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PRE FACE

Health and Invironmental E^ff ects prof i le,s (HEtp_s ) are prepared f or the0rrlce or sol i.d t','u;i; 'il'";;. 0rr-jc; or' î."i1, and rnvrionmJntar Assessmenr.The HEEPs are ¡nteÃããã ;J ';;;.lt llrtingi'ï'lu..rãouï';;;ï'iituents or a wrderange of r'¡aste streams undJrt .sectiãn ääôr"'or il,.- n.ror-r'rå''conrervation andRecoverv Act (R9lll:- 
!qiÅ'-ol¡lrr¡,.0 ìiîäråt,îe and lnrormaron obtarned rromAsencv ptos'"am o-rrice iiiär-ãr. evaruareo ii tney 

-pei'i;i;'";; 
potenrar humanhealth' aquatlc ltte and ånuitånrentar errecli or ¡raialooì; ñte constituents.

Quantltative estlmates are, pre.sented p-rovlded sufficlent data areavai lable. For .systeml. iorùantr, t¡,uru 
-lnclude, 

Acceptabie Dal ìy Intakes(ADIs ) ror chronti uióoiurl-rl ".nn 
Áoi' iï"¿ei'iie¿ as tne ãmãunt or a chemicarto whlch humans ,can be exposeg.^.,, ¡- oailï'j..rtr. over an Àiteno"¿ perlod oftlme (usuaììv a llfeilrìl-ìñii,iut sufreirng""ä.ret..ióuJ'!rr..t. rn the caseor suspected carclnogeni, ADi; af e not Ës¡mated rn 

-ir,ii'ïo.ur.nt 
ser jes.Instead, a carctn.gÀ,ìi;-irïãr;, 

_ll.t.-r, 9i.'{1- i, óroui'á.0.. These potencyestlmates are ¿e-r-lväd rot- uät'¡t. oral- and rnhaiaton exposures Hhere possrbìe.¡1,.i'il' 1ü;,Ji;i,, :hi,,"'.t'*ti; li:i.¿ ;.ru: ¿iiniiñö"î,t.. are presenred

The flrst draft of this document vas rcor pora t r on under 
. E pA con t'^ä ii N*--6ä_b:_iåjs 

i:f, i: ii. roTrT,r1..,.r;;r, l;;:; [ îlrevìsed after revl-ews uv it.r"r wlthln il,.-'o'Ëii.. of Hearth ano rnvrronmentarAssessment: Carcrnogen" À;;;rT:i! srå;ó, 
-'Å.prooucrîve 

Efiãcts Assessmenr
fi3.'f;,,.tJ%'r',','å ,l'ill:*ii.,:.',r, and the Envrronme,ì;;- crlterla and

The HtEps vlr become part of the EpA RCRA docket.
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I . IltïRoDUCïI0l¡

] .I . STRUCTURE AI{D CAS IIUIIBTR

l,l'-81phenyl 1s also known as blphenyì, d1pheny1, blbenzene and phenyì-

benzene;1ts structure 1s glven belor:

l{olecular f ormula: (COrS )Z

l{olecuìar welght: ì54.2

The Chemlcal Abstract Servlces (CAS) Reglstry Number for thls compound

1 s 92-52-4.

I.2. PHYSICAL AIIÍ) CHEiIICAL PROPTRÏTES

Blphenyì 1s a colorless solld that crystalllzes 1n the form of scales,

and has a pleasant odor (Havìey,1977). Some of 1ts physlca'l propertles are

glven belov (l{eaver et al., 1979, unless otherwlse stated):

l{eltlng polnt:
Bolllng polnt:
Flash po'lnt:

Speclflc gravl ty at 20oC:

Solubl'llty 1n vater at 25oC:

Vapor pressure at 25"C:

Henry's law const. at 25"C:

Log 0c tano I /va ter par t 1 t 1 on
coefflclent:

69 .2"C

255.2"C

ll3'c
t.04r
7.5 mg/r (Verschueren,

0.0'l nm Hg (l{ackay et

4.08x10-'me atm. mole
(llackay et aì., 1979)

3.16-4.17 (Hansch and

r977)

â1., 1982)
-1

Leo, I 981 )

/-\

\/t
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I . 3. PRODUCTIOI{ DATA

8'lphenyl yas produced ln ì9gZ by

Eethlehem Steel
Chemo I

Doy

ll1 I lmas ter 0nyx
llon san to '

Sybr on

the folìovlng compan.les (SRI, ìgg3):

Sparrous pojnt, 
Ë0

Greensboro, t{C

Freepor t, TX

0aìton, GA

Ann'lston, AL

lJel lsf ord, SC

producton 
vorumes uere not stated; hovever, Heaver et aì. (rg7g) rt vasesfimated that _gg mlllton pounds (40,000 metrlc tons) of blphenyl yereproduced tn 1976.

Blphenyr can be produced by thermaì dehydrogenation of benzene. rhlshas been accompllshed by passlng benzen" tnrougtt a red hot rron tube or bybubbìing benzene through molten ìead or pumlce, or by passlng benzene overvanadlum compounds at eJevated temperatures (Heaver et dì., lgTg). ïoday,the marn source of bfphenyr rs as a by-product of hydrodearkyìaron oftoluene to form benzene. About't kg blphenyl 1s obtalned for each .|00 
kg ofbenzene produced (Heaver et al., l979).

