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2. SVPWLRYAND CCNalBIONS 

2.1. S W R Y  

Moat Of the lW1eWt physical p O p e r t l U  of the four polychlorinated 

dio+ns discussed in this iiocunent p r u e n t l y  rcmaln s d e n t i f i c a l l y  mdetnrmlned. 

The ao lub l l i t y  of 2,3,7,8-TOD in water 18 0.2 re/!&. This Lorna- and the  three 

othek polychlorinated dloxl.ns are more soluble in arcmatlc solvents than in 

aliphatic scloents.  The polychlorinated diodns are chemically very stable and 

- 

- 

I I 

- 
! 

decmpose a t  t enpe ra tu ra  dO0.C. 
4 .- 
The pneral method for tbs determinatlm of these cnnpouuds i n  diffffent  

samples consists of solvent extraction, followed by s J T u r l c  a d d  and base washes 

t o  remove l i p i d s  and other lmpuritlss from the solvent extract .  The extract is 

then subjec ted  t o  two l i g r d d  chrcmatographic cleac-up procedures. The cleaned up 

ex t rac t  ls f i n a l l y  analyzed for the polychlorinated dioans by the gas cbrauato- 

grapni+mass speccrauetric method. Dcsp i t e  the special ized metho& used f o r  the 

determinaticn of plychlorinatd dioxlm, the  rwilts of analysis a t  very low 

levels (possibly ~9 parts per t r i l l i o n )  still remain quutionablo. 

lax of the polychlarlnated dlodns  are elther cwunerclally manufactured or 

have any knm me. They are produced as mwanttd contaminants dM.ng the  

manufacture o f ,  primarily, chlorophenols and th i r  derivatives. The primary 

s o u r c u  of the  polychlorinated dlodns in the  envlroment w e  indus t r ia l  manu- 

facture of ch lmphenols  and t h e i r  derivatives and tb8 chemical disposal sit- 

containing the w a s t e s  frem these industries.  Although m u a i d p a l  i n d n s r a t l o n  

may produce sane environmental cmlmicm of polgchlOrinatcd dzodns, the avail- 

able data indlcate  that this source is f a r  less signlf ioant  than indus t r i a l  

cmissiau and enlssicm from cer ta ln  chemical disposal sites. 

3 , 4 
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2.· SUMH.\RY AND CONa.USIONS 

2.1. SUHMARY 

Most of the relevant physical properties of the four polychll)rinated 

dio~ns discuned 1n th1ls cfoclJllent presently rmain sc1entifically undetermined. 

The ~olllb1l1ty of 2.3.7 .8-TCOD in water 1s 0.2 lle;lJ.. This UClDe%' and the three 

othe~ polycblorinatecf cf1old.ns are 1II0re solllble in arCIDatic sol. vents than in 

aliphatic solvents. The polychlorinated dioxins are chemically very stable and 

decCIDpose at temperatures >SOO'C. 

The seneraJ. lIIethod for the determinat11X1 ot these COIIIPOllllda 1n dj.tferent 

samples consists of solvent extraction. followed by sulfllr1c ac1d and base washes 

to remove lipi ds and other 1IIIpuri ties trom the sol. vent extract. The extract 1.11 

then subjected to two l1qll1d chrcmatographic clean-lip procedures. The cleaned liP 

extract is finally analyzed tor the polychlorinated dioxins by the p.s cbrcmato­

grapilio-lIIus speCtrClDetr:l.C lDethod. Despite the spec1alized methods lISed tor the 

determinatilXl of polychlorinated dioxinS. the rea III ta of analysis at very lew 

leVels (possibly <9 parta per trill10n) still rmain quest1onable. 

NIXIe of the polychlor:l.nated dioxins are lither cOllllllerc1ally manufactured or 

bave any known use. They are produced as unwanted contaminants dur.1.ng the 

lIIanut'aoture of. pr1lllar1J.y. chlorophenola and their der1 vati ves. The pr1lllary 

souroes of the polychlon.nated dioxins 1n the envirorment are 1ndustrial lIIanu­

facture of chlorophenola and the1r der1 vat1 ves and the chemical disposa:l sites 

contain1ng the wutes frCID these industries. Although mlln1c1pal inc1neration 

lIIay produce scme environmental muaion of polychlorinated dioxins, the avail­

able data indioate that this source 18 far less significant than industrial 
~ 

emusions and emission from certain chemical disposal sites. 
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The monltorlng data to date indicate  that the lparimum level of poly- 

ChlCriMted dioxins is likely to be found in s o i l  and dralnage sediment samples 

near chlorophcnol sanufacturing Industr ies  Md chemical raste disposal sites. 

W i t h  the exception of alr near cer ta in  contaminated sites, none of the poly- 

Chlbrinated dioxins have been detected in U.S. air samples. Small  mounts  of 

these compounds have been found In f i s h  and d ld l i fe  in the US. in arms around 

chlorophenol manufacturing Indus t r ies  and cer ta in  chemical urste disposal sites. 

? 

- 
The environmental fates of the four polychlorinated dioxins are not known 

with certainty.  Most of the invest igat ions in this f i e l d  have been eonductad 

d t h  2,3,7,&TCDD, Md the conclusicns regarding the envlronnental far* of the 

0th- three polychlorinated dioxins have been dram by analogy. Pew data exist 

in the l i t e r a t u r e  that would ind ica te  s ign i f icant  chemical Md biological trans- 

formation of these compounds in atmospheric, aquatic, or soil media. The role of 

photochemical transformation i n  determining the fates of these chemicals in 

various media is not Icnom wlth certainty.  ZZI aq=.ti3 mcU, a s u b s t a i t l a l  

proportion of the p o l t C h l O r i M t O d  dioxins may be present in the sedimentsorbed 

state or in the biota. Xn the atmosphere, the polychlorinated dioxins are 

expected to be present in the particulate-sorbed state. The atmospheric tranb 

port of these compounds can be predicted from dispersion modeling equations. In 

the case of the accidental release of a tcxlc cloud containing 2,3,7,8-TCDD a t  

SeVeSO, I t a l y ,  i t  has baen experimentally damonatrated that 2,3,7,8-TCDD deposi- 

tiOn from air to soil !'ollous an caponegtial decay pattern along the domtard 

a n d  dlrectlon. The tw, most probable transport  mechanisms of the polychlorin- 

ated dioxins from mils are the transport  to ataosphere via  contaminated dust 

particles and to surface mter via eroded soil.- 

- 

L 

_- r 

Both the calculated and the qperlmental  results show that the 

polychlorinated dioxins u l l l  bloconcentrate i n  sediments and biota arasent i n  

~~-.:. .•. _., ... _. ' ... _ ... ~---' .... 

The moni toring da ta to da te 1ndioa te tha t the maximum level of poly­

chlorinated dioxins 15 11ltely. to be found 10 ao11 and dra1nage aed1ment aample:s 

near chlorophenol anutactur1ng lodu:str1es and chemical w:ste di:spoAl sites. 

Wi th the exception of ail' near oerta1n oontam1nated sites, none of the poly­

chlOrinated diOxins have been deteoted 10 U.s. a1r NlDple:s. Small amounts of 
! 

thes~ compound:s have been found 10 fbh and w11dl1fe in the U.s. 10 area:s around 

-chlorophenol manufaoturing lodustr1es and certain chemical wste disposal :sites. 

The env1ronmen tal fa tes of the four polychlor1na ted diox1ns are no t known 

w1th certainty. Host of the 1nvest1gat1on.s in this field have been oonducted 

w1th 2,3,1,8-TCDD, and the conclusions regarding the environmental fUe of the 

other three polychlorinated dioxins have been drewn by analogy. Few data exist 

10 the literature that ·lIOuld indicate significant obem1cal and b1010g1cll1 trans­

fOl"lDat1on of these oompounds in atmospber1c, aquatiC, or sol1media. Tbe role of 

photochemical transtOl'lllll t10n in dete!'IDlo1ng the fa tes of these chemicals in 

various media is not ItnOWll w1tb oerta1nty. In aquatic media, a substa.,t1al 

proportion of the polyohlor1nated dioxins msy be present 10 the sed1lllent-sorbed 

state or 10 the biota. In the atmosphere, the polychlorinated dioxins are 

expected to be present 10 the part1oulate-lorbed state. The atmospheric trans-

port of these compounds can be pred10ted from dispersion IDOd.el1ng aqua t:l.onll'. In 

the case of the aoc1dental release of a toxiC cloud containing 2,3,1,8-TCDD at 

Saveso, Italy, it has been exper1lllentally demon.strated that 2,3,1,8-TCDD deposi­

tion from air to sol1 follows an expone!tUal decay pattern along the downward 

Wind direction. The tlolQ IDOst probable transport mechan1ams of the polychlorin­

ated dioxins from 1I011s are the transport to atmosphere via· contaminated dust 
r 

part101es and to surface wter via eroded so11._ 

Both the calculated and the ~r1lllental results show that the 

polychlorinated dioxins w111 bioconcentrate in sed1ment:s and biota ~re:sent in 
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aquatlc medla. It hru been sham by s t a t i c  test proceduru t h a t ,  depending on 

t he  specla, the  bloconcentration fac tor  for  2,3,7,8-TmD ranges from - 9% c//v / 

In m m n a l s ,  2,3,7,8-Ta)D is readily 8hrorbed through the gaa t ro in ta t ina l  

.2000-30,000. 

tract, and asborbtlon through i n t a c t  skln has also been reported. Absorption may 

decreaae dramatically if 2,3,7,8-Ta)D is adsorbed t o  par t iculate  matter such as 

acti\;lated carton or soil. After 8bsorpticm, 2,3,7,8-TCDD is dlstrlbuted t o  

tissues hlgb in l i p i d  content; bwever, in many S p C i a S ,  t he  liver is a major 

storage site. Metabolism af 2,3,7,8-TCDD occurs alouly, with the polar meta- 

bolites emrated in the wine. Umdabolized 2,3,7,8-TtDD is allmlaatcd in the 

f eca ,  although excretion in the  milk of l ac t a t ing  rats has also been reported. 

~ b a  PUIDS discussed i n  tbis document w e  among sane or tba m o s t  t oz i c  

.. 

o ~ p o ~ b  )mown, cdth t h e  LDso lev& for  guinea pigs baing 0.6 pglkg fo r  2,3,7,8- 

TmD. The other congeners are sauewhat less tode;  bwever,  tim LDso Vazws are 

----.. . C l t t  t2* '-@* Ci ihOt i&  2,3,j,S-iiuu as mgUy to ldc  in a l l  specles 

t a t e d ,  there are large differences i n  scns i t lv i ty ,  with the LDso for  hamsters 

b a g  in t h e  low mglkg rmge. She characteristic sgmptans of l e tha l  pohonlng 

are severe weigbt lass and thymic atrophy. Death usllally occurs many days after 

t h e  exposure. I n  rats and mice, 2,3,7,8-TCDD produce8 severe l iver injury which 

1s not ohrerved in a i ther  monkeys or  guinea pigs,  and in mice, the immune 

rapome is suppressed. After subchroalc or chronic exposure t o  2,3,7,8-TCOD in 

nts or mice, the liver appears t o  be the m o a t  severely affected organ, dtthough 

hemorrhage, dona, and thymic a c t i v i t y  are also ohserved. The l imited data 

available fo r  the other PQ)Ds ladloate that these chamicals produce the same 

SgmPtemS U 2,3,7,8-TCDD l a  a given spedcs; however, t he  d o s u  required are 

hlaer. 

2-3 

... - .... ,-... , ... ~ ......... -~ .. .~._ .• _., ..... _...-. __ ....... ,» __ ._-.....u. __ .... ' 

aquatic med1a. It haa been shown by static teat procedure:! that, depend1ng on 

the species, the bioconcentrat1cn tactor tor 2,3,7 ,8-TCDD ranges trom 
./. 

-2000-30,000. .. r.., /V 
In mllllllllals, 2,3,7 ,8-TCDD 111 read1ly absorbed through the gastrointestinal 

tract, and aaborbtion through intact sld.n haa Ilso been reported. Abrorption may .' . 
decrease dramatically it 2,3,7,8-TCDD 111 ada orbed to particulate matter such as .-
act1V;ated carbon or soil. Atter absorption, 2,3,7 ,8-TCDD is d1stributed to 

• 
tissues high in l1pid content; bowever, in many speCies, the liver is a major 

storage Site. Metabolism of 2,3,7,8-TCDD occurs slowly, with the polar meta­

bolites excreted in the urine. Umetabol1zed 2,3,7,8-TCDD 111 eliminated in the 

teces, althouab excretion in the mlk ot lactating rats baa also been reported. 

