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ENWtONMENTAL PAOTECTlON 
AGENCY 

II'RL-ZIM-21 

Guklellnft tor the HHftft Risk 
~t of Chemlc81 Mlxturw 

AGIINCY: U.S. ED"itonmental Proteetion 
Asency (EPA}. 
AC'T10II: Final Guideliuea for the Health 
Riak Aaaeument of O!enucal Mixturea. 

*'-AR'r. The U.S. Environmental 
Protection A8•DCY II today iaauina fiw 
BUidelinea for aueuins the health riaka 
of lltlvitonmmtal pollutanta. 11lue ua: 
Gwdelinea for Carclnopn Rlak 

Aaaeument 
Guide linea for Eatimatiu& Bxpoau.rn 
Guidelinea for Mutqenicity Rllk 

ANeasment 
Guidelinn for the Health Aueument of 

Suapec1 De-velopmental To11.icanta 
Guiuelinea !or the Health RU!k 

Aaaeaament of Chemical Mbttures 

Thia notice contaiDa tbe Cuidellnn 
for the Health Riak Aualment of 
O!emical Mix !liTH: the otherguideUnn 
appear elaewhere IJI today'a ,......_. 
Regiater. 

The Guidelinn for tbe Health Riak 
Aueaament of Chemical MixtuTH 
(hereafter "GuidelineaM) are intended to 
guide Apncy analyaia of information 
relating to health eflecta data on 
chemical mlxtuTH IJIIine with the 
policies and procedW"H ntabUehed ln 
tho! statutea adminiatered by the EPA. 
Tbe110 Guideline• were cieft1oped u 
part of an intaroffica pidallna 
development program UDder tbe 
auaplcea of the Ofllce of Health and 
Environmental Aaae-trDt {OHEA) 1D 
the A3ency·s Office of ReaeBr'".h aDd 
DevelopmenL They reflect Age.acy 
c:onaideration of public and Sc:iuca 
Adviaory Board (SAil) c:ommenbl on tba 
Proposed Guide linea for the Heal :b Riak 
Aaaeument of Chemical Mixtunla 
publlahed January e. 11185 (110 FR 1110). 

Thia publica lion completa tbe firtt 
round of riak asaesameut p1dal1na 
development. Theae CuidaliDn will be 
reviled. and new guidelinn will be 
developed. aa appropriate. 

DNCIIWI DATI: The Cuidelines will be 
effective September Z4. 111118. 
POll FUR11tllllllfi'OIIIIATICIII CONTACT: 

Dr. Ricbard HenzbeJ1. Matboda 
Evaluation and DevelopmeDt StaB. 
Environmental Criteria aDd .o\aaeument 
Office. U.S. EnVirvamaJltal ProtKtlon 
Apney. 28 w. St. Clair Strwt. 
Cinc:innlti. OH 452811. 51,....._75112. 
lUI'" ._,MY IIIIIOMIA"nDII: ID 11183. 
the Natioual Ac:ademJ of Scieacea · 
!NAS) publlahed Ita book entitled RiM 
AIMIIment in the Ftlderal Co"emment: 

M~ll6 the Proce••· In that book. the 
NAS rec<XDIIII•mded the I F ederw.l 
regula10rJ •sl!nCiee •• ta bllah "'Dferece 
suldelinu" to IIDBure CODBIIteucy ud 
lKhnlcal quality In riak aaaeaamenls 
and to eneure that the riak aaaaument 
procaaa wu maiDtain8d 81 aldlllltiflc 
effort aepuate from rialt IIIAJiqeJDeDl. A 
teak force within EPA accapt.d that 
recommendation and requeatlld that 
Arnc_y acienttata bBfliD to develop I1ICb 
gwdebnea. 

G-...1 

nus guidellnat publlabed tocby are 
producta of a two-yaar Aaencywide 
afforL which baa Included many 
acientilta from the luaer ICientiftc 
co-Wiity. TheM guldelinea aet forth 
princ:iplea and proc:edurea 1D pide EPA 
lcieutilta In the conduct of Apm:J riak 
aaaeaamanta. and to Inform Apat:J 
deciaiou makers and the pubUc about 
theae proc:eduret. 1n partic:ulu tbe 
guideline• empbaatze that ri8k' 
-Ia will be conducted • e 
c:aae-by-cue buia. slvtna f1ll1 
couideration to all relevu1t lldentl.&c 
information. 'l'h!. caae-by-caae approach 
m~ana that Aaency expert& review the 
~c:~entiflc IDfonnatlon on euch •nt aDd 
~the IIII)St ac:ientific:ally appropriate 
mterpretetiou to IIMH riak. Tbe 
guideliDea alao atreaa that tbia 
information wUI be fWly pruented ID 
Agency riak -nment documeutt. aDd 
that AIJau:y ldentilll wiU Identify the 
atroeJ181ha and -•kn- of each 
UIHBIII8Ilt by daacribtna uncertaintiea. 
BIIWIIptiODI. and llmJt1ti0111. 18 wwJlae 
the acientlflc baaia and rationale for 
each BIM8BIIlenL 
. FIDally. the guideliDn ua Formulated 
Ill part to bridle sap~~ 1D riak as-t 
methodoloo and data. By identtfytna 
lheae sepa end the importanca of the 
m.iuln& informatlollto the riak 
aaanament proc:eaa. EPA wiahn to 
~ rnearch and analyaia that 
willlud to new riak aa1H811181lt 
methoda and data. 

GlddallDn for Health R1ak A at ntaeDI 
of Cbemlr:al Mixtura 

Work on the Guidelines for the Hnlth 
Rlak Aaanament of Chemical Mixture~ 
began in January 19114. Draft guJdelinu 
were developed by AIJncy work~ 
cOIElpOAd of expet11Cieftttata from 
throuahout the Apncy. The drafts were 
peer-rniewed by expert acienliatt ID tbe 
fleldl of toxicology, plutrmacokiDetica. 
and etatiltlca from IEDivanitt ... 
envtrtmmaotal aroupe.lnduatry.labar. 
and other 80YWIUL1alltal qenci•. 1"bbrJ 
were then propolttd for pubUc COIDEEUlSil 
in the Fedenl lleplta' {50 FR 1170). OD 
November e. 19M. tba Adminiaerator 
directed that Apncy omc:ea 11M tbe 
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propoaed sul.del!n.ea ln performlna riek 
BUHIIIIISJta IIJitiJ fiuj suideUnn 
become available. 

Alter the cloae of the pabUc com.meat 
pMiod. Aaen•:Y alaR prepared 
aammariea of the commeata. analyaea o1 
11M major luun pre~~~~tad by tha 
co111111111tont. aad pnlim1Dary ApDcy 
rnpoliMI to tboH commeota. Theae 
anaiJaaa were praeated to nv1ew 
panela of the SAB on March 4 and April · 
D-23. 11185. and to the Euc:utive 
Commlttn of tbe SAB on AprilZ$-28. ~ 
1885. The SA.B mntiu&lwete 
ADDO\IDC8d ln the Fedanl......_ u 
follows: Febnlary U.11185(50FR 5811) 
ud Aprilt. 11185 l50 FR 13420 end 
1MZ1). 

In a Jettar to the Adminietrator dated 
June 11. 1e. tho Euc:ullw Committee 
ptmally coiiCUJT8d on all five of the 
pldallaea. but NCOillmMided certain 
rerillona. and n~qunted thot eny 
reviled guldellnn ba eubmitted to tbe 
appropriata SAil review puaal c:hatrmu 
for review and COIIC\IftiiDCI on behalf Gl ' 
the Executive CommittaL M dncribecl 
ln the rnponan to COILULUIIIlt {- Part 
B: Rnpolllt to the PubUc and Scleace 
AdviaorJ Board ColliEDeDia). eaclt 
pideliJlel dOC1LEDIDt WU reviaed. wbere 
appropriate. con.siltent with tha SAil 
racommandattona. ud reviaed draft 
guideline~ were submitted to the paul 
chalratm. llaviaed draft Cuidelinu lor 
the Health Riak Aan11ment of chemic:al 
Lllixtures were concurred on iD a letter 
dated Aupat \II. 11185. Copln of the 
letten ua available at tbe Publlc 
htformation Reference Unit. EPA 
Hladq118rlera Ubrary, •• indicated 
ellewbert in thil notice. 