I.{. USE DATA

B.tpheny I has

carrlers, food

blphenyl and as

rsTe).
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been used ln organlc synthesls, heat transfer flulds, dyepreservatlves, ôs a startlng product for porychìorrnated
a funglstat for cltrus frults (Hawley,1g7l; Heaver et aì.,

05/02/84
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2, TTYIROI{ËEXTAL FATT AX,, TRAXSPORT PROCTSSTS
Fev data are avallabìe regardlng the fate and transport of blphenyì lnafr' It can potentlalìy enter the atmosphere as fume durrng rts use as heattransfer flu1d, and to a lesser degree, by volatl ì1zat1on from sot I and

vater ' The fate of blphenyr 1n arr depends on 1 ts reactl0ns v.' th or,N0, and free radlcars (e.g., R0., 0., R'z. and 0H. ) and photoì_
ysls ' No lnf ormatlon 1s ava'llable regarding the reacilon between blphenyì
and other molecules 1n the atmosphere, but some data are avallabìe regardlng
its photorysis 1n ìaboratory tests. Fre.rtag et aì. (rgg2) reported that
blphenyl undervent photodecomposltlon 'rn a mlcrophoto reactor uslng a Have-
ìength above 290 nm. About g0 ppb of r.c rabered blphenyì on slr1ca gelyas irradlated for ì 7 hours yl th an alr current of 1.7 t/hr . About 9.5Xttto, and <0' Itl organlc fragments uere coì rected as photodecomposl *on

products.

Fukul et al ' ( 
.l980) 

reported conslderable photoreactlon of blphenyr
( lmpregnated lnto paper ) 1n the presence of N0,. and uv radlation (>300
nm)' A half-l I fe of -2 hours Has observed for blphenyì . goth 2-nl trobl-
phenyl and 4-nltroblphenyl vere ldenttfled ils reactlon products.

A maJor aquatlc source of envlronmentaì btphenyì contam,lnailon.ls the
wastevater effìuent of textlle mlìls uslng the compound as a dye carrier
(lJeaver et âl'' .l979) 

' It can aìso enter the envrronment from rndustrlar
processes and leaklng heat exchangers that employ the compound. The fate of
blphenyl 1n vater and sedlment depends on 1ts reactlvrty vlth free radlca.rs
present rn aquatlc medla, and 1 ts abl r I ty to undergo photochemrcar andmlcrobial reactlons' ilo 'lnfornatlon regarding chemlcal degractatlon yas
located' l{ost of the lnvestlgatlons have been focused on I ts b1oìoglcaì
degradailon by bacteria, yeast and argae. r{etaborism of brphenyr by aguat.rc

li:
,t:::

liì]
,:-

{
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ì
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mlcroorganlsms appears to lnvolve aromat'lc hydroxylatlon, wlth the produc-

tlon of 2-, 3- and 4-hydroxyb'lphenyl (Relchardt et â.|. , t98l; Cernlgì 1a et

ô1., 1980) wlth f urther hydroxy'latlon to 2,3-dlhydroxyblpheny'l (Treccanl,

1974). A mlcrob'1al metabollc pathvay lnvo'lv1ng f lrst rlng f 'lsslon and

formatlon of benzolc acld and a 2-keto-4-hydroxypentanolc acld has been

proposed (Ahmed and Focht, 1973; Treccanl, .l974 
) .

The photoìysls of blphenyì 1n solutlon has been lnvestlgated by Kondo

(1978) and Suzukl et a1. (1982). Kondo (1978) reported that blphenyl under-

went 50f degradatlon 1n -40 hours under lrradlatlon from a germicldal UV

lamp (vlth UV spectra around 250 nm). Suzukl et al. (.l982) reported the

absence of mutagenlc products from the photochemlcal reactlon of blphenyìs

1n aqueous sodlum nltrate soìutlon when the UV source yas flltered to remove

uavelengths <300 nm.

The transport of blphenyl 1n water lnvolves 1ts volatlllzatlon, dlssolu-

tlon and sorptlon to suspended partlcles. Lyman et al. (1982) estlmated a

4.3 hour evaporatlve half-llfe of blphenyì from a fìow1ng (l meter,/second)

stream of vater I meter deep, vlth an a1r current of 3 meters/second.

Kllzer et al. (.l979) measured the loss of radloact'lv1ty from an aqueous

solutlon of 50 ppb r.C blphenyì and observed loss of 3.45f of applled

radloactlvlty per mi of evaporated uater 1n 2 hours. Assumlng an average

water evaporat'lon rate of 1.2 mt/hr (Kl lzer et ð1., 1979), -8?( of btphenyì

vas lost 'ln 2 hours.

llo dlrect data uere aval lable regardlng sorptlon of the compound to

partlcuìate matter, but substantlal sorptlon may be predlcted from the log

octanol/vater partltlon coefflclent of >4 (BanerJee et ã1.,.l980; l{ackay et

â1., .l980; 
Svann et ô1., 1983). Thls predlct'lon 1s 1n agreement vlth the

experimental data of Freltag et al. (1982) that shoved 50f of the blpheny'l

05ì 2p -4- 05/02/84
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applled to actlvated s'ludge 1n water (l g dry sìudge/t of rrater) remalned

as nonextractable resldue.