The PCDDs d1scuased in this document are lIIIIong IICllle ot the most toxic 

OClllpounda known, with tbe LDSO bvel tor gu1nea piss being 0.6 Il&ikg tor 2,3,7,8-

'rCDD. The other congeners are sClllewhat less toxic; bowever, the LDSO values are 

=t!l! !:: t!:e ;.g/:,;e; range. Ali..boUjsh 2,3, 7 ,o-i~ilu l.II m.gllly tone in all species 

tested, there are large d1tr.erences in sensitiVity, w!tb the LDSO tor hamsters 

. being in the low m&ikg range. Tbe characteristi0 s~ptCIIIS ot letbal poisoning 

are severe weight loss and th~ic atropby. Deatb usually occurs many day.s after 

the exposure. In rats and mce, 2,3,7 ,8-TCDD produces severe liver injur:r which 

is Dot observed in either monkeys or guinea piSS, and in mice, the immune 

response is suppreased. Atter subcbronic or chronic exposure to 2,3,7 ,8-TCDD in 

rata or mice, the liver appears to be the most aeverely atrected organ, a:Lthough 

htlllorrhage, edaa, and th,mc actiVity are also observed. Tbe limited data 

available tor the other PCDDs 1!ld1cate that these chemicals produce the same 

IIJ111ptCIIIS as 2,3,7,8-TCDD in II given species; however, tbe dOSe:! requ1red are 

higher. 
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Eunaas have been exposed to he rb la idas  and otber chlorinated chemicals 

contalalng 2,3,7,8-TCDD as a c o n t e n a n t .  The a&.ans of t o x l d t y  in many cases 

ua similar to those obervud in mimals, u l t h  exposure leuding t o  a l te red  liver 

fmction, porphyrla cutanea trrda, and pathaloglo cbangu la hematdoglc para- 

mecars. In 8ddl t la1 ,  exposure M hmans to 2,3,7,8-TCIID produces A n  la ions  

mch! as ouoracne 8nd h y p e r p i ~ e n t a t l a n .  Although sane sgmptans such as 

o h l e o n e  me attrituted s a l d y  t o  the PCPDs, the other aleps of t o l d d t y  may 
.. 

m e ,  at  least in partt fram the parent o h d c a l  of w h i c h  PCDDs are 6 a n o r  

aontaminant. 

~ n i m a l  stuiias have demonstrated that 2,3,7,8-TmD is teratogeaic i n  rats, 

mice, and rabbits, and re toc lda l  in monkeys. Exposure t o  2,3,7,8-TCDD in d o e  

produces cleft palates, while exposure in rats results in edema, hemorrbp, and 

kidney ananalias, aud rabbi t s  had 8 tagher lncldenoe of extra rib. Eman 

epldanlologp s tads  neither conllm nor refute the teratogenic potential  of 

2,3,7,8-TCDD. Sane s t u ~ e s  have s h m  posit ive u s o d a t i o a j  u l th  exposure and 

b i r t h  defects md abortlaas, while other3 hve sat. 

Although there is a d y  limited and conflicting evtdance tha t  2,3,7,8-TCDD 

is a mutagen or produces ohromoMal damage, 8 nunbar of chronic animal Maassays 

6how that  the oanpomd is an animal oardnogcN1. I n  raw, oral exposure t o  

2,3,7,8-TCDD rasults in a d e n a m  or carclnmas of the thyroid, hepatocellular 

o.Fclnmas, carclnanas of the  tongue, oarclamas of t he  hard p d a t e ,  and adenanas 

Of the adrenal. In mlw, inuwued inddence of llvsr t u n o n  was observed. A 

1Pixturu of t he  two congeners of BCDD has also been t u t e d  for  cardnogealel ty  and 

akwn to produce increased incidences of limr tunon in rats and mice. Also, 

2,3,7,8-TCDD has produced papillanas a f t e r  demal administratfen, ubile there 

W a s  no significant increase :Ln dermal t unon  when the mixture of EQ)D VBS tested. 

Since both campemds pmducu increased incidmcm of tunors in  tuo species of 

".I . .  .I." . 
~ 

r. 
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HUDInS bave been exposed to berbic1des and otller chlorinated chemicals 
• 

containing 2,3,7 ,8-TCDD u .. contam1nant. The .,mptems or tox1c1trln manr cases 

are similar to tho. sa observed in an.1mals, With exposure leading to altered liver 

funcUon, porphyria outenea tarda, and pathologio eblin81'S in hSllstolog1c para­

meters. In addi UOIl, exposure or hU1I1I1ll1I to 2,3,7 ,8-TCDD producell .id.nl:eslon.s 

auch! u cbloracne and hrperpipentaticn. Altbough lIeme lI,mptems lIuch u 

chlorl.acne are attrllx.1ted lIo1elr to tile PalDlI, tile other signs ot tox1c1ty lIIay 

&rille, at leut in part .. frem the parent chemical or wbich PCDDs are a III1nor 

contlllllnant. 

ln1lllal studles !lave demOIlIItrated t!lat 2,3,7 ,8-TCDD 111 teratogenic :Ln ratll, 

lllioe, and rabbits, and retoc1c1al 1n lIIonkeys.' Exposure to 2,3,7,8-TOOD ln mce 

produces cleft palates, w1211. exposure ln rats rellults ln edema, hemorrbage, and 

Id.dner anemalles, and rabbits had a I21gber inc1dence or extra ribs. HlJllan 

epidemiology .tud1es nelther con1'lr111 nor retute tile teratogenic potential or 
2,3,1,8-TeDD. Seme studies have shown positlve uaoc1ations With exposure and 

blrth detects and abortlO1l1, while otberll bave not. 

Although there ls oalr 11lll1ted and ccntlicUng evldence that 2,3,7 ,8';TOOD 

111 a lIIutagen or produces chromOllllal dIIIIage, a nlJllber ot chronic an.1mal bicusays 

ahow that the cempounc1 ls an an1lllal oarcinogen. In rats, oral exposure to 

2,3,7,8-'1'alD rellults ln adenemas or carcinomas ot tile thyrold, hepatocellular 

carcinClllas, carcinemu or the tongue, carcinCmu or the bard palate, and &dencmas 

ot the adrellal. In mice, lncreased lncidence ot llver tUDOrs vas observed. A 

Jaixture or the two congeners ot BCDD has also been tested tor carcinogenicity and 

shown to produce lncreased incidences ot liver tUDOrs in rat" anc1 m1ce. Alllo, 

2,3,7,8-TOOD has produced papl11cmas atter derlllal aaninisti-atlon, lihUe there 

was no "le;n1flcant increase :Ln dermal tlJllors wilen tile lIIixture ot HalD vas tested. 

Since both ccmpoundll produce lncreased incidencas or tUDorll ln two species of 
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.nimals, there I s  sufflclml, evidence t o  Indicate tha t  t h u e  cmpoundrJ a re  anlmal 

tarcinogens. Although aanc evidence f m  ~WIM studia aasoctats j  emoaure to 

herbicides contaminated with 2,3,7,8-TCDD with hman cancera, the exposures uem 

arrays mixed, naldng it difficult to assert that 2,3,7,8-TOD was the sale act ive 

a m ?  

2.2. ~CONUBIONS 

Tha PCDOS dISaUsad I n  this dOClnnmt, 2,3,7,8-TaD, 1,2,3,7,8-P&DD, a d  

1,2,3,7,8,9-, 1,2,3,6,7,84CDD, are highly t ox ic  f ollowing acute exposwe. All 

animal spacies adinlaisteed high levels of these cempounds developed severe 

wsl.$ht 1 4 ~ ~  and thymic atrophy. In sane spedu, llver dam@,  edena, hair loss, 

and immmosuppmsalaa wre also observed. Chronic t o d d t y  studies have been 

conducted only on 2,3,7,8-TCDD and a mixture of the two congenera of HCDD. In 

t h e  stales, the primary non-neoplastic l a i m  was f a t t y  and necrct lc  ctsage In 

the  11ver. 

T m  :am has been shown to be MgtLZy acnsl t lve ~ the toxLc efiscts of 

2,3,7,8-TCDD. In rats, the  malfomatlona observed lncluded hemorrhage, edema, 

and UQey an~mallu, whlle in m i c e ,  the predominant laloas were cleft pa la te  

and kldney ananalia. The leveat reported exposure, 0.001 re/&, produced a 

8igniflfant effect on the letla, was almllar to the NOEL observed I n  chronic 

a t u d l a .  

Evldence fnm aaFmaY blousays is sufflident tc Indicate that 2,3,7,8-TrBD 

and a d m w e  of t he  two congeners of HCDD are animal carcinogens. 2,3,7,8-TCDD 

has i n m a m i  the Incidence of variety of tunors in rats and hepatocellular 

tuners i n  mice, w U e  t he  mixture of HCDD tested increased the incidence of  

hWatocellular tunors in both rats and mice. There were no ohronic studies t o  

determine the cardnogeaic potential  of 1,2,3,7,8-PecOD. Although epidaniology 

a t l l d l a  have associated emosure to chamlcals contamltated wlth PmDs w i t h  
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animals, there 111 'ut't1cien1~ eVidence to 1ndicate tbat these oanpouncls are animal 

carcinogens. Althougb sane eViclence frem human stuclies associates elq)osure to 

herbi cides contam1nated With 2,3,7 ,8-TCDD With hl.llWl cancers, the eXpoIIlU'es were 

always III1xed, lIa1d.ng 1t difficult to assert that 2,3,7,8-TCDD was the sole active 

agenh 

2.2. !.CONa.t5IONS 

,ll'he PCODs discusse4 in this do CIlDl ent , 2,3,7,8-TCDD, l,2,3,7,8-PeCDD, and 

1,2,3.7,8,9-, l,2,3,6,7,8-BCDD, are highly toxic follOwing ac1.lte expClSUl'e. All 

animal species aclmin1stered high levels ot these compoUllcls developed severe 

weight loss and thymiC atropby. Insane species, l1ver damage, edema, hail' loss, 

and 1IImlllosupprellllian were al,o observed. Chronic toxicity studies have been 

conducted ollly OIl 2,3,7 ,8-TCOD and a IIixture of the two congeners of RCDD. In 

thue stuclies, the primary non-neoplastic lesian was fatty and necrot1c cbange in 

the l1ver. 

Tile l'e1;US bas bean s!lowll to be highly sensUi ve to the toxic ef!'sets of 

2,3,7,8-TCOD. In rats, the lIIalt'onaations observed included hsorrbage, edsa, 

and Id.dney anomalies, while in lIIice, the predominant lesions were cleft palate 

and ld.c1ney ancmalies. The lowest reported exposure, 0.001 "glkg, produced a 

significant effect OIl the tetus, was s1m1lar to the NCEL observed 1n chronic 

studies. 

Ev:l.clence frem animal biousays is sutt'1cient to 1ndicate that 2,3,7,8-TCDD 

and a :ni~U1'e of the two congeners ot' BCDD are animal carcinogens. 2,3,7 ,S-TCDD 

has increased the 1nciclence of • variety of tlDors 1n rats and hepatocellular 

tlDors in lllice, while the IIixture ot' RCOD tested 1ncreased the incidence ot' 

hepatocellular tlDors 10 both rats and moe. There were no chronic st1Xlies to 

c!etenD1ne the carcinogen1,c potential or 1.2,3,7,S.PeCllD. lltbough epid8ll1ology 

stuclies have associated elq)osure to Chemicals contaminated with PCDDs wi til 
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-creased t m o r  incidence i n  man, the mixed exposme maks this evldence imuffi- 

olent to demcmtrate that any of the P(DDs are human carcinogens. 

2.3. MEEOS FOR FUPURE IIESEARa 

T b  basic physical p r o p r t i a  such as nater s o l u b i l i t i e s  and vapor pres- 

8Ww of the  pentacblor+ and helrachlorodlbenzo-pdioAm need t o  I= deter  

!mined. These parameters are important i n  predlcting the envimnmen1;al f a t e  

& thcae conpormds. 

.. 
. 

Hew analytical metbdalogLa m u s t  be astabllshed to determine the low 

levels of these oonpomds i n  envlronnental matrices without mhlguity. 

More mmitorlng data, par t icu lar ly  in rir and aquatio medla, shauld k 

developed by 8 d i w r s i t p  of research greups. The predaminant amount of 

mcmiwring data i n  the P.S. or ig ina te  from one source. These data need t o  

be independently conflmed. 

More research efforts should be dlrectd to determining tbc enviroamental 

fate of t he  pentachloro- and hexaohlorodibenzo-p-dioam. The determine- 

Urn of the fate of these chemicals with respect to the poss ih l l i ty  of 

photoohmica2 transfornations in different  envlronnental matrioas needs 

special a t t e n t i m .  

Ph.rmacokL~t.ic s t u 3 i m  should be mnduoted t o  damonstrate more c l s a ~ l y  the 

dew- of absorption of t h e  PCDDs by all routes. I n  particular, s tudies  m e  

needed on resplrntory absorption and on PQ)D 8dsorbed t o  envlrornnental 

media. 

Although a ntmber of stwlica demonstrate that 2,3,7,8-TcDD b a t e r a t o p n ,  

the other congeners should b tested for t e r a t o p n i c  potential .  