FoUowtna thia Preamble are two parte: 
Part A containl the Guidellnn end Part 
B. the Rnpolllt to the Public and 
Scie1tca AdviiOL")' Board Commantt (a 
1U1D11W7 of the major public couneata. ". 
SAB COEIIDI8Ilta. and Apncy rnponaea 
to thole commenta). 

The SAB nqtEHted that the Asmc:y 
d8'1elop • technicaleupport document 
for thne Culdelinn. The SAil identiflacl 
the DMCl for thll type of doc:wnant cbte 
to the llalited lmowledp em tntel'llctiont 
of c:Jwaic:ala ID biolosic:all)'ltelliiL 
BecaUM ol thil. tbe SAB commented 
that progrna ID lmproviDa riak 
.... N1118DI will be partlallarly 
depeDcillllt apoa prop~~ in the acieace 
of lnteradione. 

Apncy atalt have bep preliminary 
work em the wcbnical aapport document 
and IElqlld It to be completed by eariJ 
181'7. Tbe AIIDC)' II CODtiaulniJ; to etudJ 
the riM aunamant ileuH rainacltn the 
~end will rm.. theN 
CuJdelJMIIn IIDe witb new ill§ormatiou 
•• appropnat.. 
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the known or antlci~ted lnleractiou 
•mona componenta of Ute mixture. and 
the quality of the expo6111'11 data. Civa 
the COIIIPlexity of lhJa lnu and the 
ralatlve ~ucity of emptrieal data &om 
which 10und pnera)Jsatlolla can be 
conatructed. emphuia mult be placed 
on flexibility, tudpwst. aDd 1 claar 
articulation of the UIIDDptiODI and 
lim.ttatiODIIn all)' rltk uanament tbat II 
developed. The pro~ approach II 
eum.merlsed in Teble 1 and f\pre tud 
II detailed below. AD elph.uumeric 
acheme for ren.kJns the quality of the 
da II uaed In the rtP 111 .. 11111111 Ia &iVID 
In Teble z. 
A. Data Available 011 tbe Mixture of 
Concern 

. For predlctiDa the effec:u of 
subc:hrolllc or duonic: IXpOitiN to 
mixtunoe. tba preferred approecb UAaUy 
will be to aae IUbcbnmic or cbronlc 
health elfectl data OD tba lllixturl of 
concern and adopt procedura l1milu to 
thoae aaed for 1iJ181e compound& eilher 
aystemlc toxic:anta or carc:iDoJeDI (Me 
U.S. BPA. 1888a-c). The rilk UMMCJr 
must feCOJniu. however, tbet doN
response modell UMd for 11nsJe 
compounde an often baaed on 
biologiCill mecbanilma of the toxldty of 
aiDgle compound~. and may not be u 
well ju1tifled wben applied to the 
mixture ana whole. Such data are II\Oit 
likely to be available on biablJ complex 
mixture•. auch aa coke oven emlaalau 
or di~el I!WUit. which ll8 p!W'Ited 
In large qUUititiaa and auoclaled with 
or auapecteci of Clutlna advene health 
effecta. ArtenUon ahould abo ba &~vea 
to the per:tlatence of the mixture In the 
environment 11 weU 11 to the variabillty 

-
of tba mixture compo~ltion over time or 
&om diff1111Dt IOIII'CU of lllliulona. I( 
tba compo~~all of tba mixture .,. 
UOWD to pardtl011 mto diBerut 
envlroamiDtal compartmeata or to 
dqradD or t:ruWorm at different nlll 
In the nYiroDIIIIDt. theu diOie facton 
muet abo be taken Into aocouat. or the 
coafidiDCI Ill and:= of the 
rilk aiiUIIIWit Ia 

1 ............ qaalliJ oflhe dataca 
lllteractlalll. health ttfacta. ud UJ101111'8 (
Table I). 

L U edequta, proceed ID 8lep Z. 
b. U IMdaquete. ~ to Slip 1t. 
z. Health .u- lllfwmelloa Ia aftlleblol 

... the cbemlcal ~of-. 
L U ra. pt-.1 to SliP L 
b. If 110. proc.ad 1D Step t. 
s. Collduct rlalt -1 - lhellllxtura 

ofCOIIC*'II bued calleeltb dtcta dale ca 
them~xtwa. UH the .... ~ • 
thott 1'or ... ~ Jlloocnd tD s.p' 
(oplloaal) llld 8tap 12. 

._ Health alfacu illforlllalloa 18 avallable 
Gil •IIIIJCiare thetllatmilu to the llllx11n of -Llf Yft, ..-.1 to Slap I. 

b. If 110. ~ to SliP 'f. 
a. "- tba llmllariiJ ofllllllllxtura -

whlcb bulth affect~ data are •Yallablt to the 
lllixturw of-. with_,...-..., 
dlJtemu:tt Ill COIIIjlcaaDII ar J1ft11111ft1caa of 
COIIIpOIIIIIII. U well U the elfKU thai auch 
cliff-- would lana Gil blolollcal eclivtly. 

a. If IUfraclendy limilar, ..-.1 to Step a. 
b. If 1101 •ulllciently abnllar • ..-.1 to 

Step7. 
a.~· rllll _,_the llllllbn 

of COIICiml baaed oe bealth etlecta data oa 
the aimllar mix tuN. Utt the IIDII proc:edura 
•• tboM for liDale compounda. 1'-.1 CD 
Step 7 (optlooal) Uld Step 12. 

. t 
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Table s-rkwdflcetto~ W.... for 1M B. Data Available on S1mllar Mlxturte can of a auxture containlna carcinoaens 
Qaallty ., ...... "--... 

U the rlu aneaament il band oa and toxicallta. 1111 approach band on the 
•. ~· data from a •tnale mixture that 111mo- mtxture data aloaa may DOt be 

111/Dmtoli«< MllllmiCUDM to be aenerated with varyiat . euf!lcietltly protactiva In all cana. For 
L Aae••••ntll beNd on u1a on 1be compoaltion.~ depandina oa time or .xampla. thll approach for a two-

·' lllixtunool~ differt111t eminloa ltOIIr'CIIL then the com,_t mixture of on. carcinogen 

•: D.~~ llb.ld • u1a oaa confldiiiiCII Ill the applicabllltJ of the ud oaa toxic:aJat would 11.11 toxicltJ 
IGI!IcieDII)o 8bDilar IDb<NN. data to a rlak aa-ammt a1ao il data 011 the mixture of the two 

w. Qlaaalltadft ~of~ll dlmlni•hll'i TbUt CIUI ba olfsat to 10- compcNDda. However.ln a c:hronlc atwiy 

i ,: .,.. -n c:UNct8riled. desne If data an available 011 MVaral of IUCh a mixture. the prnanc:e of the 
IV. T1ut ~IIDII tof addltiYity Ia jui!W mix1urel of the aame componenta that toxic:ut could muk the activitJ of the 

buad Oil .. -- ol lila Maldl .a.c:u aed h.ve different component ra tloe which can:lnopn. That Ia to aay, at doaaa of 
~ :. OD lila IIIIIDbcr of CDIIIp~ C teap -dl encompau the tampon! or ~pattal the mixture al1fflclent to lndw:e 1 
·. ' v' All euumplioD ..r r.cklltl'rity _. be cliffereDCII in CO!DpOSition of the can:iDOpAic eflact. the toxicant could 
~ lutlllled. llllld no quDI.i.tatt.re nair. _, mixtllfW of Cllllcem. U aucb data are induc8 mortality 10 that at the IIWdmum 
~ CUI IMr c:oNblded available, an attempt abOilid be made to toleratad don of the mixture. 110 

HIIG!tJI sn- Jnfo-.U.. detennine if a~gn~flc:a.,, and :c::rc CIJ'Cinoseaic afleet could ba obearved. 
A. Fu.llllaaldl effect• clala .,. ••ailable di1'ferencea axilt amoaa tbe SIDce c:ardnolltmiclty Ia COIUIIdered by 

Uld NlaliveiJ IIIIDIIf eJdrlpolatioD II mixtma. u llsnlfic:ut d.ilfllr'8ftCel ..,. the ApDcy to ba • 110nthreebold effect. 