The bloaccumulatlon of btphenyì 1n aguatlc organlsms has been lnvestl-

gated. The aìgae, Chlorella fusca and Leuclscus 'ldus melanotus, were

reported to have experlmental bloaccumulatlon factors of 510 and ?82,

respect'lveìy, ln a statlc test system (Geyer et ä1., l98l ; Frel tag et ô.|. ,

1982). A bloaccumulat'lon factor of 436 and an uptake rate constant of 6.8

for ralnbov trout uere reported by l{eely (1979). SablJlc and Protlc (1982)

have predlcted a bloaccumulatlon factor of 340 based on the relatlonshlp

between molecuìar connectlvl ty lnd'lces and estlmates of bloaccumulatlon

factors for other chemlcals. These factors are relatlveìy 'low, so one can

predlct that blpheny'l may not be strongly bloaccumulated 1n the envlronment.

Ïhere has been some concern that chlorlnatlon of recycled water contalnlng

blpheny'l may result 1n the productlon of chlorlnated blphenyìs (Gaffney,

1974), whlch are knorn to be stabìe ln the envlronment.

The fate and transport of blphenyl 1n so1 I has been lnvestlgated.

Biphenyì may not slgn'lflcantly volatlllze from soll as evldenced by the

study of K1 lzer et a1. (1979). Radlolabeled (r.C) blphenyl (50 ppb) uas

lncorporated lnto vet sand, loam and humus. The authors observed that -.l.7,

1.0 and 0.ì% respect'lveìy, of the appì1ed radloactlvlty had evaporated 1n 2

hour s .

Degradatlon of blphenyl by sol l mlcroorgan'lsms rnay contrlbute s'lgnlf i-
cantly to the disposltlon of blphenyl 1n the envlronment. [)egradation of

blphenyl has been observed to occur 1n Saccharomvces cerevlslae, u'l th the

forrnatlon of benzolc ac'ld (Karenìamp1 and Hynnlnen, l98l ). Bacter1al degra-

datlon of btphenyl has been reported by Smlth and Rosazza (1974) 1n Strepto-

myces lp.; Ahmed and Focht (1973) 1n Achromobucter; Treccanl (.l974) and

05ì 2p
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Catelanl et al. (1970) 1n Pseudomonas putlda; Cernlgì1a et aì. (ì980) 1n

0sclllatorla ¡¿.; Lunt and Evans (1970) 1n gram negatlve bacterla; Tsuchl et

al. (ì977) 1n Acallqenes rp. 559; and Furukawa et al. (1978) 1n Acaìlqenes

Y42 and Aclnetobacter P6. Eacterla genera'l'ly oxldlze blphenyl to 2,3-

dlhydroxyblphenyì by nay of cytochrome P-450 systems.

Blodegradatlon of blphenyl by fungl has been reported by nany lnvestlga-

tors, 1ncìudlng Dodge (1981 ), 'Smlth and Rosazza (1974) and Smlth et al.
( 
.l980, 

ì981 ). Fungl seem to metabollze blphenyì 'ln a manner s1m1 lar to

manmal 1an systems, ul th the productlon of 1-hydroxy- or 2-hydroxyblphenyl

and 4,4' -dlhydroxyblphenyl .

Eiphenyì 1s degraded by actlvated sludge as reported by Korte and Kleln

(1982) and Freltag et aì. (1979, 1982), vho observed 9.lf converslon to

C0^ 1n 2 days.
¿

Leaching of blphenyl through sol I may not occur to a great extent

because of lts htgh octanoì/water partltlon coefflclent and low yater solu-

b1ì1ty. If soll mlcrobes metabollze blphenyl to the more po'lar hydroxy

blphenyìs and d'lhydroxy blphenyìs, houever, leachlng of these metabolltes

lnto groundwater may occur.

051 2p -6- 05/02/84
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3. EXPOSURE

Paper lmpregnated ulth blpheny'l has been used 1n cltrus packlng to

reduce frult damage by fungus durlng shlpment and storage. llany lnvestlga-

tors have detected blpheny'ì 1n frult packed wlth blphenyì lmpregnated paper.

The condltions leadlng to optlmlzatlon of funglcldal effect ytth m1n'lmum

blphenyl resldue vere reported by ilagy and l{ardowskl (1981 ). Resldual

blphenyl levels are assoclated v1 th a number of varlables 1ncìud1ng the

conditlon of the frult (washed vs. unwashed, waxed vs. unwaxed), the temper-

ature of storage and the number of lmpregnated pads used. Nagy and llardor¿-

sk1 ( l98l ) have reported a range of l0-85 ug blphenyì/kg yhole fru'l t 1n

tangerlnes exposed under varlous condltlons. Florlda grapefrults shlpped to

Japan uere determlned to contaln 0-150 mg blphenyì/kg peel or vhole frult
(l{ardowskl et al., 1979). Isshlkl et al. (1982) reported levels of blphenyì

1n the edlble portlons of grapefrult, oranges and lemons to be 0.02-123,

0-0.0.l2 and 0.02-0. ì2 mg/kg, respectlvely.

