un/ani.ia canmf.u with 60 ppb
TCD0. The limit of detection was lesa tian 1 ppb. Ressarchers coocluded
tiat plants do oot abaord or tranalocate TCDD from soll & leaves after
foliar spplicaticn (Isemase and Jones, 1971; Mataumoa and Barszet, 1973).
Crosby and Wong (1977) found timt herticids formulations comtaining lnown
amxmts of 100D thet were exposed to metural suniight on leaves, soil,
or glass plates lost mest or all of their TCDD during a single day. Thay
falt tiis wvas dus pripcipally to pt;tochm:l.ml dechlorination. TCOD tiat
is sprayed on lesf surfaces can be rexdily washed off (Isensee and Jones,
197L; Belling et al., 1973; Kearney et al., 1973).

Matwamurs and Benexet (1973) comcluded that any translocation of
TCI0 {n the eavirconent would be limitsd to traces of the coxpound ade
harad £o s0il particles, dispersed “y the wing, or tlolegfcally trans-
ferved in agquatic eaviroments.

s. il
%, 2,8.85-7C7 and Its Salts

Ho studles on ti» metabollm of 2,4,5-TC7 in laboratory animals

were found.
b. B |

TCLD 13 eliminated from biclogical systass principally thrcugh
the feges but also tirough the urine (Allen et al., 197%; Pijer et al.,
1973; Vinopal and Casida, 1973; Kimbrough, 1974).

Rese et al, (1576) detected radicactivity only in the fecss cf



rats adninistered ;:ﬂ'l;lomlmc:flwkg uc-hbllad TR0, Liver
ad fat omtained  C~ICID concantrations over 10 times greater than
mmmmlrmunmdmmm. Whan cral doses
of 0.01, 0.1, or 1l vy C~IXID ky/4my were alninistsrad for 13 weeks, the
micr route £ excretion wes sain via the feces, &l the nalf~lifs of
ml‘cdmmmuuuuzs.way:.

In Sprague=Oawley vats intubstad with “c-hbnlad 0, only 4.5%
of the madioactivicy fram a single oral dose was eliminated throuch the
urine in 21 days. A large percentage of the radicactivity remaining in
the body at the end of this pericd was in the liver and over 90V was
within the microscral fraczion (Aller et al., 197%).

In a praliminary taport of & two-year chrenic toxicity feeding
stdy, Do Chenical USA (Traynor, 1977) repectad the following residue
data for rats fod indicatad TCID doses: 24,000 ppt in liver and 8,100 ppr
in fag of farnlas ingesting 2,200 ppr/days 3,100 ppt in Mver and 1,7C]
Fot in fat of fwmles ingesting 220 ppt/dsyy and 540 Fot in Liver and
fat of farales ingesting 22 ppt/day. The prelisinery vepcrs gives no
renidie data for treatad malas, or for control of sither sex.

6. Humans

The Naticral Puman Menitoring Frogram for Pesticides is curzently
sapling tuman urine and analyzing theve sarples for silvex, 2,.4,5-%,
 and 2,4,5-TC2 through ity cocperative arrangerant with the EPA Health
and Mutritional Examdination Survey II (Hanes II prodect). The survey
is scheduled for camletion in 1973, Scrw praliminary regults that re
late t3 2,4,5-7C0 rasicues in the first 400 of an estimated 7,500 sam
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ples ere availahls., These results are only tentative and of course sub-
ject to change as further data are received.

Of the initial samples analyzed, 1.68% have shown detectable
lavels of 2,4,5-TC0 with & maximm mmount of 32.4 ppb. The arithmetic
‘maan i less than 1 fxb. In addition, 32.69% of the smples have shown
trace amounts (< S ppb) of 2,4,50CY. Residuies of this corpamd say
also be derived frem the metabolism of other pesticides and fomm ex~
posure o 2,4,3510 that was used as & disinfectant (Xutz, 1977).

7. Animal Prducts
& 2,4,:CP and Tty Salts

Ro‘i.ntmtimismﬂabhmmmatz.hm:um

in animal productn. However, in tasts with cattls, sbeep, and calves that

. ware {ed diets oontaining 2,4,5T and silvex, residues of 2,4,5172 were

detectud in the kidney, liver, muscle, fag, ard milk (Clark et al. 1975;
Leang, 19767 Bjecks et al., 1972).
b. T

mmmmmmmwumfwxi;d with 2000 pem 2,45~
™R or ita sedium salt were cooked at SOOQF for 6-22 hoars ard aralyzad,
™ TWI0 was found in any of the smples. The limit of detection was (.05
o (Watts and Stccherr, 1973).

Eighty-five smples <f beef fat ware analyzed for TCOD amtent
undar the auspices of the EPA Dioxin Irplementation Plan (see discussicn
p. 20}, The beef fat sarples included 19 samples from comzyol areas
ard 67 sarples from areas previcualy tTeated with 2,4,5+0. None of the

18 control sanmples had detectable mmount af TOND at a detecicn limis
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of 10 ppt. Of these 67 swrples from areus previcusly exposed to 2,4,5-T,
one ahowed g positive TCID lsvel of 60 Fpt: 2 appeared to have TCXD st
20 ppt; ad 5 may have had TCI0 levels which runged frum 5-10 ppt, The
vnluutctthun&nwpmmntcrbﬁmtmnmiuddtmd
10 got.

forty=thres beef liver sarpler were analyzed and sixwed no TCID
residues at a detecticn limit of 10 ppt.

?. Accidentzl Huran Excosvre

In the cases of luman exposure to 2,4,5-TCP, the cnly adverse
- affects reportad vere caused by occupsticnal exposure or accidents that
mmmmmawmmuwmﬂsa-
tived from them.

mm&B,medmemmnﬁgmm
‘released in & U.S. 2,4,5-T plant. This accident led to L17 cases of
chloracne ameng gxposed workars (Whitaside, 1977). )

In 1953 theve wvax an accident in a Micddle Rhine Zacecry samifactur-
ing 2,4,57C from 1,2,4,5~catsachlorchenzens, In addition to comtyacting
chloracne (Goldman, 1972), zany workers had liver cirzhosis, heart oome
plainvs, and rervous system discrders, and were depressed (Bauver et al.,
19613, '

~ In 1958, 31 emplovess of a darburg, Germny, plant in which 2,4,3-7
vas mace from technical 2,4,5-7CF contracted chlorace and suffered the
physical and peychological syeptors associated with it (Poland et al.,
1871). 1In 1961 Dauer &t al. conclusively idennified TCDD as the cause
of the chlorache.

{i%)



Mmlmimmudinaz,l.sd:plmt in Amstevdam in 1963,
Six ronths later, nine of the 18 men, vho were attanpting to daconeard-
nate the plant, develcped chlcracne., All ¢f the men had worn drep sea
diving suits, and all but one wore face masks with goggles while working
in the plant. Of these man, thres died within 2 years. The zan without
tbtﬂammkag:gélnmmlyﬁmd. Ee was unable to walk
and is still udergeing tTeattant (Whiteside, 1977).

In 1964, werkers in a 2,4,5F plant in the United States develcped
chlcxuacns from expoaure o TCIU (Poland et al., 1971).

M‘wpmo:plmimnmmum's 2,4, plant
in Great Britain in 1968. TCID had actidently been produced as the ra=
sult of an exsthermic teacticn (Milnes, 1971331!3{.. 1973). Seventy=nine
cases of chlcrache were repor:ad; many of them wars severe.

In 197] thevs was an acsidental poisoning episcle i w.s Inited
States that affectad mxans, horses, and other anizals. Waste oil cone
tmmiimmmwmdmaﬁ.ﬁmmmmldmt..
Later analyses shcwed thar the arena contained TCCD in concerreraticns
of 31.8 to 33.0 ug/9 (Carzer et al., 1975). Commoner and Scot: (1976)
found that the most isportant route of emtxy of diexin into the bedy
was the skin. (This dces not praclude the effecus of ingesting food
contaminated with dioxin frem handling.) A 6~year-old girl was the
most severely affected. She had an inflammacory reaction of the kid-
rays and bladder bleeding that was diagncsed as acute hemorzhagic cys-
titis with signs of focal pyelonephritis, Hive less severely afifected
persons develoced diarrhes, hescaches, nausea, selyarthralgias, and
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persistent skin lesions {U.S. EPA, 1975). The girl most atfected wvas
theroughly resxamined in 1976, Results indicated that all of her ori-
ginal symptoma had cxpletely diszppesred. 3he had grown normzlly and
all tests, including a detailed neuralogical examination, were normal
(Beale ot al., 1377).

In July 1976, 2-10 punds af TCID were accidentally released in
the Seveso Region of Italy (Dewsa, 1976), Most of the inhabitants were
adversaly affected, Reports of immdiate symptozs ard indicationw of
many long-term effects are fust becoeing available. The first over:s re-
acticn wvas the appesrance of mumrous Dum-like lesicns on many of the
irhabitarts, These lesicns generally recedsd. Whitesice (1977) believes
that they vere probably caused bw direct contact with the sedium hydroxide
and phemolic corponents in the fzllout. However, 2 1/2 months after the
qmm,mmmm-ﬁmmm'mhmmm
moat affected began to develop sympuam of chlovacr+ on their facss and
bodies, a definite maxk of dioxin poiscning. By Novenber 28 pecole had
confired cases of chloracns. TRis runber ruse to 28 Ly Decmrher and to
130 a year aftsr the explcsion. A muber of the victims exposed under-
want 3 "carplete change of charactar®: they becam extremaly nerveus,
tired, moody, and lrritable, and had a marked loss of spoetite.

