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."'" I1ftRODOCTION

2ar17 in 1984, Cle.ent Associates was requested under Subcon

tract Ro. 1-625-999-222-003 to GCA corporation to pro.ide support

to the SPA Office of Waste Programs Enforce.ent (OMPE) in prepar

ing a catalog of che.ical. of concern at hazardous waste site••

Clement was gi.en primary re.pon.ibility for two pha.e. of this

ta.k. Pirst, Cle.ent was to a.sist GCA in de.eloping an on-line

catalog of che.ical. pre.ent at hazardous waste site.. Second,

Clesent was to prepare profiles summarizing tbe cbe.ical, pbysi

cal, and biological properties of tbe.e che.ical.. Tbe cbe.ical..
profile. are intended to ser.e a. a conci.e reference witb inf4r-

.ation on tbe pby.icocbe.ical propertie., tran.port and fate, toz

icity, and regulatory st.nd.rd. for indiYidual che.icala identi

fied by OMPS at bazardou. wa.te .it... Th.y ar. not ..ant to b.

thorougb, quantitati.e re.iew. and should not be u.ed a. substi

tute. for a good literature r••i.w on the cbaract.ristic. of th.

specific ch••ic.l. of conc.rn at a particular sit••

During tbe first pbas., Cle••nt staff searched tbe con••nt

decr.es, .~ini.tratiYe ord.rs, and caaplaint file. obtained fros

O~. fO~ ~:=!~.~f tozlc ch••ical. det.ct.d at enforc..ent

.ite.. ~, r.corded tbe cbe.icals pr•••nt at .acb sit., the
~

.edla In whlcb the ch••lcal. wet. detect.d, and tb. hlgb••t con-

centration of eacb cb••ical in a particular .edl~. Thi. informa

tion va•••nt to GCA for inclu.ion In a ca.put.r data b.... Also

during tbl. pha.e of tbe task, Cl..ent deyeloped dlchotoaou.
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score. t~ eacb cb••ical indicating. wbetber or not it had any of

tb. fo11awing characteristic.. carcinog.nicity, reproductive

toxicity/teratog.nicity, mutagenicity, acute tosicity, chronic

tosicity, toxicity to dome.tic animals, and toxicity to t.rre.

trial and aquatic wildlife. ~e li.t of cb••ieals compiled and

the criteria u••d for r.acbing the.e dicbotamou. determinations

are includ.d In Appendix A to tbis report.

During tb••econd pbas., Cl...at prepa~ed profil•• on the

toxic cb••ical. that bad been detected at ha.ardous va.te .it•••

Tbese profll•• are ba.ed aainly on s.condary .ourc•• , but tb. pri

mary literature wa. con.ult.d vben n.c.••ary. Bacb cb••ical ~o

file ba. five ••ctlon.. Cb..ical aDd Pbysical Properti•• , TraD.~

port and rate, Healtb Iffeet., ~xiclty to Wildlife and Dome.tic

Ani.als, and Regalatlon. and Standard.. A sbort su..ary, an

introduction presenting tbe CAS r.gistrr na-ber, cb••ical fnrmula,

IOPAC n..e, .synonytl. and trade n.... of .tb. compound, and back

ground InforaatioD (wb.r. needed), and a refereDC. li.t v.re also

includ.d.

Th••• profil•• can be us.d in conjunction witb tb. Toxicology

and Bndanl.~.Dt As......nt Handbook.. ~••• bandbook. pr•••nt

concept~ ......~tlon tbat ar. i.portant In anderstanding the

bealth~. and other propertle. of pollutant. identified at

ha.ardou. va.te .ite••

Brief de.cription. of the various .ectton.·of tbe profile.

and a general ll.t of references are pre.ented below.
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Che.ical and Pbyslcal Properties

Iaforaatlon on the following che.ical and physical properties

were o~IDed for each of the profiled c~pound••

Ate-ic or Molecular Weight. The weight of an atom or mole

cule of a che.ical expressed in ato.ic mass units. One atomic

maS8 unit equals one-tvelfth the mass of a carbon-12 atom.

Bolling Point. The temperature in degrees Celsius 'at vhich

the .apor pres.ure of the compound is equal to or .lightly greater

than the atmo.pberic pressure (7&0 .. of .ercury(Sg»).

Melting Point. Tbe temperature in degree. Cel.iu. at which a

.aterial change. ira- a .01id state to a liqUid state at atmo.

pheric pre••ure.

Specific Gra.itr. Tbe weight of a gi.en .olume of tbe coa

,pound at a specl~ied te.perature relati.e to the .eight of an

equal Yolume of vater at 4 degree. Cel.iu••

Solubili tl ill Water I The .axi.u. ..aunt of the chemi·.:al that

vill totally di.80l.e in water at a gi.en teaperature.

SOlabilitz 1ft organic., The abilitrof the che.ical to dis

.01•• 1n .pecif1" ofganic ~pound. at a giyen te.perature.

Log OCtaD01/!ater Part1tion Coeff1cient. Tbe log of the

ratl0;:loft~ leak of tbe chemical tbat will totally dis.olve in

n-oct -. j,Ba-"ount that will dis.ol.e 1n water.

': !ire.u.", Th. pre••ure (u.ually expres8ed in mil1i

.eter. of ..rcurr) exerted by the .apor pba.e of th. che.ical in

equillbriu. with tb••olid or liquid fora at a givell temperature.
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vaRPr D.n.itYI The weigbt ot a giyen volume ot the che.ical

rel.tlv.to tbe w.ight of the lame volu.. of air.

Henry'. Law Constantl An expression ot th. distribution ot

the che.ical between air and water at equilibrium. Usu.lly

defined a. tbe ratio of th. partial pres.ur. ot tb. coapound in

air .easured in atao.phere. to th. aole fr.ction of the compound

in a water solution.

pIal A seasure of the extent ot di••oci.tion of a saterial,

wbicb I. defined a. the p8 at wbicb balf of tb. coapound is ion

ized. pS i. defined a. tbe log.rltba of the reciproc.l of tbe con

centr.tion ot hydrogen 10n. in a solution .n4 range. fra. 0 t~

the sost .cldic .olution to 14 for the so.t ba.ic. t
Pl••h Pointl Tbe t ..per.ture .t wblcb • tl....bl. liqUid or

101i4 give. off enougb vapor to .llow ignition of tb. vapor and

air mixture.

Transport aDd Pate

~e tran.port aDd tate of cbe.lcal. in tbe eD91ronaent

d.pend. on tb. propertie. of both the cb..lcal anel the enYlronaen

tal ••dl~ in wbicb it occur.. 'ecause of tb. eff.ct. of the lat

ter, tbe uauJOc' and t.te ot a COllPOUllel CaD olll, be di.cu••ed 1n

ganau1;p.'aia-.peClf1C lnfo...tloD Oft tile cbaucUrletlc. of

tb. en9fto~ata1 ••di~ in wblcb it 1. pre••nt 1. Dot .vailable.

Tb.retore, tb. tr.n.port .nd fat•••ctlon in tbe profile. only

provide. g.ner.l background Info~.tlon and will not .pp11 in all

c..... Por a aore thorough tre.t.ent of tbe principl•• governing
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ch••1cal -ave••nt and fate 1n the env1ronment, on. of the g.n.ral

r.f.r.nc•• list.d at the end of this section should be, consulted.

At an, .pecific hazardous vaste facility, th. transport and

fate ot ch.mical contaainants must be assessed or modeled based on

sit.-specific environmental intormation. Such assessment or mod

eling is often a complez task and requir.s ezpertise in a variety

of scientific disciplines, including environmental chemistry and

modellng~

H.alth Bff.ct.

!b. adv.rs. h.alth .ff.cts of gr.at••t conc.rn are tho•• that

caus. d.atb or are irr.v.r.ibl••nd ••riou.ly i.pair the norma•
.i

functioning of tb. individual. Canc.r i. of conc.rn becau•• 1. is

so oft.n f.tal and becaua. of tb. broad .gr••••nt that th.re is no

safe do•• for .any type. of carcinog.n.. Mut.g.nlcity, or genetic

to.icity, i. pri.arily i.portant becau•• an alt.ratlon in the

g.nes of a c.ll may be tb. fir.t .t.p in tu.or foraation and may

caus. reproductive to.icity or t.r.tog.niclty. Reproductiv. toz

lcity d.cr••••• tb. individual'. ability to produc. viable young,

while t.ratog.nicity l.ad. to tb. production of .alfo~.d off

spring. Cbronic toaicity involv•••ff.ct. that d.v.lop aft.r

10n9-t.~.zpo.Qr. (for several years) to a chealcal. Acute toz-
..... ,----

icity r.iir. to the eff.ct. th.t result fra. v.ry .hort-term,
. -.":.

u.ually .ingl. dO•• , eapo.ure to a mat.rial. Subchronic ezposure

fall. betw.en chronic and acute ezpo.ur. and u.ually involves

eapo.ur. to a to.ic ag.nt for v••ks or .ontb.. Por cbronic, sub

chronic, or acut. to.ici ty, .th. eff.cts of gr.ate.t concern are
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tho•• that cauae s.rioua impairment and are irreversible. Por a

detaile4 d••cription of these tosic effects, se. the ~osicolo9Y

'-
Sandbook or on. of th. general reference. li.ted at the end of

this .ection.

Por the purpo.e. of the.e profile., Clement .cientists

attempted to identify tbo.e effects of a particular cheaical most

likely to cau.e .eriou. barm to ezpoaed human population••

Beeau.e tbe profile. are pri.arily intend.d for u.e by !PA per

sonnel dealing vith hazardous vaate aite., the tosieeffeet.

conaidered vera tho•••o.t 11k.ly to affect th. two potentially

espa••d population.. on-.lte vork.r. and people 119ing n.ar ~..
ait.. Por on-.it. work.r. vho ar••xpos.d to .It. eontaainantj.

l
for .bort perioda, th••ff.ct. cau••d by aeut. or aubcbronie

espoaare ar••o.t. i.portant. Por popalation••urrounding a site

that are .spa••d to la- 1•••1. of cont..inatlon for long perioda,

chronic .ff.ct. ar. tb. gr.at••t cone.rn.

~osiclty to Wildlif. and Dom••tic Ani.al.

Tosie cb••ical. ar. a ••jor conc.tn a. .n.lrona.ntal contami

nant. if th.y eau•••ltb.r a potentially irrever.ible decline 1n

on. or ao~••,eel•• or a decline in tb. a••tb.tie. of an area.

'1'o.le•.G;,·"'••••r ••lf affect a .pecie. by poiaoning it. me.bers

or by r~ft' tbeir food .upply. Poi.oning can occur either by

direct e.poaare In a contaminated are. or, for predator. or scav

eng.r., by ••condary e.po.ur. 9ia cont..inat.d pr.y or carrion.

'!'b. latter ••thod of ••po.ure I. of aajor concern becaua. many
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persiatent che.icals can be biomagnitled to toxic levell.

Purthec.ore, pr"atorl and scavengers aear the top ot the rood

chain are t.w.r in number than pr.y species and may also b.

l ••s able to adjust to a declining popa1ation by increasing

reproductive output. The classtc ex..p1e ot this type of effect

Is the decline In predatory birds In tbe Onited State. and

Europe due to the Ingeltlon ot prey contaainated with the per

Illt.nt organochlorine pelticide., sucb a. D~. In addition

to specie. at the top of the food ch.ln, endangerea or thr.atened

specie. ar. of ••jor concern becauae even a ..all d.c1lne in

the population of a specl.s m.y be enough to cause ita .xtlnc~ion.

Regulation. and Standards

S.veral tedera1 agenci•• and at lea.t one pri.ate associa

tion ha.e .stablisbed r.comm.nded OE ..ndatorr aax1sua expo.ure

level. tor toxic ch..icals. The O.S. Bnvironaental Protection

Agency (EPA) haa d••eloped health ett.cts a nt. (BBA.)

tor cb..icals ~only detected at h•••rdoua ..ate site••

The•• RBAa contaia acceptable daily intake le.ela tor .ubchronic

and chronic expoaare to noncarcinogena by either inhalation

or oral route. of expoaure and contain cao unit ri.ka tor car

CinOge~~:.IIIAi..t_ion, EPA has eatabliahed the Interi. Primary

Drlnkin~er Standarda, which apecity the .axi.~ le.els

ot .ariou. ch..icala allowable in water used for public con.ump

tion. EPA haa also pr.par.d criteria doc~.nta on 129 priority

pollutants, wbicb specity the .aximua concentration. ot th••e

chemicala in ambi.nt wat.r at which the wat.r can be regarded

Reproduced Irom
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•• .ccept.ble tor the prot.ction ot .qu.tic org.nt... .nd hum.n

h••lth.

~h. C.rcinog.n.ai. A•••••••nt Group (CAG) .t EPA haa per-

toraed carcinog.nic ri.k nt. on many compound.. Th.

-unit ri.k.- (e.c••• ri.k ot canc.r •••ociated with lit.tim•

••po.ur. to 1 8g/kg/day of the ch••ical) calculated tor th•••

chemical. c.n be u.ed to.detersin. le.el. of .spa.ure th.t

~re likely to h••e • low probability of c.using c.ncer. A

list of the unit ri.k. developed by CAG and a brief de.cription

of thi•••••ur. 1. includ.d in Appendia a to thi. r.port.
. a

Sev.ral agencie. b.v. de••loped allowable expo.ur. 1e.el.,

for occupational .apo.ure (40 bour. pe~ week) to airborne cb.~

10&1.. '!be Rational lnati tut. for OCCUpational Safety and

Health (RIOS8) ha. re.iewed the a.ailable data on nu.erou.

indu.trial .aterial. and published criteria docua.nts that

contain recomm.nded .axiaua 1.vel. of expoaure to these materials

1n the workplace. '!be Occupational Safet, and aealth Adminis

tration (anA) ha. e.tabllshed regulation. goveru!ng espo.ure.
to ha.ardou••aterial. In the workplace. ~e.e .tandard. differ

froa 1IJ.r~Cl_.ndation.in that they are .andator,. -rh.

Aaerlc TuCu.flrlB&i ot Go..rnaental Indu.trial S79ienllt. (ACGIS),--.--a non90¥et~enta1 a••ociation, ha. also rec~end.a allowable

.xpo.ure li.it. tor workplace ch..lcal., .any of the.e reeoa

••nded li.it., or ~r••bold Liait Valu•• (~V.), ha.e be.n

adopt.d •• standard. by OSSA.
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The r.gulation., standard., and r.commend.d .xpo.ure le••ls

pertaining to each ch••ical h.v. be.n includ.d in the ch••ic.l

profil... Th••e r.gulation. were est.blished u.ing the best

available sci.ntific inforsation, but tbey .ay change as improv.d

d.t. b.co.e .v.il.ble. EPA 1. currently finalizing the health

.ffect nt., propo.ing recomm.nd.d mazim~ contaminant

le••ls for drinking vat.r, and de••loping h••ltb advisori ••

for ••v.ral of the cbe.ical. pre.ent.d in th••• profile••

~berefore, the ••lu•• pr•••nted in the protil••••y not retlect

curr.nt .cientific intora.tion in e••ry c••• , although tbey

will be gen.rally applicabl••

~.
··7~ .:-0.....__
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CHEMICAL PROPILZS

Cbe.rcal

Acenaphthene

Acenaphthylene

Acetic acid

Acetone

Acrolein

Acrylonitrile

Aldrin/Dleldrin

Alkane.

Alkyl benlene.

Antbracene

.enlen•

• en.idia.

Benao (a) aatbracene

.ea.~:a." -

.er,lii.

Butanol

Cad.la11

Carbon tetrachloride

Cblordane

Reproduced from
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CAS Mumber
.