Tbsra i s  no informatlm on the effects of chronic exposure to 1,2,3,7,8- 

PCDD, and s tudies  should  be conducted t o  determine both the t o d c  e f fec ts  of 

tMs canpound and its carcinogenic potential .  
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1ncreued tUDor incidence in .an, the III1xed exposure makes this evidence :lnaut't1-

cient to demonatrate that any of the PCODs are human ca.rcinogena. 

2.3. NEEIlS FOR FtlT1llIE: lIESEARCI! 

• The _1c physical properties such u water solubilities and vapor pres-

sures or the pentachloro- and huachlorodibenzo-p.dioxina need ~to be deter 

!l\ined. These par_eters are 1IIIportant in predicting the enVirolllDen1;al fate 
, 
¢ tbese CQllpounda. 

• Hew analytical methodologies must be establ1shed to determine the low 

levels or tbese OQllPOunds in enviromental matrices Without llllbiguity. 

• Hore monitoring data, particularly in air and aquatic lIedia, smuld be 

developed by a diversity of research sroups. Tbe predaninant IIIIQUIlt of 

moni toring data in the U.S. Originate from one source. These data need to 

be independen tly cont'1l'111ed. 

• Hore research efforts should be directed to determining the enVirolllDental 

tate or the pentacbloro- and hexaohlorodibenzo-p.dioxina. Tbe detel'l1lil'1,!­

tim of the rate of these cheJllicala wi th reapect to the poas1bil1ty of 

pbotocbelll1cal tranafol'lllat1ona in dirterent enviromental .. trices needa 

special attent1m. 

• Pharmacold.netic atudies should be conducted to demonatrate more clearly the 

degree or absorption or the PCDDa by all routes. In particular, studies are 

needed on resPiratory absorption and on PQ)D adsorbed to enVirolllDental 

•• dia. 

• Although a number of studies demonatrate that 2,3,7,8-TCOD 1s a teratogen, 

tbe otber congeners should be tested for teratogenic potential. 

• TlIere is no informatim en tlle effects of chronic exposure to 1,2,3,1,8-

PCOD, and studies should be conducted to detel'lll1ne beth the toxic effects of 

tb1s ccmpoUlld and i til carcinogenic potential. 
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P w t h e r  epidaniology data on the effects in hman populaticms exposed to 

PCDDs would assist in determining which effects observed in animals are also 

present in hmpos .  In these s t u d i e s ,  careful quantitatlm of PCI)D levels 

would prooide dose-response data necessary for h e a l t h  ameament. 

, 

---l---- ! ~ r 

------_._--_.-. __ . 

• Further epidemiology data on the ertects in human populations exposed to 

PCODs would assist in determining which erfecta observed in animals are also 

present in humans. In these stu:1ies. caretul quantitatial 01' PCDD levels 

would proVide dose-response data necessary tor health u.leaament. 
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11.4 S U W R Y  AND CONCLUSIONS 

. Qualitative Assessment-TCDD 

Probably one of the moat toxic chemicals known t o  man i s  2.3.7.8-tetra- 

chlorodibenzo-p-dioxin (TCDD). 

In small amounts. TCDD is a potent inducer of arylhydrocarbon hydroxylase 

i n  mammals. This i s  a complex enzyme system t h a t  consis ts  of epoxidase, epoxi- 

dehydratase, and glutathione transferase. The enzyme epoxidase i s  known t o  

mediate the  formation of epaxides, which are  potent ia l ly  active carcinogenic 

metabolites. TCDO can be metabolized i n  mammalian species v i a  the epoxide t o  

dihydrodiol and fur ther  conjugates with glutathione. 

TCOD were found i n  liver and f a t  i n  a 2-year feeding s tudy  in  rats. Signif i -  

c a n t  covalent b ind ing  of TCDD t o  protein has been demonstrated by two invest i -  

gators. 

." 

Persistent residues o f  

iovaient oinaing oi' i C D t  wirn iiirir i r  nor s i y i i i i i c a n r  i r i  l i v e r  c e i i r .  

Currently avai lable  studies on t he  mutagenicity of TCDD a re  inconclusive. 

Two bacterial  systems, - Escherichia - coli and Salmonella typhimurium (without 

metabolic ac t iva t ion) ,  exhibited positive mutagenic act ivi ty .  

another study o f  Salmonella typhimurium ( w i t h  and w i t h o u t  metabolic ac t iva t ion) ,  

the r e su l t s  were negative. 

However. i n  

There were several cancer bioassay studies of TCDD: 1) a Don Chemical 

Company (Kociba e t  al.. 1978) study i n  male and female Sprague-Dawley (Spartan 

rubstrain)  r a t s :  2) Ute Van Hil ler  et  a l .  (1977) s tudy  in male Sprague-Dawley 

rats; 5 j  the l o t h  e t  a l .  (1979) study i n  Swiss mice; 4) the National Cancer 

Instftute (1980a.b) s tudies  i n  rats and mice; 5)  the  P i t o t  e t  a l .  (1980) pro- 

motion study in rats; and 6)  the  Kouri et  a l .  (1978) cocarclnogenicity s tudy  

i n  mice. 
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11.4 SUMMARY AND CONCLUSIONS 

. Qualitative Assessment-TeOO. 

'Probably one of the most toxic chemicals known to man is 2,3,7,8-tetra-

ehl orod i benzo-p-di oxi n (TCDt)). 

In small amounts, TeDO is a potent inducer of arylhydrocarbon hydroxylase , 

in mammals. This is a complex enzyme system that consists of epoxidase, epoxi-
-dehydratase. and glutathione transferase.~ The enzyme epoxidase is known to 

mediate the formation of epoxides, which are potentially active carcinogenic 

metabolites. TCOO can be metabolized in mammalian species via the epoxiae to 

dihydrodiol and further conjugates with glutathione. Persistent residues of 

TeDO were found in liver and fat in a 2-year feeding study in rats. Signifi­

cant covalent binding of TCDO to protein has been demonstrated by two in'!esti-

gators. Covaient oinciing of 'icee wHh Oi;'; i:; nu~ ~iyniii.:an~ in liver ceih. 

Currently available studies on the mutagenicity of TCDO 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 • . 
There were 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; ?) the Van Miller et al. (1977) study in male Sprague-Dawley 

rats; ~i the Toth et al. (1979) study in Swiss mice; 4) the National Cancer 

Institute (198Da,b) studies in rats and mice; 5) the Pitot et al. (1980) pro. 

motion study in rats; and 6) the Kouri et al. (1978) cocarcinogenicity study 

in mice. 
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The 1978 study by the Dow Chemical Company of male and female Sprague- 

Dawley rats fed TCDO i n  doses of 22 p p t ,  200 p p t ,  and 2200 p p t  revealed a 

highly  s ta t i s t ica l ly  significant excess incidence of hepatocellular carcinomas 

In female rats a t  the highest dose level and hepatocellular carcinomas 

and hepatocellular hyperplastic nodules I n  female rats a t  the middle dose! 

level, as canpared to  the>controls. 

crease i n  arcinanas of the hard palatelnasal turbinates i n  b o t h  h i g h  dose 

males and females. of the tongue i n  mates. and of the l u n g  i n  females. The 

Van Hiller e t  a l .  (1977) s tudy also showed some evidence of a carcinogentc 

response i n  the l iver and l u n g s  o f  male Sprague-Dawley rats a t  dosages o f  1000 and 

5000 p p t  i n  the d ie t ,  even though the study used a relatively mall number of 

animals. The l o t h  e t  al , ,  (1979) study provides suggestive evidence t h a t  TCOD 

induced a n  increased Incidence of l iver tumors i n  male mice (females were not * 
tested) receirfng O.? ?Ig/kg/week by gavage. 

In a d d i t i o n ,  there was a significant i n -  

* 

In the National Cancer Institute rat  s tudy  (NTP, 1980a). male and female 

Osborne-Mendel rats were administered TCDO by gavage a t  three dose levels: 

0.01, 0.05. and 0.5 ug/ky/week. TCDD Induced s ta t is t ical ly  significant increases 

of hepatocellular carclnmnas, subcutaneous fibrosarcomas, and adrenal cortical 

adenomas i n  high-dose female rats. TCOO also induced significant increases o f  

thyroid tumrs i n  low-, middle-, and high-dose male rats. 

In a companion mouse study by the National Cancer Institute (NTP, 1980a). male 

and female B6C3F1 mice were given TCOD by gavage a t  dose levels of 0.01, 0.05. 

and 0.5 uglkglweek for males and 0.04, 0.2, and 2.0 ug/kg/week for females. 

TCOD induced s ta t is t ical ly  tigrificant increased incidences of hepatocellular 
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The 1978 study by the Dow Chemical Company of male and female Sprague­

Dawley rats fed TeDD in ~oses of 22 ppt. 200 ppt. and 2200 ppt revealed a 

highly statistically s1gnifh:ant 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 in­

crease in carcinomas of the hard palate/nasal turbinates in both high dose -
males and females. of the tongue in males. and of the lung in females. The 

Van Miller et al. (1977) study also showed some evidence of a carcinogenic 

response in the liver and lungs of male Sprague-Dawley rats at dosages of 1000 and 

5000 ppt in the di et. even though the study used a rel ativ'ely small number of 

animal s. The Toth et al" (1979) study provides suggesti ve evidence that TeDO 

induce~ an increased incidence of liver tumors in male mice (females were n'ot' 

tested) receiving 0.7 ug/kg/week by gavage. 

In the National Cancer Institute rat study (HTP. 1980a). male and female 

Osborne-Mendel rats were administered TeDD by gavage at three dose levels: 

0.01. 0.05, and 0.5 ug/kg/week. TeOD induced statistically significant increases 

of hepatocellular carcinomas, subcutaneous fibrosarcomas, and adrenal cortical 

adenomas in high-dose female rats. TeDO also induced Significant increases of 

thyroid tumors in low-, middle-. and high-dose male rats. 

In a companion mouse study by the National Cancer Institute (NTP, 1980a), male 

and female B6C3Fl mice were given TeOO 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. 

TCDO i,nduced stat1 st 1ca11y 51 !Jlificant increased inci dences of hepatoce11 ular 
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carclnanas i n  t h e  h i g h d o s e  males and females, and t h y r o i d  tumors, subcutane- 

ous fibrosarcomas, and h i s t i o c y t i c  lymphomas i n  females. 

I n  t h e  study b y  P l t o t  e t  a l .  (1980), TCDD has been shown t o  be a po ten t  

l i v e r  cancer promoter a f t e r  i n i t i a t i o n  w l t h  d ie thy ln i t rosamine.  Several t e s t s  

o f  TCDD as a p r a o t e r  on mouse s k i n  were negative. but  Poland e t  a l .  (1982) 

showed t h a t  TCDD can promote i n  one mouse s t r a i n  and i s  negat lve  i n  other's. 

I n  t h e  study by  Kouri e t  a1 . (1978), TCDD has been shown t o  be a potent  c:o- 
.L 

carcinogen with 3-methyl chloranthrene. .. 
Several ep idemio log ica l  s tud ies  have been conducted which are re levant  

to t h e  assessment of  t h e  ca rc inogen lc l t y  o f  2.4.5-1, s i l v e x ,  and TCDO. Two 

Swedlsh epidemio log ica l  case-control s tud ies  (Hardel l  and "Sandstran, 1979; 

Er iksson e t  al.. 1979. 1481) reported a s i g n i f i c a n t  assoc ia t ion  between so f t -  

t i s s u e  sarcanas and occupational exposure t o  phenoxyacetic ac id  herb ic ides  and/ 

o r  chiorophenols. These s tudfes i nd i ca ted  i p p r o x i x t d y  f i v e -  t o  sevenfold 

increases i n  t h e  r l s k  o f  developing s o f t - t i s s u e  sarcomas among people exposed 

only t o  phenoxyacetlc acfds i n  comparison t o  people not exposed t o  these 

chemicals. Xhen an at tempt was made t o  separate exposures I n t o  two categor ies 

based on expected presence o r  absence o f  po lych lo r ina ted  d ibenrodiox in  and 

d ibenzofuran impur i t i es ,  t h e  r e l a t i v e  r i s k s  were 17 and 4.2, respec t lve ly .  Th is  

I n d i c a t e s  t h a t  agents themselves w i thout  t h e  d i o x l n  i m p u r i t i e s  may be c o n t r i b u t i n g  

t o  t h e  r i s k  o f  s o f t - t i s s u e  sarcomas as wel l .  Another Swedish case-control s tudy 

(Hardel l  e t  al,, 1980, 1981) provldes suggestlve evidence o f  an increased r i s k  

o f  developing lymphomas r e s u l t i n g  from occupational exposure t o  phenoxyacetic acids. 

kro cohort s tud ies,  one b y  Axelson e t  a l .  (1980) and t h e  other by f h i e s s  

and Frentzel-Beyme (1978) prov ide suggestive evidence t h a t  phenoxyacetic ac ids 
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carcinomas in the high-dose males and females, and thyroid tumors, subcutane­

ouS fjbrosarcomas, and histiocytic lymphomas in females. 