There were & nmxber of Seveso wamn who wers pregnant at the tine
of the accidant. Whitesids (1977) repcrted that the total mmber of
lacal and {llecal abortiona performed as 2 resuli of the explesion probe
ably totaled 30. Therse were 51 spontanecus (a8 distine: from induced)
abortions. A survey onductad by an epidemiological cmissice has shown

{n



that 183 babies wers delivered in the 2 mnths following the accident.
Zight cases of birth abtnorxalities have been noted azong babies born o
mh&oSﬁomwﬁommﬁmedmmmm.
Bowever, local physicians have had difficulty relating these abnormali-
ties directly to the wxplosion because the incidence of birth atncrmali-
ties vas not significantly higher than the normwl incidence of sbnormal
births (Whiteside, 1977). |
II. Paculatory Bistory

he requlation of many polychlorinated ring compounds has been
Telatad to the pTmsence of TCID i a oontaminant in the camrcial pro-
duct. Eistorically, requlavion has focused on 2,4,5-7.

In Octobar 1963, Bionetics Rasearch Laboratory, a amtractor for
the Naticnal Cancer Instituta, rulsased information on their larce scale
sceaning of a mmber of pesticides and induserial chamicals for mits-
geicity, carvincgenicity, and teratocenicity. They found 2,4,5-T to
be teratogenic in mice when L3 me/kg body weight vas administeved dur-
ing early prechancy. Birth defects included clef: valates and cystic
kidnays, On later examination researchers ascervained thac the 2,4,5T
wvag contsmingted with approximately 30 prm TCID. This and other sciem—
tific studies sumarized {n this Secticn are fully discussed in Secmicrs
I amd IV, .

On Octcher 29, 1965, the President's Science Adviscr responcded
to the release Cf the Bichetics' repcre by amouncing that a series cf
coordinated acticns wauld be taken by several govermment acencies to te-
strict the use of the herbicide 2,4,5T.
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In early 1970, animal experivents confirmed that when the purest
avau'able 2,4,5+T, which contained leas than 0.05 ppm TCDD, was fed to
pragnant mice in large deees, the offspring would be zalformad (Courtney
and Moore, 1971}, |

On April 1S, 1970, the Secretaries of Agriculture; Health, Bduca-
tion and Welfare: and Intericr armounced the suspensicn of the following
registrations of 2,4,5-1: dlmqinlﬂm,pa&ch.a:dimbmks:uﬂ
liquid fomularions for use arcand the hcme, recreaticnal armas, and simi-
lar sices (USDA-FRD PR 70=-1, April 20, 1970). A notics of cancallaticn of
registration vas issued on May 1, 1970, for all gramilar 2,4,5T formila=
ticns for use around the hame, mecresticnal areas, and similar sites, and
all 2,4,5-7T uses on <rps intended for huran consumption (USDA~PRD FR 70—
13, Mxy 1, 1970).

Cn Septemier 23, 1970, the Deparczmnt of Agriculturs issued a
Pasticide Registration Notice stating that all preduets containing TCCD
were {n viclation of FIFRA beczuse they onstituted a possible hazard w0
horans, The notice indicacsd thas apercpriate ragulacory acticn would
be taken if TCID were ford in any eccnemic poison (USDA-FFD PR 70-22,
Septamier 28, 1970),

on May 5, 197), the Rercrt of the Adviscory Coammitiee to the I2A
Administrater recommended that use of 2,4,5-T be parmitted only uder
cartain conditicns in forests, rances, and rights-of-way providing:

1) that a limit of 0.1 pom TCID be set for all future

preduction of 2,4,57;
2) that 2,4,5-T be arplied no “mre than ance a year



at any one site; and _
3} tbatz,t.s-rhmpnadwiﬁ:mﬁmwitwm
natmmimmothermwhanitnym o
ineo bommn comact. oo ly Tt T
mamnmzmm:qcmpmymmwmmt
FPA, The Court of Appeals for the fth Circuit overturmed :ninnjm:-"
tion in 1973. m.wimmnnimuﬁmfmumgammpm-
ceedings initiated acainst 2,4,5-T and relatad coupounds an June 24, 1974, -
due to the Agency's inability to monitor food for residues of TCTD with
InJulylSﬂ!mbnldaDicxinlem:qufminwuhimtm
D.C. Participants of the public meeting discussed data anaiysis, mlyti-
ca.lutbnﬂ::'l.cgy, mm,mmmu.zmémmismap‘
veloping analytical methodology for detecting TCID in parts per trillicn.

A8 a result, the Agency prurulgated the Dicxin Imlmtaum Plan (DIP) SRS

toidentitynpnfmbleuﬂyﬁcalmtmdmmiwmmdm
rental samples for TCID residues in the low parts per trillion (ppt) range
mmum&faﬁhmtmimitxingmmlvﬁqwﬁt.
and liver smples and a xoad 2= 0 S—year resesrch plan. e Enviren-
mental Defense Fund, the Departmun: of Agriculture, and Dow Chemical Coae
pany participated in the monitoring program, which utilized inproved ana-
lycical methodology capable of detecting TOID in the parts per trillion
On;goirqmgt:ﬁ1asmﬁerunminclndez an analytical methed
validation study to produce si:atist.ically defensible data; monitoring for
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mid.lu in huaman milk in the Pacifiec Northwest: additimll beef fat resi~
due studies; additional technical pesticide rexicue studies; and an envi-
ramental menitoring program for 7000 resilues in soil, water, and biota.
III. Summary of Scientific Evidencs Relating to Rebuttable Presurction
© A. Oncooenic Bffects in Test Anirals

40 O7R Section 162.11(a)(3) (41} (A) provides that a rebuttasle pre-
soption shall arise if a pesticide’s ingredient(s), metabolite(s), cr .
degradation product(s)...induces m@gnnic effects in experimental mup~
ralian species or in man as a rasult or cral, inhalatcion or dermal ex-
pomre...” Section 162,3(bb) defines the temm oncogenic as "the property
ctamtmumamimafwbum 0 produce or induce btenicn or
mlignant turer forrgtion in living andmals.”

1. 2,4,5-0CP

Because all 2,4,5~1C2 containg a cartain arcunt of 1CID, any refex-
exce 0 2,4,5 10 danctas a product that is ooptaminarted. As a result,
all the information used to asseas 2,4,5~TCP in relacion o Section 162.11
risk criteria is derived from studies in which the test substance was
204,570 contasdnated with TCOD, The Agancy koows of no data relating
o pure 2,4,5-700.

The Naticral Cancey Institute tasted 2,4,5-0C° for carcinogenicity
(Innes et al., 1563), Two hytrid strain of mice [(CSTBL/GxCIH/ANEIF and
(CSTBL/EXAKR)F ] werm given a single subcutanecus injection of 1000 t]r.g/
kg 2,4.5—1@/)0; (97% pure, amtaminant not specified) in oorn oil when
the mics were approcirately 28 days old, No significant diflievence in
turor fracuency was found betiesn the 2,4,5TC treatad groups and the

eantzel mics at npectTrsy.
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In a short-term study on BNC (banzene hexachloride) iscmers and
vheir metabolites Including 2,4,5+1CP, Goto e% al. (1972) fed twenty
Sevaek~0ld male ICR-JCL mice a diet containing 600 ppm 2,4,51CP (con-
taninant in 2,4,51TCP not gpecified) each day for 6 months. They co-
mmmmuuigh:im:mu in the hearts, kidneys, o livers of
wﬁaumﬁmmommh. No turers weze neted in the
micpﬁadz.hmalthwghmliwuﬂbmignmmmﬁm
the livers of mice fed technical BHC, alpha-ERC, beta~SHC, ard gamma-SHC,

The EFA Carcinogen Asssssment Group (CAG) judced thesa studies
inodequate for assessing the cncocenic potential of 2,4,5-0CP. The
Working Group concurs.

2. T

a. Van Miller Stusv

A recant pepar by Van Miller en al. (1977) reports the results of
a 2-year faading study with Sprague-Tawley rats. Groups of 10 rats weee
administered a diet containing TCID in one of the following concentra-
tiens: 0, 1, 5, SO, and SO0 parte per trillicn (ppe, 10-129 TCED/g feod),
and 1, S, 50, S00, or 1000 parts per billic: (ppb, 10‘99 TSD/g foad).

Laparotcmies were performed on all surviving rats during the 65t
week, Bicpsies ware perfcromd fr-m all turers chserved, Rats wers nadio-
tained on the diet for 78 weeks and «rve then placad en the cntzol diec.
Surviving rats were killed at 95 weeks. Corplete necropsies wers done
at this time and tissue sanples wer:z nicrescexically sxamined, Special
staining methods were used as an “sid in the diagnosis of necplasss.®

food intake was sicnificantly lower in rats that ingested S0, 500,
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or 1000 pod TCDD than 1t was in the contro! animals. A1l of the rats
agministered these doses died between the second and foqrtn weeks of
treatment, | - |

At the sublethal doses, there ug:g,tbxic and tumorigenic effects.
Three of the 10 deaths which occurred in the 5 ppd dose grouo were at-
tributed to apiastic anemia. One animal in the 500 pot group had severe
liver {nfarcticn. The overall incidence of necolasms fn the six experi-
pental grouns was 381 (23/60), compared with no lesions or 0% (0/10) in
the control group. This di fference is statistically significant, Neo-
plastic nodules and cholangiocarcinomas of the 1iver were observed in 4
of 10 rats (40%) that fngested 3 ppd TCOD (two animals had botch ;;oulastic
plastic radules of the 1{ver and cholangiocarcinomas), One rat (10%)
in the group that ingested I pob had & carcinoma compared to none of
.fhe controls. Hepatic tumsrs were not found 1n rFats admin{stared the
other doses (Tabla l).
TABLE 1. Liver tumors in rats that ingested Ttnﬁl/

"Rats Witn Nats with Rats with
Necolastic Cholangi o~ Nodules plus
Nodules carcinomas Carcinomas
Dose, vod NG. & NO. % o, =
0 0/10 0 0/10 0 0/10 ¢
1 0710 0 1710 10 1710 10
' 2/ 2/ 2/
g 4/10 40 2/10 20 4/10 40

1/ Data from Van m{ller (1977},
2/  Two animals had both neoplastic nodules of the 1{ver and
= cholangiocarci nomas.
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Bonign and melignant tumors developed in rats that ingested 5,
50, or 500 ppt and 1 or S ppb TCID, coopared to none {n the ¢ontrol rats.
Tventy=thius of the tats (46%) in these 5 groups had trors. NHineteen
of these zats {S7%) that died in the € groups fed subacute levels of
0 bed necplastic alteraticns. Thres rats that ingestsd 5 ppb died
of smplastic anamia, Carvinams were cbserved in the ear duct, kidney,
amd liver, Mnumimphﬁmamduaihdum-
tasizing t0 the lungs, kidney, liver, ard skalstal musculaturs. Statis~
tically significant increases in turors at all sitss were found in the
rats fud 3, 50, 500, 100C, and 5000 pot as corpared with the contzol ani-
‘mals (p = 0.05) (Table 2).

b. Preliminarv Revore: Dow Chemical Cameany Study

The Dow Chemical Carpany has just completed a chronic toxicity
study cf TCID with 472 Sprague-Dmiley rats (Teaynce, 1977). Fifty rats
o each sex were maintained for 2 years cn diets which contained 0.001,
0.01, and 0.1 ug N=D/kg body weicht/dav. This dose is ejuivalent to
agproximacely 22, m.mz.zooppﬂnmaie:. Eighty=six vacs of
uchmwécminuimdmamnmldiu. Table 3 lists the turers
fourd.