83-32-'

208-"-8

'4-1'-7

'7-'4-1

107-02-8

107-13-1

30'-00-2
'0-57-1

120-12-7

7440-31-0

7440-38-2

1332-21-4

7440-31-3

71-43-2

'2-87-5

51-55-3

'5-11-'

7440-41-7

71-31-3

7440-43-'

51-23-5

57-74-'



...
.- ..... "W'"

Chmca1 CAS MWlMl'

01o~lne 7782-50-5

Cb1orobenaene 108-'0-7

Cb1oroMnallat. 510-15-'

Cb1ol'oetban. 75-00-3

bl.(2-Cb1oroetbozy).than. 112-21-5

bl.(2-ehloroetbyl).tb.r 111-44-4

Cb1orofora . '7-"-3

p-Ch1oro-a-cr••o1 51-50-7

1-Cbloro-3-nitrobena.n. 121-73-3
~

01'0111_ 7440-47-3 I
Clary••ne 211-01-"

Cobalt '7440-41-4

Copper 7440-50-1

Cr••ol. 1311-77-3

Cyanide 57-12-5

CJana~ICI .cld 101-10-5

OD! 50-29-3

Dlb~a.ocblorop~opane "-12-1

DI...........8••
-~ h

l,~oroetb.ne 75-34-3.-= ....

1,2-Diobloroetb.ne 107-0'-2

1,1-Dicbloroetbyl.ft. 75-35-4

1,2-trana-Dlcb1oroetbyl.ne 15'-'0-5

2,4-Dlcbloropbeno1 120-13-2

2,4-Dlcblo~opbenoz,ac.tlcacid . '4-75-7
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- Che.lcal CAS MUJIlber
,...

1,2~obloropropane 78-17-5

1,3-Dlcbloropropene 542-75-1

Dlcofol 115-32-2

Diethyl phthalate 14-11-2

Dll.obatyl ketone 101-13-8

Dl.etbylaainoethy1 ••thacry1ate 2439-35-2

Dl••tbrUnl11ne 121-19-7

Dl.etbylnltro...lne 12-75-9

2,4-Dl..thy1phenol 105-17-9

n-Dloctyl phthalate 117-14-0

1,4-Dl~ne 123-91-1
i.

Dlpbeny1ethane 1103-29-7

Endrln 72-20-1

Etbanol 14-17-5

EthaDol..ine 141-43-5

Etby1 acetate 141-71-'

Ith71ben.ene 100-41-4

Ithylene/dletbylene glycol 107-21-1
111-211-'

8thll .'bee 10-29-7
-:':":"':::t---.... •

BtIff IaedlJI8~o1 94-91-2

bl.~ylheSYl)phtha1ate 117-11-7

Pluoruthene 201-44-0

ponaa1dehfde 50-00-0

lept_hlor 71-44-1
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Chea!cal CAS MuJlber

.esacblorobensene 118-74-1

.esacblorobutadiene 87-18-3 ...

ae.acblorocyclohe.ane 108-73-1

Res.chloroethane 17-72-1

Resacbloropbene 70-30-4

Resane 110-'4-3

Iron 743'-8'-'

Ilobutyl alcohol 78-83-1

Ilopropyl ether 108-20-3

Lead 743'-'2-1

Litbl.. 7439-'3-2

Magne.l.- 7439-"-4

Mangane.e 7439-"-'

Mercur, . 7439-'7-'

Metbacr,11c acid 79-41-4

Metbuol '7-"-1

Metbyl cblorlde 74-17-3

MetbrleDe cblorld. 7'-0'-2

~:::;:t=::Oft.
71-"-3

101-10-1

M.t~,i paratbloD 2'1-00-0

Rapbtbalen. '1-20-3

Rickel 7440-02-0

Rltroo.l1a1o•• '004-70-0

Wltropbenol

Reproduced from
best available copy.
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elle.lcal

PeDtacbloropbenol

'henanthrene

'henol

'henyl ether

'hoapborlc acid

'hoapborul (white)

Picric acid

Polycblorinated blpbenyll

Polycblorinated dibenao-p-4iozinl

polycyclic ara.atic bydrocarbonl

Seleni_

Sl1"er

SocUua

Sodiua cblorate

Stoddard lol"ent

1,2, 4, 5-Tetracblorobenaene

2,3,7,I-Tetracbloro
dibenao-p-cliozill

1,1,2,2-~tracbloroetbane

~~acbloroetbrlen.
:.ar,.,:..· -

""'bi1!i"ad-fttralrdrofaran

'!'balli_

.,itanl_

Toluene

Reproduced from
best available copy.
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CAS Number

87-81-5

85-01-8

108-95-2

101-84-8

7114-38-2

7723-14-0

18-89-1

1331-31-3

7782-49-2

7440-22-"

7440-23-5

7775-09-9

8052-41-3

95-94-3

1741-01-'

79-34-5

127-18-4

78-00-2

10'-9'-'

7440-21-0

7440-32-'

101-11-3



ebBl.,a1 CAS RuJlber

IfOzapa..n. 8001-35-2

~ricb1orob.na.n••

2,3,I-~rich1orobenzoicacid 50-31-7

1,1,1-~ricb1oroethan. 71-55-1

1,1,2-~ricbloroetban. 7'-Ocr-5

~icb1oroetby1.n. 79-01-1

~icb1orof1uoroa.tban. 75-1'-4

2,4,S-~ricbloropb.nol '5-'5-4

2,4,5-~ricb1oropb.nozyac.tieacid '3-71-5

2,4,5-~ricb1oropb.ftoz,propionic acid '3-12-1 t
t

triaC2,3-Dibroaopropy1)pboapbat. 121-12-"
i

Vanadi.. 7440-12-2

Vinyl chlorid. 75-01-4

Xyl.n•• 1330-20-7

line 7440-1'-'

.- -- ._,......-.-
~:-

.;.a.•........ -
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ACZllAft'fDIIB

Su.ary

Acenapbtbene.i. a two-rla~ polycyclic ara-atic bydrocarbon
(PABl. AItho~gh little'apecific infor.atlon on acenaphthene
ia available, iftfor..tion on related PAB. augg.at. tbat acenaph
then~.·t. not ~ery peraiatent la tile en"lron••nt and tbat biodegra
dation i. the ultiaate'fata proce•• ~ Acenapbthene ba. not
been .hown to be carcinogenic or aatagenic, but it doe. cau.e
li"er ~d kidney d..age at bigb ezpo.ure le.el••

CAS Suabec. 83-32-1

Cbe.ical Foraula. C128 l0
IUPAC S..e. Acenapbtbene

Cbeaical' and Pby.ical .ropertlll

"olecal.~ .eigbt. 154.21

Boiling 'oint. 271~

Melting 'oiat. 1••2·C

Specific Gravity. 1.225 at O·C

S~lublllt7 In Water. 3.42 -.lliter at 25·C

.,

.:

~olubilitr in Or,aalcal 101abl. In etbanol, tolaeD., cblorofor-,
beD_.., "and acetic aci4

Log oat•...,..~~ ••rtltloe coefficient. ..33
~~ ...... .-.--

vapor 're Et.& r.e•• tbaa 0.02 _ ., at 20·C
'..:

vapor DeD.lt,. 5.32

".
'fran.por~ aneS .ate

Acenapbtbene, like other poIYCrcllC aroaatlc bydrocarbon.
(PABa), CaD.be e.itted IDto tbe en" roft8ent by botb Datural and

AceDapbthene
,a,e 1
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.nthropog.nlc IOYrc••• · Slnc•••ry little lnforaatlon I••••11

.ble on tbla coapoYnd l,.cif1c.lly, it••n.lrona.nt.l f.t.1. ·l.rg.l~ IDf.rr.d tta. d.t. for ,AI. In ,.n.ral. In .ir,
.c.n.phtbeae c~a be t~.n.porte4 •• adlorbed ••tt.r on .u.pended
p.rtlcul..... &abl.nt tir ...pl••"coll.ct.d In 8Jdney, Au.tr.ll.,
cont.ined·~.G7 ~~lOO,a., ift4ic~tin, tb.t .tao.pberic tran.port
occ~r. aDd tb.t Individual. in urbaa .nviron8eDt. aa, be .spoled
to ••••ur••bl. 1•••1••

/' .
In .urf~. vat.r, di~ect, rapid photol,.i. of di••ol••d

.c.napbtb~De.aay be aD iaportant wat.r-r.l.ted .nvirona.ntal
f.t.. It i. probable that .lngl.t oayg.a i. th. oaidant and
tbat tbe r.actlon product••r. qYiaon... Vol.tili.ation aay
play a role in .c.napbtb.ae tr.naport, d.pending on aialn,
rat•• In both tb. vat.r .nd air colgan.. Bow.v.r, adlOrption
to ••dl..nt. 1. probably th. doainant .quatic tr.n.port proc••••
Conaid.r.tion of tb. log octanol/w.t.r p.rtition coeffici.nt
tor .c.n.pbtb.n••nd of the beb.vior of oth.r .A1a Indlc.t••
tbat ac.n.pbtben. can be .trongl, adaorbed onto .u.pended an4
••dla.ntary pazticulate ..tt.r, eepeclall, ,.~tica1at•• bllb
In organic content.

t
••••d Oft lnforaation conc.rnlng r.l.t" ca.poQDd., i~ t

1. likely tbat bloaCCDayl.tlon of .ceaapbtheae ia abort t.ra, t
e.peel.l1y for v.rtebrat... Although it i. rapidly accu.u1ate4
.ft.r .spo.ur., it al"8O i. rapidly .et.boliled aDd ••cr.ted.
Con••qu.ntlr, bioaccQayl.tion I. DOt con.ldered aD ~rt&Dt
f.t. proc.... • iod.gradation" '1. con.icl.r-.d tile altlut. fate
,roc... for .c.napbtb.n....... oa iDfomat:loD ,. relat"
cc.poUftd., it 1. prob.bl. tbat ac.napbtbea. i. r.adllr d.graded
by .1crobe.. .iod.gradation 1. 11k.ly ,to .. aor. r,ld ia
tb. .oil tbaa in .quatic .y.t.... Boweger, .tudl.a dlcat.
tbat biod.gr.dation "I be aor. iaportan~ ia tboae -.aatic
.y.t... tbat .r. cbron c.lly .ff.cted b, ... contaalnatioa.

~81tb .ff.cta

_atl" r.aa1t. ue r.torted for a teat 01 Me.platbeD.
carcID01••lal~ be....poe DeO,pla.tlo lDductloa ill th. a.wt
rita a.' to ~ ~, the r.liabillt, of the t••, .,at..
or .r ~. l11aa car~lD01.alclt,l.DOt ••tab11abe4.

Other edSUIE, .tudi•• "in.olving .apo.ar. to acenapbtb.n.
a•.~ .' of aa.pl•• alztur•• of 'AB. &ad otb.~ .abatanc••
repor~ '1081tl" and neg.tlv. r••lt.. lowe9.r, th. r.lati.e
iaportaace 01 Indl9i'ual e~pon.nt. In the al.tar•• te.t..
cannot be d.terained, aDd no conelu.ion. In90191nl aeeDapbtben.
can be dr,awn. Studte.u.iDg ••••ral" different bact.rlal te.t .
•y.t... pr09id. no ••1d.nc. of autatenlclt,. ~ lDfo~tioD
concerning it. t.ratog.nlclt, or r.productl•• to.lelt, 1••••11-
able. .

Aceftapbtben.
••g. 2
OGtober l"S

Reproduced from
, best availa ble copy•



-,
. ~he .cat thoroughly inve.tigated effect of acenaphthene

i. it. ability to produc. nuclear and cytological change. in·
a .arietr of .1crobial and plant .pecie.. Moat of the.e changes,
.uch a. Dereaae' in cell lize and DNA content, are a••ociated
with a disruption of the .pindle .ech.nilm during .itoail and
the reaulting induction of polyploidy. Bowever, there ia no
known correlation between the.e effect. and the biological
iap.ct of .cen.phthene on .....li.n cell••

Very little i. known about the hu.an toxicity of acenaph
thene. It h.s been shown to be irritating to the 'kin and
aucous ...branes and to cause vomiting if swallowed in l.rge
quanti tie••

In both rat. and mice, .ubcbronic oral e.poaure cau.e.
10•• of body weight, change. In peripheral blood, Increased
••inotran.fera•• level. In blood .eru., and mild .arphological
da.age to tbe liver and kidney.. ~be oral LDlft i. 10 g/kg
for rat. and 2.1 glkg for mice. 11dney and 11ger d..ag. i.
greater after aubchronic e.poaure to acenapbthene than after
acute e.posure.

Toxicity to Wildlife and Dome.tic Animals
, .l

In acute to.icity te.ta for freabwater organia.a, IC :
value. of 41,200 and 1,700 ~g/liter are reported for the ai.d04
ceran Daphnia magna and tbe bluegill, re.pecti.ely. In .altwater
.pecle., 'S-hour LC concentration. for the .,ald ahri., and .
the .heepahead minn38 are 970 and 2,230 ~g/11ter, respectl.ely.
A chronic .alue of 710 ~g/liter i. reported for the .heepahe.d
minnow, and the acute-cbronic ratio for tbi••pecie. i. 3.1.
No other aquatic life cbronic data are a.ailable. ~be freahwater
alga Selen••trum capricornutua and the aaltwater alga Skeletonema
co.tatum are bOth relati.ely aen.iti.e to acenaphtbene eapoaure,
wIth 'I-hour IC .alue. for chlorophyll a and cell naabe~
of approaiaatelJOS25 ~9/11ter and 500 ~,lIiter, re.pecti.ely.

~he .teady .tate bioconcentration factor for acenaphthene
In the bluegill 1. 311, with a ti.aue half-life of le•• than
1 day. By U.iDI tb. bluegill data and aD adjuataent factor
to allo- fo~ 41fferenc•• in lipid content, tbe biocOftcentration
factor~ acenapbtben. and tbe edible portion. of all·freahwater
and e. . lD~~ic organl••• conauaed bI aaerican. 1. e.ti-"
mated ~.. 2.~.eport. of acenapbtbene D food. 1. li.lted.
One .t"" zeport. le.els of 3.2 ~g/kg (the detectioD 11.it)
or greater ift tbe tl••ues of sbellfish of an unspecified .peciel
and location.

A study s~arlling the toxicity of a .arlety of coapound.
to wild and daae.tic bird .pecle. indicate. that tbe LD of
acenaphthene for the redwlnged blackbird i. greater thaA0100 m,/kg.

Acenaphthene
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purtberaore, tbe atudy report. that acen.phthene did not .i9-
nific.ntly deter feeding by the blackbird e.en when it w•• pre.
ent in f~ at relati.ely bigh concentr.tion••

...
• e9ul.tiow* .nd St.ndard.

Aablent W.ter Qu.lity Criteria (US:lPA).

Aqu.tic Life

~he a••ilable data are in.dequ.te for e.tabll.hing final
criteri.. IPA did report the lowe.t .al.e. known to cause
toxicity in aqu.tic org.ni....

Pre.bwater'

Acute toxicity. 1,700 ~tlliter
Chronic toxicity. 80 a.ailable data

Saltwater

Acute toxicity. '70 ~g/llter
Cbronic toxicity. 710 ~,/lit.r

Baman Be.lth

~b. a.ailabl. data ar. inad.tyate for ••tabliabia,"a baman
b.altb criterioa•.
Organoleptic criterion. 20 ~1I11t.r

un_a.
SAl, R.I. 1175. Daa,.rouaproperti•• of Industrial Material••
. 4tt"J t4. Vaa lIO.trancl Reinbold Co., R• ., Torll. 1,251 page.

SCBAPD, •••• , 8C*LaS~ ••A., aD4 1lURL8t:rf, 3. 1'13. ~b. acute
o oral to.loltr, re,.lleDef, and ba.arel potential of "I

cb_loal. to •• o~ _r• .,eei•• of .,i14 aDeI da-••tic
bl~ kol....lroa. Contaa. lfOxlcol. 12.355-312

U.I. .~ PIOf.cflOR AGBICY (U..,A). 1'7'_ .ater-Related
atal rat. of 12' Priority ,ollutant.. Vol. 2.

IIItoa, D.C. Dec.....r 1'7'. DA-CCO/C-71-02"
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0 .. 1.• BRVIRONMENTAL ,ROTECTION AGENCY (OSE'A). 1,eO. Ambient
W.ter Qu.lity Criteria for Acenaphthene. Office of Water
••'Qlatlon. and ~tandard., Criteria and Standards Division,
W••bin,ton, D.C. Octob.r 1'80. EPA 440/5-80-015

wEAST, •••• , .d. 1'81••andbook of ChemIstry and 'by.ics.
62nd ed. eRC 'r••• , Cle.eland, Ohio. 2,332 pa,••
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AC!RAPRTSfLBn

.......
suaarx

. Aceaaphtbylene i. one of the polycyclic araaatic co.poun~.