In the study by Pitot et al. (1980), TeDD has been shown to be a potent 

liver cancer promoter after initiation with diethylnitrosamine. Several tests 

of reDO as a promoter on mouse skin were negative, but Poland et al. (1982) 

showed that TeDD can promote in one mouse strain and is negative in other's. 

In the study by Kouri et al. (1978), TeDD has been s~own to be a potent c:o­

carcinogen with 3-methyl chloranthrene. " 

Several epidemiological studies have been conducted which are relevant 

to the assessment of the carcinogenicity of 2,4,5-T, silvex, and TeDD. Two 

Swedish epidemiological case-control studies (Hardell and "Sandstrom, 1979; 

Eriksson et al., 1979, 1981) reported a significant association between soft­

tissue sarcomas and occupational exposure to phenoxyacetic acid herbicides and/ 

or chiorophenois. These studies indicated approximately five- to sevenfold 

increases in the risk of developing soft-tissue sarcomas among people exposed 

only to phenoxyacetic ac'lds in comparison to people not exposed to these 

chemicals. When an attempt was made to separate exposures into two categories 

based on expected presence or absence of polychlorinated diben%odioxin and 

dibenzofuran impurities, the relative risks were 17 and 4.2, respectively. This 

indicates that agents themselves without the dioxin impurities may be contributing 

to the risk of soft-tissue sarcomas as well. Another Swedish case-control study 

(Hardell et al., 1980, 1981) 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 (1978) provide suggestive evidence that phenoxyacetic acids 
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and/or TCOD increase the r i s k  o f  stomach cancer i n  humans. Four other cohort 

studies by O t t  e t  a l .  (1980). Riihfmaki e t  a l .  (1978), Cook e t  a l .  (1980) 

and Lack and Suskind (1980). d id  not Ind icate a s lgn i f i can t l y  increased r i s k  

of  cancer i n  people exposed to phenoxyacetic acids and/or chloropbenols. but 

two o f  these studies were o f  r e l a t i v e l y  low s t a t i s t i c a l  power, and the four th  

study has ce r ta in  InconsisFencies requl r lng  c la r i f i ca t l on .  

Qua l i t a t i ve  Assessment-HCDO .). 

Hexachlorodibenro-p4ioxin has a1 so' been tested f o r  carcinogenicity' i n  

ra t s  and mice treated by gavage and by Q n a l  appl icat ion t o  mice (NTP 1980c.d). 

I n  these studies, a 1:2 mixture of  1,2,3.6,7,8- and 1.2,3.7,8,9-HC00 was 

tested. I n  the ora l  study, animals received HCDO a t  doses o f  0.0. 1.25, 2.5, 

or  5.0 ug/kg/week, except. f o r  female mice, which received 0.0, 2.5, 5.0, and 

10.0 ug/kg/week. 

occurred a t  a s i g n i f i c a n t l y  greater incidence than i n  controls. 

r a t s  and male and female mice, the l l v e r  tumor incidence was s ign i f i can t l y  

increased over control  values only I n  the hfgh-dose groups, while i n  female 

r a t s  the incidence was s ign i f i can t l y  greater a t  both the medium and h igh 

dose levels. 

by MP (198Od). there were no treatment-related tumors i n  e i ther  the carcino- 

gen ic i ty  bioassay o r  the tumor promotion assay using OMBA as an i n i t i a t o r .  

I n  both species and both sexes, only tumors of the l i v w  

I n  male 

I n  the study o f  KO0 carcinogenicity i n  mouse skin conducted 

Quant l tat lve Assessment 

No epidemiological studies are suitable f o r  estimating a TCDO inhalat ion 

- 

risk to humans. Several animal data sets are avai lable f o r  estimating an 

Inha la t ion  u n i t  rlsk f o r  TCDO, but they are a11 based on e i the r  gavage or 
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and/or TCDD increase the risk of stomach cancer in humans. Four other cohort 

studies by Ott et a1. (1980), Riihimaki et a1. (1978), Cook et al. (1980) 

and Zack and Suskind (1980), did not indicate a significantly increased ,'15k 

of cancer in people exposed to phenoxyacetic acids and/or chlorophenols, but 

two of these studies were of relatively low statistical power, and the fc)urth 

study has certain inconsistencies requiring clarification • 
• 

Qualitative Assessment-HCDD .. 
Hexachlorodibenzo-p-dioxin has al so' been tested for carcinogenicity' in 

rats and mice treated by gavage and by dermal application to mice (HTP 1980c,d). 

In these studies, a 1:2 mixture of 1,2,3,6,7,8- and l,2,3,7,8,9-HCDD was 
" 

tested. In the oral study, animals received HCDD at doses of,O.O, 1.25, 2.5, 

or 5.0 ug/kg/week, except: for female mice, which received 0.0, 2.5, 5.0, and , 

10.0 ug/kg/week. In both species and both sexes. only tumors of the livc!r 

occurred at a significantly greater incidence than in controls. In male 

rats and male and female mice, the liver tumor incidence was Significantly 

increased over control values only in the high-dose groups, while in female 

rats the incidence was significantly greater at both the medium and high 

dose levels. In the study of HCDD carcinogenicity in mouse skin conducted 

by NTP (1980d), there were no treatment-related tumors in either the carc:ino­

genic;ty bioassay or the tumor promotion assay using OMBA as an initiator. 

Quantitative Assessment 

No epidemiological studies are suitable for estimating a TCDD inhalation 

risk to humans. Several animal data sets are available for estimating an 

inhalation unit risk for TCDO, but they are all based on either gavage or 

11-104 

------~, r·-------·--- ._-_ .. ---,-----------. 



. .  . -  .............. . , .. . .  . . , , .  . .. _. . .. 
. ,  I .. ... ,., . 

. . .  .,,.--d-d-.%'.".-.. -. . , . I .  . . . - A . v . d - . - .  , . 

feeding studies.  The quant i ta t ive cancer u n i t  risk estimate is based on 

t h e  Kociba e t  a l .  (1978) TCDD feeding study i n  female r a t s  (histopathologic 

evaluation by Or. Robert Squi re) tha t  Induced a s t a t l ~ t i c a l l y  signlflcant 

incidence of  tumrs i n  the liver, lungs,  and hard palate or  nasal turbinates. 

Based on continuous l i fe t ime exposure t o  1 pg/m3 2.3.7.8-tetrachlorodibenzo- 

p-dioxin In ambient a i r ,  the estimated upper-limit p r o b a b i l i t y  of Individual 
b 

cancer risk I s  9.1 x 10-5. c 

An upper-limit u n i t  risk estimate for  a mixture of HCODs has also been 

calculated from the NCI gavage study (NTP, 1980~) .  Based on combined liver 

neoplastic nodules and hepatocellular carcinanas i n  female rats, a continuous 

lifetime exposure t o  1 pg/m3 of HCOO IS estimated t o  y i e ld  a n  upper-limit; unit  

r i s k  of 1.2 x , 
, The potencv of TCOO using the linearized multistage model i s  also esti-  

mated re la t ive  t o  53 other chemicals &ich the CAG has evaluated as suspect 

carcinogens. This re la t lve  potency index i s  1 x 10+8 (mMol/kg/day)-1, making 

TCDD t he  most potent anlmal carcinogen, by f a r ,  t h a t  the  CAG has evaluated. 

I t  i s  100 times more potent t h a n  the next most potent chemical, benzidine, 

and 100,000,000 times more potent t h a n  vinyl chloride. The re la t ive  potency for 

HCOD I s  2 x lO+7, making i t  the second most potent carcinogen. 

Conclusion 

Because of the Induction of hepatocellular carcinana in two strains of 

female r a t s  and b o t h  sexes of one mouse strain, along w i t h  the induction of 

thyrojd tumors, subcutaneous fibrosarcanas, and l u n g  and tongue tumors in b o t h  

rats and mice, the evidence of carcinogenicity for TWO i n  animals would be 
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feeding studies. The quantitative cancer unit risk estimate is based on 

the Kociba et al. (1978) TOOD feeding study in female rats (histopathologic 

evaluation by Dr. Robert Squire) that induced a statistically significant 

incidence of tumors in the liver, lungs. and hard palate or nasal turbinates. 

Based on continuous lifetime exposure to 1 pg/m3 2.3,7,8-tetrachlorodibenzo-
\ 

p-dioxin in ambient air, the estimated upper-limit probability of individual 

cancer risk is 9.1 x 10-5• 

An upper-limit unit risk estimate for a mixture of HCDOs has also been 

calcul~ted from the NCl gavage study (HTP, 1980e). Based on combined liver 

neoplastic nodules and hepatocellular carcinomas in female rats. a continuous 

lifetime exposure to 1 pg/m3 of HCOD is estimated to yield an upper-limit unit 

risk of 1.2 x 10-5• 

The ~otency of TCDO using the linearized multistage model is also esti­

mated relative to 53 other chemicals which the CAG has evaluated as suspect 

carcinogens. This relative potency index is 1 x 10+8 (mMol/kg/day)-l, making 

TCDD the most potent animal carcinogen, by far, that theCAG has evaluated. 

It 15 100 times more potent than the next most potent chemical, benzidine, 

and 100,000,000 times more, potent than vinyl chloride. The relative potency for 

HCDD is 2 x 10+7, making it the second most potent carcinogen. 

Conclusion 

Because of the induction of hepatocellular carcinoma in two strains of 

female rats and both sexes of one mouse strain, along with the induction of 

thyroi~ tumors. subcutaneous fibrosarcomas, and lung and tongue tumors in both 

rats and mice, the evidence of carcinogenicity for TOOO in animals would be 

11- 105 
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regarded as sufficient i f  the .classification system of the International Agency 

for Research on Cancer (URC) were used. These effects occur a t  extremely low 

doses. The demonstration of a pranotion effect i n  rat l iver after i n i t i a t i o n  

d t h  diethyl nitrosamine and a cocarcinogenic response when TCDD was injected 

simultaneously w i t h  Inethyl  chloranthrene increases the level of evidence i n  

snlmal s. b 

The human evidence f o r  the carcinogenicity of TCDD alone is regarded as 

inadequate us ing  the IARC classification, because of the difficulty of attributing 

the effects t o  TCDD, which occurred as an impuri ty  i n  the phenoxyacetic acids 

and chlorophenols t o  which the people were exposed. 

Hepatocellular carclnanas have been induced i n  mice and rats fo l lowlng  

administration of a 1:2 mixture of 1,2,3,6,7,8- and lS2,3,7,8,9-HCDD. 'This 

level of carcinogenic evlldence i n  animals would be regarded as "sufficient" 

according t o  the IARC classification scheme. Therefore. basea on animal evi- 

dence, HCDD would be placed i n  Group 28, which IARC characterizes as probably 

carcinogenic i n  humans. 

However, the human evidence for the carcinogenicity of chlorinated phenoxy 

acetic herbicides and/or chlorophenols w i t h  chlorinated dibenzodioxin and 

dibenzofuran impurities t s  limited according t o  the IARC cri teria.  Therefore 

the overall evidence of carcinogenicity, considering b o t h  animal and human 

studies, would place TCDU alone i n  the 28 category of IARC, and TCDD i n  

associatlon w i t h  the phenoxy herbicides and/or chlorophenols i n  the 2A category. 

The IARC regards chemicals i n  both  categories as probably carcinogenic i n  

humans. 
, 
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regarded as sufficient if the .classification system of the International Agency 

for Research on Cancer (XARe) were used. These effec:ts occur at extremely low 

doses. The demonstration o'f a promotion effec:t in rat liver after initiiltion 

with diethyl nitrosamine and a cocarcinogenic response when TeDO was injec:ted 

Simultaneously with 3-met:hyl chloranthrene increases the level of evidenc:e in 

animals. 

The human evidence for the carci nogenicity of TtDO alone is regarded as 

inadequate using the tARe: classificatiori, because of the difficulty of attributing 

the effects to TeDD, whic:h occurred as an impurity in the phenoxyacetic aci ds 

and chlorophenols to which the people were exposed. 

Hepatocellular carcinomas have been induced in mice and .rats following 

administration of a 1:2 mixture of 1,2,3,6,7,8- and l,2,3,7,8,9-HeDO. 'This 

level of carci nagenic evidence in animals woul d be regarded as ·suffici ent" 

according to the lARe classification scheme. Therefore, based on animai evi­

dence, He DO would be plac:ed in Group 28, which IARe characterizes as probably 

carCinogenic in humans. 

However, the human evidence for the carcinogenicity of chlorinated phenoxy 

acetic herbicides and/or chlorophenols with chlorinated dibenzodioxin and 

dibenzofuran impurities 1s limited according to the IARe criteria. Therefore 

the overall evidence of carcinogenicity, considering both animal and human 

studies, would place TeDO alone in the 28 category of IARe, and TeDO in 

association with the phenoxy herbicides and/or chlorophenols in the 2A category. 