¢. Conclusion
The Werking Group has cencluded that there is evidence to indi-
cate that 7CTD can produces ancogenic effects in rats. Since 2.4.5-'1@
concains TOIC (at a moximum arount of 0.099 peml, & rebuttabla prasuns-
tion acainst the registration of 2,4,5TCP products has arisen because
2 che cncocenic effecss of its comeamimare, TOST.
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L%
TALE 2. Banign snd malionant tumors in rats that incested TCCD

Y Ho. Turmors Rats with T -ory
Doge Beniem  Maligri.n  Total No, L)

0/10
0/10 ©
5/10 %0
/10 30
4/10 40
5 410 40
10 710 70

500 pot
1pb
5 g

(1977). '
$0, 300, and 1000 prb were all dead within 4 weeks.
vare used ag amtrols for another sTidy warw fw—
as the rats in this study and kept urcer idene
W did not have necplamcy when kilied at 18 momths,
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squmcus cell tumr (lung) and a nectlastic nedule (liver).
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Dose, pot : TS

0 o

2 0

paly Bepatocallular Nodules
Squancus Cell Card.my
Alveclar Byperplasiz

2.200 SqlmCon Cmy
Hepatocallular Carcincea

Ug%txmm;!nlim report of the Dow Chamical Company Skudy,
' %{ ma;ahuqumuna:ﬂrmsmmmmtmﬂt.

3/ Squaevs cell careincras weare chsarved in the lung, hardpalate/nasal
turhingtas, or tngue.

B. Ferctroxic and Teratcownic Zf%ects in Mavmalian Scecies
40 CTR 162.11(a)(3)(i1}(B) provides that a mituttable presum-
tion shall arise if a pesticide’s ingredients *...(plraduces any cther
- ahironic or dalaved toxic effect in tast animals at any dosace up %o a
lavel, as detecrined by the Administ=ator, which is substantially higher
than that to which humans can reascrahly te anticipated to be exposed,
taking into account arple marging of safety.*
Enbryonixic affacts are considered to dencts all transient or
permarant tixic affects induced in an extryo or fetus, vegardless of
the mchonisn of aotion. These effects include taratocsnicity, mortal-
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2. I

A musber of studies on the exbryotocicity of TCOD indicats tiat
thare are two mejor types of taratogenic effecta generally associated
with teat animels receiving doses of TCID during pregnancy: cleft pal-
ates {n mice and iddney ancmelies {3 rats and mice. 7CCD i3 also feto-
toxic in these species. |

| a. Mice

The firat evidence tist TCDD might represent a }q:rmc:m azard
to bumans zppeared in 1970 ia a Bionetica Research Institute study whish
teported tiat 2,4,5-7 ‘s teratogenic (Courtney at al., 1970). Wken a do-
sage of 113 mg/kg 2,4,5-T was administersd to AK mice on days 6 to 15 of
sregnancy, 49% of the fatuses were deformed. Qleft palatss, cystic kide
neys, and fetal mortallity wers tht cooton anamalies found. Ecwever, anal-
vsis using gas chrematograpiy later showed tiat the 2,4,5«7 used in the
Eilonetics study way contaminated with 27 » 8 ppm TCID. The question of
whether dioxin rather thas 2,4,5-T caused tiese adverse effects was raisec,

Courtney and Moore (1971) studied the embryctoxic and teratogenic
effects of TCLD in tiree strains of preguant aice (Table 5). Test anisals
were administered ! and 3 ug TCCD/kg body weight subcutanecusly in sclue
tions of 100% DMSO (dimethylaulfoxide) on days 6-15 of geatation. IMSO
wan adodinistered as the sontral. TCDD produced cleft palates in all three
strains of mice., In the D=1 mice 30% of the litters (3/10) kac letuses
4155 cleft palates at 3 ug/«g ay compared o 0% of the comtrzls (3/9).
Saventy-cne percent of tho littars ¢f C5T31/6 xice (5/7) Yad oleft Falates

2T 3 ug/xg Sody weight as compared to 0% (0/23) of tne conincls. Twentye



two parcent (2/9 litera) of the DBA'2 mice also bad cleft ‘pula.t.cs at this
same dosage as compared to 0% (0/23) of thi soairols. The suthors alse
found a marked iocrease in the incidence of kizuey ancmalies in all mice
strains (Table 5;. There was a dau-r‘euw mponai in the CD-1 mice,
One strain of isbred mics, CSTB1/6, which was especially ssnsitive, devel- |
opad icldney ancmalies in all saven (100%) of the litters as compared o
9% (2723) in the controls. Altbough TCDD prodiuced a significant increase
in the ratio of maternal unrﬁicm to body waight in the inbred mice
straips (CSTB1/6 and DBA/2,, tim CD-‘I (rindcml:r bread) mice were not sige
aificantly affected. TCID had no offect on fetal mortality, fetal
weights, or matertal weights at the doses administered.

In anotlmr study in which six dioxins were administsred subcutane
scusly ard crally to CD-1 mice, Courtney (1976) found TCID to e tbe
a3t fatotoxic and teratogenic by eitler route of exzoswre at all dose
levels tastad. On days T-16 of gestaticn, TCDD wvas acinistered crally
at 285-300 ugrkg/becdy weight and subcutanecusly at 25200 ug/kg/hocy
walght. Tue resulty are given in Table 4.

Mortality per littsr inoreased with the dose and reached $7% (cral)
and T6% (subcutanscus) in the litters administered TCID, as campared with
3 oortallty of § and 14% in the oral and subcutanecus control groups, re=
spectively. The mcst ccmmon ancalies observed were cleft palates acc
malformed icdneys. ALl of the feruses in the 2C0 and 40C ug/kg (cral)
and 200 ug/kg (subcutanecus) groups exbitited cleaft palates as qcopared
tc 0% of the contrels. COf the fetuses in the 200 ugrks (oral) graup,
1CCY mad iéney malfunctizns as cospared to 1% of the controls. Ciher



i/

TAIE 5. Susmary of the teratogenio effecta of TCDD in mice and rats

TItters AfTected/ ‘lverage'thuses
Live Litters Affected/Live Litters
Do=a, Tleft Palale Xidney anomalles ClelL Palate Kidney Anosaiien
Strain uwg/kg - Wo, K No. 3 No. H No. ¥
HICE
Ch-1 6 (pMSO) 0/9 (1] 3/9 33 0/9 4] 1/9 n
] /9 " 5/9 56 279 22 8.6/9 53
3 370 30 16710 100 1730 10 6.5/10 65 .
Ppss2 0 (Pss0) 0723 0 3723 13 0/23 (] 1723 |
-3 2/29 22 679 89 /9 H 1.8/9 20
CHIBL/B 0 (pHS0) 0/23 0 - 2/23 9 0/23 0 1723 X
3 571 T K4} 100 2.6/17 37 rn a3
BATS
ch 0 (DMSO) 0/9 0 0/9 0 0/9 0 0/9 0
0.5 0/6 o N6 67 0/6 0 1.8/6 30

1/ Pala fraa Courtney and Moore (1971).
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TABE 6. _Fototoxic and teratogenio sffecta of TCUB in (-1 mics

Kverage Fetal Average Wo.  Abnorwal Ancwalles/total Fetuses

fose, Route of &d- Hortality/ Abpormal Cleft Kidney Ano- Club
ug/kg/day  ministration Litter, § Foltusea/l.itter Palate, § malies, 3  Fook, %
25 oral 6 A6 3 n 3
50 oral 13 8.1 19 12 7
100 oral 11 8.3 66 ¥i; 3
200 oral 87 1.5 00 100 1
K00 oral 97 0% 100 56 53
25 subcutaneocus % 6.7 az 53 n
50 aubout anecus 56 5.0 19 58 7
0o aubculaneous 12 3.5 85 9% 1]
200 aubcutanecus 76 3.1 100 38 18
5% anisole oral . & 0.8 0 1 L]
corn ol

{0.1 ml)

2/
[§ ETY) subcutaneous L] 0.2 (i} 0 1

)/ Data fram Caurtney (1976},
2/ 1MSO = dimethylaulfoxide

31}



ancomlies obssrved were hydrocsphalus, open eye, and club foot. Edema
and potschise wore _tl.so observed in letuses administered the high doses.
Responses appoared to be dose-relatsd. Subcutanezus injection produced
mwmmmmwmu&am. | '

Moore et al. (1973) alao found that TCDD caused fetotoxic and ters=
togenic respopses in CSTB1/6 mice at a dose level as low as 1 ug/kg ad=
gdnistared on days 10 through 13 of gestation. Compered sdth 0% incle
dance {0/27) in the cocotrol Litters, 4% (15/16) of the treatsd litters
exiibhited icdney ancmalies and 19% (3/16) had cleft palatas. At 3 ug/«g
the incidence of thess ancmalies was 100% (14/14) ard 865 (12/14), respect-
ively.