(PAR.' and i. produced fro. both anthropog.nic and natural
."'Irc·... It 1••oderatel)' per.l.tent in tb••nvironment, photo
ly.18 in water and biodegradation in .oil ar. th. most likely
ta~~.proc••se.. No information 1. availabl. on the carcinoge
nicity, reproductive toxicl'ty, or general tozicltyof acenaph
thylene. Rowever, it exhibited weak .~tagenic activity in
a microbial test syste., and 11k. other PAR., it probably is
a skin irritant.

CAS Number. 208-'1-1

Chemical Pormula. c12al
IUPAC Ram.. Ac.naphthyl.fte

Ch.mical and Phy.ical 'roperti••

Mol.cular .eigbt. 1'2.21

Boiling 'oint, 21' to 275~

M.lting Point. '2~

Specific Qravity. 0.8988 at l'~

Solubility in .ater, 3.93 ag/liter at 2'·C

Solubility In Organic•• Soluble"in alcobol, etber, and benz.ne

Lot OCtanol/Wat.r 'artitlon COefficient. C.07 (calculat.d value)

Vapor 'r••••e. 10.3 to 10.2 _ a9 at 20ec (•• tiaate ba.ed
oa data 'for .tructurall, .Iallar caapound.)

~. ;- -

Tran.po~. Pate

znYlronaent'al tran.port and tat. I. larg.ly inf.rred trOll
data for polycyclic aromatic hydrocarbon. (PAR.) in ,en.ral,
becau.e .pecific infor.ation for acenaphthylefte i. lacking.
Rapid, dir.ct photoly.i. of acenaphthylen. to quinone. aay be
an important proc••• in .urface vater.. OZidation 1. probably
too .lov to be a .ignlficant environaental proc.... lovever,

Acenaphthyl.ne
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data for .0-. PAR••ugg•• t that o.ldation by cblorlne or ozone
••y be a lignificant. f.te proce•• when the.e o.ldant. are avall
.ble· In lufflcient quanti tie.. Volatilization .ay playa role
in .cena,bthyl.n. tr.n.port depending on .i.ing r.te. in both

. the wat~ colgan and .ir coluan. ror .c.n.phthyl.n., it i.
probabl~'bat ad.orption g.ner.lly_il the .o.t i.port.nt .qu.tic
'r.n.port·proc•••• Con.id.r.tion of it. 101 octanol/wat.r
partition co.ffl'cl.nt and of tbe beha.ior of oth.r PU. indic.t.
t~at ae.naphthylen. can be Itrongly adlorbed onto lu.pend.d
an•••dt••ntary· partlculat••att.r, .Ipeclally particul.t••
hi'~'ln ofg.nic cont.nt. It i. lik.ly tbat tbll compound can
b. readily tran.ported al .d.orbed .atter or .ulpended particu
late. In air or wat.r •

• a••d on infora.tlon conc.rning relat.d coapound., It 1.
lik.ly that bloaecuaulat!on of .cenaphthyl.ne il Ibort tera,
e.peeially· for .ertebr.t... Although PU. ar. r.pid1y aecWlu
lat.d, th.y al.o .r. rapidly ••tabolil.d and ••cr.ted, and
con••qu.nt1y bio.ccWlu1.tion i. not con.ld.r.d .n iaport.nt
f.t. proc••••. 'UI can be ••taboliz.d by .altic.llul.r org.nin•
• nd~ d.gr.d.d by .icrobe.. Degr.dation by .....1. i. 1ik.ly to
b. incompl.t., witb par.nt coapound and th•••tabolit•• b.ing
••er.t.d by th. urinar, Iy.t... .1od.gr.da~10D by .icroorgan-
i ... i. prob.bly the ulti••t. fat. proc••• for .c.n.pbtbyl.n.~

Biod.grad.tion g.n.r.l1y appe.r. to be .or••fficl.nt In .011 !
th.n· in .quatic .y.t... Rov•••r, ••perl••ntal data indicat. '
tbat biod.gradation .ay be .or. laportant 1ft tbo•• aqaatic •
Iy.t... that ar. cbronlcally aff.ct.d bJ ,AB. cont..inatlon.

Atao.ph.rlc tran.port of ,AB. can OCCQ~. and tb••e .aterial.
c.n b. returned to aquatic and terre.trlal .,.t... by w.t and
dry d.po.ition. seae ,AB. can .nter lurfaoe &Dd groundwater.
by 1.acbing fra. polluted loila.

H••ltb Bff.ct.

~er. are no e,l~••iol09ic.1 or c••• Itadt.. .agg.lting
that acenaphtb,len. 1. carcinogenic In haaen.. ~er••r. no
r.ports of c.~ctDOgenlo. teratog.nlc, or r.prodacti•••ffeot.
in es..~1aenta1 eai.als. ac.naphtb,l.fte i.reported to ba.e
..a_ .ata..nio aoti9it, in a 'al.aD.lla tzpblaarla. t ••t .,.t••
(Kadell~-:~.'";t'~.

. '~tlon concerning acute or cbronic toslclty 1.
a.atla '". 1.111...ny other 'u., acenaphtbylen. aay be a .kin
lrrltanl, bgt little .,.ciflc inforaatlon 1. a.allable.

.. hth 1 Reproduced fromftc.nap y ene best available copy.
'age 2
OCtober l11S



ACETIC ACID

Summary

Acetic acid i. a relatively weak acid with a pIa of 4.7.
It i. loluble in water. Acetic acid irritates the .kin, eye.,
and aucoul .embrane., and it ..y have adverle reproducti.e
effects at high do.e levels. Acetic acid .apor. are known
to for. explosive aixture. and toxic fuae. when combined with
air.

CAS Number: 64-19-17

Chemical Pormula. CB3COOB

IUPAC Ha.e. Ac.tic acid

Important Synonym. and Trade H.... I Glacial acetic acid, 9inegar
acid, .tbylic acid, ethanoic
acid, and ••tbanecarboxylic
aci4

Chemical and Phy.ical Proper tie.

Molecular W.ightl '0.05

Boiling Pointl 11S-C

Melting Pointl l'.'·C

Specific Gravit,l 1.OS a~ 20·C

Solubility In .at.~f V.~y .olubl.

i

~01ubl1lty in Organic•• Sol~bl. In alcobol, acetone, benzene,
glycerin, etber, and carbon tetracbloride

vapor 're••ure. 11.... Bg at 20·C

vapor Dell.lltra. 2.07
-~ :.---

Pla.b .~~~ .O·C (clo.ed cup)

~ransport and rate
,-

Ro Inforaatioft va. available Oft the tran.port an4 fate
of acetic ac14. Bov.v.r,.ca. generalization. can be .ad.
ba.e4 on cbe.ical and pby.ical. propertie.. Acetic aci4 i.

Acetic acid
Page 1
October 1915

Preceding pagejblank
Coemu Ie • ••oc~



.atr•••ly .olubl. in wat.r .nd th.r.for. i. prob.bly transported
in .urfac••nd groundwater. Only a ••all ..ount i. lik.ly to
.olatlli•• fra. natural .urfac. water owing to it. high .olubil
ityin w.t.r •

••alth Bff.ct.

Ac.tic .cid 1. not con.id.red to be • c.rcinog.n. Mutagenic
.ffect. were ob.erved in .n ••••y ullng tbe .lcroorganisa Bscher
ichia coli. Se. chro.oso•• 10•• and nondi.junction were reportea
In Drosophila ••lanogaster. Oral adaini.tratlon of 700 ag/kg
to pregnant le.al•• prOduc.d beba.ioral eff.ct. in n.wborn
rat••

Acut. to.icity d.pends on tbe cb••ic.l fora, the fr.e
acid 1. aore toaic tban tb••alt. Irrlt.nt .ff.ct. on tb.
human ga.trointe.tinal tract w.r. •••n at co~c.ntration. a.
low a. 1,470 ~g/kg after oral adaini.tration. Inbalati!n pro
duc.d Irritant .ff.ct. at an ••po.ur. 1•••1 of 100 at/a adain
iat.red for 1 bour, vbll.3••••r. toaic .ff.ct. v.r. aa.ociat.d
with .apo.ur. to 500 ••/a for th..... period. ~b. irritation
caua.d by ac.tic acid u.ually aff.ct. tb••kin, .y•• , .UCOUI ~

.e.bran•• , or th•••poI.d t •• th. Irritant .ff.ctl on buaanl i
and .ni.al. do not app.ar to be cuaulati••• ft. LD!o.ln the .f
rat gi••n n.utralis.d ac.tic acid orally v••' 3,310 -.tkg, vbil..
the LD!O .alu. in .ic. following intra••nou••d.lnl.tratioa .
va. 52' a./kg.

Pi•• work.r•••po••d to blgb concentratioDa (1I1-tlO 81/.3
at p.ak conc.ntratlon.) for 7 to 12 y.ar., esperi.nc.d .bort
t.ra 10•• of .en.iti.lty, conjuncti.iti., bronchiti., pbaryngitis,
and ero.ion of ••po••d t ••tb. In•••tion of conc.ntration.
betw••n 0.01' and 0.25~ (approaiaat.ly 10-110 -.lkg) had no
toaic .ff.ct. vb.n ad.ini.t.red to rat. o••r a 2- to 4-aontb
period. Wh.n conc.ntration. of 0.5', corr••pondlng to daily
do••• of about 330ag/kg, v.r. a4alnl.t.rod, an i..ediat. and
progr•••i •• d.cr•••• la food coa.aaptiou cad ,rovtb v•• ob••r••d.

Ac.tlc acla ••por. ar. knOVD to fora • .,10.1•••i.tur••
and to.la f... ..11 =-bln.d vitil alr~.

~Odclt!i·~ltrnr.and _ ..tic Ani..l_-OBlr· It.!ted lafoe-ation on tb. to.lcity of ac.tic acid
to aquatic organi... i. a.ailabl.. Acut•••po.ur. of blu••ill.
and goldfi.b r••ult.d in • II-bour Be of 75 ../liter and
100 at/lit.r, reapecti••ly. ~be LC~a5ior abrl., rang.d fre-
100 to 330 at/liter vben tb.y vere .spo." for a .'-bour period
In a.rated .at.r. ~b. perturbation 1•••1 1D th. ,rotozoa ~orti
c.lla ca.panula) v•• 12 .,/11t.r. III baat.rla (...udOllOna.

s

Ac.tic acid
'ag. 2
OCtober 1,.5



putld.), cell aultiplic.tlon wa. inhibited .t 2,'50 ag/liter,
whIle 90 ag/liter inh1bi-ted aultiplication for tbe alg.e (Micro·"

'\ cy.ti•••ru,ino••).

Ro laforaatlon. on the to.icity of acetic acid to terrestrial
wildlife or doa••tic .niaal. w•• found in the liter.ture r.vi.wed.

R.gulations and Stand. rd.

O~RA Standard. 2S ag/a3 ~

ACGIS Thre.hold Liait value.. 25 ag/.~ TWA
37 ag/a ~
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ACZ'1'ONB

s~.rE

a-Itone 1. a coaaonly u.ed .olvent, .hich probably 1.
not .ery peralatent in the enviro~ent. It 1. conaidered to
h.ve r.ther low toxicity, and no chronic health h.l.rda have
been a••ociated with expo.ure to It. Aceton. i. not .ery toxic
to aquatic org.nl ••••

CAS. Muaberz 67-64-1

Che.lc.l foraul.. Cl3-OO-CS3
IUPAC N..el 'rop.none

Iaport.nt Synon,.. and ~r.de ...... Dl..tbyl ketone, 2-propanone

Che.ical .nd 'hy.ic.l 'ropertie.

Mol.cu1.r .eight. 58.08

80111ng 'oint. 5'.2·C

"-" .elting 'oint. -'S·C·

Specific Gra.ity. 0.71" at 20·C

S~lubility in W.ter. .i.clble

Solubility In org.nic.z Soluble in alcohol, ether, benzene,
aftd cb10rofora

Log Oct.nol/W.ter 'artition Coefficient. -0.24

V.por 're••ure,

V.por Denait,.
P1••1a

~r.n.

110 .. 8g .t 20·C

2.00

(closed cup)

Verf liaited infor••tlon on the tran.port and f.te of
acetone .a. found in tbe liter.ture revie.ed. _oweve" keton••
in ,enera1 are prob.bly not.ery per.i.tent. Acetone bas a
higb ••por pre••ure and tb.refore would be ezpected to volatilize
readily, but becau.e of it. higb .ater .olubl1ity, .olatilization
i. probably limited. Once In tbe atao.pbere, it i. apparently

Acetone
'age 1 .
OCtober 1,e5

Preceding page blank
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oxi~11.4. Ac.ton. has a low octanol/watlr partition coefficient
and th.r.for. 1. probably not rea~ily a~.orbed. liodegra~ation
i. probably l.portant In detlraining the fate of ac.ton. in the
en.iro~nt beca~•• of it. aliphatic nat~r.. 19id.nc. of this
I. pr091ded by the biological oxyg.n d••and .al~., .bich va.
72. of tbe theoretical .al~e after 20 day. at 20·C.

He.lth Zftectl

Acetone ha. not be.n t •• t.d in a c.rcinog.nicity bio••s.y
but ga.e negati.e r ••ult. In a .kln painting te.t and v•• not
aut.g.nlc In the lae•••••y. Ko .tudie. on ani.al. for tera
tog.nicity or r.producti.' toxicity ba•• be.n don., b~t .cetone
v•• neg.ti.e i~ a cbicken .gg injection .tudy for teratog.nicity.

Aceton. i. gen.rally r.gard.d a. ba.ing lov toxicity and
th.r.for. ba. not be.n ••t.n.i.ely .tadi.d. 'rolong.d inbalatlon
of high concentration••ay produc, irritation of tbe r ••plr.tory
tr.ct, coughing, h.ad.ch., drow.ine•• , incoordination, and in
••••r. c•••• , ca.a.

In ani.al .t~die., rat. con.a.in, do••• of 11 .,/k,/d.y j
tor ••onth••hov.d r.duc.d food con.~ption and 9rovth. §n f

beha.ioral .t~di•• , rat. ezpo••d to .,000 ". (14,200 .g/a) ~

.clton. for 4 bour./day, 5 daYI/w.ek for 2 ...k••boved 804ifled
a.oldanc. and' ••cape beha.lor aft.r on. espo.ar., but ft! cbange.
after I~blequ.nt .xpo.~r••• At 1',000,,. (37,100 at/a ),
alt.red r'lpon••• wer. noted tbrou,boat the 2-ve.k .zpolar.
period. Ko chronic bea1th ha.ard. ha.e been a.loclat.d vith
e.polur. to ac.ton••

!Oxlclt! to Wlld1if. and ac.•• tlc Ani.al.

!he to.iclty"of acetone to aquatiC org.nl... I. 1~.
!h. LC ••1u. for .unfi.b va. report.d to be 14.2 I/liter,
and thiOthr••bold conc.ntration for l.-obll11ation of V.'t:ij .
• asna .a. reported to be o.er , ,/llter (Kclee and .01 •

",jaforaatlon on tbe toslClty of ac.tone to terre.trlal
.lldl11~ic dQIII,ic anlaal••a. found In the Ilteratur. r••le.ed.

~- -.--

"sulatlon. and Standardl

WIOSS R.coa..nded Standard (air). 250". (5'3 ag/a3~ !WA

aeGIS ~re.hold Llalt Valae" 150 p,. (1,7.0 a,/a3) !Wa
1,000 ". (2,375 .,/.3) S!ZL

Ac.tone'a,. 2
OCtober 1'15
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ACROLEIN

Su_arx

Acrolein 1. an aldehyde tbat ba. been u.ed aa a. aquatic
herbicid••. It 1. hydrated and tb.n blod.graded in vat.r and
probably i. not .ery persistent in tbe .nvlronaent. Acrolein
i. autagenic and .ay ba•• toxic reproductl.e effect.. It i.
a pow~rful irritant and can cau.e per.anent lung d..age vhen
inhal.,6.