The !ARe regards chemica'is in both categories as probably carcinogenic in 

humans. 
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' 93. REGULATIONS AND STANDARDS . 
13.1. H A m  

13.1.1. Ambient Hater. Previous release of dioxln-contalaing herbicides has 

&lowed these agents t o  en ter  the envlmnment. Their Mgh environmental 

8 t a b i l i t y  and low water so lub i l i t y  (0.2 ppb) make the 2,3,7,8-TCDD tend t o  settle 

in the bottom sludge af waterways. The major risk to humans comes from sating 

bottom-feeding f lah  in which 2,3,7,bTCDD has bioaocumulated. The U.S. EPA is 

oonsidering s e t t i n g  criteria or 2.1 x 10-9, 2.1 x 1 0 - l ~  or 2.1 x 10"~ ug 

2,3,7,&TCDD/% based on estimated human llfetime weer rislw of lo", or 

loo7, mspectively.  mesa criterla are based on the  assumption of' a dai ly  

consumption of 6.5 gm contaminated f i s h  and she l l f i sh  with or without the 

8 d d i t i O ~ 1  daily oonswnption of 2 I or oonmntaated drinklng water (U.S. EPA, 

19811. No information is avallable regarding ooncentration limits of 1,2,3,7,8- 

X D D ,  1,2,3,7,8,?--HCDD or 1,2,j,6,7,bECDD in ambient water. 

13.1.2. Drinking Hatar. In the c r i t e r i a  proposed by the  U.S. EPA, the  da i ly  

oonsumptiop or drinking water containing these levels or  2,3,7,&TmD is 

believed t o  be without censequance. Only 0.32 of the total 2,3,7,&TCDD exposure 

l a  assumed t o  occur from drinwng water. Ilo i a f o m t i o n  is available regarding 

- 

ooncentration limits of other dioxin congeners in drinking water. 

13.2. AIR 

m y  normal combustion precesses suspected or releasing dioxins t o  the 

atmosphere. Eouever, thQ effect onhuman health f romth l s  source is unknown, and 

no oritertt e a s t  regardlag concentration l imits.  

13-1 
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. 13. REG1lLATIONS AND STANDAHDS 

13.1. IIATER 

13.1.1. Ambient lIater. Previous release ot dioxin-conta1n1ng herbicides hes 

allowed these agents to enter the enviro!llllent. Theil' high environmental 

stability and low water solubiUty (0.2 ppb) make the 2,3,1,8-TCDD tend to settle 

in the bottom sludge ot watel'WllYs. The major risk to humans comes trom eating 

bottom-teeding tuh 1n wbioh 2,3,1,8-TCDD hes bicaocumulated. The U.S. EPA is 

considering setting criteria ot 2.1 x 10.9, 2.1 x 10.10 01' 2.1 x 10·" ug 

2,3,1,8-TCDD/1 based on estimated human litetime cancel' ruka ot 10.5, 10.6 
01' 

10.7 , respectively. These criteria are based on the assumption of' a da11y 

cOl1aumption ot 6.5 gm oontaminated tuh and shelltish !11th 01' without the 

additional daily oonsumption ot 2 1 ot contaminated drinking water (U.S. EPA, 

1981). No information is available regarding oonoentration limits ot 1,2,3,7,8-

PCDD, 1,2,3,7,8,9-BCDD 01' 1,2,3,6,1,8-BCDD in ambient water. 

13.1.2. Drinking lIater. In the oriteria proposed by the U.S. EPA, the daily 

cOlUlumptiOI] ot drinld.ng water containing these levels of' 2,3,1,8-TCDD is 

beUeved to be without consequenoe. Only 0.3J ot the total 2,3,7,8-TCDD exposure 

is assumed to cocur tl'Olll drinking water. No information is available regarding 

concentration limits ot other dioxin congeners 111 drinking water. 

13.2. AIR 

Many normal combustion processes are auspected ot releasing dioxins to the 

at1llOsphere. Bowever. thO etteot on human health tl'Olll thill souroe is lIlllcnown, and 

no crit.ric exist regard1ng conoentration limits. 

13-1 
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Aocording t o  the FDA (1981) and (41 CPR 321) f i s h  with a 2,3,7,&TCDD 

oontent averaging 525 ppt pose no serlous health oonoern. Federal legal limits 

for (Ireat Lakes f l s h  dist r ibuted in interstate oomeroe am deemed unneoessary 

becauae most of the  8amples analyzed by the FDA contained (25 ppt. Canada has 

establl&ed a 20 ppt coneantration l i m i t  for 2,3,7,&TCDD in Lake Ontario 

oommeroial fish laported i n t o  the Waited States t o  comply with the levels 

believed by the FDA to  be aafe. 

, 

I- tolerance for bexachlorephene wthylenabis  (2,3,6-triohlorophenol) i n  or 

on feedstwk eottenseeds has been sstablished a t  0.05 ppm, with the condltlon 

that it not contain >0.1 ppm of 2,3,7,&TCDD (U.S. EPA, 19820). 

130 information regarding oonoentntion limits of other dloxln  isnmrs is 

available.  

13.&, -W-*L?qT 

The regulation of dioxln by-products i n  substances suoh as hexachlorophene 

and 2,4,5-trichlorephenarpaoetio acid is apparently m o o t e d  to  eliminate dioxln 

releases t o  the environment. me Canadian ooncentration l l m l t  for  2,3,7,&TCDD 

In fish is t he  only known c r i t e r ion ,  and it agrees v l th  levels regarded by the  

F D A  as being protective of humaa health. I n  the absence af speoifio guidelines 

and standards regarding oonoentntion limits of 2,3,7,&TCDD, the F D A  axamlnes 

ladivldual oontamlnation s i tua t ions  separately,  and gives only general guidance 

regarding r e l a t i v e  rink to  humans (Delgado, 1983). Ro information is available 

regarding ooncentration limits for  other dioxin isomers. 

.' .. --- ______ ' __ -"'-' __ -"~ __ '_N' 

13.3. FOOD 

Aooording to the FDA (1981) and (41 CFR 321) tuh with a 2,3,7 ,II-TCDD 

cont-ent averaging ~25 ppt poae no aerioUlS health oonoern. PE-deral legal 111111 til 

tor Great Lakes t'1lIh distributed 1D 1Dterstate commeroe are deemed unneoellsary 

becaUlSe IIOSt of the samples analyzed by the FDA contained <25 ppt. canada has 

establlsh!d a 20 ppt conoentrat1on 11lll1t tor 2,3,7 ,II-TCDD 1D Lake Ontario 

oOllllllero1al f1sh 1IIIported into the tJn1ted States to comply with the levels 

believed by the FDA to be aate. 

A toleranoe tor bexachlorophene methyleneb1s (2,3,6-tr1ohlorophenol) in or 

on teedstcok oottenseeda has been established at 0.05 ppm, with the oond1t1on 

that it not oonta1n >0.1 ppm of 2,3,7,II-TCDD (U.S. EPA, 19820). 

Ro 1Dtormat1on regarding concentrat10n 111111ts ot other diox1D 1somera 1a 

available. 

13,1I,~XI!! 

The regulat10n of dioxin by-produota in subatanoea auch as hexaohlorophene 

and 2,4,5-tr1ohlorophenoxyaoet10 ao1d is apparently expeoted to e11lll1nate dioxin 

releases to the environment. !be canadian oonoentrat10n limit tor 2,3,7,II-TCnn 

in tish is the only known or1terion, and it agreea with levels regarded by the 

FDA as being proteot1ve ot buman bealth. In the absenoe of specUio gu:tdelines 

and standardll regarding oonoentrat1on 11lll1ts of 2,3,7,II-TCDD, the FDA examines 

individual oontaminat1on situations separately, and Sives only seneral gu1danoe 

regarding relative r1sk to humans (Delgado, 1983). No 1Dt'ormat10n 1s ava11able 

regard1ng oonoentrat1on 11lll1ts tor other d10xin isomers. 
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14. WECIS OF W O R  CONCERN AND BEALTii W A R D  ASSFSSHENT 

O f  the four congeners of PCDD discussed in this report (i.e.,  2,3,Y,B-TCDD, 

1,2,3,7,8-PeCDD, 1,2,3,7,8,9- and 1,2,3,6,7,84CDD), the ma.Oority o i  toxicologic 

data w OD 2,3,7,8-TCDD. The limited data on the other congeners indicate that 

they w . q u a l i t r t i v e l y  similar in their toxic notion to 2,3,7,8-TCDD uhen 

coaparisons are made in n single species; however, they are less toxic than the 

2,3,7,8-TCDD congener. Thia la lllustmted in mlw, in vhich 2,3,7,8-TCDD has an 

tDso value of 0.88 umol/kg m d  1,2,3,7,8-PeCDD; 1,2,3,6,7,8- md 1,2,3,7,8,9- 

HCDD have, raspeotively, LDs0 mluea of 0.94, 3.l9 and 3.67 umoykg (MoConnell, 

1978a). This suggests that  e i ther  the position or the number of chlorine effects 

the toxicity of the PCDDs. 

. 
i 

I n  m e  recent studies using bioohemicil endpoints, Poland et al. (l979), 

B m d l ~ w  and Casterline (l979) md Bradlaw a t  al. (1980) have supported the 

oontcntiea that tha peritiaa and nmher n? r h 7 n - 4 ~ 5  %! TEE, ?$3P & S E E  L-: 

critical for the biologic activity of the compound. I n  this study, the EDgO for 

tho induct im of AHtl ac t iv i ty  in hepatoma calls la culture I+LS used to establ ish 

a rmge of potency for oongeners of PCDD. Although &cute toxicity md induction 

of ARB activity have been used to qurmtify the difference in the biologic 

activity of the congeners 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD and lt2,3,7,8,9-BCDD, 

the axtrapoht ion of thls data to estimate quantitative dose-response relation- 

.hips for the chronic toxicity of individual oongeners w not suf r ic ien t ly  

mapported a t  the present time. F r o m  the data described below, i t  is clear  that 

aufflaieat iaformatlon f o r  quantitative hazard assessment is aoalhble only for 

2,3,7,8-TWD and 8 mixture of tho tu, HCDD oonpners. 
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'". !P'FEC'IS OF MAJOR CONCEIIN AND HEALTH HAZAI\I) ASSESSMENT 

01' the tour congenel"s 01' PCDD disCllued in this !"ePOl"t (i.e., 2,3,7,B-TCDD, 

'.2,3,7,8.PeCDD, ',2,3,1,8,9- and ',2,3,6,7,B-BCDD), the majol"1tr 01' toxicologic 

data aJ'e on 2,3,T,8-TCDD. The lilllited data on the othel" congenel"s indicate that 

they aJ'e. qual1 ta tively sWlal" in theil" toxic action to 2,3,7 ,B-TCDD wilen 

COIIIpal"ilIons ue lllade 1n a single epecies; howevel", they al"e leu toxic than the 

2,3,1,B-TCDD congenel". Tbb 1a lllustnted in III1ce, in which 2,3,1,8-TCDD baa an 

LDSO value 01' 0.88 \llIIOl/q and ',2,3,T,8.PaCOD; '.2.3,6.1.8. and 1.2.3,7,8,9-

RCDD bave, I"Upeot1vely. LDSO values 01' 0.911. 3.19 and 3.67 \lIIIOllkg (HcCoMell. 

1918a). This auggests that e1thel" the pos1t1on 01" the DUIII~r 01' chlol"1ne etfects 

the tox1c1 tr 01' the PCDDs. 

In lDOl'e l"ecent stud1es using biochelllical endpoints. Poland et al. (19'79). 

Bndlaw and casterline (19'79) and Bl"adlaw et al. (1980) bave supported the 

cl"itical 1'01" the b10log1c act1v1tr 01' the compound. In tbb study, the BDSO tor 

the 1nduct1on 01' ABH aat1v1 ty in hepatoma cella in cul tuI"e .s used to establ1sh 

a I"ange 01' potency tor congenel"s 01' PCDD. Although acute tox1city and 3.nduct10n 

01' AHB act1vity have been used to quantify the ditt_nce 1n the b10logic 

activ1tr 01' the congeners 2,3,7,8.TCDD, 1,2,3,7,8·PeCDD and 1,2,3,7,8.9-BCDD, 

the extl"apolat1on 01' this data to estimate quant1 tative dcse-!"esponse !"elat10n­

ahip. 1'01" the chronic toxic1ty of individual congeners aJ'e not sutf101ently 

suppor ted a t the pl"esen t tillle. 1'1"0111 the da ta desoribed below, 1 t 1. cl ear' tha t 

autt1c1en t intol"llla tion tor quan ti ta ti"e tlaZud as.esamen t is available only tor 

2,3,1,8.TCDD and a lllixture 01' the two BCDD congeners. 