Krstulovlc et al. (ì977) reported alrborne concentratlons of blpheny'l

(3.2-250 pglm3) from dlese'l exhaust.

Ihe U.S. EPA ST0RET data base contalns monltorlng data for blphenyl from

etght s1 tes. A concentratlon of ? yg/9. uas found 1n the Tennessee

Rlver, and sedlment levels ranged from 5000 mg/kg 1n a roadslde dltch'1n

Kentucky to 4 ¡rglkg 1n Lake lllchlgan at the mouth of the Gallen Rlver.

Ef f luent f rom 'lndustrlal and yater treatment f acl l'ltles uas f ound to contaln

0-130 vg/X of blpheny'1. l{llllams et al. (1982) measured blphenyl con-

centratlons 1n Great Lakes l{unlclpal drlnklng vater and reported a concen-

tratlon range of 0.3-31.9 ng/f. Elphenyl has been detected at ì-5 ng/9.

ln Athens, Georgla, drlnklng yater (Thruston, ì978).

051 2p -7- 05/02/84
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Stuermer et al. (.l982) measured the blphenyì concentratlon'ln three coal

seam aqulfers prevlously shoun to have hlgh organlc contamlnatlon. Thls

area had been the slte of an underground coal gaslflcatlon process that had

been lnactlve for l5 months. Groundrdater sampìes Here found to contaln

25-43 l¡glt of bl pheny ì .

05'l 2p -8- 05/02/84



{.1.

1. Coilpouilt) olsPosITIoil A1{0 PHARilAC0KIilITICS

AESORPTIOI{

Speclftc data regardlng the uptake and absorptlon of blphenyl yere not

encountered 1n the avallable llterature. fhe absorptlon of b'lphenyl has

been demonstrated 1n a varlety of specles by the detectlon of urlnary and

b'l'liary metabolltes after oral adm'lnlstratlon of the compound. Rabblts,

gulnea plgs and plgs glven blphenyl by gavage 1n elther soya o1ì or propyì-

ene g'lycol excreted at least 20N of the dose 1n the urlne 24 hours after

treatment (l{eyer, 1977; l{eyer et itl., .l976a). Rats glven an oral dose of

1'C-blphenyl excreted 75-80f of the dose 1n 24 hours (lleyer et al., ì976a).

Absorptlon of b'lpheny'l in rabblts upon dermal adminlstration and 1n

rats, mlce and rabblts upon lnhalatlon exposure ¡Jas demonstrated by 0elch-

mann et al. (1947). l{hen a solutlon of blphenyì 1n ollve o1ì yas repeated-

ìy applled to the depl'lated backs of rabblts, alteratlons 1n spleen morphol-

ogy uere observed 1n several anlmals. Repeated lnhalatlon exposure to

blphenyl-lmpregnated cellte dust (0.005-0.3 mg/1) caused hepatlc and renal

effects 1n rabblts, rats and mlce. These dlstant toxlc effects lndlcate

that blphenyl had been absorbed by these routes of admln'lstratlon.

1.2, DISTRIEUTI(lT¡

l{eyer et aì . ( 
.l976a ) adm1n1 stered r.C-blphenyl oral ly to rats and

determlned the dlsposltlon of the compound up to 96 hours after doslng.

About 85, 0.1 and 0.6f of the total admlnlstered radloactlvity vas found 1n

the ur1ne, ln the explred alr as t.C0r, and 1n the tlssues, respectlve'ly.

ileyer and Schellne (1976) found 12 blphenyl metabolltes 1n the b1ìe

collected fgr 96 hours after blphenyì admlnlstratlon by gayage to rats.

These metabolltes accounted for 5,4 of the adm'ln'lstered dose.
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0nce absorbed, blphenyì 1s translocated to the llver by the clrculatory

system. In the llver, blphenyl 1s hydroxylated and conJugated, thus nraklng

1t more polar. I'lost of an oral ìy admlnlstered dose of blpheny'l appears 1n

the ur1ne, but some rnay appear 1n the blle and ln the feces.

1. 3. iETAE0L ISr{

Ïhe 1n vlvo and 1n vltro metabollsm of blphenyl has been stud,led exten-

slvely. The flrst metabollc study of blphenyl yas conducted in lggl by

Kìlngenberg, vho demonstrated that 4-hydroxyblphenyì yas a metabollte tn

dogs. Slnce thls lnitial experlment, many authors have reported slmllar

hydroxylatlon of blphenyl 1n a varlety of spec1es.. Better analytlcaì tech-

nlques have allowed the ldentlflcatlon of other and more extens,lvely

hydroxyìated metabolltes. By der'lvatlzlng urlnary metabolltes and anaìyzlng

them wlth gas chromatography, l{eyer and Schellne (1976), Heyer (.¡977) and

lleyer et al. (1976a,b) have ldentlfled over l0 mono-, di- and tri-hydroxybl-
phenyl metabolltes 1n the urlne of rats, plgs, gulnea plgs and rabbits.
fhese metabolltes have been found as mercapturlc acld conJugates (l{est,
,l940) and as g'lucuronlde conJugates (l{lllburn et al., 1967). A maJor

metabollte 1n the rat, mouse, gulnea pig, rabblt and plg was reported to be

4-hydroxyblphenyl (lleyer , 1977; Heyer and sche'l lne, 1976; parke, l96g).