CAS Number. 107-02-1

Cheaical roraula. CB2CBCBO

IOPAC R..e. 2-propenal.

Iaportant Synonym. and Trad. S..... Acrylic aldehyd., allylal
debyd., 2-propen-l-on.,
prop-2-.n-l-al, acrylaldehyd_

Chemical and Pby.ical 'roperti••

Mol.cular ••Ight. 51.1

Boilin9 Point. S2.S·C

Melting 'oint, -II.'·C

Specific Gra.lty. 0.'.10 at 2a-e

S.olubility in .at.r.· 200 g/liter

~olubility in Organic.. ~olubl. in ethanol, .th.r, and acetone

Log Octanol/Wat.r Partition Co.ffici.nts -0.0'0

Vapor pr......~•.~, at 2a·C

Vapor D.Ua~..& 1.1.

rl••h 'oint, -21.1·C

Acrolein
'ag. 1
OCtober 1'15
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Tran.port an~ Pat.

Iydratlon to beta-bydroxypropionaldehyde, follow.d by bio
d.gradation. 1. probably the .o.t i.portant aquatic fate for
acrol.ln. ,.. balf-lif. for th••• proc••••• i. r.port.~ to·
be 1••• tb... 'ay•• Although volatili.ation can occur, it.
r.la'iY. i.portanc. a.-an .nvirona.ntal proc••• i. not known.
Mo Info~tion on the photoly.i. of acrol.in in aquatic .y.t•••
i. ayailabl., but thi. proc••• aay proc.ed Ilowly in th. atao.
ph.r.. ~a-. oxid.tion of acrol.in .ay occur in .quatic ayat...
• nd La·Oth. atao.pher.. Th. r.latiyely bigh water .olubility
and the low log oct.nol/partition co.fficient of .crol.in .ak.
lorption .nd bioacc~ul.tion unlik.ly .nvironm.ntal procel••••

H••lth Bff.ct.

Th.r. 11 no un.quivocal .vid.nc. to .ugg••t tb.t .crol.in
i. c.rclnog.nic In hu..n. or e.peri..nt.l .nia.l.. Tb.r. ar.
no r.portl of t.ratog.nlcity, but intr.v.nou••daini.tr.tion
durlng , ••tation i. r.ported to incr•••• po.ti.plantatlon 8Or
t.lity. Acrol.in al.o produc•••ut.g.nic .ff.ct. in • v.ri.ty
of t ••t .y.t....

Mo.t r.port. of acrol.in to.icity .r••••ociat.~ witb
Inb.l.tion .apo.ur.. Acrol.in i. a pow.rful lacbrJl109.n, and
it i. icrit.tint to the .y•• and to th••ucou....bran•• of
the r ••pira~ory tr.ct. Irr~tant .ff.cta ar. ob••ryed in iDdi-

° vidual•••po••d to 2.5 .,/. or 1••• ~ Bigb.r concentration.
,can caul! per.l.t.nt lung d..., •• _ Sapolur. to appro.iaat.ly
, 350 ag/a i. r.port.4 to be fatal in buaan. within 10 .inut•••

L.cri••tion .nd irritation of tb••y•• an' r ••pir.tory
tract .r. the .o.t co..only obl.rv.d .ff.cta in ••peri..nt.l
anl.al•••po.ed to acrol.in by inbalation. nil ca.pound .1.0
i. r.port.d to produce ••v.r••kiD irritaJion. Tbe inhal.tion
and or.l LD50 valu•• in rata ar. 300 .". and •••t/-g, r ...
pectiv.ly. -

to.icity to .ildllf. and Doa••tlc Ani..l,

AY.:5: lafo~tion indicat.. tbat acat. and cbronic
to.icit, Jrl."••'er .quatiO lif. ~cur. at concentr.tion•
•• low~. -.aDd 21 pg/l1t.r, r ••pectlv.ly. Acut. to.lcity
to .alt••tit'aquatla 11f. 1. r.port.d to occur at conc.ntr.
tiona a. low a. 55 p,/llt.r. To.icity would occur .t lov.r
conc.ntrationl ..on, lpeci•• -ar•••n.itiv. than tho•• ot••ted.

Acrol.in.a,. 2
October 1,.5
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Re9ulatlon. and Standard.

Aablent .at.r Quality Cr~terla (O~EPA)a

ACN.~lc Lif.

~b••••llable data are not adequate for e.tabli.~ing criteria.

BWlan Health

l.

Crlteriona 320 ~g/liter

OSBA S~and.rda 0.25 ag/.3

ACGIS Thre.hold Li.it Value.a 0.25 ag/.3 TWA
0.8 ag/a3 SftL
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ACRYLOIII'l'RILB

suaary.

Acr~ltrile 1. an' l~porta"t che.lcal Interaedlate u.ed
In the p " tic. indu.try. It i. fairly .01uble ift vater and
i. al.o qui te 90latlle. .'hotooaidatlon. In the atao.phere and
biodegradation are probably 1.portant fate. In the en91ronaent.
IARe. ha. cla•• ified acrylonitrile a•. a .uspected hmaan carcinogen.
It ca~e. lung tuaor." In huaan. and ani••ls expos.d by inhalation
and iu.or.· at otber .ite. in eaperi.ental anl.al. eapo.ed orally.
Acrylonitrile i. autageDlc and teratogenic, and it can damage
the central ner90U, .y.t.., 11ger and kidney••

CAS Ruaberl 107-13-1

Che.ical Por.ulal Cl2CBCI

IOPAC Ruel 2-,ropenenltrll.

Important Synon,.. and 'l'rad. n....1 Vinyl cyaDid., cyano.tby1.~e,

proper.nitril. •
:i.

Chemical and 'hysical ,ropertie.

Molecular ••igbtl 53.01

Bolling Pointa 77.5 to 77.9~

Melting 'ointa -13.55~

sPecific Qra9itya 0.1010 at 20ec

Solubility ia .at.ta· 73,500 ag/lit.r at 20ee

Solubility in Organic.. lolubl. In alcobol, eth.r, ac.tone, and
Mftl.De

Log oc~.~~ ~tltlOft Co.ffici.nt.

vapor .~6ue. 10 _ Bg at 20ec
....

vapor Denait,.
Pla.h 'OiDt.

Acrylonitril.
'age 1
OCtober 19.5
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I,

~ran'eort .nd rat.

Direct pbotoly.l. of .crylonltril. In aquatic .n9Irona.nts
1. unllk.lr. Row.v.r, It ••y r••ct wltb .a.. n.tur.lly occurring
.ro-.tlc & .,. In tb. pr•••nce ~f pboto••n.itilln, plant pigment.
01 Indu.trlally produced dy... Sacb condition. algbt occur In
blgblr polluted .arface wat.r. or at • wa.t••lte. Vol.tillla
tlon .'••ajor .n.iro~ental tran.port proc••• for acrylonitril••
Acrylonitrll. c.n be 9Olatlll••d fra. .qu.tic .nd t.rr••tri.l
.ywt-.., .nd tran.port.d In tbe .tao.pbere •••••por or ad.orbed
to partlculat... Altbougb.•crylonltlle c.n r.turn to aquatic
.nd t.rr••trl.l .y.t••• Inpr.clplt.tlon, pbotoosldatlon In the

, tropo.ph.r. I•••Ignlflcant .n.ltona.ntal fat. proc.... Rydro
ly.l. .nd .orptlo~ prob.bly .r. not laport.nt f.t. proc•••••
under n.~aral condition••

810accu.ulatlon of.crylonltrlle I. not .zpect.d to be
a .Ignlflcant proc••• , but tbe cyano.thyl.tlon of prot.ln.
In .quatlc blot•••y occur. AcryloDitril. la biod.grad.d by
••wage .ludg., but tb.r...y be .n Iftlafflcl.nt popalatlon of
.lcroorganl••• In tbe wat.r colgan ,and lnaufflcl.nt coDtact
ti•• for biod.gr.datlon to be .ff.ctl.e in .arf.ce w.t.r••
In terr••tri.l .....1., acrylonitril. c.n be .etaboliled to
tblocyanat••nd .li.in.t.d In the arine. Con.ld.rable .peci••
•nd orlan dlff.r.nc•• In .....1.· .billty to detoxify .cry
lonitril. h••• be.n ob••r••d.

R.alth .ffect.

!he Int.rn.tional Ag.ncy for •••••rch OD C.ncer (lAIC)
cla••lfl•••crylonitril. a. a .u.pect.d haaan c.rcinog.n.
!pid••lol09ic .tudl•• of per.on. occupationally espo.ed to
this coapound r••••l.d an ••c••• of cancer at a naaber of .it•• ,
but particularly in tbe lang. In a tWO-fe.r .tadf witb acrflo
nitrile Incorpor.ted ift tbe drlallftg w.t.r of rat., Incr••••d
Incld.nc•• of .ubcutaneou. taaor. In tbe ry region, lyabal
gland carclnoa•• , centr.lnerwoal Iy.t Itrocytaa•• , and
.qu.aoul cell papllla-aa of tbe for••ta-acb w.re ob••r••d In
anl.al. recel.lft, da.•• a. low a. 35 ". (approxl••t.l, 1.75
.g/k,/da,). Acr,loaitril* al.o appear. 'to be oarclnogenic
In e.,.r~Dta1aai.al.e.po.ed b, inb.lation, it produce.
lim9 t... la tJle•• anlal.. Acrylonl trll. 1. aata,enlc In
a ••rl.tll;: t"••,.t.... It al.o produce••atern.l toxicity
.nd" t.ra alclty ift rat. aft.r oral or inbalatlon .apo.ure,
and in b...ter. aft.r intraperlton.al .dalnl.tr.tlon•.

Acrylonitrile 1. readily ab.orbed froa tb. r••pl~atory
and ,a.troint••tinal tract., and tbrough the Intact .kin.
S••eral .tudi•• report toxic .ff.cta of acrylonitril. due to
occup.tional .nd accid.ntal .spo.ur... "e•• r••alt. au.t
be int.rpr.t.d witb caution, bowe.er, becau.e tbe espo.ur••

Acrylonitrile'a,. 2
OCtober 1'15
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are not adequat. for .It.bli.hing criteria •

·re often to a co-bination of .ub.tance.~ Sa.e of the .ubjective
c~plaint. reported .are headache, fatigue, .ertigo, nausea,
weatne•• , and inae-nia. The clinical .ymptom. ob.er.ed include

\- anemia, i.andice, conjunctivitis, mild liver injury, abnormal
blood an' arlne .alue., and functional di.order. of the cardiovas
cular, ~poietic, and central ner.ou••y.t.... Contact aller
gic der••tlti., tozic epidermal necro.i., di.turbed l..unologieal
reactivity, and .en.itization ha•• al.o been ••en. Impaired
pulmonary function and mortality ba.e been reported in ea.es
of acut. expo.ure to very high concentration. of acrylonitrile.

Acrylonitrile, admini.tered by various route., can cause
edema in the body organ. of mice, rat., and guinea pigs, as
w.ll a. damage to the central ner.ou••y.te., li••r, and kidneys.

~~a~r~~h~~;S ~~08~9i:~~l~: ~~r:;da:~;l~:~:;il:-::ra~dm~::~;ts
eahibited chan~e. in peripheral blood pattern., functional
dilorderl in the re.piratory, cardiova.cular, and renal .ystems:
and neuronal le.ion. in tbe central nervou••y.te•• So.e oS
the .... change. were ob.er.ed at concentration. of 50 mg/m
(23 p,.). An inbalation LCLO of 500 ppa Capprozi.ately 1,100 .g/.3)
for • bour. i. reported for-ratl. .

Tozicity to Wildlife and Dcae.tic Ani••l.

A .I-hoar Be of 7,550 PI/liter il reported for tb~~fre.l
water in.ertebratIOna~nia.a9na. a-GftI fra.bwater fi.b, 'I-hour
LC~O .alue. are 11,10 P9/llter for tbe blue9ill, 11,100 ~g/liter
for tbe fatbead .iDDow, and 33,500 P9/liter for tb. 9uPPY.·
A 30-day LC .alue of 2,100 P9/1it.r i. report.d for the fathead
minnow. Da~a obtained durin, tbi. Itady lag9alt tbat acrylonitrile
ha. a definite cbronic or casulati•• effect and that ad.er.e
effects can be azpacted to occur a' concentration. below 2,600 ~g/

liter in fisb a.~ed for .or. tbaa 30 4a,..

Refulation. and Standardl

&abiant ••t.r QaalitJ Criteria COSEPA).

Ma.tic Lif.

4n~.data

•.1:; ••alth·

z.ti..te. of tb. carcinoganic rilkl a••ociated with lifetime
e.polur. to ••rioul concantrationa of acrylonitrtle in
water are.

Acrylonitrile
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Risk
10-5
10-·
10-7

CAG Vnit ,.isk (V_EPA).

concentration
0.58 ",g/llter
0.058 ",g/liter
0.00' ",g/liter

0.24 (ag/kg/d.y)-l

o .S.

RIOSB .ecommended St.nd.rd. 4 p~ Ceiling Level

OS~ Stand.rd: 2 ppm TMA (cancer b.z.rd)
10 p~ (lS-.in Ceiling Level)
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ALDRIN/DIBLDRIN

Suaarx

Aldrta degrade. to dieldrin, wbicb 1. very per.i.tent
in the enftro~nt. loth pe.ticide. are carcinogenic In rat.
an. aice and' are teratogenic and reproductive toxicant.. Aldrin
and dieldrin cause liver toxicity and central nervoua syste.
abnor.alities fallowing chronic exposure. Botb are al.o acutely
toxi~,·vith oral LDSS values of about 50 ag/kg. Botb pesticides
are very toxic to aq atic organi••• and have been associated
with large-seale kill. of terreatri.l wildlife in treated areas •.

Background Infor••tion

Dieldrin i. the ,,7-epo.ide of aldrin and is readill ob- i

tained fr,. aldrin WIder noraal enviroaental condition. aDd
by .etaboli.. In ani.al••

CAS. Rgaberl Aldrlnl 30'-00-2
Dieldrlnl 10-57-1

Che.lcal 'oraula. Aldrin. Cl2B8CI
Dieldrin. cl2B.!I,O

%UPAC ..... Aldrin. 1,2,3,4,10,IO-besacbloro-l,4,.a,5,1,la
beaabfdro-l,4.S,I-eso-di..tbanonapbtbalene

Dieldrin. 1,2,3,4,10,10-b••acbloro-',7-epoa,.
1,4,4a,S,',7,1,la-octabydro-endo,e.o-l,4.S,I-di
~tb&Donapbtbalene

he.ical

Molecula..

Melting 'oint.

Aldrin/Dieldrin
'aCJe 1
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lear Pro rtie.

Aldrin. 315
Dieldrin. 381

Aldrin. l04·C
Di.ldrln. 17.·C



Solubility In Waterl Aldrlnl 20 ~9/liter at 2S·C
Dieldrinl 200 ~9/liter at 2S·C

~01ubl1itr In Organics. ~01ub1e in .o.t organic .01Y.nt.

Log Octano1/W.te~ '.rtition Coeffici.ntl

Vapor Pr•••ure1..,
."

Ro d.t. found,
g~e.ter than 5
both ch••ic.1.

Aldrin. 2.31 s 10-~,.. Ig at 20·C
Dieldrin, 2.8 s 10 .. Ig .t 20·C

probably
fo~

Transport and 'ate

Aldrin evaporat•• rapidly fraa aquatic enyironm.nt. and
al.o probably fra- .oi1. Photoly.i. prob.b1y occurs in th.
atao.phere after vol.tilisation. Ad.orption, .••pecially by
org.nic ••terials, i. also an important fat. proce•• for this
che.ical. Aldsin i. tioconcentrated by .qu.tic organl... by
a factor of 10 to 10. Biotran.for.ation by .qu.tic organi...
and biodegradation are al.o important fat. proc••••••

Th. primary product of aldrin d.grad.tion i. it. eposide,
dieldrin. ,hotoly.i. of aldrin a1.0 produc....all ..ount.
of photoa1d~in, pbotodi.ldrin, and a polya.~i.atioD p~odQct.
Di.ldrin i. con.14.r.d to be .t 1.a.t •• toal0 a. aldrin and
1. quite perli.t.nt in the .nvironment. Th.r.for., tr.n.for
mation of aldrin r.pr•••nt. only • cbange of ltat. and not
d.tosific.tion of tb. cb••ic.l.