-------. r·---------------------r-----------------·-------·--··-----





14.1. PRINCIPLE EFFECTS . 
14.1.1. Toxicity. The principle  effect observed in all apecies a f t e r  acute 

UpOSWO t o  2,3,7,&TCDD is wel.@It loss and thymic atrophy (see a b l e  6-1). The 

d o c r u s e  in might prooeeds over a protracted length of time even after a single 

urposun t o  a lethal dose. By the timc of  death,  an almost complete absence of 

bod* fat s t o r e s  often was observed. A t  death,  severe deterioration of the anlmal 

y.d ob8erved; however, 'them was no specific les ion t o  associate  wlth the cause 

o t  death. his was par t icu lar ly  evident in the gulnaa pig, the most sens i t ive  

apecies t o  2,3,7,&TCDD toxici ty .  Necropay revealed no remarkable a l t e r a t ion  i n  

any i n t e rna l  organ except f o r  thymic atrophy (Oupta a t  al., 1973). Although 

liver damage was observed fn rats, rabbi t s  and mlce (Schwatz e t  al., 19731, there  

a m  insufficient data t o  indicate  that thls effect is the'underlylng cause of 

mortality after acute exposure to 2,3,7,&TCDD. Also, in the guinea pig and 

monkey, which have the  me general progression of gross signs of tox ic i ty  as do 

rats, r a b b i t s ,  and a c e ,  there 18 only mlld l i v e r  damage (Section 8.11. I n  

addi t ion,  2,3,7,&TCDD is M Lmrmns suppressant in mloe (Section 8.1.1.4); 

. however, again, it la not clear whether lmunosuppresalon is a cause or an e f fec t  

O f  the  SmPtOm O f  2,3,7,&TCDD t O X l O i t Y .  

An 0 result of the long tlme nweasary f o r  the development of toxlc  symptoms 

in anlmals, aubahronic md chronic atudies w better able t o  deilne dose effect 

and response relat ionships  thrn w acute studies. Subchronlc and chronic animal 

s tud ie s  that define ROELS and L O U  are mnnnarlzed in Table 14-1 f o r  orally 

addnlstered 2,3,7,&TCDD. The NOEL f o r  subchronic exposum is =10 tlmes higher 

them that observed for chronic exposures, auggestlng that the oumulative dose 

.Ight be an important factor in 2,3,7,&TCDD toxicity.  Them are only limited 

dit8 on the R)EL m d  LOEL f o r  BCDD (Table 14-2) and these worn obtained from 

r tud ie s  using a 1:2 mlxt& of 1,2,3,6,7,& and 112,3,7,8,9-HCDD. A observed 

14-2 

14.1. PRINCIPLE EFFECTS • 

14.1.1. toxic1ty. '!'he prlllc1ple ettect observed 111 all spec1es atter acute 

exposure to 2,3,7,8-TCDI) 1s ve1sht loss and thym1c atrophy (s .. 'fable 8-1). '!'he 

decrease 1n we1Sht prooeeds over a protracted length ot time eveD atter a s1ngle 

exposure to a lethal dose. By the t1me ot death, an almost complete absence ot 

. body tat ~tOJ'8S otten was observed. At death, severe deter10rat10n ot the animal 

• was observed; hovever, there vas no spec1t1c lesion to associate with the cause 

ot death. '!'hiS was part1cUlarly ev1dent 111 the su1nea p1g, the most sens1t1ve 

species to 2,3,7,8-TCDI) toxicity. Necropsy revealed no remarkable alterat10n in 

any internal organ except tor thym10 atrophy (Gupta et al., 1973). Although 

Uverdamage was observed 111 rats, rabbits and· mioe (Schvetz et al., 1973), there 

are insuff1cient data to 1nd1cate that this etreot is the· underlying cause ot 

mortality atter aoute exposure to 2,3,7,8-TCDI). Also, 111 the guinea p1g and 

monkey, whioh have the same general progression ot gross s1gns ot toxic1ty as do 

rats, rabbits, and mice, there is only mild l1ver damage (Section 8.". In 

addition, 2,3,7,8-TCDI) 18 an 1JDUne suppressant 111 mice (Section 8.1.1.11); 

. however, again, it is not olear whether 1mIIIunosuppress10n is a cause or an ettect 

ot the cross symptoms ot 2,3,7,8-TCDI) tOxicity. 

As a result ot the 10118 t1me neceasary tor the development ot toxic symptoms 

in animals, subchronio and chronic stud1es are better able to det1ne dose ettect 

and response relationships than are acute stUdies. Subchronic and chroniC animal 

atudies that detine ROEI.a and LOEI.a are lI\IIIIIIIaJ'ued 111 'fable 14-1 tor orally 

admin1stered 2,3,7, 8-TCDI). '!'he NOEL tor subchronic exposure 18 -10 times higher 

than that observed tor chronic exposures, auggesting that the cumulstive dose 

aigbt be an important tactor 1n 2,3,7,8-TCI)I) tOxicity. '!'here are only 11m1ted 

data on the ROEL and LO!L tor BCIlI) (Table 14-2) and these were obtallled trom 

atud1es using. 1:2 mixture ot 1,2,3,6,1,8- and 1,2,3,7,8,9-BCIlI). -' observed 
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. with 2,3,7,8-TCDD, there  is a auggestion that the cumulative dose of t h l s  mixture 

is M h p O r t M t  consideration in def in lng  a NOEL. ?or both 2,3,7,&TCDD and the 

mixture of HCDD, the l i v e r  a p p a w d  t o  be the  most sensi t ive target organ. 

2,3,7,&TCDD has heen airown t o  produce f e w  anomalies ~n rats, mice, and 

r a b b i t s  (see Table 9-2). I n  mice fetuses, 2,3,7,bTCDD induces cleft palate and 

t d d L y  maLformations, while in rat fetuses, hemorrhage, edema and a number of 

8nomalies were observed. There ma only one study available usessing the  

teratogenici ty  of 2,3,?,8-TCDD i n  rabbi ts  reported by Ciavini a t  al. (1982b) in 

which increases in e r a  r i b s  and t o t a l  soft  t i s sue  anomalies were observed. In 

mice, 1 vgnCg given for  9-10 days during the middle of gestation uas t he  minimum 

dose necessary t o  o l i o i t  a t en togen ic  response (Smith e t  al., 1976; Moore et  

al., 19731, while dilated renal pelvis  Md decreased fetal wight were observed 

in  t he  nt fetuses of dams reoaiping doaea of 2,3,7,&TCDD as l ow as 0.001 v g k g  

throughout gestation. The r t a t i s t i o a l  rignificanoe of ef feo ts  a t  thia later 

dose, however, is w e d  (Murray e t  al., 1979; Nisbet and Paxton, 1982). The 

fetuses of nts appear t o  be very sens i t ive  to the  effects of 2,3,7,bTCDD, with 

adverse e f f ec t s  wourrlng a t  maternal exposurea that were similar t o  the  NOEL 

observed in chronic atudies  (see Table 14-11. Also, Schwtz et U.  (1973) 

bemorutrated that HCDD (iso!sera not rpeciffed) was both fatotoxic and terato- 

genic when administered t o  pregnant rats a t  100 ug/kg on days 6-15 of gestation. 

Soma epidemiology s tudies  have shown 8 positlve association between expo- 

aure t o  2,4,5-T, of wtLich 2,3,7,8-TCDD is a known contaminant, and b i r t h  defects 

or abortions. Other studlea have N l e d  t o  demonstrate an wsocla t ion  (Section 

9.21, while no a u b s k n t i a l  association with mproduotlve d i f f i c u l t i e s  has been 

reported in human populations axposed t o  2,3,7,bTCDD u a oontaminant of TCP. 

These studies  in humuu can wither aupport nor refute the animal teratogenicity 

. 

with 2,3,7, 8-TCDD, there 18 a suggestion that t.he cumulative dose of this mixture 

is an important consideration in defining a NOEL. rol' both 2,3,7 ,8-TCDD and tile 

~ure of BCDD, the liver appeared to be the most sensitive target organ. 

2,3,7,8-TCDD has been sbown to produce fetal anomalies in rat.s, mice, and 

rabbits (see Table 9-2). In mice fetuses, 2,3,7,8-TCDD induces clert palate and 

Id.dney maiformations, while in rat tetuses, hemorrhage, edema and a II\IIIIbel' of 
. . 

anomalies were observed. There vas only one study available usessing the 

teratogenicity ot 2,3,1,8-TCDD in rabbits reported by Ciavini et &1. (1982b) in 

which increases in extra ribs and total soft tlasue anomalies were observed. In 

mice, 1 ,1gllc& gi.,en for 9-10 days during the middle of gestation was the minimUm 

dose neoessary to elicit a teratogenic response (Smith et al., 1976; Moore et 

al., 1973), while dilated renal pel.,is and decreased fetal we1&ht were observed 

in the rat tetuses of dams receiving doses of 2,3,7,8-TCDO u low as 0.001 IIglkg 

throughout gestation. The statlatical significanoe of eftects at tb1a later 

dose, however, 18 argued (Murray et al., 1979; Hisbet and Paxton, 1982). The 

fetuses of rats appear to be very sensitive to the etfects ot 2,3,7,8-TCDO, with 

adverse ettects ocourring at maternal exposures that were s1milar to the ROEL 

observed in obronic studies (see Table 111-1). Also, Sohwetz et al. (1973) 

demonstrated that BCDO (isomers not specit'1ed) was both tetotoxic and terato­

genic when adm1n1atered to pregnant rats at 100 ,1gllc& on days 6-15 of gestation. 

Some epidemiology studies have aIlown a positive association between expo­

sure to 2,", 5-T, of which 2,3,7, S-TCDO is a known oontaminant, and birth defects 

01' abortions. other studies bave tailed to demonstrate an association (Section 

9.2), while no substantial aSSOCiation with reproducti.,e ditticulties has been 

reported in human populations exposed to 2,3,7,8-TCDO u a oontaminant of !CP. 

These studies in humans can neither support DOl' refute the an'ms] teratogenicity 
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data, since axposww were aluays mixed, and tbere were inadequate data 

oonoerning the levels Of 2,3,7,8-TCDD t o  vblcb t he  populations were exposed. 

Animsl s tud ies  also demonstrate that 2,3,7,&TCDD is a olroinogen (see 

Wbl8 11-11. zhe 1Mted rtudies  by Van Miller et  al. (1977a9b,1 .nd Toth e t  al. 

(1978, 1979) indioated that 2,3,7,8-TCDD a w e d  a v8riety of tumor8 in rats and 

mloi, &- the more l n t e m i v e  8tudies by Itociba et U. (1978) 8nd RTP (198Oa) 

rupport these ear ly  findings. Also, papillomas have been reported in female mice 

8ftw demal appl icat ion of 2,3,7,8-TCDD (NTP, 1980b1, and using the  skin 

tumorigenesis model, it has been shown that 2,3,7,&TCDD m y  affect the 

owoinopnio potent ia l  of other ohemioal olroinogans (see Seotion 11.1.3). 

Hum8n exposure t o  2,3,7,&TCOD has resulted from contanlaation of other 

polyohlorinated OOmpOWd8 with 2,3,7,8-TCDD (800 Sootion 11.2). Although 

popubt ions exposed t o  2,3,?,8-TCDD have been shown t o  have a hi(lber risk of 

developing weer, these s tudies  are only arggertive beonuse 2,3,7,8-TcDD 

exposure always simultaneously with expoaura t o  other compounds. Also, 

t h e  hrmvrn epidamiologp studies do not provide m f f i o l e n t  exposure data to define 

8 dose-response relationship. 

A lr2 mixture of 1,2,3,6,7,8- and l92,3,7,8,9-BCDD also has been tested for 

o w i n o g e n i o l t y  in mta and mi- t reated by &av.ge and by d e m l  applioation in 

d o e  (BTP, 19800,d). In both speoies, t h i s  mlxture produced l i v e r  tumors when 

8dmlnlstered by pvage, while in the dermal study there ma no increase in the 

lnoidenoe of skin tmwrs. 

14.1.2. Hutageniolty. mere have been many studies of the wtagenio potent ia l  

O f  2,3979&TCDD (see Seotion 10). I n  ritro usays using baoteria and yeast have 

6em-Y lndioated that 2*3,7,&TCDD iS nOt a mtaga. These mmtiVe r e s u l t s  

were obtained both in the  presenoe and absence of a laamma1i.a metabolio aotiva- 

t l o n  syst-. A few s tudies  have reported posit ive results (Hussain a t  al., 1972; 

data, a1noe exposurea wel'tl always a1xed, and there wel'tl inadequate data 

oonoerning the levels ot 2,3,7,8-TCDD to vb10b the populat1ona wel'tl exposed. 

An1mi.l studies also demonstrate that 2,3,7 ,8-TCDD 18 a car,01nosen (.ee 

'fable 11-1). 'rhe l1m1t8i1 at.ud1es by Van MUler et. al. (1977a,b,> and 'roth et al. 