Neubert ant Dillzapn (1972) tastad the smbryotoxic and taratogenic
effects of TCOD in MMRI mics. In coe tast mutﬁccmgﬁmnm-y-
ing doses of TCID (0.3-9 ug/kg) by intubation cn dacs 6-15 ¢f gestaticn.
Results are shown in Table 7. Very high subrymorality was observed, as
axpressed by the percent of frultful womba stowiug evidencs of reserptions.
At 9 ug/kg, all v?ablo Litsars (3/3) evidencad resorptions; 57% (6/9) &
all littors mad total rescrptions., (il centrol values ware 32 and C2
fer Littars with resorptions and littars with tntal resorpiicns, respects
ively. Cleft malats was cbsarved in all of the litters and 82% of the
fatuses at 9 ug/kg; comparable ail comtrol vaiurs wers 6 and J,7%, res-
pactively. Statistically significant (p < 0.J1) groportions of the fe-
tuses svidenced cleft palate at 3, 4.5, and 9 ug/kg (2, 13, and 82%, re-
spectively) when canpared with the oil central,

In ancther test in which high doses of TCCD were given crally on a

{(32)
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TAHLE 7. Eshryotoxic and teratogenic effects of TCDD on NMRI mice

Littars Affected/Viable Litters

Q . a/9% 6/95 6
ol 21/65 R L/e5 6
8.3 13 54 . /13 0
3.0 /24 67 729
4.5 s/12 &K 6/12 50
9.0 . 3 100 73 100
9.01/ /6 50 8/6 .83

1/ Data frax Neubert and Dillmasn (1972).
</ Dose administered cn days Se15.
3/ Dose administerwd cu dayy 9=-13.

aingle day of gestatiom, Neubert and Dillmann (1972) chsarved tie same
' type of effects on embryomortality and the incidence of cleft palate. The
sthors administared 23 and 45 ygr/kg TCDD on day 6. The maximm effect
on mortality (resorption in 100% of the viable litters) was seen in tie
mice admintstared 45 ug/kg., The kighest incidencs of claft palars (71%
of viatle litters) was noted at 45 ug/kg on day 11. Control values were
243 for littars with resorpticn and 62 for Litters with cleft palates.
Seith et al. (1576) studied the teratogenicity of TCID in C¥=i
=ice. Dosages of 0.001, C.0Y, 0.1, 1, and 3 ug TCDD/kg body weight/cay
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wars administersd by gavage oo days 5 tirough 15 of gestation. The pere
centage of resorptions per implantation was significantly higher than it

- am

was in the contrals only in the 1 ug/kg group. Ih-inci.dmaorc.left
wmmmtwammmmm@m‘mmmrm
it was in the controls (Tabls 8). Atsmthnmnhoasian.m.-
cantly greatar incidence of litters that had fetuses um:hmw-u di=

 lated remal pelvises timn thers was in the controls. The authors cooe

cluded tiat the no=effect leval for teratogenic effects frem TCDD was
0.1 ug/kg/day.

Neubert et al, (1973) found that 7CDD was mighly embryocuxic and
fetotoxice in mice. Extrapolating from a dose=response QRrve, ey «s-
timted tim ED for cleft palate in fetuses was 50 ug/kg/day. Ths co-
mmmgﬂmayaﬁwwofmuuanmummwbczw
kg/day for NMRI mice. No prosounced fetal mortality .m observed when
3 ug ITCTD/kg Dedy weight was admindsterad < days 6«15 of pregnancy
(Tabls 9).

b, Rats

Sparscim et al. (1971) stuctied the taratogenicity of TCID iz
Sprague~Cavley rats., TCID was administered orally in concentrations of
0.03, 0,125, 0.5, 2, and 8 ug/kg/day on days 6«15 of gestation. _ There
s 3 hgh incidence of fetal mortality. At 8 ug/kg/day all fetuses
(1002) were: rescrbed a3 compared to 63/309 (20%) in the cortrols. Fetal
weights were depressed in the 0,128, 0.5, and 2 ug/kg/day greups. ite
occurrencs of this erfecs sas statistically significant in all groups
excopt the females adoinistarsd 0.5 ug/kg. Most of the ahn?’ml:.tiu
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TAE 8, Fetoloxio and torutogenio effects of TCOD in CF-1 Hics

Incidenve of Cleft Littery with Litters with Dilated

Falate in Littera/Live Resorbed Fetuses/ Renal Pelvisas/Live
Dose, Litters . b.ive Littors - Littera
su/kg Ho. 5 Ho. ¥ Ko, g
1 0734 0 25734 n 0/3M 0
0.001 2741 5 30/4) 73 0/4 0
0.0 0/19 0 1719 89 019 0
0.1 17 6 16717 9y 0/17 0
2f
1.0 h/19 21 16719 9% /19 \5
2/ : \ &/
3.0 10/14 n N1y .8 8N 28

1/ Data from Satth et al. {1976).
2/ Statistically different fram the control by the Fiskers exact probability teat {p < 0.05)
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IABLE 9. Qcourrence of cleft palate in offupring of mice fed TCOD

AlTecteq Litters/
Pose, Cleft Palates/Total Total Litters
Struan ug/kg Fetuses Examined, % O
CDwl, Q < 0.3 0/29 0
3 3 . 30 30
DBA 1] <1l 0/23 ¢
3 4 2/9 22
NMRI Q Q.7 10/1680 ]
3 3 T724 29
C5TBl 1] <1l /23 Q
3 - ' 571 T

1/ Data frem Neubert et al. (1973).

noted were intestinal bemorriages. No adversa effects ware notsd in the
fetuses whose mothers ware fed 0.03 ug/kg/day. Table 10 shows the dose/
rasponse relatioeship. The mutiors oanaiuded that TCOD induced a Mzh
level of maternal and fatal toxicity and tiat 0.03 ug/kg/day wes the no=
effect Level for fatal and embryotoxic effects in rats.

Khers and Ruddick (1973) studied the effect of 7CDD on reproduc—
tion in Wistar rats. In she first test, rats were orally administered
0.125=1 ug TCTD/kg on days 6-15 of gestation. Cbservations of visceral
lesions showed a dose~resvonse relationshin at 0.25 ug/Kg and abeove;
slight decreases in fetal weight were also seen (Tatls 11). FPostzatal
effacts of prenatal expesure o TCDD ware studled by allowing oflspring
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TAELE 10. Intestinal hemorrhages in offspring of Sprague-Dawley rats fed TCL

— Fetuses Affectsd/ - Litsars Affected/

- . cDoBE, Fetuses Examined. Littars Examined -
/dzy O, S,
0 (coatral) Q/246 ¢ /24 . 0
0.03 07118 0 0/10 0
g.125 18127 W 7/10 70
0.5 36799 % - w2 83
2.0 At 57 /4 -~ 50
8.0 - - . - -

17 Data from Sparscim et al. (1571).
of treated damy to be reared by mtreated dams until weanirg, Reduced
swvival, body waight, and reproductive ability in the progeny were Obe
served after tha motiars vere treated with 0.5 and 1.0 ug/kg. No feto-
toxic effects were observed at (.12% ug/kg.

n} 2 sscond axperizent rats were treated orally with 1-16 ug TWID/
kg body weight/day on days 6«15 of gnstation. " Doses of ¥ ug/kg of mors
produced oataroal toxdcity and 100% embrvomortality. Fetal weight, mume

“tar of live fetuses per litter, apd incidemce of visceral lesions wers
all adversely affescted by treatzest. The incicdence of skeletal ancmalles
was cosparable to that in the controls at all dese levels testsd. The
authors concluded that oral trestzent of prsguant Wistar rats with 0.25
uz (cr zore)/ug/day on days 6«15 of gestation results in agverss effects
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, == . TABLE 1. feratogenic effecty of TCDD in Wistar rats”
Fetuses with Fetuses with Microe
Aversge Mo, Average Saletal Anamalies/ sacpic Visceral L-aions/
Doss, live Fetuses/ Fetal Total No. Examined  Total No. Exzmined
gk Litter wetght, g CoWo.— % W — T
ey

Untreatad 0.7 b2 5/107 5 13 0
Contrul

2/
Treated
Coatrol. 1.0 §.51 2/15 18 o/l 0
0.125 10.5 b,54 12l 2 0738 6
0.2% 0.9 b,79 67109 6 v 3
0.5 0.5 4.46 10/108 10 331 19
1.0 9.3 4,10 6/81 7 .3/10 le}

pysy e

Untreatad
Costral 2.3 4,68 87126 7 0/10 0

2/
Treacad” .
Contral 9.8 .77 9/89 10 0/10 0
1.0 6.5 4.17 7/80 9 3/5 g0
2.0 6.0 N 1787 2 T 43
u.o 0 - - -
aoc 0 - - -
m.c 0 o - -