Dle14rin i. one of the mo.t pe~.i.tent of the chlorinat.d
hydroc.rbon•• ·Volatili••tion and po••ibly .ub••quent photoly.i.
to photodi.ldrin .r. Important tr.nlport and f.t. proc••••• fraa
.urfac. vat.r and probably Ira- .oil. A4.orption to ••dla.nt.,
e.peci.lly organic "teriall~ and bioaccuaulation are al.o
iaportant In reao9in9 di.ldrin fraa vat.r. Blotranllor-atlon
and bioda~radation of 4ieldrin occur v.ry 11owl, but aay be
the final fate proc••••• lD ••di..nt.

a••lth .ffect.
~~

80tb ~1••at dieldrin ar.carcinotenl, c.Uling Incr•••••
in a ••rl""·ol tuaor. in r.tl .t low but not at blgh do•••
and productDf a hlgb.r incid.nc. of 11.er tuaorl 1n alee.
Th. r •••on tor thi. r•••r.ed dOle-r••pon.. r.lation.hip 1.
uncl.ar. R.ith.r appear. to be mutag.nic vb.n te.ted in a
nuaber of .y.t.... Aldrin and di.ldrln ar. both tosie to tb.
r.productive Iy.t•• and teratogenic. ..producti.e eff.ct.
includ. 4.cr••••d f.rtility, incr••••d f.t.l d.atb, and .ff.ct.
on g.ltation, vhil. ter.tog.nic .ff.ct. Include cl.ft palate,

Aldrin/DI.ldrln
'.ge 2
October 1115

)



...........

webbed foot, and akeletal anomali.a. Chronic effecta .ttributed
to .ldrin and dieldrin· include liver toaicity .nd central nervous
systea .bnoraalitiea. loth che.ic.ls are acutely toaic, the
~ral LD~Q 1••round 50 ag/kg, .nd the dermal LDSO i ••bout
100 .9/19.··

Toaicity to Wildlife and Domestic Animals

Aldrin and dieldrin are both acutely toaic to freshwater
species at low concentration.. Tests in fish show.d that the
two chemicals had siailar to.icities, vith LCsn .al~s ranging
from 1 to 46 ~g/liter for different specie.. Final acute values
for freshwater species wer. d.termin.d to be 2.5 ~,/lit.r for
dieldrin and 3.0 ~g/lit.r for .ldrin. Saltwat.r .peci•• were
also quite ••nsiti•• to aldrin and di.ldrin. Tb. range of LCsvalues wa. similar to that for freshwater apeci.sl 2 to 100 pSI
liter for aldrin and 1 to 34 ~g/llt.r for di.ldrln. Th. salt
water 'inal Acut. V.lu•• were 1.3 ~g/llt.r for· aldrin and 0.71 ~g/
lit.r for di.ldrin.

Chronic stud i •• b.v. be.n conducted on tb••ff.ct. of
dieldrin on fr.shw.ter .nd s.ltw.t.r speci.s. 'or fr.sbw.ter
organi... , cbronic .alu•• as low •• 0.2 ~g/llt.~ ftre obt.in.d..
Tb. Pinal Acut. Cbronic .atio vu d.t.f1IiftecS to be 1.5, .1\4 tb. .i
calculat.d 'reshw.ter 'lftal Cbroftlc V.lu. va. 0.2' ~g/liter. •
Only on. chronic .tudy w•• don. on ••ltwater .pecl... Tb.r.for.;
the ••ltw.ter 'inal Cbroftlc Value' of 0.084 ~g/llte~ wa. deter
mined by di.iding tbe 'inal Acute Value by tb. ac~e-cbronic

r.tio. Ko chronic atudi•• were perfor••d on al.rLD. but becau••
its .cute toaicity i. caapar.bl. to that of di.ldrin and because
it is r.adily conv.rt.d to di.ldrin in ani..l. aad ift th. environ
.ent, it probably baa aimil.r chronlc toaicity.

loth pe.ticid•• , and .apeci.lly di.ldrin, bav. be.n •••oci
.t.d with large-acale blrd and ••...1 kll1. In tz.at.4 .r••••
laperi••nt.l f••dlng .tudl•• b.v••bOWD that th. ch••ic.l•
• r. ~it. toalc to t.rr••t~l.l wildlife and da.eat!c .ni••l •
• t low 1•••1••

••9ul.tlo~ and Stand.rd.Aabl.n:z......u~' edt.d.
ACN . Llf.

're.hwate~

(OSUA) I

..-/'

Acut. to.lclty.

Aldrin/Dieldrin
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Aldrlnl 3.0 ~g/llt.r
Dl.1driftl 2.5 ~9/11te~

Co.m. if, • ••cc~



Chronic to.icltYI Aldrinl WO available data
Dieldrin. 0.001' ~g/liter

Saltvater

Acute to.icltYI Aldrlnl 1.3 ~g/liter

Dieldrin. 0.71 ~g/liter

Chronic to.lcltYI Aldrinl WO available data
Dieldrin. 0.0011 ~g/liter

RUJla" Health

lati.atea of the carcinogenic riaka a••ociated with lifetime
e.po.ure to variou. concentration. in water are.

Dieldrin
Concentration

Aldrin
Concentration

0.74 ng/liter 0.'1 ng/liter
0.074 ng/liter 0.071 ng/liter
0.0074 ng/liter 0.00'1 Bg/liter

CAG Unite Rl.k (USDA). AldriD. 11.4 (1I9/kI/day)-l
Die1drinl 30.4 (at/k'/day)-l

ACGIS ~re.hold Liait Va1ae.- 0.25 a'ta~ twa
. 0.'5 a,/a IftL

OSBA Standard (air).- 250 ~,ta3 ~A
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ALXANES

Summary

The high molecular weight alkanes (C and greater) are
major" constituents of petroleum. Their tlansport and fate in
the environment and their toxicity depend on both their chain
len~th and branching. In general, the high molecular weight
alkanes are rather persistent in the natural environment ana
biodegradation is probab11 an i~portant fate process. These
long chain al~an.s generally are not very toxic, but ~~.y are
irritants and slveral may be neurotoxic. Concentratiens ef
100 Mg/liter of pentane,. hexane, or heptane were not toxic to
young coho salmon, but they did c:ause irritation.

CAS Numbe r:

Chemical Formula: CnH2n+2

Chemical and Physical Pro~erties

Molecular Weight: 14 x number of carbons + 2

Boiling point: Increases with increasing molecular weight
'0

- Melting Point: variable, depending on whether ,there i,s an
even or an odd number of carbons and en branc~i~s

(-91 to 20·C)

Specific G:avity: I~c:eases ~it~ increasing molecular weight
(0.1 to 0.8 at 20-C)

Solub111ty 1n Water: Essentially 1nsoluble in water, solUbility
~ec:.ases ~ith increasing molecular weight

S.olubility in Organics: Soluble in blnzene, carbon tetrac~loride,

chloroform, and other alkanes

Log Octanolr~ater Partition Coefficient: Approximately 0.5
multiplied by the numbe:
of carbons in the

·""11! ... ···s .. .: •. ,•.. ...•.. ..• .- .- ._.
and 'increaSins ~~~~
slcwly thereafter (calc~

Vapor Pressure: Oecreases with increasing molecular w~i9ht

Alkanes
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Trans~ert and ?ate

only limite. information on the tran$pert and fate of
alkanes with high molecular weights (l.e., Ca and greater)
was found- 1n the literature reviewed. Bowever, so••
estimate. of likely transport and tate processes can be deter
mined trom intormation on shorter chain alkanes, the Chemical
and physical properties ot the specitic compounds, and some
limited data on biodegradation.

Alkanes are relatively nonreactive compounds and therefore
are ,robably rather ~ersistent in the envi:onment. Sranchi~9

tends to increase stability so that the alkane degrades even
more slowly. The alkanes wi~h the higher molecular weights
havi low vapor prlssures and probab11 are not very volatile.
Howlver, their low solUbility in aqueous media and consequent
high level of activity may make them at least somewhat volatile.
Once 1n the atmosphere, and in the presence of NO x ' slow photo
oxidation to alkanones will occur. Alkanes with more than
lix carbons have talrly high log octanol/water partition coeffi
cients and probably bind readily to organic materials in soil
and I.diment. They arl unliklly to be very motile in the en
vironment. The principal tate ot alkanls in aquatic and ter
rlltrial Invironments is probably biodegradation by loll and
aquatic microorganisms (Baines and Allxander 1974). These
~icroorganisms can convert the alkanes to long-chain carboxylic
acids such as oleic acid (Herdinger and Merdinger 1970)~

Health Effects

No intormation was tound suggesting that the alkanls are
l!~ely t= be carcinogenic or mutlgen!c, or to cause reproducti~e

toxicity. n-Sexane bas been associatld with polyneuropathy in
chronically expo.ed workers and has induced peripberal nerve
damage in animal studies. Bowever, there is no evidence that
'---.- -~~~. ~. ~·.-·~eA .'~.-£. ~.-. ~~:s .~-. ~:~ .• h ~ ••••• :--- ,. - .._""_& ~ • 11... ...
tests examining supprlssion ot the act!on petential in ne:ve
cills, longer cha~n alkanes were progressively less active
than shorter chain alkane. (Baydon et al. 1977). In L0 100studies on 13 C to C alkanes injlcted into mice, Jeppsson
(1975) noted tb~t toxt~ity was generally positively correlated
with the number at carbons up to C (n-octane), attlr which
... :ir l ••••• '1St:.a"·' ...... ',-.... -le. 'll""I~.S "I •• ~.~ ... ,-_: ..... ---.- .... -, .. --.. -,._ ..._- .._- ._. _. - ... -.--\. --- ~ -_ .. _--
•. :. ~.: -.::e 4::: '!'=~ :~~:=:.~g. .':=;~ ;e'!~="! :; ..~~ .~·";==3:.;: =~: ::~~

increases, at least up to Cg (the heaviest alkane tested).

Toxicity to Wildlite and Domestic A~1mals

Morrow (1974) reported that pentane, hezane, and he~t3ne

at levels of 100 mg/liter in aerated seawater were not let~al

Alkanes
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to young Coho salmon but 4i4 cause irritation. NO 4eaths occurred
in ~osquito ~ish exposed for 96 hours to n-heptane at a nominal
concentration of !,600 Mg/lit.r in aerated, turbi4 water.
(The actual conctntration of alkane in these experi~ents may
have been lover because of their insol~bilit1' binding to ~articu
lates~ and yolatilization). A 24-hour LO ~alu. of 4 mg/liter
was repOrted for goldfish exposed to eith.2 n-hexane or n-heptane.
No other info~ation on the toxicity of alkanes to wildlife
or 40mestic animals was founa in tne literature reviewed.

Requlations an~ S~andards

NIOSS Recommended S~andard: 360 IIIg/m] TWA

OSHA Stan4ard: 1,450 mg/~] TWA (octane)

ACGIS Threshold Limit Values: 1,450 mg/m~
1,800 IIIg/m

,"

TWA (octane)
s~n (octane)
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Summary

Alkyl benzenes are a class o~ compounds that have a single
aromatic ring with one or more aliphatic chains attached.
They are not very persistent in ~he environment. Alkyl benzenes
are not very toxic, but at high doses they are irritants and
can cause central ner~ouS system anomalies. They are generally
toxic to fish at concentration. greater than 4 mg/1iter.

Introduction

Several individual alkyl benzenes, specifically toluene,
xylene, and ethylbenzene, are discussed in separate profiles.
Because the information on other alkyl benzenes is rather limi:~~

anc these compounds are likely to behave rather similarly,
they are considerea together in a generalpro~ile. Information
on ~pecific chemicals is providea in the attachec table.

Chemical Formula: C,RxCCBl x

Che~ical ana Physical ~rooerties

Boiling Point: ~irectly related ,t9 numb.~ of car=ons·-100-190o~

Melting Point: Variable, generally around 2S·C

Specific Gravity: Approximately 0.9 at 20·C

Solubility in Watera Inversely related to number of carbons:
Ca--approximately 1'0 mg/liter
C,--approximat.ly 70 mg/liter
ClO--a~pro~i~ate11 IS ::1;/:'1:e:.

Solubility in Organics: Soluble in acet~ne, benzene, and et~er

tog Octanol/Water ?artition Coefficient: Directly related
to nWllber of car~Qns.

CS--approximately 3
~~--4~~re~:~a~~:~ ~.S

~:4·-~==:~~:.:~~·~_.. '" ..
vapor Pressure:

Alkyl benzenes
?age 1
October 1985

Inversely related to number o~ c3r=ons.
Cae-approximately 8 mm Hg
c,--approximately 3 mm Rg
C10--approximately 1 mm 5g
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Transport and Pate
,.

Alkyl benzen.s vill volatilize into the at=osphere from
both the loil and lurfac. water. On~e in the air, they are
attacked by hydroxyl radicals to form aldehydes, hydrooxal~yl·
benzenes, and nitroalkylbenzenes: ~hey are al.o oxidized, and
the chief product is peroxyaeetylnitrate (PAN)'. Th'e alkyl
benzenes have log octanol/water partition coefficients of 3
to • and theretore ar. probably adsorbed by organics in soil
and sediments. They ar. also biodegraded by soil and aquatic
microorganisms. Alkyl benzenes probably are not very persistent
in the environment.

IIealth !'ffects

The information on the potential health effects associated
with exposure to the alkyl benzenes vith 9 or more carbons
is extremely limited. No data were available on the carcino
genicity of the alkyl benzenes. Tbe results ot mutagenicity
assays on both ethylbenzene and xylene were negative. Ethyl
benzene and xylene, and pres~ably the larger alkyl benzenes,
are not teratogenic, but they do retard growth somewhat. The
pri~ary effects associated vith exposure to the alkyl benzenes
are narcosis, central nervous system anomalie., and irritation,
particularly ot the mueou. membranes.- Oral tD values in the
rat for the larger alkyl benzenes arel ethYltafuene--s,ooo mqlk;;
isopropyl benzene--l,400 lIt4/lcg1 trimethylbenzene--5,OOO mg/k;;
diethylbenzene--S,OOO mg/kg, and tetrame.hylbenzene--6,OOO Mg/kq.

Toxicitz to wildlife and Ocmestic Animals

Very limited intormation was available on the toxicity
of alkyl benzene. to vildlife,' and none vas :ound on their
t~x1city to :!~,sti,= a!'!i~ats. !!'!. fish, 95-~our te ... values
were generally in the tange of 10 to 100 mg/liter.=~Inverteorate
species vere apparently affected at similar concentrations.
However, sensitive specie. were stressed at concentrations .
as low a. 4 .g/lit~r, and young fry were often adversely affected
at still lower concentrations. The.e studies ve:e c=nducted
on toluene, ethylbenzene, and xylene, and not on the longer
c!':a!~ "1' ~or .. !u!:s~!. t~t,~ .al!<?benzenes. !~ 1~ear! t:!':at. !~

;e~..!=~.. t ~:.:~.::. .. ~. ~.~c::!a~as .::.: ~::=='2as:!s :..~ :.~:.! •. ~=:::= .:
attached alkyl group. and in chain length. However, ~hese
results did no~ hold in all studies. I' is possi~le that ~e

creased solubility and increased adsorption to particles would
effectively limit the toxicity of larger alkyl benzenes to
aquatic organisms.