(1978, 1979) ind1cat.ed that 2,3,7 ,8-TeDD caused a variety ot tUllOra in rats and 

moe, and:- the IIOI't1 intensive studies by Z:oc1ba et al. (1978) and RTP (1980a) 

support these early findings. 11so, paplllomas have been I'tIported in temale mioe 

after dermal application ot 2,3,7,8-TCDD (RTP, 1980b), and USing the skin 

tUlllOr1senes1s DIOdel, it has been shown that 2,3,7,8-TCDD may arteot the 

oaroinopn1c potential ot other chemioal caro1nosens (see Section 11.1.3). 

BUIII&n exposure to 2,3,7 ,8-TCDD has I'tIsulted troll contamination ot other 

polychlorinated compounds with 2,3,7,8-TCDD (.ee Seot1on 11.2). 11though 

populat.1ons exposed to 2,3,7,8-TCDD have been ahown t.o have a h1gber risk ot 

developins canoer, these studies al'tl only aussest1ve because 2,3,7 ,8-TCD!) 

exposul'tl always occurs silllUltaneously With exposure to other compounds. 11so, 

t.he hUlll&n epidemiology studies do DOt provide suft1c1ent expOSUl'tl data to det1ne 

a dose-response I'tIlat1onsh1p. 

, 1:2 II1xtUl'tl ot 1,2,3,6,7,8- and 1,2,3,7,8,9-BCDD also has been tested tor 

0ar01nogen1city in rata and II1ce treated by savase and by dermal application in 

1I10e (JTP, 19800,d). In both species, this IlixtUl'tl produoed liver tumors when 

adll1n1atel'tld by savase, vb1le in the dermal study thel'tl was 110 increase 111 the 

ino1denoe ot skin tumors. 

111.1.2. Mutagenicity. 'rIIere have been many atud1es ot the mutageniC potential 

ot 2,3,7,8-TCDD (see Section 10). In vitro assays using bacteria and yeast have 

,enerally 1nd1oat8i1 that 2,3.,7 ,8-TCDD is not a mutasen. These Desative I'tIsults 

were obtained both in the presenoe and ab.enee ot a aammal1an metaboliC aotiva­

tion system. A tev studies have reported poSitive results (Hussain et al., 1972; 
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Sailer, 1973; Bronzetti et al., 1980); however, these positive studies had 

deficiencies in either axperfmental design, or were reported only qualitatively 

with inadequate description of Brperimental detail for evaluation. Uith the 

available data, it is impossible to  awert  whether or not 2,3,7,&TCDD is devoid 

of Pnrtagenic potential. There a).. a l s o  some conflicting datp from humans and 

nnimal 6tydies that indicate that 2,3,7,&TCDD OBUses O h r e ~ S O m a l  aberrations. 

Because the human data are derived from populations in which exposure to other 

biologically active oompounds is possible, and because the lncmses observed in 

animal s tudies  were d l ,  it is still not substantiated that 2,3,7,&TCDD 

produces clastogenic changes. 

. 

There la no inionration available on the mutagenic p o t e t l a l  of 1,2,3,7,8- 

PICDD or 1,2,3,7,8,9-, 1 , 2 , 3 , 6 , 7 , 8 - ~ ~ ~ ~ .  

19.2. SENSITIVE OOPULATIONS 

Although there are no data from human studies t o  indicate the presence of 

sensitive populations, the data iron d s tPdieJ  suggest that the f e t w  and 

newborn nap be a t  greater r i s k .  Studies l n  rats, mice, rabbi t s  and menkeys have 

shown thnt in utero exposure t o  2,3,7,&TCDD oan result in malformations, fe ta l  

t O X l O i t y  a d  abortion8 (See Table 9-21. The l-st dose reported to 8dVerselp 

8ffeot the fetus in  utem was 0.001 ug/kg/day 81Iministered to  the dam throughout 

gestation ( f r o m  MvTay e t  al., 1979, according t o  Hisbet and Paxton, 1960); t h i s  

dose 1s similar t o  the NOEL reported for ehronic exposure of adult rats (see 

Table 19-11. Moore e t  al. (1973) have observed that the nursing of pups on 

mothers exposed t o  2,3,7,&TCDD dould also result in kidney momcrlies detected a t  

the tlm of wan-. These data suggest that both the fetw and the newborn nay 

be nore sensitive than the adult to  the adverse effects of exposure to 2,3,7,8- 

TCDD . , 

--..:.~ .... :---............. -~.- . ... .;. .... ....: ........ ~-.. --., ...... :.: .. '. . 

Se1ler, 1913; BrollZett1 et d., 1980); however, these posit1ve studies had 

der1c1enc1es 1n either experimental des1gn, 01" were reported only qua11tat1vely 

nth 1nadequate descr1pt10n or exPerimental deta11 tor evaluat10n. W1th the 

ava11able data, 1t 1s imposs1ble to assert vbether 01" not 2,3,7,8-TCDD 1s dev01d 

or'mutagen1c potent1al. There are also some confl1cting data rrom humans and 

an~ stvd1es that ind1cate that 2,3,7,8-TCDP causes ohromosomal aberrat10ns. 

Because the human data are der1ved rrom populations in wh1ch exposure to other 

b1010gioally act1ve oompounds 1s poss1ble, and because the increases observed 1n 

an1mal .tud1es were small, 1t 1. st111 not substantiated that 2.3.7. 8-TCDl) 

produces clastogen1c changes. 

There 11 no 1ntormat10n available on the mutagenic potential or 1,2.3.7.8-

PeCDP 01" 1,2,3.7,8,9-, 1,2,3,6,7,8-BCDl). 

' •• 2. SENSITIVE POPULATIONS 

Although there are no data trom human studies to ind1cate the presence or 

.ensitive populations, the data trom an~m-' stud1aa suggest ~bat the tetua and 

newborn may be at creater r1lk. Stuc11e. in rats. III1ce. rabbits and monkeys have 

shown that ~ utero exPosure to 2.3,7,8-TCDD can result in malformat1ons. retal 

toXicity and abort1ons (see Table 9-2). The lowest dose reported to adversely 

arteot the retus 1n utero was 0.001 "gIleS/day .dmfnhtered to the dams throughout 

,estation Ctrom Murray et al •• 1979, aocording to Nisbet and Paxton. 1980); th1s 

dose 11 .1lII11ar to the NOEL reported tor chronic expo.ure or adul t rats (see 

'table 111-1). Moore et al. (1973) have ob.erved that the nursing or pups on 

.others exposed to 2.3.7 ,8-TCDP oould al.o result in kidney anomaUes detectec1 at 

the time or weaning. These data suggest that both the retus and the newbol"ll may 

be .are .ensit1ve than the adult to the adverse errects or expo.ure to 2.3.7.8-

'lCDD. 
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In addition, 2,3,7,&TCDD ls k n m  t o  be 8 powerful inducer Of the UFO 

sy8tCIIP. There is information t o  indicate  that IW)inductlon by 2,3,7,&TCDD can 

affect the biologic a c t i v i t y  of other xenoblotics that roquipe meat.bolic 

activation (888 Section 12). Scarpell1 et U. (1980). for OX8mple, drnomtrated 

that pretreatment of hamsters with 2,3,7,&TCDD resulted l n  greater act ivat ion 

of hnrt&nic nitroemmines when assayed i n  vitro with isolated dcrosomes. 

Indivlduals exposed to ohemicals that are activated by the UFO may experience a 

eynergis t lc  e f f e c t  and be a t  greater risk. 

14.3. 

t 

FACTORS INFLUENCING HEALTH HAZARD ASSESSMENT 

It is expected that the PCDDs dlscusred here would be highly pers i s ten t  

compounds i n  the environment, 8nd that human exposure may ouuur through ingestion 

of oontamlnated food and water, by Inhalation of the oompound absorbed t o  

resp i rab le  particulates, or through dermal uontaut. Although potent ia l  exposure 

map ooour by all mutes. most of the  todcolasic in..emtton tz CIIr ztzti:: ef 

oral exposure. The United observation of toxic effects in humans md animals 

after dermal uontact with 2,3,7,&TCDD i n  organic solvents indicates  that dermal 

absorption oocurs. Polger and Schlat ter  (1980) have shown ln rats that both 

dermal and gastrolntestlaal absorption is dependent on the vehiole. Oreatest 

absorption after oral exposure ocourred when 2,3,7,&TCDD vas administered i n  

organic solvent followed by aqueous ntspension, with l i t t l e  absorption occurring 

if the  2,3,7,&TCDD was adsorbed onto activated carbon. I n  a slmllar manner, 

dermal absorption was poor if the 2,3,7,bTCDD was appl ied la a a011 and water 

paste. Since lnhalatlon exposure is l l k e l y  t o  w u r  through airborn par t icu la te  

n t t e r  oontrlnlng absorbed 2,3,7,&TCDD, it is not possible with the  available 

data t o  predict how e f f i c i en t ly  absorption will occur through the respiratory 

tract. The use of standard respiratory 8bsorptiOn assumpticns i n  risk assessment 

u-8 most l l k e l y  t o  provide conservative c r i t e r l a  levels.  

. I  - 

In .ddition, 2,3,7 ,8-1ODD 14 Imown to be • powert'ul induoer ot the MFO 

system. '!'h.re is information to indicate that KFO induotion b)' 2,3,7,8-TCDD can 

.tteot the bioloSiO .0t1vit)' ot other zenob1otios that require metabolio 

.oti .... tion (see Seot1on 12). Scarpelli et al. (1980), tor _ple, demonstrated . . 

that pretreatment ot hamsters with 2,3,7,8-TeDD resulted 10 createI' .0tivat1on 
• 

ot iautagenio D1trosam1nes when usa)'ed .!!! vitro with isolated miorosomes. 

Individuals ezposed to chemioals that are .otivated b)' the KFO ma), experienoe a 

l)'nerslat10 etteot end be .t sreater risk. 

14.3. FACTORS IHFLtJENCING BlW.TH llAZAIID ASSESSMENT 

It 14 ezpeoted that the PeDDs dlacussed here would be h1shl)' persistent 

Oompounds in the environment, end that hl.llllan ezposure 111&)' 0001.11' tbroUSh ingestion 

ot oontaminated tood end water, b)' inhalation ot the oompound .bsorbed to 

respirable partioul.tes, or tbroush dermal oontact. AlthoUSh potential exposure 

oral ezposure. '!'he limited observation ot toxio ettects in humans and animals 

atter dermal contaot with 2,3,7,8-TCDD in orcan10 solvents indicates that dermal 

.bsorpt1on loours. POiSeI' end SChl.tter (1980) have shown 10 rats that both 

dermal end castrolotest1nal .bsorpt1on 14 dependent on the vehiole. Greatest 

.bsorption .tter oral ezposure ooourred wben 2,3,7,8-TCDD was .dminlater.d in 

orpn10 solvent tollowed b)' .queous suspension, with little absorption ooourring 

it the 2,3,7,8-TCDD was .dsorbed onto .0t1 .... t.d carbon. In. simil.r manner, 

dermal .bsorpt1on was poor it the 2,3,7,8-TCDD was .ppl1ed 10 • 1011 and water 

paste. Sinoe inhal.tion exposure.~ 11kel), to ooour throUSh .1rborn partioulate •. , 
.. tter oontaining .bsorbed 2,3,7,8-TCDD, it is not possible with the .va1lable 

data to prediot how effioientl)' .bsorption v11l 0001.11' tbroUSh the respirator), 

traot. '!'he use ot standard respirato!,), absorption asS\llllptions in risk assesslllent 

are IDOst 11kel)' to provide oonservative oriteria levels. 
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14.8. QUALITATIVE BEURI IiAZAFiD ASSESSMENT 

me data available f r o m  h- and animals studies  are ruf f ic len t  t o  provide 

#om assessment of the health hazards associated with axposure t o  2,3,7,bTCDD 

8nd a mixture or 1,2,3,7,8,9- and 1,2,3,6,7,&BCDD. h e  only data available on 

1,2,3,7,bPeCDD am an acute LDso value and studies or lnductfon or m ac t iv i ty .  

Alt$ough +oth types of  data indicate  that 1,2,3,7,&PeCDD mlght have sllghtly 

less biolo&cal a c t i v i t y  than 2,3,7,bTCDD, t he  data am lnsuff lcfent  t o  

8dequately predict  the risk assoclated with a part icular  dose of 1,2,3,7,b 

P~CDD.  mis would be the case if attempts were made to use this data iron acute 

. .posw t o  extrapolate t o  e f f ec t s  of ahronlc exposure whether these effects are 

tox ic  or oarclnoganlc. For the other PCDDs discussed, the  hazard assessment can 

be based on tox lc l ty ,  teratogenlclty or carcinogeniolty. 

- 

Although there have bean human epldemlology s tudies  investigating the 

toxic ,  reproductive, and carcinogenic effect or e x p o s u ~  t o  2,3,7,&TCDD, these 

r tudie8 ha08 major deflClellC10~ for use in health msessment. 2,3,7,&TCDD is 8 

oontamlnant of the chemlcals 2,4,5-T and TCP, and a11 human data are derived from 

populations exposed t o  mixtures. I n  these studies,  it is not possible t o  

8 t t r l b u t e  v l t h  cer ta in ty  any observed affect t o  exposure t o  2,3,7,&TCoD. N s o ,  

exposure data of su f f i c l en t  qual i ty  data an, not available t o  define dose 

response relat ionship in human population. Ylthout adequate exposure data,  

health assessments cannot be mde. 