~ reqaiNd. DOted. :'r.' of risk call be ntimatad It may DOt be prudent to COilltNe dut 
B. Fu.llllaaltb etlecb data U'l a'lall.abl. but baled oa • toxicoiCifPc data of the lll!gatlve rnulta of auch a bllluaaJ u 

exteuhrtt exar.polatlon Ia required for n~~~te veriout mlxtureL If 110 alpificaat indicatina the abaence of riak at lower 
or clm'lli<m of IXJICIMI'I cr far"*"* differtlllcea an DOtwcl. thtm a airJ8la rtak doni. Coaaeqa.ntly, the mixture 
diu-. n.-IX11'8pnlatt.l.,.. -•• may be adequate. al\hovah approach lbould be modifl.ad to allow 
M!ppCII'tad "' pbanucok~Mt~c the raJ18e of ratiol of the compoaenta Ia the rlak 11111101' to evaluate the 
COII8iderou-.. emplftcal obeanall- or the mixturn to which the rilk potential for muJdna. of 11011 effect by 
other 11levaa1 IDJonudc& UAument appUn ahould alao ba slvea. 1110ther. on a cue-by<aH ba~la. c. Pu.ll lseahll efl'ecu c1a1a .,. a'1'11llable. 

I , but exlel8iw ptrapolaiiAID II nqalred far Uno data an available on the C. ·nata Available Only on MVtture 
l ro11ta or durall011 o1.....- cr for apecill mixturea of coac:ma. but health effect• Componenta 1 diR...nces. Tbeee exll'8p0ieliou uw - date are available 011 a almllar mixture 

cilrec:dy iUppOftlld by the illforlllalioll (i.e.. a mixture hllvtaa the Hma If data are not available on an 
available. componenll but Ia lliahtly different Identical or reuonably almilar mixture. 

D. Certain 111\porwu hulth alfecta data .,. ralioa. or havillll MVaral COINDOD the risk allftllment may be baaed oa 
lacJo.ina and ulenai¥1 extnpolaiiDIII uw componenta but laclrJna one or more the toxic or cen:inoseruc properttn of 
requirwd for ""'" or claralicft of npoiUJ'8 or componenta. or havhta one or more the componenta In the mixture. When 
for epeciea dtlfertrDc:-. additional componenta). a dec!Jion 111111t little or no quantitative lnformaUo1111 

E. A lac:lr. of haldl effec:ta lnfannalioll OD be made whether the mixture on which avaUable 011 the polentiallaterection 
the mb<tuno and Ita COIIqiCIIIIIDb in the health effectJ data an available Ia or Ia •mona t!Ht compooenta. additive modele 
lllixtul'l pnc:htdn a quaatiUIIw rillll not "1ufftdently llmller" to the mixture (defined Ia the nut nc:tion) are ··-mnt. of concern to permit a rir.k a .. 111ment. recommended for ayatemie toxicantl. 
Lptnlllfl JnfoiTIIIJI.IOii" The determlnatioa of "suffident Severaletudia have demonatratad that 

t. MoaliOfinllnlormatlon either aloaa or In aimilarity" m1111 be made on a cue-by· doae additive model• often predict 
CX1111buwtioa with moclalina tnfonnaiiCXI II caae baail. conaiderins not only the n!aiOnably well the toldcitlea of 
auf!lclent to accurately ch&ractmu biUDIII uncertalntiet uiOdated With lllilll data mixtures com~ of a aubltantiel 
upowre to 11M lllix1aN or ill COI:IIpOIIUib. on a diulm1lar mixture but alao the variety of bot aimilar and diltimilar 

:L Moclallaa mr-bOD it aolfldatiO 1111certalntin of 111tna other approachea c0111pounds {Pouui et al .• 1988: Smyth 
... ecmably c:hantc:t.nu .._II expc~~We to tuch ae additivity. In determinina at al .. 1988. 1970: Murphy. 1980). The 
the 11\lll.lllr'l or lla ccmpoaeDta. reaaoneble elm1larity. conaideralion problem of multiple toxicant expoaure 

3. ~ ........ for- c:ompcmenll ahould be given to any information on hu been addrnaed by the American 
al'l lackina. IUiall'laiJI. or vanabla. tht. r.o."'lponenta thai dlfrer or are Conference of Covernmental ind111trial 
lnformatloa 0111 bealtb e!fiCII or contained in marbdly diffarmt Hnieniats {ACGIH. 18113), tbe 
en•ironmental cbelllhlr)' •Uliii'MIIbet thia 

' liauUiloll 11 DOl likely lo eubatanllally affect proportiona betwHa the mixture on Occupational Safety and Health 

therilk-L which haelth effi!Cta data are .vailabla Adminittration {OSHA. 1883). the World 
4. Not aU com.pc~~~~~~ll ill lhelllixhn have and tbe mixtllrtl of concern. Particular Haelth OrpoluUon (WHO, UJ81), and 

been ldndfl.cl or leY1III ol u.po~~~n~ 111'1 amphalia abould ba placed on any the National Renan:h Couucil (NRC. 

t 
hiPJy ~Uaftaill or nnabll. lnfamlt!GI Gil toxicolosic or pharmacokilletic data 011 1980a. b J. Althouah the foc:ua and 
bnltb atfiCia or~ Gilamlalrf il the componentl or the mlxturea whlcb purpon of eacb poup wu aomewhat 
llot IOII'l'ldlatiO - tiM lffiiCI of thla would be 111efulla ane::Y the diffanmt. aU poups that recommended 
limitation on the riSk -•L llpific:ance or any cbe dille~ an approach elected to adopt aome type 

'· Tbe nallable ft90M18 lrtfcmuliallll between the limilar lllixtunt and the of dote additive model. Nonetheleu. 11 
IIIIVmCIIIIt for c:oaduc:tillla ftlk -l llllxturn of concern. diiCUIHd in HCliOD IV, don additive 

Even If a rlak aa.ament can be made m.odala are DOt the moat tilolosically 
• See lftl"" cllacuaoiM ol..mo... Olnollaft'J. Wlillll data on the mixtura of concem or piaualble appra.ch if the compound• do 
~cy olclata ud jullalicaiiOD l11r addillftiJ a reasonably limilar mixture. il may be not have the ume mode of toxicolOIIic 
-c~~-. desirable to conduct a !Uk anea•ment action. Conaequently, dependillll on the • a.. doe AtlmCY'• GuHielian for laaaali .. 
aa-IU.S. EPA. t~l for- CDODpieq 

baHd on toxicity data on the nature of the rl1k aaaenment and tba iJal--- ... rfonnuot-- component• In the mixture utlllll the available information oa model of 
ud eYOI•I.,.IIIo ~uably ole._ delL procedure outlined In nction U.B. In the action and palterna of joint action. tha 
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~>e:cepteble expoaure Ieveii ue 
"'CIIeded. Aa tbla IAdex epJ1108chll 
unity, c:om:em for the potmtlal baurd 
ol' the mixture IJic;na-. U tbe IDdu 
.,!Cetld.lllllty, the GOIIC8I'D II tba ame 
141if Ill IDdlvldoal c:beaUc:al axpciAN 
.,,CIIIded lllllc:alllteble lnel by tbe 
IIIIINI pruportloa. 'J'be buanJ index doee 
Dl)t cl.eftMr doee-tapcmM NlalloalhiJII, 
and lflllumeriCil value Uould DOl be 
c:onttrued to be a dlnclntimate of riak. 
N01111the11M. If auftlcleat data are 
available to dtriniDdividual 
acceptable !.veil far alpec:truiD of 
eft'actl ( ..... MFO IDductiOD.IIIIDtmal 
eft'actllll MYeral orprte, nproduatm 
effec:ta. aDd bebaYionl effect~). tbe 
b.uard lnda ... , ...... what IJpll of 
effeclllllflht be upectad &am tba 
mixtant apciiiiN. If tbe COIIIpoiiiiDII' 
variabilltin of tba aa:eptable ...._ ue 
kilo-. or If the at:cepteble ~nels ... 
aPVID U rope( .... UIOCiatlld wltb 
dlfflmiiiii8!1PDI of eafety). lbeD tbe 
huard IDdiX ebouJd be pretellted willa 
co~ estimatu of verlatioa Gl' 