Altyl benzene.
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Resulatlons and Standards

OSHA Standard (skin): 245 mg/m3 TWA (isopropyl benzene)
•

ACGIH Thresbold Limit-Values Cskin):

Isopropyl benzene: 245 mg/m~ TWA
365 mg/m Sn:L

~rimethyl benzene: 125mg/m~ TWA
170 !lg/m STEL

AMERICAN CONFERENCE OF GOVERNMESTAL INOOSTRIAL RYG!!~!STS (ACG!~).
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OOOLL, J., KLAASSEN, C.O., and AMCcrR, M.O., eds. 1980. Casaret:
and Ooull's ~oxi~ology: The Basic Science of Poisons.
2nd ed. Macmillan Publishing Co., New York. 778 pages

LYMAN, W.J., RE%HL, w.r., and ROS~LATT, O.K. 1982. Hand~ook

of Chemical Property Estimation Methods: Environmental
Behavior of Organi~ Compounds. McGraw-Hill Book Co.,
New York

THE MZRCK' INOEX~ 0 1976. 9tho· ed. WindholZ, M., ed. Mer~k

and Co., Rahway, New Jersey

NATIONAL tNSTtTOT! POR OCeoPATIONAL SAFETY ANO KEAtTS (NIOSB).
1'84. Registry of ~xi~ Effects of C~emi=al Su=stances.
Data lase. 'Wasbington, O.C. OCtober 1984

RATIONAL RESEARCH COONCI%. (N'RC). 1981. The Alkyl Benzenes.
Committee on Alkyl Benzene Derivatives, Assembly of Life
S~i.n~es, NRC. National Academy Press, ~a5~i~;t=n, :.:.

SAX, N.t. 1975. oangeroul Properties of tndustrial Materials.
4th ed. Van Nostrand Reinhold Co., New York. 1,258 pages

a .5. ENVIRONMENTAL PROTECTION AGENCY CaSDA). 1979. Water-
o Related Environmental rate of 129 Priority Pollutants.
·;as:::'.~';~=::. : ..:. ~~·':2~=e:::·7 I -::; ~ • ..;c '''_-~''"~~ '?

WEAST, R.E., ed. 1981. Handbook of Chemistry and Physics.
'2nd ed. CRC Press, Cleveland, Ohio. 2,332 pages
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Sulltlllary

Anthracene is a three-ringed polycyclic aromatic hydrocar
bon (PAB). It is probably DOderately stable in the environment.
Anthracene cau••s dermatitis a~d other skin disorders in humans •

..
CAS. Number: 120-12-7

Chemical Pormula: ClCSlO
IOPAC Name: Anthracene

Important Synonyms and Trade ...... Paranaphthalene

Chemical and Physical prop!rti~

Molecular Weight. 171.22

Boiling Point. 340 to 3SS·C

Melting Point. 217·C

specific Gravity. 1.24 at 27ee

~olubility in Water. 0.073 a,/lit.r at 25·C

Solubility in Organics. S~lubl. in aceton. and benzen.

Log Octanol/Wat.r PartltloD Co.ffici.nt. 4.45

Vapor Pre.sur.. 1.ISslO-4 .. I, at 20·C

Vapor D.n.ity. '.15

Transport and Pat.

Much of the infor.ation concerning tran.port and fate
is inferred frc. data for polycyclic aromatic bydrocarbon.
(PARs) in gen.ral, because specific information for anthracene
is lack,ing. Rapid, dir.ct photolysis of anthracene to quinones
..y occur in aqu.ou. solution. Osidation Is probably too slow
to be a significant environa.ntal proc.... Th. available data
suggest that volatilizatioD aay be a .ignificant -transport

Anthracen.
Page 1
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photodynamic response concentration of 0.1 ~9/1it.r is repor:ed
for the freshwater protozoan ~ramecium caudatum. ~he weighted
average bioc=ncent:ation factor for t~e edible portlon of all
freshwater and __tuarine aquatiC organisms consumed by Ame:ica~s

is 478.

Resulations and Standards

Ambilnt Water Quality Criteria (OS~A):

The available data are not adequate for establishing criteria.

1U:n:~~C%S

lNT!~~ATtONAL AGENCY rOR RESEARCH ON CANCER (lARC) 1983.
-tARC Monogroph. on the Evaluation o! the Carcinogenic ~is~

o! Chemicals to H~ans. Vol 32: Polynuckas Arcmatic Compounds,
Part 1, Chemical, Environmental and Experimental Data.
World Health Organization, Lyon~ Prance

NATIONAL INSTITOTE POR OCCUPATIONAL SAFETY AND HEALTH (NIOS!).
19S4. .egistry o! Toxic Efflcti of Chemical Substance~.
Data Base. Washington, D.C. July 1984

SAX, N.I. 1975. Dangerous Proper~ias o! In~ustr1al Materials.
4th ed. Van NostraneS It.-inhol~ Co., New York. 1,258 pages

o.s. ENVIRONMENTA1. P!tO'1'!:O'ION AGENCY (tJSUA). 1979. Water
Related Environmental 'ate of 129 priority Pollutants.
Wasbington, D.C. Decemtler 1979. -EPA 440/4-79-029

tJ.S. ENVIRONMEN'l'AL PROftO'IOH AG!:NCY (tJSDA). 1980. Ambient
Water Quality Criteria for polynuclear Aromatic Hydrocar
tlons. OffiCI of Water Regulations and Stan~a:~s, C:i:e:~a

and _tandards Division, Washington, D.C: October 19~O.
EPA 440/S-S0-06'

WEAST, R.Z., ed. 1981. Handbook of Chemistry an~ Physics.
- 62nd ed. cac Prlss, Cleveland, Ohio. 2,332 pages
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AN'l'IHONY

SUJlUllarx

Antimony production bas been a.soci.ted witb an incr••••
in.lung cancer in esposed workers. An inh.1.tion study u.ing
rat. yielded suggestive evidence th.t .ntimony triosid. causes
lung and liver tumors, .nd .evera1 antimony compounds were
mutagenic vhen tested. using bacterial t •• t system•• Pema1.
workers exposed to antimony compounds bad an increas.d incidence
of gyn.cologic.l di.orde:••nd .pontaneou. abortions, similar
effect. v.r. ob••rved in an anim.1 study. Antimony also causes
cardiova.cul.r chang.s in humans .nd m.y dam.ge tbe myocardia.

Background Inform.tion

Antimony esi.t. in a variety of cbemical for... It i.
found in any of four .aleDce st.te. (-], 0, +3, or +5). In
the environm.nt, stibnite (Sb2S~) i. the .oat common natur.l1y
occurring form of antimony, altnough it ia al.o found a. tbe
native metal, as antimonide. of be.vy .etal., and a. antimony
osides.

CAS Numbera 7440-3S-0

Chemical Pormulaa Sb

ItJPAC Name. Antimony

Chemical and Pby.ical Prof!rtie. (Metal)

Atomic .eigbta 121.75

Boiling Point. 1750ee

Melting Point. S30.7.ee

Specific Gra.ity,S.'•• at 25ec

SOlubility in Water.

Antimony
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Transport and rat.

Antl-any I. present •• the .olubl. oxide or anti.onit.
(+3} .alt In aost natural vat.rs. In reducing .n.ironment.,
volatile .tibine (lbR3) may be for••d. Itibine Is a ga. at
roo. t ••peratur., and it i. quit•. soluble In vat.r. Rov.v.r,
i.t II not stabl. In a.roblc vat.rl or air and il oxlcUz.d to

::~:lf~2~l~vl::·af~:~::f:;::v~:~:;::t~na:;do;~:~·:n::~h:~t::
fOI';·rellObilllatlon of antiJlOny pr••iou.ly r.mo••d from solution.
Bloaethylation proc••••• r.sulting in the formation of .olatil•
• tiblne d.rl.atlve•••y al.o cau.e .oa. r..obillzation of anti
.ony. ~e .xtent to vhich .orptlon r.duc•• the aqueous transport
of antimony I. unknown, but it II cl.a·r that .orption to clay.
and min.rall is nor.ally the mo.t Important ••chanism r.sulting
in tb. remo.al of antimony fro. lolutlon. Th.r. al.o I. a
po.libility that h.a.y .etal. in .01ution could r.act vith
anti.onit. or antimonat.. (+5) to form In.oluble cOllpoundl.
Th. i.portanc. of luch proc••••• i. unknown, but it 1. lik.ly
that .o.t .peci.1 ofantiaony 1" natural vat.r. are .olubl.
and quit. aobll. and .re •••ntually tr.nlport.d In .olution
to the oC••ftI. Bio.ccuaul.tion .ppe.r. to be only. minor
f.t. proc••• for antimony. Airborne tran.port of anti.ony
in the fora at p.rticul.t•• c.n .110 occar.

H••lth !ff.ct.
i

. Antimony production b•• be.n •••oci.t.d vith .n Incr••••
in lunt c.n~.r among .xpo••d vork.r., .nd on. lnhal.tion .tudy
in rats .lso indic.t.d th.t antimony trioxlda might produc.
lung and 1i••r tumors. I••eral studl•• In bact.rial t •• t sy.
tem. report that variou. antimony compound., inclUding antimony
trioxide, antimony tricb10ride, and .ntimony pent.chlorid.,
.ay be .utag.nic. ..port. of .ffect. Oft reproduction ar. limited.
Among the .ff.ct. on r.production report.d for human••r. i.palr
ment. to the f ••a1. reproducti•••y.t... ....1. workers ezpo••d
to m.t.llic .ntimony du.t, antimony triozide, and .ntiaonf
pentoxid. had .n incr••••d incid.nc. of· g1ftecologlc.l dl.orderl
and lat.· .pontaneou. abortions. Antlaony va. found in tb.
br.a.t all., placental tl••ue, aanlotlc flaid, and blood of
the aabilical cord In .xpo.ed worters. Decr••••d velght gain
va. ob••r".d In chlldr.n boE;n of war••r. .xpo.ed to antimony.
Th..... ,.,.r r.port. a .tudy In wbich Intraperlton••1 admlni
.tr.tlon of aDtlmony produc.d cb.ng.. in r.ts tbat .upport
tbe finding. of baa.n r.producti.e .ff.ct••

Cardiov••cul.r chang•••••oclat.d with .xpo.ur. to anti
mony r.pre••nt •••riou. h••lth .ffect. "po.ur. to .ith.r
tri ••1.nt or pentav.l.nt .nti.oni.l coapound. c.n produc••l.ctro
cardlogr... (ICG) chang•• In haaan•• HI.topatbologic.18.idence

AntlllOny.a,. 2
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of cardiac edeaa, myocardial fibrosis, and other .igns of myocar
dial Itructural daaage indicates that antimony may produce
even aore .evere, possibly permanent myocardial damage in humans.
Parallel findingl of functional changes in ICG patterns and
of histopathological evidence of myocardial .tructural damage
have allo been obtained in animal toxicity Itudies. Pneumoconiosis
in response to inhalation exposure and dermatitil in response
to Ikin exposure have also been observed among individuals
exposed to antimony or its compounds.

Toxicity to Wildlife and Domestic Animals

Test. with antimonypota.liaa tartrate and antimony tri
chloride in Daphnia magna reveal no difference in the toxicity
of these two compound.. The L~~o and ZC~o values for Daphnia
ia;na and the fathead minnow, DOth fresh_Iter species, range

rom 9,000 to 21,900 ~g/liter. Chronic value. for the fathead
minnow and Daphnia ma~ are 1,&00 and 5,400 ~g/liter, respectively.
Acute-chronic ratiol lOr the fathead minnow and Daphnia ma9na
are 14 and 3.5, respectively. The freshwater alga selenastrum
capricornutum is more .enlitive than the animal specIes tested,
with a 96-hour EC SO of &10 ~g/liter for inhibition of the synthesis
of chlorophyll a. No detectable bioconcentration of antimony
by the bluegill-was ob.erved. No definitive data concerning
the toxicity of antimony to laltwater .pecie. or to other wildlife
or domestic animall are available.

Regulations and Standard.

Ambient Water Quality Criteria (OSEPA):

Aquatic Life

The available data are not adequate for eltablishing criteria.
Bowever, EPA did report the lowe.t value. known to be toxic
in aquatic organilm••

Pre.hwater

Acute toxicity: 9,000 ~g/liter

Chronic t~xicity: 1,&00 ~g/liter

Saltwater

Acute toxicity: No available data
Chronic toxicity: No available data

Ruman Health

Criterion: 14& ~g/llter

: T

Antimony
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NIOSR Reco..en~ed St.nd.r~: 0.5 m9/m3 TWA (.ntimony
.nd .11 .ntimony compounds
.xcept stibine)

0.5.9/m3 TWA (.ntiaony .nd its
compounds .s Sb)
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ARSENIC

Suuaty

Arsenic 1s a metal that 1s present in the environment
as a constituent of organic and inorganic compou~ds, it also
occurs in a number of valence states. Arsenic ia generally
rather mobile in the natural .nviroMent, vith tbe degree of
mobility depe.ndent on.its chemical form and the properties
of· the· surroundi.ng medium. .Arsenic is • human carcinogen r
it ~.uses skin tumors vhen it Is ingested and lung tumors vhen
it 1s inhaled. Arsenic compounds are teratogenic and have
adverse reproductive effects in animals. Chronic exposure
to arsenic is as.ociated with polyneuropathy and .~in lesions.
It is acutely toxic to some early life atages of a;uatic orqanisms
at levels as lov as 40 ~g/llter.

Background Information

Arsenic can be found in the enyironment in .ar of four
valence states (-3, 0, +3, and +5) depending on tbe pH, Ib,
and other factora. It can exist a. either inorganic or organic
compounds and often will change fo~s a. it mOye. through the
various lIIedia •. · The che.ical and physical properties depend on
the state of tbe .etalloid. Only the properties of .etallic
arsenic have been listed, properties of other ar.enic compounds
are often quite different.

CAS Number. 7440-38-2

Chemical Pormula. Aa

IOPAC M..e: Ar.enic:

Chemical and Phy.ical properties

Atomic .eight. 74.91

Boiling Point. S13·C

Melting Point. 817·C

Specific Gravity.

Arsenic
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Solubility in Waterr Insoluble, som. salts .r. soluble

Tr.nspor~ .nd Pat.

tn the natural .nviron••nt, ars.nic ba. four different
o.idation stat•• , 'and chemical speciation i. important in deter
.ining ar••nic'. distribution and .obility. tnt.rconv.rsion.
of the +3 and +5 .tate. a. w.lla. organic co.pl••ation, are
th••~o.t i.portant. Ar••nic is g.n.r.lly quite .obil. in the

'.nYirona.nt~ In the aquatic en.irona.~t, .olatilization i.
import.nt wh.n biolovical acti.ity or highly r.ducing condition.
produce ar.ine or .ethylars.nic.. Sorption by the s.dim.nt
i ••n import.nt f.te for tbe ch.mlcal. Ars.nic i •••t.boliz.d
to organic .rs.nic.ls by • nuab.r of organi..s, this increa.e•
• r ••nic' ••obility in the .nvirona.nt. a.cau•• of it. general
mobility, ,ars.nic t.nd. to cycl. through th~ .n.ironm.nt.
Its ulti.ate f.t. 1. probably the d••p oce.n, but it .ay pa••
through num.rou. st.g•• b.for. finally r.aching th•••••

H.alth !ffects

Ars.nic h•• be.n implicat.d in the production of skin
canc.r In human.. Th.r. is al.o .xten.ive .videnc. th.t inh.
l.tion of .r••nlc compound. cau.e. lung canc.r in workers.
Ars.nic compound. caui. chromo.a.. daaage in .ni.al., and humans
.zpo.ed ~o .r••nic compound. h.ve been report.d to b... an
.lev.ted incld.nce of c~roao.oae .berr.tlon.. Ar.enlc compounds
hay. been reported to be ter.tog.nic, t.totoslc, .nd ••bryotozlc
In ••••r.l .nlm.l specl•• , and .n incr••••d incld.nc. of mUltiple
malform.tlon. among childr.n born to va.en occupationally ezposed
to .r••nic b.. b••n r.port.d'. Ar••nlc coapognd. .1.0 c.u••
nonc.nc.rou., po•• ibly pr.canc.rou., ._in ch.ng•• in .xpos.d
individu.l.. S.v.r.l c•••• of progr•••l •• polyn.urop.tby in
volving .otorand ••n.ory n.r••• and p.rticul.rly .ff.cting
the .xtr••iti•••nd .y.lin.t.d long-.son n.uron. b••• be.n
r.ported in indi.idual. occupationally .zpo••d to inorg.nlc
ar.enic. Polyn.urop.thie. ba.e .1.0 be.n r.port.d .ft.r tb.
ing••tion of ar'.Dic-contaminat.d food••

~o.iclty to Wildlife and Dca••tic Anl.al.