4,4'Dlhydroxyblphenyl has also been ldentlfled as a maJor metabolite 1n the

p1g (l{eyer et â1., 1976b) and the rat (l{eyer and scheìine, ì976) . z'-
Hydroxyblpheny'l uas a slgnlflcant metaboll te of blphenyì ln the mouse

(Parke, 19681. l{1ebk1n et aì. (1976) reported that lsolated rat hepatocytes

metaboìlzed blphenyl prlrnarl ìy to 4-hydroxyblphenyl, and also to 4,4,_

hydroxyb'lphenyì, both of vhlch vere then conJugated. A small amount of Z-

hydroxyblphenyì uas produced. lJhen 4-hydroxyblphenyl yas lncubated utth the

hepatocytes, 1t Has hydroxyìated to 4,4,-dlhydroxyblphenyì. glanco et al.
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. ì:l

(1979) reported that rat hepatlc mlcrosomes metabol'lze blphenyì to the 4-,
2- and 3-hydroxyblphenyì r¡htch are conJugated to form glucuronldes and sul-
fates. The 4-hydroxyblphenyì lsomer yas the rnaJor metabollte.

That blphenyl metabollsm 1s medlated by a cytochrome p-450 system Has

suggested by Eurke and Brldges (1975), and evldence of an arene oxlde

'lntermedlate, whlch may result 1n blnd'lng to blomacromolecules, uas reported

by Erldges et at. (1979) and Haìpaap et aì. (1977). support for the p-450

metabol 1 sm of blphenyl was provlded by Haìpaap-iJood et al . ( lgBl ), yho

reported that greater amounts of hydroxyblphenyls were obtalned ln in vl tro
assays, uslng llver homogenates, vhen rats uere flrst treated ylth 3-methyì-

cholanthrene or Aroclor 12s4, yhlch are known p-450 inducers.

1.4. EXCRtTI0N

Blpheny'l 1s prlmarlly excreted 1n the urine as mercapturlc aclds or

gìucuronides foììow1ng hydroxyìat1on and conJugatlon. Fecal excreilon ls of

iess lmportance, but several lnvestlgators have ldenfifled b,lphenyl metab-

olltes 'ln b1le.

l{eyer et al. (1976a) admln'rstered r.c-blpheny'l by gavage to rats and

monltored thelr urlne, feces and explred alr for up to 96 hours after admln-

lstratlon. About 85, 7 and 0.ìf of the radloactlvlty Has excreted 1n the

urine, feces and explred a1r, respectlvely. Radloactlvity ln the lung,

heart, kldney, bra1n, spleen, l1ver, skeletaì muscles, perltoneaì fat, genl_

tals and gastrolntestlnal tract accounted for 0.6f of the admlnìstered dose

after 96 hours. l{etabolltes'ln the urlne uere found to be of tyo types,

phenoì1c and acldlc. l{eyer and Schellne (1976) further characterlzed the

phenollc urinary metabolltes of blphenyl 'ln the rat by preparlng der,lvat,lves

followed by analysls vlth gas chromatography/mass spectrometry. Approxi-

mately 30 and ?5% of the admlnlstered ìabel Has present ln the urlne as
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the study of Abe and Sasakl (19i7). A'lthough these lnvestlgators reported

the lnductlon of slster chromatld exchange 1n Chlnese hamster ceì ls ulth
blphenyì, a dose/response re'latlonshlp vas not found.

5.3. TTRATOGEHICITY

Khera et al. ( ì979) admlnlstered by gavage l0 mt of corn ol I suspen-

slons contalnlng 0,.l25,250,500 or .l000 
mg blpheny'l/kg to groups of 20

pregnant l{1star rats on days 6-15 of gestat'lon. Day I of gestatlon yas the

day on whlch a sperm-posltlve vaglnal smear was observed. Oams yerc velghed

and kllled on the 22nd day of gestatlon, rhereupon the uterlne contents yere

removed. Fetuses uere examlned for v1ab1ì1ty and lnternal and externaJ

anoma'l1es, and the number of copora leutea Here determlned. The carcasses

of the dams underwent necropsy. No naternal or fetal evldence of toxicity
at the dose levels 125, 250 or 500 mglkg yas observed yhen compared ylth the

contro'l group. The group recelvlng ì000 mg/kg had some ev'ldence of fetotox-

lc1ty (reduced fetal uelght, reduced number of llve fetuses and lncreased

resorptlons ), but these values were not s1gn1f1cant1y dlfferent from

controls. Increased maternal mortaì1ty (5/20) was observed at thls dose

leveì.