!Up. 
Moat lltlldla Olll)'ltemic toxidlJ 

report only daeriptlonl of tba efreetlla 
each d011 pvup. U doee-reepcmu 
curvu are utlmlted for eyatemtc 
toxic:anta. howe¥!.,, doN-additive or 
~ttM UIUIIIptiolll GilD be 
UHd. with preferace pvm to tbe IDOit 
biolQ81cally plauelble au11ZDptioa , .. 
Mclicrn IV for lhe mathematical detaile). 
Z.Corcinopna.Porc:uc:inopa~. 

whenever lineulty of the ludlviclual 
dOH-ftiPOIIIe cmvu hal been aiiUIMCI 
(unally ratrlcled to low doeet). the 
ln~ue In rllk P (aleo called nCHt or 
incremental rllk). calllld by expoaure d. 
11 related to cuclnopnic potenc:y B. u: 

P•d 8 [11-:J 
·For multiple c:ompuUDdt. tbla equ.tloa 
may be poera1Jud to: 

•-:u.a. (11-3) 

Tbil equation UIIIIJIU ladepeudace of 
action by the -.ral carciJacla-e ud Ia 
equivalent to the IMIIDlption of dale 
addition u weD u to rttp01111 addJdaiD 
with completely neptlve correlatloa of 
tolerenca. u ICJ118 u P < 1 ( .. II8Ctloa 
lVJ. AAaJopa to the procechn UHd Ia 
equalicrn D-1 for l)'ltemic toldc:anta. u 
index for D carciDopDI CIID be 
developed by cllvldlDa expoaure lewla 
(E) by doaea (DR) uaodatad with a let 
level of rllk; 

HI•B./Dila+Eo/DRa+· • ·+IJU.. (D-4) 

Note thel the leu llnaar the dou
re~ curve 1e. the Ina appropriate 
equatkmlll-3 end 11-4 will be, perbapa 
even et low d-. It ahould be 
empbaelsed thel becaUM of tha 
IIIICel'tellltiu iD uttmettna dou-

..... ·----------·-·--------------------------'-



S4a28 Fed.al ~ I Vol ~1. No. lll:i I We!Uwaday. September u. 1988 I Noticea -·- ••s· bued on upoawe and lox.lc ar eueaal'Dilflt doe• not 'IIIP'' a hau'ld. an extent that cannot be meuured or lOX 
carcinogenic poiA!ntial. 'Ib.Lt poteoU&I there i.a a till c.oocam aboutl.b.e riak 11011:1 8 pproltiJIWed.. ma 
alone lhould uol be IIHd u an lndkator aucb a ml.xtve bec.auae 1101 all The ... of ialonnalloalrom two- rea I 
of lbe ctmnlcala poaina d:ae moat bazani. c:o.mpcnuta in the llliAtunt ha 111 been compoallld llllxblrel to - tbe hut 

4. UnCft'fointi••· For uc;h rlak l cona.ldered. interactialla ill • mixture c:anlainin& tot 
._~., lho 1111Cofd1ailltia ahoilld be c. Uncctailltiea Jle&ardiq more tlsH two ClOIIJII)CJIIII aJ.o 11 con 
clearly dllcaued an<d the oftl'all ~allty Compoe!tiou of the Mb.mr.-ln perbapa queatiouabla from aiiiiiCharUadc poi: 
of !he riu ._,, shoald be ~ 

I WOI'III Cftll IICII!IIriQ, illh:nrwJtiou IDIJ perspecti98. Far DJ~~DPia. if two m1" 
chai'IICtllrized. The scheme outllnitd in be lacki.Da oot only 011 balltb eff.,;ta and c:ompounda uw lmlrwD to ID!Jend. either th~ 
Table 2 ahould be aed to upreaa the levela of expoaun~. but a1ao oa the eyn1111Jiatically or anlqouiatically, to-· . desree of confidence in tha qualltY of ' tdenlity of 110111.11 tomponet~b of the because of the effectJ of oua ClllllJIO'Ind con 
the dat11 on intlmlction. health effecta. 

mLXture. lula.losoa• to the procedure OD tbe metabollam or eJUni!OD of tbe Ull: 

I and UJ:IOWIW. '· mi' ' described in the previous paJ'881'11ph. an oth., the acldltlon of a third compound 
• a. He.tth Ef!ect.-C IOIDII cue.. 

mterim risk ... eaameDt caD be wh!cb either chemically altel'l or aflecta ' hu: 
I when health effecu data are Incomplete. 

II ;nay be poaible ro Llil'8 by analogy conducted on thoae componenu of the the alnorption ol one of the flrat two ep• 

nuxtunt for which adequate health c:ompounda could aubttantlaUy alter tbe as~ 
or quantitative alructure-itctivity f: 

effecta and expoaure information era dqree of the toxicologic int~n~ction. ap~ 

~ 
relationahipa that the c:ompcounda'on 

available. If the risk II coaaidared UauaUy. detailed atudia quantifyina ma· 
which no health effecta dati ere i efh 
available are not Ukely to alptiflcantly unaa:eptable. a conaernlive app!'Oich toxicant interactio01are not available 

Ia to p!'eMDttha quantitatln eaUmatet on muiUcomponent mixtures. and the COl 
affect the toxicity of the mldura. If 1 f:or 
nak aae .. mm lncluda tach an or riak. alona with apprvpriata few atudiea that are available on 1uch 

qualilicati0111 regardins tba auxturet (e.a~ Gullino at al .. 11158) do not m: 

f arpment. the llmitatl0111 of tbe 
approach mat be c:lnrty artlcalaled. incomplaii!Daaa of the data. If oo hazard rrovide euffident Information to aaana I:J., 
S1nce 1 methodology baa not ben I• indic:ated by th11 partial uaenment. the eftecta of intenctive Interference. 

J 
adopted for aatlmatinJ an ar.ceptaiNe the rialt uaeaament ahould not be Concema with the use of Interaction ·h~ 
leVlll 1•-11- ADI) or cmdnopalc quantified until better health effecu and data on experimeutal mammal• to -:or 

1 pot.ntial for lingle compounda baaed monitorins data are available to 11aeu •nteractlon• in human• le b11ed tho 

1 
either ou quantitative atructul'e-activity adequ11tely characterize the mixture on the lncreaaina appraciallnn for ad• 
relationalupa or on the re.Wta of ahort· expoiL1111 and potential hazards. ayllematic differeuca amona epeaea ill . the 
term screeniDg testa. auch method• are l/l.l\s..~umption6 and Limitatiom 

theU' reapo111e to individual chemtcala. U the 
not at present recommmded aa the acle syllematic: difference• Ill toxic It! 