Va.ioa. inorganic fo~. of .r••nlc .ppear to bav••i.ilar
l.v.l. of toxicity, tbey .11 •••• to be .ucb aore toxic tban
organic for... Acute toxicity to .dult fre.hwater anl.als
occur. at lev.l. of .r••nic trioxide a. low •• 112 ~,/liter

and at le.e1••• low •• 40 ~9/1it.r in earl, life .tage. of
aquatic org.ni.... Acute toxicity to ••ltvater fi.h occur.
at 1.v.1••round 15 .g/liter, vhl1••oae invertebr.t•• are
.ffected at .ucb lover l ••el. (508 ~g/llter). Ar.enlc toxicity

Ar.enic
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does not appear to increase greatly with chronic exposure,
and it do•• not leem that arlenic is bioconcentrated to a great

. degree.

Arsenic poisoning is a rare but not uncommon toxic Iyndrome
among domestic animals. Arsenic causes hyperemia and edema
of the gastrointestinal tract, hemorrhage of the cardiac serosal
lurfaces and peritoneum, and pulmonary congestion and edema:
and it may cause liver necrosis. Information on arsenic toxicity
to terrestrial wildlife was not reported in the literature
reviewed.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life

Preshwater

Acute toxicity: 440 ~g/liter
Chronic toxicity: No available data

S.altwater

Acute toxicity: 508 ~g/lit.r
Chronic toxicity: No available data

Buman Beal th

Estimates of tbe carcinogenic risks associated with lifetime
exposure to various concentrations of arsenic in water
are:

!.1!!
10-5
10-6
10-7

CAG Onit Risk (OSEPA):

Concentration

22 ng/liter
2.2 ng/liter
0.22 ng/liter

15 (mg/kg/day)-l

National Interim Primary Drinking Water Standard (OSEPA):
SO ~g/lit.r

NIOSB Recommended ~tandard (air): 2 ~g/m3 Ceiling Level

OS,SA Standard (air): sao ~g/m3 ~

ACGIB Threshold Limit Value: 200 ~g/m3 (Ioluble compounds,
al AS)

Arlenic
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ASBESTOS

SUJlUDary

Asbestos is • collective term .pplied to numerous fibrous
mineral coapounds of natural origin. These c~pounds are quite
stable in the environment and m.y move either oy vind dispersion
or' by being transported in Burface v.ter. As"bestos is a human
earei nogen and causes lung- tumors and mesothelio.as in persons
expose~ by inhalation. Asbestosis, a progres.ive, irreversible
lung.'diseaseis also c.used by exposure to a.lbestos fibers.

Background Information

Asbestos is • collective mineralogie.l term applied to
numerous fibrous .ineral silieat.s composed of .ilieon, oxygen,
hydrogen, and metal cations .uch as .odia., "inesium, calcium,
an4 iron. There .re tvo m.jor group. of ••b.stos. serpentine
(ehrysotil.) and amphibole (amosite, crocidolite, .nthophyllite,
tremolite, .nd actinolite). The ch••ical cc~.ition of dif
ferent asbestos fibers v.ries widely, a. do the physic.l .nd
chemical propertle.. Aabesto. tib.r. are r•• iltant to fire
and to most .olv.nts, but they will d.teriorat. rapidly in
some re.gents (strong .cids and b•••• ) at t ..perature. greater
than about 95 to lOOec.

CAS Number. 1332-21-4

TranSpOrt and Pate

Asb.sto. i. stabl. and is not prone to livniticant chemical
or biological degradation in the aquatic environment. After
introduction into .urface w.ter., it r..ain. !n .u.penslon
until physical degradation or che.ical co.galation allow. it
to s.ttl. into the ••dim.nt l.y.r. '!'h. iaportanc. of tran.port
from the .urface of aquatic environment. by wind-ectivated
aerosol fo~ation 1. not known. Rov.ver, aobili••tion ot ••beatoB
tro. terre.trial .urt.c•• and .011. Into tb. atao.ph_re by
wind is known to occur. ot 243,527 .etric ton. of .SbestOI
discharged- to the environment in tb. United State. in 1975,
98.3' v•• discharged to land, 1.5' to air, Ind 0.2' to water.
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He.altb Iffects

Tbe .e,verity of health effects associated vith asbestos
depends on s.yer.l factors inclUding fiber length and diameter,
the nuaber ~f fibers, fiber degr.dation and retention, and
.sb••tol ty~. Th. rel.tive p.thogenicity of asbe.to. fiber•
..,l.tb different ch.r.cteri.tic. appe.r. to be variable. Bowever,
all .sbestol produces .dvers. healtb effect., and therefore,
it is generally considered •• a .1ngle .ntity.

• 0.
~sbesto•. i. a recognized human carcinogen cau.ing lung

cancer .nd mesothelioma, • for. of neoplas. of the lining of
the chest .nd .bdominal c.vitie., in ..,orker. expo••d by inhala
tion. M••otheliomas have .lso been identifi.d in individu.ls
living n.ar .sbesto. pl.nts. Ixc••••• of cancer. of the g.stro
int•• tinal tract have be.n identified in ••bestos-expo••d vorkers,
It i. uncle.r if .xpolure 1. 'II. ing•• tion or .la tb. p••••g.
of ph.gocytiz.d particle. tbrough th. body fraa tbe lung.
Canc.r of th. l.rynx ha••1.0 b.en a.lociat.d'vith ••po.ur.
to ••blato.. Clgar.tte ..oking pot.ntlate. the riak of lung
canc.r in individuals e.po.ed to a.be.to.. All comaerclal
for•• of asbe.to. are carcinogenic In experi••ntal ani..l ••

No data exiat on tbe teratog.nicity of a.be.tol, altbough
tran.plac.ntal tran.ter of asbeatoa b•• been reported. In
a .tudy u.ing aeveral cbryaotile and crocidolite ...ple., botb

°tr.n.for.ation of aorpftology and po.iti'I. geftetic re.pon.e.
r ••ulted fraa pa••i •• inclu.ion of ••be.tOI 1ft tbe cultur.
media of Cbine.e ham.ter cell., althougb very fine fibroul

"gla•• produced th..... abnormalitie.. Ho aut.genlcity b••
been ob.erv.d in any bacterial te.t .y.t....

Long-tera expolure to asb.stol dUlt also caul•• a.b.sto.is,
• progresslv., irr.v.rsible lung di ••••• cbar.~t.ril.d by diffu.e
int.r.tltial fibro.i.. Acute effect. are ot little con.equence
aft.r .xpo.ure to btgb concentration••la 1nbalation altbougb
some te.porary breatbing difficulty bal occalionally been re
ported by vorker~.Altbough b~.n d.t. on initial cb.nge.
are una.ailable, local infl....tory le.lona are foand In tb.
teralnal broncbiol•• of rat. following lnbalation. ,rogr•••ive
flbroli. follow. vitbin a f.w week. of the direct expo.ur.
to 4u.t. In experl..nt. with r.t., cellular prolif.ration
and DRA Iyntb.li' ill tb. Itc.ach, 4u04enua, and jejunua appear
to be an l...dl.'.-re.pon.e to ••be.tOI ingestion. Structural
change. III tb. lle~, particularly tbe .illl, are also observed.

Toxicity to Wildlife and Dom.stic Ani.al.

No data concerning th. effects of a.be.to. on vildlife
and do•••tic animal. are available. Til.ue ...ple. of fre.hw.ter
fl.h .peeie. fraa water vith known a.be.to. contaaination conta1n
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a.bestos fibers identical to those in the water. Muscle tissue
concentrations were about one-twelfth of the ay.rage water
concentrations, but 1iver and kidney fiber concentrations were
500 tim.s gr.ater than muscle tissue concentrations.

Regulations and Standards

Ambient Water Quality Criteria (USEPA):

Aguatic Life

The ayailable data are not adequate for establishing criteria.

Human Health

Estimates of carcinogenic risks associated with lifetime
espa.ure to various concentrations of asbestos in water
are:

Concentration

300,000 fibers/liter
30,000 fiberl/liter
3,000 fibers/liter

NIOSH Recommended Standards:

0.1 fiberl/ml al an 8-hr TWA
0.5 fiberl/ml as • l5-ain Ceiling Level

OSHA Standards:

2 fiberl longer than 5 ~m in length per al of air as an
8-hour 'l'WA
10 fiberl/al as • 10-ain Ceiling Level

AeGIS Threshold Liait Valuel:

Amosite, 0.5 fibQrs greater than 5 ~. in length/ml

Chrysotile, 2 fibers greater than 5 ~. in length/ml

Crocidollte, 0.2 fiberl greater than 5 ~. in length/ml

Other forms, 2 fibers greater than 5 .~. in length/ml

Asbeltos 11 considered a recognized human carcinogen.

Asbestos
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S~lubillty in Waterl

BARIOM

SUllUllary

In it. pure form, barium is an eztremely reacti.e metal
that decomposes in vater. In natural vaters it forms Insoluble
carbonate or .ulfate salts and is usually present at concentra
tions of less than I mg/liter. Insoluble forms of barium are
not very toxic~ but soluble barium salts are highly toxic after
acute exposure, and they have a prolonged stimulant effect
on muscles. A benign pneumoconio.is, baritosis, can result
from inhaling barium dusts. The EPA Interim primary Drinking
Water S~andard is 1 mg/liter.

CAS Number: 7440-39-3

Chemical Pormula: Ba

IOPAC Name: Barium

Chemical and Physical prOperties

Atomic Weight: 137.3

Boiling Point: 1,640·C

Melting Point: 725·C

Specific GravitYI 3.5

Decomposes, combines with sulfate
pre.ent in natural waters to form
BaS~£, wbicb ha. a aolubility of
1.6 ag/liter at 20·C

S~lubllity In Organic.1 S~lnbl. in alcobol, insoluble in benzene

Transport and Pate

BariGa II eztre.e1y reacti.e, decompose. in water, and
readily foral inloluble carbonate and sulfate .alts. Barium
is generally pre.ent in lolutlon in .urface or groundwater
only in trace ..ounts. Large amounts vill not dl.s01.e because
natural·vaters u.ually contain lulfate, and the .olubility
of barium lulfate i. generally low. lariwa i. not lol.uble
at acre than a few part. per .1llion in vater that contains
sulfate at aore than a few part. per .lll10n. Bove.er, barium
sulfate ..y become con.lderably .ore loluble In the pre.ence

Barium
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of chlorid••nd other anionl. Monitoring program. Ihow that
it il rare to find barium in drinking water .t concentrations
great.r th.n 1 ag/lit.r. Atmospheric transport of barium,
in the fora of particul.tel,can occur. lioaccuaul.tion is
not an iaportant proc.II for barium.

Health Iffects

~h.re are no r.portl of carcinogenicity, autagenicity,
or teratog.nicity al.ociated with eapolure to barium or its
compound.. Iffect. on gametogen.lil .nd on the reproductive
organ. are reported in .al••nd fem.l. rat. aft.r inh.lation
of barium carbon.t., intrate.ticul.r inj.ction of barium chlori~e

.ffects the m.l. r.productiv. organl.

Inloluble for•• of b.rium, particul.rly bariua lulfat.,
.r. not tosic by ing••tion or inh.l.tion beC.UI. only aini••l
amounts .re .bsorb.d. Bow.v.r, loluble b.riua compounds .re
highly tosic in humanl .fter .spolur. by .ith.r rout.. ~b.

mo.t important .ff.ct of acut. b.rium poi.oning i •• Itrong,
prolonged Itimulant .ction on mUlcle. smootb, c.rdiac, and .
Ik.l.tal .ulcl.1 .r. all .ff.ct.d, .nd • tranli.nt incr••••
in blood pre.lur. due to v.loconltriction c.n occur. Iff.ctl
on the h••atopoi.tic IYlt•••nd c.r.bral. cort.s h.v••1.0 be.n
r.port.d in hum.nl. Accid.nt.l ing••tion of .olubl. b.rium
••It. hal r ••ult.d in g.ltro.nt.ritil, aUlcul.r paralYlil,
and v.ntricul.r fibrillation.nd .str. IYltol... Potallium
d.fici.ncy c.n occur in ca.e. of .cut. poi.oning. Do••• of
barium carbon.t. and b.rium chlorid. of 57 ag/kg and 11.4 .g/kg,
r ••pectiv.ly, h.v. be.n r.port.d to b. f.tal in hum.ns. Digi
tali.-lik. tosicity, .u.cle .timul.tion, .nd .ff.ct. on the
h••atopoi.tic and c.ntr.l n.rvou••y.t••• have be.n confirmed
in ••p.rim.ntal .ni••l.. ~h.r••r. no .d.qu.t. ani••l d.ta
.v.ilabl. for d.t.rmining the chronic .ff.ctl of low l.v.l .
••po.ur. to b.riga by ing••tion.

Barito.i., • benign pn.umoconioli., i ••n occup.tion.l
di••••••ri.in, froa th. inhal.tion of barium lulf.t. du.t,
b.riga o.id. dUlt, .nd b.rium c.rbon.t.. ~h. r.diologic changes
produced 1n th. lungl .r. r.v.rlibl. with c••••tion of ••po.ure.
Oth.r e.poet. oL.indu.tri.l .spo.ur. to b.rium coapoundl de.cribe
pulaonary nodulation with or witbout a d.cr•••• in lung function.
Du.t. of bariua o.id. .r. con.id.r.d pot.nti.l ag.nt. of der.al
and n••al irritation. ~he biological balf-lif. for b.rium
i. 1••• tban 24 bour••

~o.icity to Wildlif••nd Dom.stic Ani••l.

Ad.quat. data for cb.r.ct.ri.ation of tozlcity to wildlife
and dom••tic ani..ls .r. not .v.il.bl••

••riu.
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Regulations and Standards

Interim pr1.ary Drinking Wa~er ~tandard: 1 ag/liter

OSHA S.tandard: 0.5 .g/m3 (soluble compounds, a. Sa)

ACGIS Threshold Limit Value: 0.5 mg/m3 (soluble compounds, as Sa)
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Solubility in Organics~

BENZENE

SUlMlarx

Benzene is an important in~ustrial 1D1vent an~ chemical
interme~iate. It is rather volatile, and atmospheric photooxi
dation is probably an important ta~~ process. Benzene is a
known human carcinogen, causing leukemia in exposed individuals.
It also a~versely atfects the hematopoietic system. Benzene
has been shown to be tetotozic and to cause embryolethality
in experimental animals. Exposure to high concentrations of
benzene in the air causes central ~.rvous system depression
an~ card,iovascular ettects, and der••l ezposure nycause ~erma

t it is.

CAS Number: 71-43-2

IUPAC Name: Benzene

Chemical and Phxsical Properties

Molecular Weight: 78.12

Boiling Point: 80.1·C

Melting Point: 5.5'·C

Specific Gravity: 0.879 at 20·C

Solubility in Water: 1,780 ag/litar at 2S·C

Miscible with ethanol, ether, acetic
acid, acetone, chloroform, carbon
disulfide, and carbon tetracbloride

Log Octanol/Water Partition Coetficient: 1.95-2.13

Vapor 're••ure: 75 .. Ig at 20·C

Vapor Den.ity: 2.'7

Plash Point: -ll.l·C

Benzene·
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!ran.port and Pate

Volatilization appears to be the major tran.port process
of ben••n. froa lurface waters to the ambient air, and atmos
pheric tranlport of b.nzene occurs readily ~SEPA 1"'). Al
though direct oxidation of benzene In environmental waters
II unlik.ly, cloud cha.b.r data Indicate that it....y b. photo
oxidized rapidly in the atmo.phere. Ina..uch al volatilization
il likely to be the .. in tran.port procel. accounting for the
reaoval of b.nzen. froa water, the a~olph.ric d.struction
of benzen. is probably the ao.t lik.1y fat. proc.... Values
for b.nz.ne-I log octanol/water partJtjon co.fficient indicate
that adsorption onto organic aat.ria1 ..y b. lignificant under
conditions of conltant .xposur.. Sorption proc..... are likely
re.oval .echanilms in both lurfac. wat.r and groundwat.r.
Although the bioaccWlula·tion potential for b.nzen. appears
to be low, gradual biodegradation by a vari.ty of microorganisms
probably occur.. Th. rat. of b.nzen. biod.gradation aay be
.nhanc.d by the pre.enc. of other hydrocarbons.

aea1th Bffect'

B.nzen. i. a recognized human carcinogen (IARe 1982).
S.vera1 epid.miological Itudi.1 provide luffici.nt evidence
of a caulal relationlhip betw••n benzen•••polur. and leuke.ia
in humans. Ben.en. il a known inducer of aplastic an••ia in
hWianl, witb a latent p.rlod of up to 10 y.ar.. It produces
leukopenia and throabocytopenia, which .ay progr.11 to pancyto
penia. Si.i1ar adver...ffects on the blood-c.11-producing
.ystem occur in animals expol.d to b.nz.n.. In both humans
and animals, benzen. e.polure il associat.d witb chromosomal
damage, although it i. not autag.nic in alcroorgani.... Benzene
wa. fetoto.ic and cauI.d ..bryol.thality in ..perim.ntal animals.