1/ Data frem Khara and Ruddicik (1973)
</ inisols - corn oil.
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o st development. _
_ N Courtney and Moore (1971) scudied the taratogenicity and eebryo-
) toxicity of 70D in (D rats. TCQO vas adninistered subcutanecus)y in
solutions &f 100% IMSO on days 6~15 of qastacion. DSV ves administared
:""-‘-"—u'mml. Kidney ancemlies were found in four of the six _l.:gtr.m__ .
(678) vhooe dans ware administarad 0.5 ug/kg as ccepared to OV (0/9) in
the cmtyouls. Results also shrwed that TQD 4{d not cause an incTease
in fetal morcality, fetal weight, or cleft palatas in the fetuses. Table
§ sumarizes the resulis of the study.
_ Dow Chemical USA (Trayrer, 1977) canducead a three=generation re~
productive sty on Spragus-Dawley mass continucusly fed the equivalent of
0,001, 0.01, o 0.1 vy TQD/Kkg/day. A prelixingry repart cites reduced
.‘.jfugéyun:wmmmz rats as the reasans for discentimuing
-mo#@mmm:u@uigmymmmwwmw
served at 0,01 ug/kg. “Clasely evident" imdcations of toxicity ac 0.01
uy/c g £ and £ litters, included smaller litter size at bixth, plus
daczesnad lut31ﬂll a:d growth of necnates. Dilatad renal relvis was ci-
served In exch of the three £ rTats at 0.1 uy/kg which survived o adult-
heed, mm;almm?wdﬁmmm
at lower doses; howeves, & dose~rslatad or qenerational correlacion could
ot be mede. In ammry, Dov concluded thet “the ceproductive capacity
of Tats irgesting TCID was clearly affected ac dose levels of 0,01 and
0.1 ug/kg per ésy, but not at 0.001 ug/kg per day, through three suctes-~
sive generaticns.” The praliminary repore did oot include the rxsmerical
data meceesary fov Agency evaluaticn. Analysis will continue as these
kacce available,
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In sammery, studies have established that TCWO is fetotoxic and
teratogenic at doses as low as 0.25 U3/Rg in the rat (Khera and Ruddick,
1973) and at 0.3 ug/kg in the touse (Neubert and Diiam, 1972). Table
12 Lists the no-effect lavels for taratoganicity in ruts and mice from
TCO. Mo fetotoxic or twratogenic effscts have besn cheerved At doses
of 0.03 ug/kg in Tats (Spazacty et al., 1971) and 0.1 ug/g in mice

(Swith, 1976).

c. Chick Brbryos

Sus 8ot et al. (1971) established that 0.02 ug/kg TCD caused
tacatoomnic affects in chick ertrycs. Bowes et al. (1973) and Verzat:
(1970) confizwed their results. They found amormalities in the beaks,

eyes, md feat of chick wrbrycs.

TARLE 12. Summwry of noweffect levels for taratcoenasis from 2,3,7,8-7D

{1976)

SC » Subcutsnscusly

" louce a2 No-LEAwc: Lavalis,

Paference Scacies Adwinistration Ug/ka/
Courtney and Moore Rae 8C < 0.5
{1971 Muse sQ < 1.0
Kara and Ruddick Rat orel 0.12%
(1971)

Sparschu et al. Bat Oral .03
{1971}

Neubert and Dillman tiouse oral < 0.3
(1972)

Smith et al. Mouse Oral 0.1
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3. Expomme Analysis

In order to determine whether & tebuttahis presumption shauld ba
issuad besed on veproductive sd fetotoxic effects, pursumnt to Section
162.11(a)(3) (1) (), the Wocking Group mugt determine vhether o not an
apla mxqin of satet, exists betmen the lavals of 2,4,5%T0 o its
muu/wmmmwmnmzwccﬂm.w
&ulml(s)muﬁmmm.atmk(mdmm
mlmmﬂyhmﬁd@nﬁtﬂb‘m.

Social charges over the laat few ymars, however, bave giwn
mmwwmwamm{mmmm
opan only to ma. Since vomn of child-basring age &re now eployed
in all types of occupations, they have becoms part of the pepulaticon
at visk with potartizl exposure o 2,4,5TC0, its salts and/or TCCD.

In order to determine whether an anple rmargin af safety oxists,
the Working Grovp must firat determine how much 2,4,5+1C (or salts) &
vermn could be expased to. Both irhalation and derwal exposure routes
were exmrine-. ‘

Tor asch of thess anulyses, the Working Grap sssumes a wamn
to waich 6C kg, The follawing alcylaticys arw based on an exposure
analysis for 2,4,50C0, its salts and TCOD perfcrmed by FPA's Critaria
and Evalusticn Division,

Per pusycses of this cnalysis, the Werking Group considered
- currently registered uses vhere the possibility of expesura o 2,4,5-
™2, its salts and/or TCID existsd.

Large quantities of 2,4,50CP and its scdlum and potassiom saits
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are usad in industrial and other non-egricultural pssticide formulations
for controlling bactaria and fungi. The following industries are the

largust users of forrulated products containing 2.4,50CF and its sollnm
ard potasaium salts: cocling towers; peper anx! pulp mill systems: hide
and leather procemsing; xiscellanecus industrial and institutional uses,
including disinfectant use.

10 & lizge extent sost of the abeve industrise uss the sodiun salt
of 2,4,51CF beczuse af its higher water solubility. About 10=1S% of the
...mummm:uumz.4,miu¢ The conmer-
cial puuﬁm 3 can antain other chamicals including plntldaamn:#umn&
tetxachlovrphanal, ad lower chlorcphencls, s wall as other acriw in=
grediants, craanic salvents, sl ealsifiers. A contaminant in 2,4,5
Nr-cornzaining pesticides is 2,3,7,8-tetrachlorcdibenzompdicoin (T050)
which {s aorantly present up to a maximm concenteation of 0.1 gom
(Creaby et al., 1ST3).

To estimets humn expesurs to 2,4,5TCP <@ its salts in the above
farr galor use patterns, available published litsraturw was cormmilted.
It should be noted that axposure data for 2,4,51C7 or its salts was
unavailable frum the Ocamaticnal Safery and Health Administzation
(OSEA) or from other scurtes associatad with comupaticnal exposure of
worikers in the afcremantioned industries. Bowewver, by making certain
Mnroticns, estizatas of potantial hume exposae to 2,4,5100 or its
salts and (IO can be made. Such esxtimmtes of Iaman exposurs in term
of darmal and irhalation exposure ave described in four sections of
this analysis, spacifically addressed to the majcr use patiesms.
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Yor the purpesae of this snalysis, it is sssured that the pene-
eration of 2,4,%-TCP or its salts and TCID into the human skin has a
value of about 108, This is similar to the penetesriia value of several
other chiorinated hydrocarhons which is atcGt 7-15t (Maibach and Peldman,
1974). It is also assuped that the TCDO content in comercial 2,4,%~
TC? o its salty is at & maxinom of 0,099 gy, Por the purpose of this
aalysis a moximm figure of 0.1 pom TCID is used., Lung absorption of
TAD by inhalation is ssmmed to be 100V,
ot ool

i vepert discuisses lavels of bomn exposnw o 2,4,3002 o
its sslts and TCID that cant ba expectad at spacific use sives. The
estimated valuss for TOD dsrrml and inbalztion explsure to woomt: are
sumarized in Table 13, Table 14 showe the astizetad eapcsure to 2,4,
%2 and/or ics salts. Becmuse of the pomsibis teritogenic effscts from
TCND, this analysis is precicated on the heasis that the workers ave wo-
mmmwﬁmmitﬁumemmmmmm
bald by oen. Ho estimmtes of tofal indivicduals that mmy Le expesed are
available at this time, "

3., Pexomre Analvsis for 2,4,5-TC2 or its Salts in
* ' coel Hater Svstems

Thare are &0 types of ccoling tower unter systems in induscTy,
ane totally enciceed and the other cpen to the atucsphers. A typical
enclosed cooling water system usually contains water stowace tanks con=
nected t0 an application manifold; water circiilates hetween a storace

reserveir, chiller, awxd opan gquttars beiow the point of applicatimn such
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TNUE 13, lhwan exposure lovels to TCTD

iise Product Micvog. s/kg body wt/day Micrograms/kg body wt/day
Site huaber Pers.:} Exposure Inhalation Expoours
Industrlal
-6 -6
Coollng Tozer Product A 0.37 x 10 : 2.3 x 30
-6 -6
Hater Systems Product B 1.4 x 10 9.0x10
~& -6
Puper & Pulp Milla Product € 0.2x10 55x10
-6 - .
ieather Product D 4.9 x 10 8.7z 10
Non-Tndustrial
-6 -8
Wospital- Arplicators Product B Tx1lo 0.88 » 1D
-6
~ Pitients Product E 0.49 x 10

* Product refers to exazples of coamercial formslation discussed In the text of
this report undar speclfic use aite.

Product t 2,4,51CP or Na 2,4,5-1CP

7.28 |sodium salt)
ast  {aodlum salt)
158 {(triddorgaencl)
17.5% (Bodium calt)
2.32% (sodlim Balt)

mPOE>
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TAUE 14, lman exposurs levels to 2,4,5-TCP and/or ita ealts

Use Ptuhct; Hilligramse/kg body wt/day Milligrasa/kg body wt/day
Site Wmber Dermal Exposure Inhalation Exposure
Indateial
Cooling Tower Product A 0.003) a.062)
Water Systews Product B 0.014 . 0,053
vaper & Pulp Hills Praduct C 0.002 0.055 .
leather Praduct 4.049 a.087
tion-Industrial .
Haspital- Appilcators Product B 0.67 0..009
-~ Patlents Product B 0.'005

* product refera to exasples of commerclal formilation disocussed in the text of
thia report under speciflc use gite.

- Prodkct $ 2,4,5TCP or Ha 2,4,51CP

7.2¢ {sodlum galt)
5% (sodium salt)
158  {teidiloraphenol )
17.5% {sodlwa salt}
2,328 (soiium salt)

moTt:hw
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s dlaw, wlling mills, otc. These systems usually contain 20,000
100,000 gallons of coolane. At the peint of splication considerabls
mﬁuhmuwnnm\/m&umw\:wwmm
wvater stixage tanks. The coling weter systeas sre genecally vexy large.
Such systass, called “ccoling towers”, are found in heavy industrial eso—
ufacturing sites dealing with millions of allons of vatar, Thess large
torers are dasigrnd to provide a laroe evapcrative surface where wacer
cascadat cver heat exchangers. They ars uwially built cutside of the
production uildings, tut meintanance workers and cooling tower cpHera=
tory onild be exposed to this cooling water.