•en1itivity to 11nsie chemical• axial 
1 

ba111 of a risk uaeaament on chemical A. lnfonnalion on lnlentcliona as· 
mno.lureL 

Moat of the data avatlable on toxicant 
amo1111 speciea. tben it seema re&~onabla ; ca: 

b. &poaure Uncr.rtainti-The to •1188est tbat the magnitude of toxicant tO' 
general unc:ertalnti•ll in expowra mteractiona are derived from acute mterectlona amolllltpeein also may ho 
aueument have been addresMd ID the toxicsty atudiea UIIJ1II expenmental vary !n a eyatematic manner. as• 
Asency'e Guidelmn for Emma Una animab ID which Jllixture1 Of twO Consequently. even if excellent chroruc <.I 
ExpotUI'III !U.S. EPA. 1986d). The n.k c:ompouuda were IA!Ited. often In only a data are available on tbe mapllude of de. 
aiMIIIOI' lhould diac:uaa theae expoaure silllll• comblll.ition. Major areas of to,..icant interaclioDI in a species of d·~ 
uncenamtia in 11m0a of the slrenflb nf uncertainty w1th the 11111 of aucb data experimental miUiliii&L there i1 de· 
:he e~ 1dence uaed to quantify lbe mvolve the appropriatenna of uncenainty that the masnitude of the 
e-.:posure. When appropriate. the mteracnon cata from an acute toxicity mterection will be the same m humans. lOt 

asaeasor should also compare study for quantitatively a hen~ a nak Aga1n. data are not IVllilable to properly 10' 
monitonns and modelina data and asseaamrnt for subchronic or ronsc: aaaesa tl:e •llltlificanca of th11 ll: 
d1scuaa auy inconailtPociea u a 10un:e expoaure. the approprieteneaa of uncenatnty. Ill 
of uncertamty. For mixturea. theM mterectlon data on two component Laat. it should be emphuW!d that mo. 
uncartaintia IIIAIY be in~ased aa the m1xturee for quantitatively alterins e none of the modele for toxtcant ho 
number of compoundJ of concern nsk atlftlment on a mixture of several interaction can predict the mqnitudr of th 
mcreaaea. compounda. and the accuracy of toxicant interactions In the abaence of nc 

If levela of expoaunt to certain interaction data on expenmental extenaive data If sufficient data are in· 
compound.l known to be m the muture am mala for G\J&ntitatively prediclin.a available to eatlmate 111teracllon or 
ar. not available. but wormabon on interactlcna :n human1. coefficients as deacnbed La IICtiOD JV. b~ 
hnhh effect. and environmental The uaa o! mteraction date from acute then the maiJilllude of the toXIcant IS 
pera1steoce and tranapon suant that tolQCJty atudiea to aateae the potential interaction• for various propomona of on 
the!e compound• are not likely to be tnteractlona on chrome expoaure is the same components can be predicted. as 
llgllifica.nt ill affectina the loltidty of the highly quationable unleaa the The availability of en it1teraction ratio 
mLXIure. then e riak •-t can be mecbaniam{a) of the interaction on acute (obaerved retponae dlv.ded by predicted ... 
conducllld baaed oa the ramainin& expoaure were known to apply to low· reaponae) i1 11111ful only in • ...,11118 the er. 
compouud.IID the mixture. with doH chronic expoeunt. Moat knowo maJDituda of the toxiCintinterection for ~· en 
appropriata caveats. If 1uc:h an argument bioloslcal mechaniJ1111 for toxicant the apeclfic proportiona of th1 IIUllture A: 

~ tan.DOl be IUpported, DD fiDal rtU lnterectiona, however. involve •ome which waa uaed to pnerete the sh 
r 

·--• can be performed uatil fonn of competltloo betWH'ft the Interaction ratiO. m 
adequate monitoring data an avaLlabla. cheaucal• or phenomena involVina The baalc ••umptioo in the co 
AI 1D interim procedure. a risk saturation of a receptor aile or mataboUc: recommended approach ia tlaat nail ~r 
aaseaiiDIIDt may be coudw:ted for thoaa pathway. A. the doaa of the toxicanta aaae11ment1 on chemical mixturee are " cornponenta in the mixture for which are decreued. it ill likaly that thne beat conducted ua1n11 toxicoloaic data on n~ 

adequate expoaunt and healtll effectl mechani1ma e1ther no lolliJer wiU exert a the mi.lltunl of concem or • rauonably te 
data are available. U the interim rl1k ttgnificant effect or will be decreued to 11milar mixture. While such nak 

I 

---- --\ 
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~ aualmdtl do DOt formally Clllftlider lndwltrtal c:hemlr:ala buecl on acute wbme Y1 Ia the probit ~ 
or soltlc:olotJk; tnsuactiom u part or a lelba!Uty In nta. For moat palll or auoc:illted with alb. Z. (1•1. J). 

J'Mtt-tic:aiiiiOdel. It Ia &aa~~~Ud that compouada. the ntlo of lbe predic:tad n.. potney, p. of tox.lcant n with 
reapooau iJI uptrlmalal mammal• ew 1..0. to obaervad LD. did oot vary br rupec:t to IDXk:aDl ~ Ia ddDed ., the 

human J:':!ra' DDbld after axpoaun mon thaD a factar or :z. The,.... ... , IIIIIJitity z./z. ..-v.-v. (dlat 1a 
10 tba lllixtun CUI be IIHd to varlatloa wu- wttb u aqulvom- whet Ia -.lit bJ equltDldc doMt).la 

CODduct riak --~~ DD bumm mixture or 1110rpholma azul tolaeu.ID thla eumple. tbe poteDcJ. p. Ia 
popl&latlou. ID ~)'I of c:hemk:al wbiGb tba obtervecl LD. wu about appnllliJDately :Z. DoN acldlt!DD UIUIIIII 
aWd1lrea u.ama uperimeDtal __. ... ftvea tlmn '- dwa the LD. pndictad that the....,.._, Y. to U17111ixtan of 

Jilbar the nme llmitatlou ID!aerat ill IIP8ci ... bJ dole addllioD. ID a abldy bJ tbeee two toxicantl CUI be pmtic:tllcl bJ; 
to-tpec1a vc:;J;'IaUDD few abaaJa Hammazulat aL (18'111), tba relative riak y •OJJ+Ilat tz.+ ,Z.J (IV--I) 

'!&lid compounda a to IDixtura. WbeD ofhma C&JICel' attribatahla to amokiq 

ile u•lna bealth aBec:tl elate GD c:beadQI waa 11, while the l'llatiw rlak Th\11. ltDce p u dlftDid u z./z. 
wul lllixluret from ltiJIUu OD expoaecl u.odated with ubestoa upoaun wu aquat!DD IV-3 ..-ually c:aaftl1l z. 
facta human populadona. die llmltatloDa ol s. Tile relative riak of hma cucer from illto u equtYaJut !be of Z. br 

0 
eplduUIIJ.op: atudlu ID tile riak both IIDOidDa IDd ut.toiiXJIOIIIfl ad)llatial for the dlllemM::e ID poteaey. 

r tba a&MmDtmt of liaBle coapawada alaB Wal 53, bldlcatiJlla a.batuti&l Amon~ fvrm of thla 

-:. 
apply 10 mlxtura. Additiollalllmltalianl l)'llef8latic: affed. CoDMqulllldy, ill 1011111 equation for ay Dumber of toxk:utalr. 

I 
lllliY be Involved wben 1llliDI health ca-. additivity aaumptioDa may · Y• .. +blottf,+ :U,pJ+blatZ (IV-4J 

>Ia effecta de t.a on cbemlc:al iDixturu if the aalmulially UDderatimata riak.JD wban: 
ll 

compoaenla In the m.lxbllw are DOt other ca-.~ be overeallmated. ..... J-lulllrlllptof tile .s-~ 
constant orlf the COIIIpODelltl partilloa While tbia Ia ::i:ht. u 1111Mtialac:tory cb ~) In the m!'Viroamtmt. ~ altuatloa. die a data DD lllbrtunle 

equtloll> ........ ., 

onot ~ 
b·IM alapeofdM ........... liMa .. 

Jell ~- a Additivity Mocle1a 1 .,. laauffk:lmt for eullmatiq the tba IOXkatl .. 

e. 
. mqaitude of tbalerrara. Baaed 011 ft• 11M JIIVPOI'IGD ar t11e .- ~a~Dcut 111 t1ut 

U auftlcleslt data.,. DOt available oa 
Oil the effect. of the cblllnicalllllxtlln of cummt lllfonutiGD. addiUYllJ lllbtllll'l 

concern or a reuanably limllar mixture, 
IIIUJDptioDI an axpacted to yield P,•tlle IM*'ICJ of tile I* IOIIIcUit will! 