5.1. OTHER REPR()DUCTIYT ETITCTS

Ambrose et al. (1960) conducted two reproductlon studles wlth alblno

rats whereln weanl'lng or 90-day-o1d rats yere glven dlets contalnlng 0,0.1
or 0.5f blphenyl. Groups of ten female and 5 male uean]1ng rats yere fed 0

or 0.lf blphenyl 1n the dlet for 60 days before matlng. The dlets Here

cont'lnued through uean'lng of the offsprlng. l{1ne female and 3 male rats

vere kept on a s1m1ìar reglmen, except that they uere g'lven a dlet contaln-

tng 0.5f blphenyì. slmllar groups of 9O-day-oìd rats rere glven 0,0.1 or
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0.5'/ blphenyl dlets for ll days and uere then mated. The dlets uere con-

tlnued through veanlng of the offsprlng. l{o slgnlflcant effects of blphenyì

treatment on the number of rats glvlng b1rth, the total number of pups born

or lltter slze vere observed. No other observatlons yere reported except

that the resul ts were ln accord v'l th a prevlous study by Stanford Research

Ins t'l tute (n.d. ) .

A slmllar study by Stanford Research Instltute (SRI, n.d.) uas revleyed

by Ambrose et al. (1960) and yas not located 1n searches of the pubìished

l1 terature. In thls three-generatlon study, 0.01 and 0. lf dletary blphenyì

had no effects on reproductlon 1n rats, but I .0?( dletary blphenyì produced

(unspeclfled) adverse effects

5.5. CHR0I{IC A1{0 SUECHRoIIC ToXICITY

Ambrose et al. (1960) gave groups of l5 male and l8 female ueanì1ng

alblno rats dlets contalnlng 0,0.001,0.005,0.01, 0.05,0.10, 0.50 or 1.0%

blphenyl for 700 days. Grovth, food consumptlon and hemoglobln yere monl-

tored at lntervals throughout treatment. Gross and mlcroscoplc hlstopatho-

ìog1c evaluatlon vas performed after treatment. Groyth retardation, reduced

hemog'lob1n levels and decreased food lntake were observed 1n rats fed dlets

contalnlng ì.0 and 0.5t( blphenyì, but not at lower d'letary levels. All rats

malntalned on 1.0 or 0.5f dletary blphenyl had evldence of kldney damage,

lncludlng lrreguìar scarr'lng, 'lymphocytlc tnf'lltratlon, tubular atrophy and

patchy tubular d1 latlon. Renal effects 1n most of the rats fed ìower d1e-

tary levels of blphenyl uere not dlfferent from controls. However, 2 male

rats recelvlng 0.ì or 0.05X blphenyì 1n the dlet had dlslntegrated blood

cells 1n the renal peìv1s and 2 other males rece'lv1ng 0.ì or 0.05f had small

basoph'l'l1c concretlons 'ln the medulìas of the kldney. Bìood yas observed in

the renal peìvls 1n one anlmal from each of the groups glven 0.0.l,0.005,
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0'001 and 0'Á blphenyl ln the d1et. ïhe authors concluded that the hlsto-pathologlc changes 1n the kldneys of rats fed <0. lx blphenyì 1n the dlet
Here not treatment-related' Results of another study from the same ìabora-
tory (Booth et åì. , r96r ) lndlcated that the renar damage seen at >0.5,.
dletary blphenyl could be reversed by placlng the anlmals on a control dlet.

An apparentìy unpubllshed study by stanford Research Instltute (sRI,
n.d.) Has revteyed by Ambrose et aì. (.l960). In thls study, rats glven
0'0.l' 0'03 or 0'lÍ blphenyì 'ln the dlet for 3 months vere not slgnlflcantìy
dlfferent from controls as measured by grovth, food efflciency, organ
welghts' hlstoìoglc appearance of tlssues or brood urea nrtrogen varues. A
long-term feedlng study wlth rats, aìso by stanford Research Ins'tute (sRI,
n'd') Has confounded by a severe resplratory lnfecilon that caused hlgh
mortaìity among controls' In add1t1on, many of the treated and control rats
had tuburar d1 raton of the kidneys of varlous degrees of severr ty. The
sporadlc nature of the flndlngs apparentìy precìuded the assrgnment of no-
effect and effect levels of exposure. stanford Research Inst,l tute perìormed
ìong-term feeding studles vlth monkeys as well as vlth rats. llonkeys
recelvlng 0'01 or I .0x dletary blphenyl for I year had no effects, wh1 ìe
those recelvlng ì'0Ú dletary blphenyl for ì year had no gross or hlstologlc
effects other than an lncrease 1n the ì1ver relght.

0e'lchmann et aì. (1947) conducted a subchronlc lnhalatlon study of
blpheny'l lmpregnated cellte dust 1n rats, rabblts and m1ce. Three aìblno
rabbl ts and r0 s0 rats uere exposed to dust contalnlng 300 mg bìphenyr,z¡a
7 hour s/day, 5 dayslweek over g0 days. Three rabbl ts and s1x rats Here
slmllarìy exposed to 40 mg b'lphenyì,zmr for 64 days. Four rats and lz m.lce
Here s1m1ìarly exposed to 5 mg blphenyì,zms for g7 days. controls uere not
reported' Atl anlmals had 'severe bronchopulmonary tes.lonsn lncrud,rng

0512p -lB- t
$

$
$
ÈT
sñ

L

05/02/84



emphysema, lobular pneumonla, bronchltls and mu'lt1pìe abscesses of the
'lungs. l'llnor llver and kldney damage Has also observed. Slnce dust con-

trols Here not used, the puìmonary effects cannot be ascrlbed soìeìy to the

b1 phenyl 1 n the dus t.