In both situstions, reqardiess of the size of the coaling wacer
sysems, pariciic vatsr dischatoe occours a8 hlowdown. Su discharcas
ate needed to maintain a clesn systam,

‘here axe & large numbar of cammercial algicida)l formulationg vee
coxowrdad for acoling tower application which conesin 2,4,5TCPF or its
salts. In som axmercial formilations, it is notsd thae 2,4,5-TCF and/
eriunlumﬁumlywuwingndim. for met products 2,45
22, o its sodlum and potassium salt, is usad in amjuncsion with penta-
chcrocphenal, sodbus and potassiue pentachlorcphenate, and other ciloro=
pherols, Pentachlovcphenol and its salts are used wheraver & wood pree
sexvative effect is readed in czolisg towers. In the coling cower sys-
tam, the pasticide iz pericdically added o muintain an effective algi-
cidal aoncentrreion.,

Factory woekers, in the vicinity of the cooling water systems and
the cxaling tower, are potencially esoomad o5 2,4,5~7C0 or its salts and
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its irpurity TCID by dermal contact or inhalation, Upon investigation,
it vas lanrred that automatic metering dovices ave generally usad to add
tha 2,4,5TCP-containing pesticide,

T™vwo specific pasticide formulation products axe omsidered for the
purposes of estimating the lavels of exposure. Accomding to label data,
the peront anaentration of technical Na 2,4,51CF in the product and
the concantraction lavel of the product recammnded for effectivensss is:

+

Recotmerclad Ha 2,4,5%

Parcant Concentration Produce (se T Actim
of Technical Na 2,4,5-1C7 Concantration Ingredient

Producs A 7.2% 00 pem 2 e
Product 8 8ss 0.85 1b8/1000 qal 87 pem

i. Dermal Exresgrs

It iz assuped that meinterance werkers and coaling tower cperatory
axuld be expesed to some deral contact with the aoling water. It is
estimated that peasibly 100 ml/day of cooling water could com in oone
tact with a pszacni. Tha Na 2,4,53-TC2 antent in each ml of eoling water
is calculacad, and than, based on an asmumed skin petweration vace of 10%
for Na 2,4,51C7, the dermal exposure for a 60 kg womn to this ccopeund
is estimwead as follows:

Preduct A

For Product A the content of Na 2,4,5+1CP in the trested coling
vater is 22 rom or 22 my/l. Thermfcre, the 100 ml that micht contact the
akin per worker per day will comtain 2.2 my of Na 2,4,57C2, Since the
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penetration of the pmsticide into the humn body is assumed to te 108,
the dermal expomuxe to Na 2,4,5-TCP can be estimaved to be: 2.2 my x 10%
+ 60 ko3 = $.0037 my/key/day. Dermal exposure to TOID will then be 0.00037
nq(0.0031!5/!@/617:0.1:m-?aro.3?xm-6mbodrvt/day.
Product B | |

reoling vater treatad with Product B contains 87 m/l of Na 2,4,5-
<., O mdred ml of this coling water, the quantity estizated to con-
tact the sikin per worksr per day will contain 8.7 mg Na 2,4,5-0C?, Since
the peretTation of the pesticide into the mman body is rated at 10%, the
derme], «xposure to Na 2,4,51CF in estizmated to be 8.7 x G.1 (10%) + 60 kg
= 0.014 23/%g/3xy. Dermml evposure to TUD will then be 0.014 =y x 0.1 x
m-ecrl.txlﬂ.sm;hndywc/day. '

ii. Inhalation Berosure

Waile working in and agound cooling towers for apreximacely 2
hours a day, vozkars are subject £0 inhalaticn expesure Srem pasticides
addsd o cooling water, Becyuse of the hish evarcration rags it iz as~
sumed that the air a worker will breathe in the cooling tower will have
100% relative lnnidityatzoac. Under thesa conditions, ].:zzdai: con=
tains 17.3 grars of water. It is assumed that the ;esticide i3 cartied
into the ai:, in propoerticn to its concentzacion in the cooling waeew,
Producs A ‘

I£ the Na 2,4,5-1T70 cmtant {s 22 com o 22 me/l, and tne sreath-
mgmisl.amahr: than, & 60 kg worker will receive the fcilzwineg
expasure 0.0173 lms:22111;;‘1:1.8:!3/!1:::21:13%601@0:0.3:3:@/
kqu:ym 2,4,57, which irplies adnsnoto.oz:s:.lxm‘ecrzax
10 ug TC/kg/day.
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Product B

Mah:w,ttmwto?mductﬂh.dmhudutaﬂwz:
001731/111 xa'!ng/l:l.ammr,:Zhn sakqa:o.osoamq/aym
2,4,%-1CP vhich {s equivelent to 0.0503 x 0.1 x 1a4or 9.03:10 uy
O/ R/ Ay

- -

b. %ﬂ Analvsis for 2,4,5-100 syt ies Salts in
Fager 'nd Pulp Tnewsey

Pwmdwlpnﬂhmmrcial:mhtmmtainingz.d,s;
P or its cults for comtwalling hectaria and fungi. In this analysis
coramcial products racommended for whics water and stock svstems of the
pwuilh.mithemdalpm:hc&mmwlp,m..uﬂm
mw_hﬂm:ﬂﬂiﬂ. The typical corpwreial preduce
reconeorded for the antrol of mcseria and fungi {n tha above processes
contains 158 2,4,5+0CP by wiicht with the cormesgending TCID impurity.
Custemarily, the pesticicde is added directly to the system using a mecer-
ing device. '

. ' i. Csrml Sxcowurs

Produce € (15% 2,4,5-TCP) is added to pulping systams at the racs
of 0.825 1b/1000 gallons under the most demanding conditions, This is
squivalent to aprroxizavely 190 ppu of the formulaticn and therefore,
_mmz.4.§-m.

Workers in pulp/paper mills periodically take samples to menitcr
the procass for quality cenesel., Assuming sampling is <one hourly and
sach time the worzker wets ane hand (10 ml); then, an exposure of 80 al/
day is possible. A 60 k7 werker could then be expesad to 0.08 1/day x
15 mg/1 x 0.) {(abacrprion) + 60 kg or 0.002 my 2,4,5TCP/kg/day. TCD
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wmldtmtne.oozxo.lxm-sc:O.me-Gmmncg/&y.
(11} Inhalation Exposure
At the exposed tank aress, pen convevers, and cpens-spurting lo—
cations, the mill worker will be exposed t contamimated air, It is as-
mmmmammnmmwuymmocm In that
mmmmmz7.3qmmm3. If it is assumed thac
mmummmmmummmm
precess watar, then an irhalation can be calcalated. This woild repre-
'antamtmummumtammﬂlymmhmn. Using
nnhnatuppn(lﬁm/lluﬂmm'smawﬁwnudl.szmr.
ﬂ:owﬂurmﬂdbnm«ltc_l.ﬁmamrxlsm:.01731/':13-0.47:::;
e/heur. It is reasonanle o sarmume that during an S-hexr shifs,
£he warinr will be exposad at least 7 hours to mill spray and contami-
nated air at specific locations, COn this masis, tle inhalation exposure
(100% abscrihed) o 2,4,5~TCP for the voviker having a body weicht of 60 kg
wil) bte 0.47 my/hr x 7 hrs & 60 or 0,085 my/kg body weicht/day. Based on
a OO content of G.1 xxm in 2,4,5-0C2, the inhalaticn of 1050 by the fac-
wmnsswxo.lxm—ears.sx'm-emmmg/ay.
d. Exvosure Analvsis for 2,4,5+T7P in the leather Incustry
Acserding to Andersen (15376Y . Aimgicides and bactericidssy that
contain 2,4,57C) or its salts can be used at any stage of cperation re-
quiring contzel of fungi or bacteriay hovever, it is sest conmenly used
in the tamning proceas, Tpen evaluation of all the processes dealing
with the preparstion of hides and txmning operaticns, l.e. tamning, scak-
irey, bating, beam house washing, and flesiiing and washing, it is evident
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_thnt several worikers constantly handls wet lsather and wash watsrs used
in the leather treating process, vhich contain anti-bacterial and anti-
tmlmummwithmhuv;_gﬁwthatmuuﬂmu bata
on apcsure levels of paaticides in tanneries are not available; however,
it is resscnzhle to meke the following assurpticons.
l. Thore is & percantage of workers exposed to pasticide=
centaining watar., The differmnce in the exposure is
based on specific tamnery cperations which ray vary in
the pesticide smunt and frequancy. The toming and
fleshingvashing comration acpear to provids the mut
epesuTe.,
2. It has been clmerved that a perscn wearing gloves and
an apron could pessibly cet the diluted formulation on
exposed skir areas during cartain cperaticns. Each time
a verker is wet in that mrmer, scproxiracely SO ml of
water containing smell quartities of croanic substancas
could reach the exposed skin surface. The panetration
of 2,4,50CP through the skin is assumed to be l0W.
i. Dermal Purosure
Por the purposes of estimating the dermal exposure of factory
woziers in the lesather industzy, a representative pasticide product
used in tarmeries is considered, This product amtains 17.5% of scdium
2,4,5-trichloropherata (Product D). The label dirscuicns of the producs
recmnd a dilution of the commercial formulation at a gate of 1 pound
per 1000 gallcns of water. This is eguivalent to 0.021 mg/ml of Na 2,4,5~
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TCP in the process water: _
1 1b/2000 gal » 0.454 gu/gal = 454 my/gal x 17.5% Na 2,4, 5-7CP
4 3,788 ml/qal or 0,021 my/ml Na 2,4,50CF

Based on the assmption that dwing the fleshing and washing cpera=
tion (the worst case) in the lesther {ncustcy, the wxikar could pesnibly
be expraad to 1400 ml of the prooass water containing the pesticide par
day. Purther, based on the sssumpricn that the pamtration of the Na
2,4,591C0 into the human body {s 108, Na 2,1,5-TC2 expcsure is estizacad
tﬂhlﬂ.l (10%) x 1400 ml x 0.021 my/ml = 2.94 m3 Ha 2,4,51C2/dny, The
svacace body weight of a wexen werker is asmoed €2 e 60 kg, than a wo=
man tannary worker would veceive a derml epamure of 2940 W + 60 =
49_?11&2,‘,5‘10@&&?%&/&&. madﬂitia:ltmaf.o.lx
10 cooverss this to the TOOD expomize: 4.9 % 10 ugmmmdyyt/cay.