14.8.1. blmal Torlci ty  Data. A n a l  studies  that are useiul for hazard 

assessment are studies  with adequate experlmental design t o  define the levels of 

%Z'&U~'O that  produce t h s h o l d  effects.  Tables 14-1 and 14-2 -128 these 

atudles ,  providing data on NOEL (or NOBEL) and LOEL (or LOBEL). Since there is 

auggestive evldence that the cumulative dose is I m p o m t  t o  the  tox ic i ty  of 

2,3,7,bTCDD and the  mLxture of BCDD tested, the chronic tox ic i ty  s tudies  would 
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'11.11. QUALITATIVE HEALTH HAZAIUl ASSESSMENT 

The data available trolll human and animals studies are sufticient to provide 

aome aasessment ot the health ha~ards associated With exposure to 2,3,7,8-TCDD 

and a II1xture ot 1,2,3,7,8,9- and 1,2,3,6,7,8-BCDD. The only data available on 

1,2,3,7,8-PeCDD are an acute LD50 value and etudies ot induction ot AHB activity. 

Alt~oush ~oth types ot data indicate that 1,2,3,7,8-PeCDD IlliSht have elightly 

less biological activity than 2,3,7 ,8-TCDD, the data are inautticient to 

adequately predict the risk &ssoc1ated With a particular dose ot 1,2,3,7,8-

PeCDD. This would be the case it attempts were made to \I.IIe this data trolll acute 

exposure to extrepolate to ettecta ot chronic exposure whether theae ettects are 

toxic 01' cal'cinogan10. For the other PCDDs d1sc\l.llsed, the hazard aaseSSlllent can 

be hased on toxicity, teretosenicity 01' carcinogenicity. 

Although there have been human epidelll1olosy studies lovestigating the 

toxic, repr-oductive, and carcloogenic ettect ot exposure to 2,3,7,8-TCDD, these 

atudies have major deficiencies for- \I.IIe 10 health aaseSSlllent. 2,3,7,8-TCDD is a 

oontall1aant of the chelllicals 2,1I,5-T and 1OP, and all human data are derived trolll 

populationa exposed to mixtures. In these studies, it is not poas1ble to 

attribute With certainty any obseMed etfect to exposure to 2,3,1,8-TCDD. Also, 

exposure data ot sufticient qual1ty data are not available to detine dose 

response relationahip in human population. Without adequate exposure data, 

health assessments cannot be made. 

An1.lllal studies that are useful tor- hazard 

assessment are studiell With adequate experimental desisn to defloe the levels ot 

~-p~oure that produce threshold effecta. Tables 14-1 and 111-2 summarize these 

atud1es, providing data on NOEl. (01' NOAEL) and LOEI. (or- LOAEL). Since there is 

sussest1ve eVidence that the cUIIIUlative dose is important to the toxicity of 

2,3,1,8-TCDD and the =1xture of RCDD tested, the chronic toxicity studies would 



ba more appropriately uaed for hazard u s U m a n t .  The NOEL fmu the two s tudies  

in rata (Kooibr et rl., 1978, 1979; IiTP, 198h) are 0.001 and 0.0014 pg/kg/day; 

hbuevw, i n  tba mouse (mp, 1980a), the  dose of 0.001 cg/kg/day ww a  EL, aa 

iadlcatod by f a t t y  cbpngss in the liver. It would be inappropriate to'uae a N O U  

frcrm' rats for hazard aasessmant when there are data frcm another species 

indicating that t h l a  dose produces advene  effects. 
i * 

~n adition, it nay, inappropriate t o  derive a toxlclty-based hazard 

.sseasaPant f o r  2,3,7,8-TCDD fran t h o e  chronic studlea,  since a three generation 

8tudJ by Murray et rl. (1979) indicates that exposure of pregnant rats t o  this 

dose of 2,3,7,8-TcDD (0.001 pg/)cglday) throughout g e t a t i o n  resulted in t h e  

obsrrortion of dllated mal pelvls in the fetuses. Hurray et al. (1979) 

oonsider t h l a  e f fec t  not to be t r e a t a e n t e d a t e d  because it ooourred in only one 

genaa t lon  a t  t M s  dose and not at hlgher dosea. BQCO, 0.001 p&lkg/day 

represented a WAEL. Houeoer, a ruvaluatlon of this data by d l f f w e n t  

atrtisriaai m(nno(u ~NISOOZ and -on, 1980) indicated 8 statist&mdly a i w f -  

1-t increase of dilated renal p d v l s  at hlgber doaes, aa w e l l  as the lowmt 

one, and lower fatal weight in the 0.001 pdkg group. With these data, 0.001 

. 

Wkg could b considered 8 LOAEL. NO other 8 t U d i -  W available that studled 

t b a  effects of 2,3,7,8-TcDD at even lower doam. 

A toxicity-baaed hazard Luoament  is rlao possible f o r  t he  mlxture of BCDD 

teted by NTP (1980b). As Ls 8bown in T8ble 14-2, however, the description of 

the histologic  obserortiona ww not sufficiently detal led t o  determine uhethor 

the low dose repreaaated a NOAEL op 8 LOAEL. These data could be used fo r  hazard 

WOasaPent l n  a t h e r  owe ulth an additional unoartalnty factor f o r  a LO& 

(45FR79353, 1980). 

%k2.  Anlmal Carcinogenicity. In addltlon t o  the laadequate data base for a 

tOXlClty-bmed h2-d m s a m e n t ,  the 8trong eYldenC8 of WdDOgeniClty in 

14-10 

be 11101" appropriatel:y used tor hazard useslJDlent. The NOEL t!'all the two atudies 

111 rata (Iociba at al., 1978, 1979; R'1'P, 198oa) are 0.001 and 0.0014 I'glqlda:y; 

Jiow.v.r, in. the aouaa eR'1'P, 1980a), tile dose ot 0.001 I'glqlday vu a FEL, aa 

1IIdicated b:y tatty chaD,es 111 the Uver. It would be inappropr1ate to" use a NOEL 

trclIl" rata tor bazard uSUlJDlent wilen there are data t!'all another apecies 

1IIdi~t1D' that this dose produces adv.rs. ert.cta • 
• 

In adc!ltion, it may, be 1Dappropriate to derive a toxicity-baa.d bazar<1 

..... SIIIent tor 2,3.7 ,8-TCDD trem thes. chroD1c studies, a1Dce a three ,eneration 
• 

atuc1y by Hurray at al. (1979) indicates that exposure ot pr'snant rata to thia 

deee or 2,3.7 ,8-TCDD (0.001 wlcg/day) throUBhout ,estation resulted in the 

obs ..... tion ot dilat.<1 renal p.l'l1s 111 the tetuses. Murray at al. (1979) 

oonsider th1a ett.ct not to be treatment-related becaua. it occurred 1D only one 

,en .. at1on at this dose and not at hiaher doses. 

represented a IICAEL. Bowever, a reevaluation or thia data by d1tterent 

ai;atisioical l114Riloaa (IIuoet anel PaXton, 1980) 1nd1cated a atat1at1eall:y a1:"jt-

1cant 1IIcreaae or cW.ated renal pel.'I1s at hiaher doses, aa well u the lovest 

ODe, and lower tetal. ve1sht 111 the 0.001 "glieg group. With these data, 0.001 

wlc& coul<1 be consi<1er.<1 a LOAEL. Bo other atud1es are available that atud1.eI 

the ert.cts ot 2,3,7,8-TCDD at .ven lover doses. 

, tox:1city-bued bazard ... esSlllent is alao possible tor the lII1Xture ot RCDD 

tested by!ll'P C1980b). As 18 ahow in Table 1"-2, however, the description ot 

the histologic observations vaa not aufficiently d.tau.d to d.tenDine vhetb.r 

the low do.e represented a IfOAEL or a LOAEL. Theae data could be ua.<1 tor hazar<1 

....... nt in eitber cu. With an add1tional unoerta1Dty tactor tor a LOAEL 

(45FR79353, 1980). 

14.4.2. AD1mal CarcillOseD1cit1. In a<1d1t1on to the inadequate data baa. tor a 

toxicity-baaed ba2:ar<1 aasesSlllent, the stron, evidence or carcillOseD1cit:y in 

1"-10 



. 
animals for 2,3,7,&TCDD would j u s t i f y  a carcinogenicity-based assessment. That 

two adequate oancer bioassays used su f f i c i en t ly  large m u p s  of animals exposed 

for an 8ppreClable portion O f  their l i fespan,  indicates  that 2,3,7!&TCDD is an 

animal ou r incgen  (NTP, 1980a; Eociba e t  al., 1978) (Table l b 3 ) .  I n  the NTP 

(1980a) study, male rats developed follicular-cell adenomas or carcinomas of t h e  

thyroid.  Paale nts and mice of both sexes had lncreased incidences of 

fcllicular-cell a d e n o d  of the thyroid. In  the study by Eoclba e t  al. (1978), 

mts mintd ined  on diets that provided doses of 0.0, 0.001, 0.01 and 0.1 

ygAcg/day had elevated incidences of carcinomas of the hard palate and tongue, 

8nd adenoma of the adrenal cortex in males o f t h e  high dose group, and carcinomas 

of the l i v e r ,  tongue, lungs in females of the Ugh dose group. me evidence is 

s u f f i c i e n t  t o  indicate  that 2,3,7,8-TCDD is an animal carcinogen. 

8 : 

A single bioassay tested a mLxture of the two congeners of ECDD f o r  

earcinogeaicity (NTP, 1980b). The r e s u l t s  8tImariZed i n  Table 14-4 shoved that 

male and female rats m d  mice axposed t o  this mixture of 6CDD had increased 

hoidences  of neoplastic nodules or carcinomas of the liver. Increased incidence 

of tumors in two species is sufficient to indicate  that t h i s  mixture was 

w c i n o g e n i c  tc .atmafs; however, aaution la required in interpretlng this data 

for hazard evaluation s ince the  NIT (198Oa) study used a mixture containing two 

lsomers, 1,2,3,6,7,8- and 1,2,3,7,8,9-, of ECDD. There la lnauff ic ient  evidence 

t o  oonilrm whether both isomen are independently carcinogenic or vfiether only 

one laomor cr t h i s  specific mixture la needed to e l ic i t  a carcinogenic response. 

Since the po8ltiOn of the ohlorlaas m y  ba extremely important f o r  the 

toxlc/carcinogenic properties of ECDD, laformation obtained from this combined 

exposure may not be applicable t o  the individual congeners. 
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• 
animals t'or 2,3,7., 8-TCDD would juati!'y a carcinogenicity-balled aasessment. That 

two adequate cancer bioaaaays used sut't'iciently large groups ot' animals exposed 

t'or an appreciable portion ot' their lit'espan, indicates that 2,3,7,8-TCDD is an 

an~l carcinogen (NTP, 1980a; (ociba et &1., 1978) (Table 14-3). In the NTP 

(1980a) atudy, male rata developed t'ollicular-cell adenomas or carcinomas ot' the 

• • thyroid. Female rats and mice ot' both aexes had i.ncreased incidences ot' 

t'ollicular-cell adenomaS ot' the thyroid. In the study by (ociba et al. (1978), 

rats lI&1ntained on diets that provided doses ot' 0.0, 0.001, 0.01 and 0.1 

pg/kg/day had elevated incidences ot' carcinomas ot the bard palate and tongue, 

and adenoma ot the adrenal cortex in males ot the h1gh dose group, and carcinomas 

ot the liver, tongue, lungs in t'emales ot the high dose group. The evidence is 

sutticient to indicate that 2,3,7,8-TCDD is an animal carcinogen. 

, single bioassay tested a lII1xture ot the twp congeners ot' BCDD t'or 

carcinogenicity (NTP, 1980b). The results summarized in Table 14-4 shoved that 

_le and t'emale rat. and mice exposed. to this lII1xture ot BCDD bad increased 

incidences ot neoplastic nodules or carcinomas ot' the liver. Increased incidence 

ot tumors in two species is autticient to indicate that this mixture vas 

carcinogenic to an1IIIals; however, caution 11 requ1red in interpreting this data 

tor bazard evaluation since the NTP (1980&) study used a lII1xture containing two 

isomers, ',2,3,6,7,8- and 1,2,3,7,8,9-, ot RCDD. There 11 insutticient evidence 

to oonfirm whether both isomers are independently carcinogenic or whether only 

one 1I0mer or this specitic mixture 11 needed to elicit a carcinogenic response. 

Since the position ot the chlorines _y be extremely 1mportant tor the 

tox1c/carcinogenic properties ot RCDD, intormation obtained trom th1s combined 

exposure may not be applicable to the individual congeners. 
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