5.6. OTHER RELEVANT ITFORIITTIOT¡

Acute exposure to hlgh levels of blpheny'l appears to cause eye and skln
1rr1 tatlon, hepatotoxlcl ty, renal toxlcl ty and toxlc effects on the central
and perlpheral nervous systems (Sandmeyer, ì9gl). The Reglstry of Toxlc

Iffects of chemlca] substances llsts the folìorlng L0uo values:

rat - oral - 3280 mg/kg

mouse - lntravenous - 56 mg/kg

rabblt - oral - Z4l0 mg/kg

Sondergaard and Elom (1979) performed 2ì-day feedlng studles to assess

the effect of dlet on the lnductlon of polycystlc renal leslons tn the rat
by blpheny'1. The leslons Here slmllar to those reported by Ambrose et aì.
(ì960) 1n chronlc studles (see Sectlon 5.5.). Groups of g-.l0-week-otd male

and female l{1star rats (usuaì ly lOlsex/dose level ) vere fed blphenyì 1n

cormerclal rat chov 1n a semlsynthetlc d1et. In rats fed the cormer- ctal
chow, the no-effect level for renal effects uas 300 mg blphenyì/kg bvlday;

kldney uelght, urlne volume and urlne speclflc gravlty nere lncreased at an

lntake of >500 mg/kg bvlday, and poìycystlc renal changes occurred at 1000

mglkg bu/day. In rats fed the semlsyn- thetlc d1et, an lncrease 1n relatlve
kldney uelght occurred at the rovest 'rntake tested, 50 mg btpheny.r/kg

bv/day; lncreased relatlve kldney nelght, poìycystlc changes and lncreased

urlne volume and spec'lf1c gravlty Here seen at >ì50 mg/kg brlday.
(Accordlng to the authors, the lntake of 50 mg/kg bu/day resuìted from a

concentratlon of 0.5x blphenyl 'ln the semlsyn- thetlc dlet).
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A study lnvestlgatlng the death of a blphenyì paper maker Has reported

by Hakklnen et al. (1973). Death occurred after the man yho had been

exposed to blphenyl (4.4-128 mg/ms) on -100 days,/year for lì years. rhe

cause of death uas acute yeììov llver atrophy. Elght co-yorkers had

evldence of hepatlc and neryous system tox'lc1ty.
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6. AQUATIC ToXICtTY

6. I. ACUTE TOXICITY

The acute toxlclty of blphenyl vas determlned for several f'lsh specles

and daphnids (01 I I et al., 1982). The 96-hour LCSO values for ra'lnbou¿

trout, Salmo qalrdnerl, bluegllì sunflsh, Lepomls macrochlrus, and sheeps-

head mlnnovs, Cyprlnodon varleqatus, yere determlned to be ,l.5, 4.7 and 4.6

mg/9 respectlvely. The 96-hour ,CSO for fathead mlnnows, Plmephales

promelas, uas 6 mg/l near the vater solubllity of b1phenyl. The 48-hour

statlc LC.^ for 0aphnla maqna uas 2.1 mg/x. LeElanc (1980) reported
5U

statlc 24 and 48-hour LCso va'lues for l. maqna to be 27.0 and 4.7 mg/l,

respectlveìy. The concentratlon of blphenyl that had no dlscernlble effect

on the daphnlds yas reported to be <2.? ng/t.

6,2. CHROIIIC EFFECTS

Pertlnent data regardlng the effects of chronlc exposure to blphenyì on

aguatlc organlsms yere not located 1n the ava'llable llterature.

6.3. PLAI{T EFFECTS

The effects of blphenyì on the growth of a blue-green alga, Aqmenellum

quadrupl lcatum, and a green alga, Chlorel la autotrophlca, was tested by

plate zone of lnhlbltton tests (Pultch et ôì., t974). For À. quadrupllca-

tum, l0 mg blphenyl/pìate caused compìete grouth lnhlbltion (36 rm zone of

lnh1b1t1on), vhlle at 2.0, 1.0 and 0.5 mg/p'late, the zone of 1nh1b1t1on yas

21 , 4 and 0 rm, respect'lvely. S1ml'lar1y, blphenyl applled at 2.0 and 1.0

mg,/p'late caused l0 and 5 rrn zones of lnhlblt'lon, respectlvely, ln C. auto-

trophlca (Pullch et al., 1974).