Similaviy, the darml expasurs to TCID for the taming cperation
in whick lpgmﬂmimnm:ﬁy 200 mi instamd of 1400 ml micht contact a woeker,
ragults it 0.7 2 10 ug/kyg TCOO of body we/day. This oange of values,
o.7m4.sxm*wmnway,hamwmmmmtym

treated water contacted per pevsan/day by exposure to diffgrent types of
coarations.,

{4, Inhalacion Frrosure
In txmeries, workers will be expesad to water vapor from tanks and
. precassing vats, tzwutmatymdznocmzmmu.mm
air will contain 17,3 gw'ma. It is asmmed that the braathing rats is
1.anzmmmmpuudaupmmmmmmmmpm-
tion as i{n the process water. Then, & 60 kg wozker cauld o exposed o
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3 3
17.3 51/ % 0,021 myfml x 1.8 @ /br x 8 hr + 60 kg « 0,087 my Na 2,4,5+
p

':cfeﬂcq/dty. m-;mumldqnlt)mﬂxo.lxm or 4.0087 x
10 w9 or 8.7 x 10 ug/kg/day.
&, Dxxceurs Analynis for 2.4, 57CP Used in Howpitals
(1) Introduction _

Exposuze is estizmtad in this analysis for peaticide formlaticns
-meu&swminmim. 'mmmdalpmmcu
usad 2s disinfectants/becesricides contain 2,4,510CP° or its salts (sodlm
and potassium), other active ingredients, and inerts. Thess commescial
products are concantratss for which the marufactiver prasciles a spe=
cific dilution racio in water prior o golication. 7o estimate quan—
citatively how mich TCOOD in Na 2,4,5ICP @y be relaased into the hos-
| pital envircumnt, the usace pattern of typical commercial cesticide
forzolations that omtain Na 2,4,500 whick are reconmnded for hose
pizal use have reen considersd. For this popose, data on a aaesrcial
pmticide famulation is sumarized below.

»

Racomrended  Na 2,4,5-T¢%

Predocs S Na 2,4, 5-1CD Dilneien =~ __g/i00 cal
Product E 2,32% 1:123 é8.6

100 gallens of such a diluted sclutien will emtain 0.78 gallons of
formailated product. Sincs Product E eontaing 2,328 Na 2,4,50C7, 100

" gallone will contain 0.018 gallons Na 2,4,51C2. “Therw are 3,785 qn/

. ol (density of 1}, and themfcre 68.6 qrams of Na 2,4,5~TCR are pre-
sent i 100 sallons, '
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-6 -5
TCIO the caposure walld be 0.07 my x 1000 ug/mg x 0,1 2 10 or 7x 10 g

IO/ R/ Ay .
i, Inhalation Pxeosre

.Both hospital wexkers and patiants bresthe the air in the hos-
?kllrtﬁllltﬁmm It is reuognized that because of the rest-
ful conditions of the patients, they have a scrawhat lower Lreathing
m.ﬂmnwi&mwmnhmﬂmmmﬂu.

Ferr the popcsen of estimting the relacive quantity of TCD re=
m.uummmmmoﬁmmmmmmm
a volumtric space of aporoximmtely §0 m /room (20 £¢ x 10 ££ x 10 £4),
mm:u:macmm;pimmnmmqumu-
mamumymnu uﬁ&hﬁaﬁu&;ﬁwﬁmm.
(1500 m )} coxyidor, and necessary suppor: arsa (300 m ). For the siza
of the howpital wing and recmmnded air ventilaticn of 1800~2400 tz-.a/
hr/pezsen (approcimmtaly 60 mz) {(Alr Quancities for Ventilation, Tth .
u.i,mmmmmm_zummmmmusom
(ventilacion} x 60 (patients and exployeas) x 3 (hr/day) cr 28,300 ma.

Of the 100 gallons of disinfectant applied, about cne cup per
galicn or 6.25 galicns (100 cups) will be distributed in the hospital
wing intsrior, This quantity cwmtains 0,043 gm Na 2,4,-5?:?/&:9:100
cps o 4.3 quNa 2,4,50X2/100 aps o 4.3 % (0.1 x 10 ) om TN o
4l gm r mﬂegn TSD/100 s,

Since it is estimwted that in a water scluticon, 253 of the TTD
could volatilize batere drying, it is anmowd that 25% x 0.42 xlo-sgn
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-f
{arount of TCDL/100 cups dilutad formalation) ov 2,108 x 10 g TCOD is

volatilized, Based on the total circulated air volume for an G~hour
period, 28,800 tla. the: 3.7 x 10-60:1/': would be availabls. (0.108
x 10“6 - 28,800 13 -37x mﬁuqla m/n3 oc 3.7 % lo-sw‘ma.
1f the breathing rate of the patients ux.o:’mmumo:
the workers hWtohl.anJ/h:. ;tmﬁnmmﬂfehz
a. Bmpitglmtsohgh l.ssn/hr:ahrxa.?:m w
. ICOD/m <« 60 by or 0.88 x 10 ug TC/kg/dny.
b. Bespital worker (60 Xg): 1.8 ns/hr x 8 br x 4.3 go TC/
100 cups x 254 wolatilization = 28,800 n3 + 60 kg » 0.00895 mg
Na 2,4,5-7CP/kg/day. ; | ~
e. Bupit;lpotim(ﬁokq}: 1;23/!::‘:8!3::3.7819 ug
O/ - 60 kg o 0.49 x 10 ugammq/a hrs.
d. Bespital patient {60.k3): 1.0 m /hr x 8 br x 4.3 gm TCP/200
@aps £ 258 volatilization - 28,800 m = 60 ky = 0.00497 mg
Wa 2,4,51CP/ka/dny .
£. Conclusions
The mm of the dermal and inhalation exposures to TCIO (per Table
13, poge 44) were compared to the TCRO ro-adverse—-effect level for tera-
togenicity and fetotoxicity, 0.03 ug/ky body weight/dsy (Sparschu et al.,
1971). The difference between this no-adverse effect level and the cal-
culated expcaurs represants an adecuate vargin of safery. HOwever, pre=
liminary data (Trmynor, 1977) indicates the no~effect level ney be one
ovder of megnitide less. '
The dermal and inhalation exposures for 2,4,5-TCP or its salts (see

wvable 14, page 45) were also corpared to the no~adversa-effect level for
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fetoroxicity, 0.9 wy/kg body weight/day (Heubert and Dillmam, 1972,
snutbndiﬂmbtuhutthhm-ﬁwntﬁtmlmlwmm
hm.mﬁdmmmmumq!. of safety, the Work-
mmkumdanm:mmummem
traticn besed on fetocoadcity. mmmmmmma—
cisicn i3 based on only coe test pexformed in 1971, The 2,4,301CP used
in this test was specifisd as being o amalytical grads Srom a corpany
in Switzerland with no TCID content fpecifiad, The tschnology for arm~
facturing 2,4,5-1C with low TCID contant, as wall as the capability for
the idencificacimn cf low levels of TCID, probably was not as advancad {n
1971/1972 as 1t is tody. '
scns, who have comments o relevant data reqarding 2,4,5-TCP/TCID, expo
sure esziomtas and mergins of safety to submit such information to the
Mpancy .
IV. Evidence Yot Sufficient t0 Sumtort a Rebuttable Prastorericn

A. Mutacenic Effscts of TCTD {n Tese Anirmls

40 CR 162.11 provides thae a retuctaiie premunption shall acise
i a pmticide’s ingredient(a), metabolite(s), or dagradaticn product(s)
{iinduces mutagenic cfiwcts, as detarmined by multitest evidanca.® The
qumtic effacty af U have besn studied by severzl researchers., Some
of the tasty suymat that this dioxin is a mutacen.

i. Studies Demenstrating the Mutacenic Bffsces of ICTD

Bussain et al. {1972) evaluated the mitac™nic activity of TRID {99

pure) on three diffavent miceobial test systers, In the firse study TCD

(s



sicnificarely incressed the incidence of reverse mitations in Escherchia
e2ll Sd-4 sdministered 2 ug/nl TCO from streptonycin dependence to strep-
tayedin independance, This waa the only dose at which mutations were
clasxly chsarwad., No devails of the experirmental protocol were given and
statistical mrthcds ware sgparently not eploved in assessing the data.
] The secxd test by Bussain studied rwverse mitation £rom histidine
depuncance to histidine independence in Salmenells typhimurium strains
TA 1532 ared TA 1530, TCI0 was pemitive in TA 1332 but regutive in TA
1530, This indicates that TCID acts as a frameshift mitacen, ICR-170
vas used as a positive control in the test with T 1532, No pesitive
or cative antrols were tascad in TA 1530.

In the third test, Hussain cheerved slight prephace inductien in
E. coli K=39. Howver, data from this test were dfficult to evaluges
bacaise the solvent used, IMSO, causes callular atfets.