:ad ... pnaraUy Dtmtral riak ntim.lltaa {I.e., NSpac:IIID tolllcMt _, II.&. %,/z.J, IIIII 
the propoaed approach Ia to auume neither CODIII'YIIdva DOr laDiat) ud are Z•IM- uldM illdl'ridualdaeaill 11M 
additivity. Dote additivity Ia baaed on plaualble lor componat CODipouDda that ~

 

!liD lbe uaamptioa that the componenta iD 
., .. [f Induce lilll1lar typea of effec.u at the A. lOON cS.tailad dlacuaaioa of the 

the mixture haw the eama mode of 
AIM ailea of actlDD. clarifttkm of the equatloDI few dole 

action and elidt the IUIIt effecta. Thla 
aaaumptlOD wtU DOl hold true ill moat IV. MotMmoticol Mode!. and the addilioll Ia pretlllted bJ PlDDey 11111). 

able cuea. at lflut for mixtunit of a)'ltemic M-ure~M~~t of/oint AcliOII B. Raaponaa AddltioD 
•c:aDl toxicanta. For ayllllmle tcildcaata. The aimplnl mathematical models for Tht other form of additivity Ia 

bowenr. moat linlle compouDd riak 
IIMIIDIIRta wiU rault ID the derivatloa joint action unma DO Interaction Ill referred to u rwpiiOM a'lldltloll. Aa 

nlc c;f acceptable Ieveii. which, u cumntly IIIIJ mathalnatlc:al lll!H. They dncrlbl detailed by Blla (111311). thla type of tolllt 

of derltlld. cannot be edapted to die either dole addition or mpoua actkm aiiWMI dlat the two IOXicaDII 

different fOI'IDI of respODH additivity u additioo and .,. motivated by date on act OD di&rut fiC8Plor 1J1tem1 IIIII 

delcrlbed in MctiDD IV. acute lethal effectl of mlxtllret of two that the carrelatioD allDdiYidaal 

Additivity moda1l can be mod1lled to compollllda. toi&I'IJIC8I mar niDP froiD completalJ 
IDI. incorponll qUIIItilatiYI data on A. Dote Addition 

aepttve (r• -1) to CODIJI)etely poeitmt 

1eriy to7Jc:antlnteracttonl from aubc:bnmlc: or (r• + t). Rnpoale addition uaumM 

chronic aludles ustna the lliOCiela t: Dole addition aaaumn that the that tba P11J101118 to a IJiven 

in HCtiun IV or modlflcatiCIIII of toxicanta In a llllxhlnl bebave at If they CDDCeatraticm of a mixture of toxic:utl 

modela. 1f 11:11 approach Ia llba. were dilali0111 ar c:oncnlnlioDI of eacla Ia c:omplataly clatilnldDid "' the 
however. 11 wtU 1M! lllldet the auumptiaa other, tbua tile tnae alopa of the doae- reapoDIH to tbe onmpoMDt& aDd tbe 

~of that other componenllln the mlxtllre do IWpoiiH curvee lor tile Individual peirwlle canelalklll coafllc:ieDt, Taldq 

.,r not IDterfere with the maaaund compoanda are IdenticaL end the P aa the proporlkla of orpDilml 

intenction. In practice. IIICb aubcbrontc raspcmsa eUdted bJ the mixture CUI be ~II JDixtlln of two tGldcDII 

or chronic imenlctlcma cla&a Mldam wiU predicted by •ummlJI& the iDcHYlduaJ bullvidual reapoDHI of p, 

"1. be available. Ccmleq11111tly, 1001t rillk cloan altar adJUitiDI for clllfeeacee ill and'· tbiiD 
Ull&lmeDia (on mixtllrea) will be baaed potency. thilll dafiDid u the ratio of p.p,lf r•11Dd P,>P. (IV ..a) 

lf on u auumptiDD of additivity, u lODa eqllitoxic doaea. Ploblt trauf0111111tloal P•P.Ifr•l udP,< .. (IV ... ) 

,d., u the com~ ellctt lim1lar lffeCla. typic:aUy mekn tble ratio conttut at aU P• P,+P, 11-P,) II r-o (IV ..If) 

10 Doae-a live and m,_....ddltm doau wtum parallel atfaiaht l.iDelare P•P,+P.Il r• -1 aad Pd. (IV ... ) 

cted i-
U~WaptiODI caD lead to tabitanttal obtaluacl Altbouah thla uawapt!DD caD More .-~bed mathematical JDOCiala 

the llft'OI'IIin riak eatlmata iiiJMIIIatlc ew be applied to 11DJ model (..,.. tba onMit for thla form ol joiDt actioD haft Ilea 

,,for 1111t.apDiatic lntll'llctlcma occur. model in NRC. ueob), tt hat been-' pvea by Plackett IDd Hewlett (1148). 

·e Altbouab dole additivity lull bleD oftan oaltd In toxicolOIIJ wttb the loa- c. lnteractiODa 

t lhown 10 predict tha acute to:xicitllle of doea probit I'IIIPODM modeL whlch wW 
11WJY lllixbanl of stmilu and cliaaimJlar be uaed to Wuetrata tile usumptioD of All of tba above moclala aaaame oo 
c:ompouadl ( ... Po:aanl ...... Ulll8: doll addltloa. 8uppoa1 that two lnterac:tt0111 and tbcefon do not 

Smyth at aL. 181111. W70; M~). tox.lcanta ahow the followilllloa-dDII IDc:orporata IDIU\II'IIIIIIlll of IJMIIIatlc 
:oe aome muiud excaptlont baw probit reaponaa equation~: or antqolliatic elfecta. Few maalllliJII 

a on noted. For elWI!pla. Smyth at aL (1870) Y,•OJJ+liGtZ. (IV-11 toxici.Dt intlncliOIII for lllixtllfle of two 

.ly teated the iDtll'llctloD of 13 pain of v,-1.Z+31ot z. (IV-2) compounde. Plnaey (11M2) propoaed lb. 
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ZA;-...ol ' 

lntenc:tiaD. A potiUva ..W. of IC inter&c:Ucm balled 011 tbe IAWDptiOD Of . . In~ tea IJD~. upttve ...... rlak addittvUy: au... c.t 11111. n. lmllcltJ vl!IO*-
~~ppUad loiDdJ. A.aal. AppL Bioi. ~ lltdll:atet antqonbm. IIDCI a .U• of s-(R..·tJ/(R.+l.-ZJ (fV-11) BumL P- R. Alt.rt.l. AludauJ.r. ud I. 1111'0 corretpopda to dote addition u iD 

wbere R..ia the relAtive ritk from Morna. 11183. Approach ID rill& a---. ~uti011 IV -4. Uka other Jri'OIIOIMifl 
for pnotaxlc can:llqllftl bend oa date lllodlflcaUOoe of dOH addition (}Wwlett. compound ~ iD the abaeoc:e of 
(rom &he--laltlll~ 1111111). the tqualioauauDl81 acoomteot compoiiJid #2. R., Ia the relative riu JDOdel. lnvlrGIL Heald! hnpect. ..... Interaction t:btovPout the mtJre ref111e from CO!IIpOUild C"% iD the abteAce of :uo. of proportioDI of tndMdual componenta. compolllld ~ and Ru ia the relattve riak 'Ourk1n. P.ll 1171. Speslt cbloriDitloD llqaor To IUXDIIDI for tuc:h aiJIIUII8trU: ctlerDI from axpoaure to both COIIIpouncil. A •lid cbloropbeDoliCI a -"'llr 1a oflnteracdoo aa diMe obeenwd multtplleative riak model adapted from de~tloa and Jamt actloa •1111 Alatott et aL (UIT.I). 0\ukm (li81) Walter and Holford (1878. ~uattou 4) Doplmio I.DQJIIIII. 1'11.0. Thelia. .,..._ propoH<IIba fol1owial modlflc:atloD to can be ata ted u: NY: Sbte UnlftftiiJ of N.w Yodl Co11eet equation IV -41: S ,. R,./(R.R.J IIV-121 
of ~tel Sdaru:a ad P-ar,. p. 

v ·•· +blot If.+ pt.+a:.r, IPIJ.I0:1+1tl. ltl. 
~ citec:uaDad by both Walter and Durkin. P.Jt 1981. AD I\IIWO&ch 10 1be (pfJ,.J•.,+b Joe Z l (IV-tO) Holford (1918) and Rothman (1876). the ,,...,. or IOXiCalll lllter.c~~ou llllba 