6.{. RtSIoutS

Clement et al. (1980) reported that blvalves, l{acoma balthlca, exposed

to crude o1l 1n the yater accumulated blpheny'ls up to .l.5 pg./g wet welght
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tlssue. 0ysters, crassostrea vlrqlnlca, accumuìated 0.2 ug blphenyl/g yet
uelght tlssue after exPosure to ìf aqueous fuel oll for 4 days (t{eff, ìg75;
l{ef f et ðl' , 1976). tJlth1n.8 hours of exposure to a concentrated oì l-vater
dlsperslon, oysters and clams, Ranqla cuneata, accumulated 0.3 and 0.1

uglg vet relght tlssue, respectlvery (Neff, r975; tteff et aì., r976).
Kveseth et aì. (.l982) reported blphenyl levels of 26 ng/t 1n effìuent

from the Bekke'raget, Norvay, sewage Treatment prant. sampìes of tap yater
from Helslnkl, Frnrand, Horshoìm, 0enmark, uppsara, sveden, and 0sì0,
1{orvay, contalned blphenyl at 4.g, 2.2,0.7g and 0.26 ng/t, respectlveìy
(Kveseth et aì., lgg2).

The bloaccumulation factor

lata) exposed to S0 vg/t for

aì., 1981 ).

6.5. OTHER RELEVAI¡T IIIFORiIATIOII

The metabollc derlvatlves of btphenyl 1n the crustacean, clrolana
boreal 1s, were reported as 2-hydroxyblphenyr [64. rr (of the tota] blphenyì
or blphenyl metaboì1tes encountered ln the organlsm and its envlronment) 1n

t'lssue; 10.3?( in seauaterl,4-hydroxybrphenyì (rz.gf rn seawater) and 4,4_
dlhydroxyblphenyr (r2.gf rn searater) (Heyer and gakke, r977). In the
gastropod mollusk, Bucclnum undatum, unchanged blpheny.l (26.5.Á of total
blphenyl and metabolltes encountered) and 2-hydroxyblphenyì (44.gr() Here
detected 1n the anlmaì vhlle sea vater contalned 2-hydroxy(.|6.3x) and 1-
hydroxyblphenyl (12.3?q. The echlnoderm, Ophlocomlna n1qra, contalned z-
hydroxyblphenyl 127.8'Á of total blphenyl and metabol'Ìtes encountered),
blphenyì (4.1f),4-hydroxy(a.1f) and 4,4'-dlhydroxy-derlvatlves (5.6r(). ïhe
amblent seavater surroundlng q. nlqra contalned blphenyì (26 .11.1, 2-hydroxy
(26.4/.1 and 4-hydroxyblpheny'r (5.6f ) (ileyer and Bakke, r977).

of blphenyì 1n Chlorel la fusca (val. vacuo_

24 hours yas determlned to be 540 (Geyer et
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7. EXISTIX6 6UIDTLTXES AXf) STAT{DARDS

7..| Htfll^t{

Accor.dlng to the 0ccupatlonaì Safety and Health Admlnlstratlon (0SHA)

standard for blphenyì 1n rorkplace a1r requlres that the concentratlon not

exceed 0.2 ppm on an 8-hour Tt{A basls (Code of Federaì Regulatlon, l98l ).

The Amer'lcan Conference of Governmental Industrlaì Hyglenl sts {ACGIH) recom-

mends a 0.2 ppm concentratlon llmlt for an 8-hour TUA and a 0.6 ppm Short

Term Ixposure Llml t (STtL] (ACGIH, 1980).

Tolerances for biphenyl residues on cltrus frult are ll0 ppm 1n the

Unlted States and 70 ppm 1n Iurope and Japan (l{ardovskl et ôì., ì979). An

ADI of 0.05 mg/kg/day for man has been estlmated by the l{orld Health

0rgan1 zatlon ( Isshlkl et al . , 1982) .

7.2. AqUATIC

Guldellnes and standards for the protectlon of aquatlc organlsms from

the toxlc effects of blphenyl yere not located 1n the avallable llterature.
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8. RISK ASSESSTEt{T

In the absence of data 1mpìlcat'lng blpheny'ì as a carclnogen (BRL, 1968;

Ambrose et ô1., 1960), mutagen or teratogen, rellance must be pìaced on the

chronlc toxlclty study of Ambrose et al. (1960) for the assessment of human

rlsk from blpheny'l exposure. Thls study 1s useful because elght dlfferent

dletary dosage levels uere admln'lstered to groups of l5 maìe and l5 female

rats for a sufflclent portlon of the'lr ì1fet1me (1.e., -2 years). A NOAIL

of 0.lf dletary blphenyl vas ldentlfled. Dietary levels of >0.5X blphenyì

Here assoclated v1 th kldney damage, reduced hemoglobln ìeveìs, decreased

food lntake and growth and decreased ìongev'lty. The N0AEL of 0.lf dletary

blphenyl 1s equlvalent to 50 mg blphenyì/kg bwlday, assumlng that rats

consume food at a rate of 51. of thelr brlday. An ADI of 0.5 mg/kglday (or

35 mg/day for a 70 kg man) 1s obtalned by dlvldlng 50 mg/kg/day by an

uncertalnty factor of 100. Thls factor 1s appìied to extrapoìate from a

chronlc anlma'l study to humans. Because of uncertalntles regardlng the

threshold for renal damage 1n the Ambrose et al. ('1960) study (one anlmaì 1n

each of the lower dose groups 1nc1ud1ng the control groups had detectable

blood 1n the renal pe'lv'ls), an uncertalnty factor of 1000 mlght be more

approprlate and vould result ln an ADI of 0.05 mg/kg/day or 3.5 mg/day for a

70 kg man.

tt\
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