A praliminacy zeport on the chrcoescral analysis of hospital pa-
tients expcsad 0 TCID in the accident at the Sevesc, Italy, facecxy was
“oaparend at & Department of Health, Edvcation, and Welfarw meeting on
Octcber 12, 1976 (Pertsl, 1977). An Lnkweased mmber of chrmmscomal le-
sicns (gzpe, chrooetidic and chrozrsomal breaks ard resrrangecants) wars
claerved in the scmatic calls of the 2= o J8-vear-old males and femlas
tastad. Cytogumetic studies of tissues from the therapeutic aborticns
peritzimd n wormn who wers exposed to TCCD during the acwident indicatad
_mmmmmmmmmmmmw
and placental and fstal tissues, These praliminary results wers basecd on
a small nwber of samples and no specific daca is aveilable at this <ime.
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2. Studies {n Which Mutagenic Effects Were Not Coserved

Khesa and Ruddick (1973) eonductod &arinant lethal tests in which
sale Wistar rats Taceived TCID at dosages of 4 and § ug/kg/day. The
stadies indicated that no dominant lethal mitations arcee during the
35 dzys posttreatmant. The pericd sxamined corraspodied to postmaiotic
stages of spermatogenasis.

A cytogenstic scresning study of the effects of TUD i the bhone
mezrow calls of mela Csborne~Merdel zats was perforred Dy the Food and
Drug Adminiscoation (Green, 1973). Twe separats experiments wers per-
formad, The firt wvas a mltiple dome tast in which 10 uy/kg/day was
adniniscared by intubation daily for § consecutive deys. In the second
teat, single doses of 5, 10, and 15 ug/kg TCD ware adrinigtered intra-
peritorsally and 20 ug/kg (the hichest dose! was adminisesyed orally.
Thers vas o evidence frow these studies to indicats thac Uy produced
cytogenetic camoe in the bone marTow of these male mti. Toxiclty,
which wvas indicatad by a slicht weicht losg, was noted in the rats thav
vecnived a gingle dose of 15 or 20 ug/kg iche hichest deose levels)., This
sugyestad that the dwe level may have tesn oo low,

Therefcre, the Working Group concludes that, althouch there is
scme evidence that TCID is & mutsgen in microbial syscens, the dats is
not sutficient o foomt the hasis of a robuttable presuredsion, Additvional
informaticn or stndies cn the mytagenic cfficots of TOD shauld be sub-
mitiad to the Acency for further review.

8. Other Effacts of TCD

1. Enzymacic Effsces

hether there i3 a rtalacicnship bevvesn the effects of TCCT and
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chemical carcincoerasis has bwen the subject of cevaral studiea. Marquardt
ot al. (1974) found evidenca that aryl hydrocarbn hydroxylase (AHE) is
strongly involved in chemicsl carvincounesis tecause many chamically non=
reactive copaunds tust be metatolired by cellular enzymes bafore they
an act e carcirogns. Bardol et Al. (19711 found that even in very
low doses TCN could qreatly disand the wzymatic charactsr of an o2~
ganism as do aartain typical carcinogenic substances (e.g., teneo/a/
pyrens and p-dimethylamincazcbenzens) .

In a psper on AHH, Kouri et al. (1974} statad that IO itself
is not a potant carcimcgen in rice. m.mmmmm'
syrargistic action of TOI0 and J-methylcholanthrens (MC) produces can-
car in different strains of mice is directly properticnal to the in-
crease in hydroxylase activity and associated cytochreme P=45C contenc.
They veportad that the basal enzyme activity might correlate with the
emzyme activities that could be (xduced by either 7D «f MC. They
found X0 to be 40 to 60 times nove potwnt a8 2 inducer of AHE in Qul-
tured humn lyrehocycas than was MC. Poland and Glawer (1974) arcwed
that TOWD is approximately 30,000 tires more potent than MC as an in-
&ucar of AEH in mat liver.

2. Toxic Effects on Sumans

Thare arw several adverse effects that ocour (n humens a8 a Te=
'mltdmmtom. The mst well known s chloracie, 4 severs
and persistant disesse of the skin that is very difficult to cure (Schulz,
1957). Porphyria cutanaa tarda (PCT) is another disease that is caused
by exposure to D and often acoorpanies chloracne (Rlaibevg, 1964).
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Mhl&tmﬂlmemmumchmeﬂ,zdwmmr
production of porphyrine, fragility and photcsensitivicy of the skin,
byperpigmntation, hirsutism, and neurnicgical and incestinal disorders
{(Foland and Xande, 1976).
3. Toxic Bffects on Cther Mammals

~The extreme toxicity of ICID to a variety of animal species has
been well docummnted (Abalson, 1970; Buedoi et al., im.;m«:u.a
1576; Farcquharsen et &l., 1958; Higginkothsm et al., 1968: Milnes, 197L;
Sparachu et al., 1971). '!homm for TCOD is as low as 0.6 ug/kg TCXD
body weight in the guines pig (Table 18).

TABLE 15. LD-50 values for TCTD

Aniral LD=50, ua/ka ReZerence

Guinea pig 0.6 Spaychu et al. {1971)

Rabibit i0 Schule (1963)

Rat
Pemale 2 Schwetz et al. (1973)
Male 45

cuse - | Vos et al. (1974)

Dog 1000 ' Scwets et al, (1973)

4, Miscellanecus Toxic Rffects
Mary tesearchers have famd the: liver to be the main taroes for
the toxic action of TCID. Liver necrosis (Norkack and Allen, 1973;
Courtney and Moove, 1971}, stimulatien of hepatic microsamal enzyvas
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{Plpar et 2l., 1973; Gupta et al., 1973), and the formticn of multi-
micleate poranciiymal calls (Gralg et al., 1573) are exanpias of the
many adverse offsczs also attyributsd to TCID exposura,

Quick edama factor (Biggantotham et al., 1563), severs weight
lows, atrophy of the thymus, and induction of henatic and renal micrcso=
ml drug metabolizing exymes (Fowler et al., 1973) ars some adiitional
adverse effects that have been notad.

C. Other Effsces of 2,4,3-TCP and its Salts

Technical grade 2,4,51C2 can irritate che oyes, 3kin, nose, and
throat. Dapanding < the dagres of erposure, ccular dumace m2y include
buztm of the cnjunctival memizane, severw cmjunctival swelling, sliche
0 mderate iritis, and cormeal dscmce. MW&Z.&.S—M_M
- contracted chlovacne axd porphyTia carda. However, these affects wers:- -
attributed to the presence of 7D as a oontaminant {Schulz, 1968)., The
eolc propertien of Na=2,4,5-TCP ary similar to thcse of 2,4,5-TCP but
arw scowwhat tore iniense. o

The Ln;o for 2,4,51C2 has teen established av concent=acicns varyw
ing frem 820 ©9 2960 my/Ry Lody weight in the rat. NO nenreversible pawno-
logical changes wers notad at the doses cited. The acute feeding studies
with both 2,4,5-TCP and its scdium salz are sumarized in Table 15.

McCollister et al. (196€1) administeved 2 single dose of 1-3.9¢ g/
kg 2,4,51CF (97-98% p.;:tlbyinmhatim to male rats. The acute oral
I was calculated to be 2.96 ¢/kg/body weight, a finding which led the
mgm to onclude that 2,4,5-TCF is low in oral toxicity.

In a 3=rmonth study the authors fad rats 0 (eenatzml), 0.01, 0.03,
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- TAVE 16, Sumnary of acute effects of 2,4,5~TCP and its sodium salt on ratas

Route of IN-50, .
Chemical Muinlatration =n3/k3 body welght Rafevence
2,4,5-1CP oral 2980 #oCollister et al.
_ (1961)
2.4,5-1CP oral 820 Delchmann {1943)
2,4,51Cp oral 2460-2030 Dow Chealcal Conpany
{1976)
2,4,5CP oral €20-835 Dalchmann and Mergard
(1348}
2,4,5-1Cp intraperitoneal
injection 55 Farquharaon et al.
(1958)
2,4,5-ICp subcut anecus 21002260 belchmarn and Mergacd
fnjection {1948}
Ha 2,4,51CP ora! 1620-187¢ noe Chemical Conypamy

{1976}

(63)
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0.1, 0,3 e 1 g 2,4, 5T0/Ag boxdly wvaight in the diet for 98 dmys. Rats
mintained at the 1 g/kq/day lavel bad only slight pathealogic changes in
the Liver and kidnsys. The kidneys showed mderated degersrative changes
in the epithelial Lining of the convoluted tubules and ecarly prolifera-
ticn of the interatitial tissue. The effects of 0.3 g/kg/dsy vers milder
than those at 1 g/kg/2ay. ¥~ adverse effects were noted in either mle
or female vats muintainad at 0.01, 0.03, or 0.1 9/%g. The authers con-
cluded that 2,4,5-1CP is low in acute oral towicity to rats when adminis-
terad in their dlet for a pericd of U3 days, |

In repeatad feeding tasts (20 cral doses in 28 days), the mthors™
adniniscared doges of 2,4,5-1CF (0,001, 0.01, 0.1, and 0.5 g/kg) to rabe
bits by intubstion. Thare wers vary slicht kidney changes in rathits ag-
ministered 0.1 g/kg, and very slight kidney and Liver changes in thcse
given 0.5 g/ig. mwwma&mmwum
the ©oo lovest dose groups.

2,4,5T and its sodiom salt caused no davmal effects on Quines
pigs (Dugois and Colomb, 1957), and cn'v a slight recdening of rabbit skin
after trief exposure and mild to soderacte chemical burs after longer
exposures (Dow Chemical Company, 1976). Refined 2,4,5+7CP also did not
cause chlotace or other adverse effects in ratbits (Kirmig and Scmulz,
1057). Rether it uas the TCY forred in the alkaline hydrolysis of
1,2,4,5catracilorcbenzens into 2,4,51CF that prociuced chlorace.

Blaconan et al. (1953) determined that the LD  for 2,4,51CF on
the green water plant (mm!ml.ﬁ:qﬁ_iug? The authars de~
:Laammsouﬂumnawmmmmmumsmatm

{6d)



plant fronds,

Mz and Al (1574) studied the cytolosical effects of 2,4,5-1C2
on the meiceis, pollen vubi:u.ey,,md yield of Vicia faba plants that
bad been sprayed or vhoss seeds had been scaked in the chemical. 2,4,5
TP had no signifieant ¢ffect on the pollan mother-ealls and no harmful

affect n yiald,
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