J 1n which K[pf,f..l .. ia dlvidedtnm two riak-addiUve modal !a pnerally appUed 
aq,..lk ~t. "'-ddap of lba 
ttb Aluuaal SympoM- oa Aquauc CDmponeota. K,f,(pf.f.)&a aod ICJ.(pf..f.) to ageott cauatna diteuaa wtWe the ToxicoloD. Amer!caD Soc:lel)' fOJ T•lilla • •. Since K, aod K. need 1:10t haw tbe multipllcattva model !a more appropriate ud Materiala. p. se&-401. ··i so:me sign. a pparentlnttaoca' of to qenta that preveDt dlaeua. The Flnaey. D.J. liMa. The analyaia of toxldiJ q lllltqonlam at one receptor tlie and relative merita of then and other ..... oa llllxiiiNI of poi--. AM. Appl i . '~ aynergim 11 another rec:eptor)ite can indlc:ea have been tha IU.bject of Blol a:G-414. . 

be trttima!JKI. When K. IDd K.' are equal. conaiderable dlacuui011 In the Finney. D.J. 11171. Ptoblt ualywia. Jrd ad. 
t .. , 
• ·.j 

equation IV-10 red.-a to l4aatlon epidemiolostc: Uterature (Hopn et al.. Cambridp. CrwatlrlleiD: Cambrldp ... IV-9 • 1978: Kupper and Hopo. 1978; Rothmur. lh!MnlfJ Pma. - p. l 11 ahould be noted that m obtain a 1978; Rothman e1 al.. 1880: Walter and Coldatetn. A.. L Aronow, ud S.M. 1Ca.1111aa. 
Hollord. 1978). There lftl!ll to be a Ul74. Pnnc:lpla ofclnai actloD: lba bull of re411onable nwnber of dqreea of 

pbumacology. 211d ad. New York. NY: Jolla freedom In the estimation of JC in CODHDIIIA that for publ1c health Wiley ud Son.l. lac.. Sol p. equation IV-9 or K, and K.ln equation COIICIII1ll1'118ardiniJ Ciluaatlve (toxic) CWiiDo. P.M. Wlllltz. a.M. Birablum. J. IV-10. tha toxicity of tneral ciJffartllt qeote, the additive model ia more Consfleld. W.C. Otey. IUid J.P. ~ combiDationa of tb.e two C0111p0118!lta appropriate. 111118. Stadln oa lba -.bolltiD or-muat be UMyed a1on& with •-JII of Both tba additive and mullipllcatlva adele and Nlated oomJICIWida ut rti'D. L : the toxldty of tba indiVidual modela UtiiDie atatittic:al ind!!peDdtDCa TOII!dty of -uaJ aalitiD adda. ' , componeniL Sinc:a thla requlra In thet the ntk auociated with expoaure 1ndl1rUhlally ud Ill IIIia'- and the expenmaota Wilh larp nwnbera of to both compoundt in combination can pmteeliq effect of L-uginu1e. Atch. animal&. auc:h an.alyaet have batm be precllc:ted by the rlili anoc:tated Bioche!n. Biophya. ":nw:JZ. reatncted for lhe moat pllll m data from with ~ep&n~te expoaure to the individual H&llllllond. tt.C. I. V. S.IU.off. alld H. 
Seidman. 11178. AlbaiOIIIXJIOIAift. acute biOUNya uainS inMcta (e.,.. c:ompoundt. At flluatratld by c:lprelte amok!JIIand dnlllra 1ft, AIIIL NY rmney. 1871) or aquatic Cll'pllilma Siemiatyeld and Tbomu (11181) for Aced. Sci. S3II:473-480. J (Durlcin. 1117111). A.lao. becauae of the multlttqe c:arciDopnlllil. the batter Hewlett. P.S. 1111111. W.uutiiD•t of 1ba 

, 
coDIJilaxity of experimental ct.s1sn ud II tttna atatlttical modal will clepead not potear:ift of drua Jllildllln. Blometrlcl the need for tarse nambere of animals. only upon actual blolop:al IDteractiona. U:477-41'7. 

~ 
neither eqaationiV..:e nor equatioa lV- but alao upon the atape of tbe dleeaM Hopa. WJ)_ L Kapper, a MotL and J. 10 hat been pneralizad 01' appUed m proc:ata wbic:b the compoUDda affec:t. ..._. 1871. Altemalt1re approacltee to mixturet of IDGI'II then two toxicaoll. Conaequantly, thant ia ao a priori baala R.ot.bmaa"a apprada for._.,. Modiflc:a Ilona of reiJI(I1IM-Idditlve for aalectiaa either type of model in e .,_..mn (or utqGIIiam) Ill~ modelt to loc:lude 1ntarect1Ye tum1 haw riak aaaaaament. ~ diacuued by Stara aiiKIIIL AlA. J. J!pldemial 101( 1 ):547. alao beta propoted. aJona wtdl. et 1L (1883). the conatpta of multlatap KleaAtD. C.D. and J. Do111L 1911l baluaticlll 

of nfetr. toxic:olop: .,aluauaa.la: J. appropriate •tatlttical181ta for .tbe can:IDopaait and the 11recte of eo.ll. CJ),JQa...._ alld W.O. Amdur. eda. ... umpUoa ofedditlwtty (Kom and LID. promotenaiDd coc:arc:inopna on riek are ToxicolotiY' the bale ad- of pol-.. 11183: W abreadorf et al.. 1881). ·~ extremely complex laa1111L Althoush riak New York. NY: Macmlll.ua hbliahifta Co.. In the epid.emiolotJie Utaretlft. modela for promotano have been lac.. p. 11-27. Dllleuremanta of tbe extaut of blxic:ant propoted (e.g.. Buma e1 al.. 11183), no Karn. LL. and P. Y. Uu. \8113. IDIINdlw lnterac:tlona. S. C8JI be expresaad aa the eiosle approach c:aa be recommended at .tfecta of~ of lllmullla liflltebltt ratio of obaerwd relative rtak to relAtive thit ttma. ~ Blaauolrib. 71t\D-110. ~ riak predicted by- form of~ v.w- kupJM. L. ard M.D. Hopn.. 1171.1Dtenclloa addlt!Ytty IIIUIDJIIjoa. Aae._ m the ACCIH (AIMricu Coaferenca of 
111 eptelaauoiCJIIC atudi•. AlA. J.lclldamicll n tto of lnteract1011 In claaaical ~ lOIJIII): .. 7....U. 

IOlUOCOIOI)' atudlea. S • t iDdiCalel no 
CoveniiiMIDtallodu•tnal HJIIIIIUolll). 1W3. 1Av1oe. u ten.~ 11N1 act1oc11 n.Va: tlarwhold lllllit val1111 for chemcca> lad NICIIDI!a. .. loll. NA; Little. &row. Interaction. S > 1 indica tat I)'Mr8iiDI. auh.tancet and phy.ICII apnt• m tile work end Company. 412 p. I 

i 



,,
..
~ 

....
... ~
I
J
!
"
'
"
"
I
P
I
>
-
"
"
1
•
 

.....
 

~ g
 ~-

I:
:~
 

,_ 
~ 'C

 
i 

i 
i 

; 
t J

 
j 

' 
t i 

( ,
. ; 

-
r-
~ 

~ 
f 

II 
a 
I 

lt
 •

 
~·-

~ 
I 

-
s 

.. ~ 

~ 
.v

 
--

ii
i 

E
£"

'"
' 
-~
 ~

 
. •

 
•• 
,.

.,
,.

 ~ 
·r;

~f 
. · ·

 ~·
- ·
;J
t&
.'
~·
-~
ar
r~
; 

•-
· .. 

. 
. 

. 
. 

. 
. ~ 

l[if
l;fl

~i~i
~!lf

!!![
lif;

!Jif
l~jJ

lfiJ
l!ll

!~j!
tiJf

!~~·
ti!J

flfl
ffll

lifZ
fffl

fJil
!f 

t11•1
f1 t~i1!

1i !
Iie!

l~i~
itli

~i !
ilil~

i!rl·
; !~

!lf1
ili 

l!~i
ft~!

i[!l
lil 

~1 ltfi~
t·• 

~ 
..... _

 ...... , 1,1
 f .. -

f 1! 1 .. +~:j
1~~·t

1 f,( :
1t

dr
i r~I

~J& r
-n~

~hE
U~!

fl·
&ft

Uht
ll r

k 1l·Ir
JI 

f 
.JJ 

I 1
1·1

· i· 
f• 

r! 
j 

alt
iiL

l ~!
[. 

!~ !
1 l

i l
(IJ

rr 
~~· 

¥iE
JU

 I. h
 ~~~E

ir 
f 

;t 
f i

 
I 

J If
 
~ 

1 
~~
~f
 ~

~ 
,& 

t .
 ~

. 
iJJ

ILt
~ 

;, 
f f

 
l 

, 
: p

 
~ !!

, 

tUf
llli 

H
 i!~~-~ 1UU!

UUt
;~u

lUl
Uii

fU{
Hir

 i irf~
 Ut'

IJr~
lll·

rt!n
flit

ll~ 
••·

~"1
!1~

11
 i 

;~I
. 

lff
!Jt

-ir
lu 

ti
f~
~g
!{
t•
Hf
tf
li
il
 f 

• 
•IA

fl_
!~~

 t
l&.

f!l
,t.

~ 
r: 

iiU
njH

hr 
I!J

qJ!
fll

~ii
ali

 I
f i

q~m
t iH

fl 
ruf

~r,
 

t;;
'r~

 i~.
IJl'

i i
 '

 !f
~ f

•'r
•d~

l! 
f 

~bl
t~r

, ~
I' 

i~·~
tJ I

I': 
a.-

... 
-

ls
r 

• 
~ l 

"r
 

! 
J 

. '
• 

.. 
I 

JljW
l'i 

:·r
 

tf .. h
 

. ,.
. 

.-r
e-r

 
i 

! 
lla

. 

~ 
-. 

..,J
., ~ 

E
 

~t.
-1 

e. 
1 

·r 
1 .

. r
 

~~ 
~,~

~ l 
Ill· 

•..
...

.._
_.

._
 
~-
--
_.
..
..
_ 

~
 

,.
 

• 
..

..
 

• 
..

. 
__

 _
_

_
_

J
 

t 
) 



n~u
nt~

t• 1t 1ttr i
if!J 11n iiJ

t~ 1: 1!U i
 i UiU

UlU
I m

unt
ltU

IUt
!iU

1tlU
 111

 
!!:

rir
!;-

~ 
I 
~t
l 

t
(
 

~~
;f
a.
 

rl
jf
lt
i.
a"
ll
~r
r~
 ~

~~
r[
f 

}tl
ac-

~r}
• 

~t
 s

. 
-

~~
 I 

!o~r
.. 

I 
rft

 q 
I 

.. I}
 it

 •r 
,,,

,, 
"1:

4 J
"t
tr
l~

1 ~
 I

 :-
1 

J 
t~
rf
 e

. 
l 

e. 
r 

l'
'~
:r
tl
r 

J 
rll

lil
fj&

.•e
.-

••
 1 ..

 ~ 
·~ 

!'
i 'r

t t
 ~~

 
itf

l!
J1

r i
t1

t' 
l 
t 

{f~
·~i

srr
 t1 1 

!l~~
~~i~

~=~ 
i i

 l 
[f

 :
 J

l 
,J;~I

 Fi f
ti}fJ

II~ 
!!ltr

ffr~r
 ~~!

!i· ~
 

i I
ll 

~fti 
j >

 i ir
J"fJ

lfii
jl·f

ii~J
lri~

i[lr
 ~ !i~

r'"lr
ll ru 

J§
tfi

ii'
 f i

 llin~
i flf

iii
 II~ 

!t
lJ

sf
2 t

1 
~ -

r 
~~
~f
ir
 t

 J(
lf
lf
lr
!J
~d
 ~-

~r
r£
sU
lf
~j
 !,

I. I
~ 1

!1~
 .

(1 (j;
i~ 

-~ 
u!
wt
l~
ll
 U

~!
~~
Hi
EI
.•
~~
~.
ms
.~
l i

 f
o:q

!fH
tar

t_r
r.5 

~ p
t=f

t~!
~rt

1~ 
! 

;,
_

ti
li

ll
_

 .. _
 5!. 

..
 11

~1
1-
=~
:-
c=
:l
f~
[!
!v
-1
 q

 
•. J

a
f 
~
~
!
i
t
 

~ 

fili
i-il

l-!!
 

fiJJ
~ltU

iUti
~Uif

!t!!
i !l

fU
[1 H

tttr
U 

fUU,
~UIH

! !
 

• 
, 

~ 
-

! 
r.

 
If 

r~
F 

J 
' 

I"
 

~~
 ~
.r
 

J 
r-

f 
t 

~~
 

5 
l ~
 i - l 

rn 
n~t

nl !
. !.tr

 !jti
ftU

ii[i
jl'ii

iiif
UJ

Uii
 ~ •

tfi
!Pl

UUU
Ui~

fif
ll'

 IIi 
UJ

! !~
f'"i

rfH~
i ~

 u
!;:

t'! 
Hi

;;ti
lih

 ~~
~Jis

t J
 qit

~t!l
~~r'

:rtH
1 !ii

fi~
 ·l~ 

.:~-
• 

t.
fl

-'
··

 
a.
--
~f
 

e=
 ..

.. 
! 

• 
. 

• 
8 

a 
. 

l:t
 

a 
~~.

. 
il

!i
l 

:!
 .

 
• 

-
-

f 
• 

c 
....

. 
r 

::t
 

~i
i 

;a
 

0 

-
v 

··--
·':'

{5;~
,-·.

·~',
<._,

:~if
;·'>

 ·-
:.»

:·:.
 ,,

·:~:
;".,

;-·\
!-'.

·";'
~: 

.'"
";;

 '.
~'~-

"':'
~-'·

~·~:
·~'-

··
)!
_~
:,
 



ai
J 

a 
~~
~f
i 

a 
~ 

~~
'i
rr
 
•!

••
~[

· 

tJ
I 

., .
 ., 

') 

... ,
. 

~E
··
~ 

r 
~ 

II
 

..
 ail

J 
"~
tl
ii
: 

~~
~·
~~
t;
 Il

l ~
 

. 
a 

....
.. 

f 
.J

 
a
l 

8"
 

• 

. 
. 

,~~
 .. l.

t Jli
1IJ

fiJ 
Ut

h·
HJ

't! 
~ 

R.!
iJr

!ll
f~i

fli
Wf 

r[ 
1!i

 ~~i
 fil

~!~~
lifi

tirr
(~~~

!lfl
l I

 
lit 

bJ 1
 ,tl

hil
t1 Uh

ilt·:
 li!l

i'J'!
 1

 . 
f 

I r
 

1 
" 

~·
 

f
f
 

rsf
 ~~

 a
 .,_

 
~
 

ifU
;IU

rUt
lJJ1

U 
r 

1 ~r 
1 

U~
h1
 , 

lt·l
i'~!

~tHI
·ttr

t 
I 

151 
I 

I 
f 

I'
 

f 
f 

--
. 

-
trl r

rJ 
} i

f r
lt

l 
e. 

;[~: 
tt 

1:! 
Ill

: 
·~ 

Il
!l

!l
li

jl
l!

tl
tl

l!
iJ

li
fl

ij
il

l!
 

~lJi
fill

t!il
'lt 

rf
f· 

ef
iJ 

1 t(f
 

uli
fJr

J ll
fe.

ft[1
 tr

rl f
 ~ul

ltr
ii .

.. 
I
t I

 •
 ll

i .rl 
rlE

 
I 

r 
1 (st

•lr
il1 

111
 

, 
sr

 I
 

r 
lr

 
l 

l 
I 

.I
L

 
I 

• 

.
.
.
 

I 
b 

: 
' 

•.
. ,

 :$
ie

f 
i.'

l"
:E

;(
,p

 f
 

t 
) 

. 
_,.,

.,...
.,...

._ ...
 _ .

. ;
~

,

_

,

.

,

.

 

_ _
.,_

_ 
()

 