Izpolur. to ••ry h!gb conc.ntrations of b.nz.n. [about
20,000 ppa (66,000 ag/a ) in air) can be fatal vitbin .inut••
(lAIC 1982). ~e proainent 11gn. are central Dervous IYlt••
depr.l.ion and coft9ul.ion., witb death u.ually following al

-a cons.quence .of cardiovascular collaple. Milder expolure.
can produce .ertlgo, drowsines., headache, nau..a, and eventually
unconsciousne•• if ezpo.ure continue.. Deatb. fro. cardiac
••n.itia.tio~ and cardiac arrhytbaias ba.e alao been r.ported
after e~.ur. to' ~nknovn conc.ntration.. Althougb ao.t benzene
ha.ard. are a.lOCiated witb inhalation exposure, deraal absorp
tion of liquid ben.ene aay occur, and prolonged or repeated
Ikin contact .ay produce bliltering, eryth..a, and a dry, .caly
derJUtitil.
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Toxicity to Wildlife and Domestic Animals

The BC value. "for benzene in a variety of invertebrate
and vertebr~~e freshwater aquatic species range from 5,300 ~9/liter
to 386,000 ~g/lit.r (OSEPA 1980). Bowever, only values for
the rainbow trout (5,300 ~g/liter) were obta!ned from a flow
through te.t and were based on measyred concentrations. Results
based on unmeasured concentrations in static test. are likely
to underestimate toxicity for relatlvely volatile compounds
like benzene. A chronic test with Daphnia magna was incomplete,
with no adverse effects ob.erved at test concentrations as
high as 98,000 ~g/liter.

For saltwater species, acute values for one fish and five
invertebrate species range from 10,900 ~g/liter to 924,000 ~9/liter.
Freshwater and saltwater plant specie. that bave been studied
exhibit toxic effects at benzene concentrations ranging from
20,000 ~g/llt.r to 525,000 ~g/liter.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life

The available data are not adequate for e.tablishing criteria.
Bowever, EPA did report tbe lo~.t concentrations of benzene
known to cause toxic effects in aquatic organisms.

Fre sh va ter

Acute toxicity: 5,300 ~g/llt.r
Chronic toxicity: No available data

Saltwater

Acute toxicity: 5,100 ~g/lit.r

Chronic toxicity: No aval1able data

Buman Sealth_

ZIti_tel of the carcinogenic riskl .Iociated witb lifeti'me
expolure to .arioul concentration. of benzene in water
are.

Concentration

,., ~9/11t.r

0." ~g/lit.r
0.066 ~g/llt.r

Benzene
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CAG Unit li.k (USEPA). 2.'zlO-2 (ag/kg/day)-l

OSHA St.ndard.. 30 .g/.3 TWA
75 .g/.3 Ceiling Leyel
150 .g/.3 10-.in Peak Le.el

ACGIB Thre.bold Liait. Value.. su.pact,d buman c.rcinogen
30 .g/a3 TWA
'5 .g/_ STBL
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BENZIDINE

SUlMllary

Benlldlne I. an aro.atlc a.ine that can be for.ed in the
envlro~ent br the degradation of benlldine-ba.ed dye.. It
i. rapidly ox dlzed by .etal cation. in natural water. to tor.
radical cation. which may be fairly per.i.tent. Benzidine
i. considered to be a human carcinogen, epidemiological studies
shov that it cau.e. bladder cancer. It ha. al.o cau.ed liver
and.bi.d~er tumor. in ani.al. and it i. autagenic in bacterial
test .y.t.... Expo.ure to benzidine cause. noncarcinogenic
liver and kidney da.ag. In animal. expo.ed by various routes.
Benzidine i. tosic to aauatic life at concentration. a. low
a. 2,500 ~g/liter.

CAS Huab.r. 12-87-5

Che.ical Pormula. C12R8 (R!2)2

ItJPAC Hame. Benlldine

I.portar.~ Synonya. and Trade H..... p-Benaidine, 4,4'-Di..ino
bipbenyl .

Chemical and Phy.ical Properties

Molecular Weightl 184.23

Boiling Pointl 402·C

Melting Point. l21·C

Specific Cra.ity. 1.250

Solubility in .ater. 400 8g!liter at 12·C

SOlubillt, 1ft Organlca. Soluble In alcobol and .tber

Log Octanol/Water Partition Coefficl.nt. 1.11

vapor Den.lt,. 1.31

'.
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Tran'eort and rate

!he phy.ical and cheal cal propertle. of ben.ldlne .ugge.t
that dlr.cC photoly.i. of tbl. coapound probably occur. in
aquatic .y.t.... ,botooaldatlon and dlr.ct Int.raction .ith
aol.cular 0.yg8n or bydropero.y ra'ical. probably are .1gnlflcant
fate. for benaldln.. Bove.er, o.ldation by th•••tal c.tlon.
ot natural ••t.r., .ucb •• P. III, A1 III, and CU II, 1. probably
the ao.t rapid fat.proc••• In a~atla .y.t.... Wydroly.i.
an~.»olatlllaatlondo. not .ppe.r to be iaport.nt .nviro~ental

t.f.proc...... Althoagh theaoderat. log. oct.nol/••t.r parti
tion co.ffici.nt of ben.ldln••ugg••t. littl. pot.ntl.1 for
.orptlon by org.nlc particulat•• , .d.orptlon to clay ain.r.l•
•nd ••t.l cation coapl.... 1. v.ry rapid and .., be the ao.t
i.port.nt .nvlrona.nt.l tr.n.port proc••• for tbl. compound.
It I. .ugg••ted that Int.re.l.tlon ot .benaldln. r.dlc.l-c.tlon
into cl.y partlcl...ay Iner•••• It••t.bl1Ity In .nvlrona.nt.l
vater.. Th••• p.rtlcl•• could th.n becoa. p.rt of tb. bed
••dl••nt or could ~ tr.n.port" In .urt.c•••ter .y.t.a••lthout
being d.t.ct.d by .o.t .n.lytlc.l ••thod. for ••••urlng benal
din. 1•••1.. 110.ccuaulation do•• DOt .ppear to be .n l.port.nt
environm.nt.l proc••• for benaldin.. len.idla. I' ••tabolla.d
by .....1., .nd d.toxlficatlon prob.bly proc••d. by ac.tyl.tloD
of the ..lno group.. Bled.gr.d.tlon by .ctiv.t.d .lud,...y
contrlbut••1lgbtly to tb. d.gr.datlon.of benlldln. durin,
•••ag. plant tr.ata.nt. ~••xt.nt of .lcrobl.l d.9rad.tion
of b.nzldin. In n.tural .at.r. i. unknown.

Health Iftect•

••nzldln. 1. con.ld.r.d a baa.n carcinog.n. !pld••lologlcal
.tudi•••ho•••trong •••ocl.tion b.t•••n occup.tional ••po.ur.
to b.nzldln. and d.".lo,..nt of bl.dd.r c.nc.r. hpo.ur. can
occur through In9••tion, Inb.latlon, or percataneou. ab.orption.
B.nzldln. 1. al.o carcinog.nlc In • .,.rl••ntal anl.al.. Por
....pl., oral .xpo.ur. produc•• Ilv.r tuaor. 111 tb. r.t and
ba••t.r, .nd bladd.r tuaor. In tb. '09. lenlldll1. ba. be.n
.hown to b. .uta,enlo 111 a .arlety of te.t .,.t... 80 report.
on It. t.ratogenlcity or r.productiv. effect. ar. available •

• elatl••1, 1ltt. inforaatlon 1. a.allable COIIeernln, the
noncarclnag.nl0 .'fect. of benll'lne beeau.e ac,t experl.ental
work 1. conc.rn.d wltb .valu.tlng the carclnog.nlc rl.k of th.
co.pound. .aa••a, voaltlng, and po•• lbly 11••1' and kidney
d..ag. are r.port.d to be po••ibl. eft.ct. due to Inge.tlon.
In exp.ri.ent.l .nl..1., 11".r and kidney d..a,. ar. oft.n
ob••r••d .ft.r chronic or .ubchronlc ••po.ur. by 9arl~u. rout•••

Benzldln.
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Toxicity to Wildlife and Domestic Animals

Available data indicate that acute toxicity to freshwater
aquatic life occur. at concentrations as lov a. 2,500 ~g/liter

and vould occur at lover concentration. among .pecle. more
.ensitive than tho.e tested.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA)I

Aquatic Life

The available data are not adequate for establishing criteria.

Human Health

Estimates of the carcinogenic risks associated vith lifetime
exposure to various concentrations of benzidine in vater
are:

CAG Unit Risk (USEPA):

Concentration

1.2 ng/liter
0.12 ng/liter
0.01 ng/liter

234 (mg/kg/day)-l

NIOSS Recommended Standard: Buman carcinogen

OS.RA Standard: Buman carcinogen
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BENZO(a)ANTHRACENE

SummarX

Benzo(a)anthracene 11 a four-ringed polycylic aro.atic hydro
carbon (PAl). It 1. readily absorbed to organic .atter and
i, probably moderately persistent in the environment. Benzo(a)
an\hracene is carcinogenic in .ice and i. reported to be muta
genic in several tes·t systems. Carcinogenic PABs such as benzo (a>
anthr~cene cause immunosuppression, and dermal exposure causes
chronio dermatitis and otber skin disorder.. The very limited
information on its toxicity to aquatic life indicates that
benzo(a)anthracene is chronically toxic to fish at concentrations
of less than 1,000 ~g/liter.

CAS. NWIlberz 56-55-3

Chemical rormulaz C18B12
IUPAC Kamez 1,2-benzanthracene

Important Synonyms and Trade Rame.z 1,2-Benzanthrac.n., 2,3-Benzo
pb.nanthr.ne, Benzo(b)phenanthrene

Chemical and Physical Prop.rti ••

Molecular W.ights 228.28

Melting Pointz l55-l57·C

~olubility in Water, 0.009 to 0.014 .g/lit.r at 2'·C

S.olubility in Organic., .Solubl. in alcohol, .ther, aceton.,
and benzeDe

Log Octanol/Watlr Partition Coefficilnt. 5.&1

vapor Pre••urel 5 a 10-9 .. Ig at 20·C

Transport and rate

Di••olved benzo(a)anthracene can undergo rapid, direct
photolysi., and this proce•• may be an.iaportant environmental
fat. in aquatic: .y.t.... Studies indicat. that .inglet oxygen
i. the oxidant and that quinone. are the products. in the photo
lytic r.action.. The free-radical oxidation of benzo(a)anthra-

Benzo(a)anthracene
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cen. in the .nvirona.nt i. rapid and may be competitive with
photoly.is a. a ch••ic.l fat. proc.... Wh.n chlorin. and ozone
are pt•••nt in aquatic ay.t.m. in .ufflcient qu.ntiti•• , oxid
ation r.action. r ••ulting in tb. formation of quinon••••y
be .ignificant fat. proc...... a.cau•• benzoCa).nthrac.n.
do•• not cont.in group...enabl. to bydroly.i., tbi. proce••
t. not thought to be a .ignificant .nvirona.ntal f.te. Vol.
tilization do•• not appear to be an i.port.nt tran.port proce••
• ith.r •..

Ay.ilabl. information indicat•• that benzoCa)anthr.cene
will" .ccumulat. In the .edi••nt and biotic portion. of the
aquatic .nvironm.nt and th.t ad.orption to .u.pended .atter
i. the dominant transport proc.... Sorption onto ••di••nt.,
.oil p.rticle., and biota i. atrongly corr.lat.d with the organic
carbon l.v.l. pre••nt. Althougb b.nzoCa)antbracen. i. readily
and rapidly bioaccuaulated, it i. al.o rapidly ••tabolized .nd
.xcreted. Tberefor., bioaccumulation is .bort t.~ and i.
not con.idered an important fat. proc.... aenzoCa).nthracene
i. d.graded by .icrob•• and r••dlly ••taboliz.d by multic.llular
org.ni.... Degrad.tion by .....1. i. consid.r.d to be incom
plete, the p.rent compound .nd .etabolit•• are excret.d by
the urin.ry .y.tea. aiod.gr.d.tion is probably tbe ultimate
fate proce•• for benzoC.).nthracene. It 9.nerally i. more rapid
in .oil than in aquatic .y.te•• and i. relati.ely fa.t in tho.e
.y.t... cbronically aff.cted by polycyclic .raa.tic hydrocarbon
contamin.tion.

Atmo.ph.ric tran.port of benzoC.).nthracene can occur, and
the ch••ic.l can be returned to .qu.tic and terr••trl.l .y.t...
by atmo.pherlc fallout or witb precipitation. ..nzo(a).nthra
cen. can al.o .nt.r .urface and groundw.ter by le.cbing fro.
polluted .oils.

Health Iff.ct•

••nzoC.)anthr.cen. adaini.tered by different route. i.
c.rcinogenic ill the 8Ouse. It can produce bepatc.a. and lung
.deno.a. following repeated oral a~iDlstrat!on and bladd.r
t~or. follow!n, laplantation. aenzo(a)anthracene can al.o
produce taaora In alee following .uboutaneoga Injection••
Although bensoCa)antbrac.n. 1. a ce-plete carcinogen for mou••
• kin, l~ ~oduc... le•••kln tumor. with a long.r latency than
do•• benloCa)pyrene." .enzoCa)anthracene ba. not been adequately
t •• ted In other .,.cies •

• enzoCa)anthracene i. reported to be .utagenic In a .ari.ty
of te.t .y.t.... In .oae c•••• , a correlation i. observed
betwe.n autageniclty and carcinogenic potency for blftlo(.)anthra
cene and other polycyclic aroaatic hydrocarbons. In otb.r
word., tho.e compound. eXhibiting great.r autagenic activity

aenzo(a)anthrac.ne
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of~en bave higher carcinogenic potency as well. No adequate
information concerning the teratogenic effects of benzoCa)anthracene
in humans or experillental anillals is available.

Application of the carcinogenic polycyclic aromatic hydro
carbons, including benzo(a)anthracene, to 1I0use skin leads
to the destruction of sebaceous glands, byperplasia, hyperkera
tosis, and ulceration. Workers exposed to lIaterials containing
polynuclear aromatic hydrocarbons lIay exhibit chronic dermatitis,
hyperkeratoses, and other skin disorders. Repeated subcutaneous
injections of benzo(a)Anthracene to mice and rats produces gross
changes in the lymphoid tissues. It bas also been shown that
many carcinogenic polycyclic aromatic hydrocarbons can produce
an immunosuppressive effect, although specific results with
benzo(a)anthracene have not been reported.

Toxicity to Wildlife and Domestic Animals

Adequate data for characterization of toxicity to wildlife
and domestic animals are not available. One Itudy involving
freshwater filh reported an 87. mortality rate 1n bluegills
exposed to 1,000~g/liter blnzo(a)anthracene for' months.

Regulations and Standards

Ambient Water Qual1ty Criteria (OSEPA).

Aquatic Life

The available data are not adequate for establishing criteria.

Swnan Health

Estimates of the carcinogenic risks aisociated with lifetime
exposure to varioul concentratlonl of carcinogenic PASs
in water are.

Concentration

28 ng/liter
2.8 ng/ltter
0.28 ng/liter

"
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BENZO'1'BIAZOLE

Summary

Benzothlazole has a moderate acute toxicity.

CAS" Humber: 95-16-9

Chemical Pormula: C6B4~H

IUPAC Hame: ~-Benzothiazole

Important Synonym. and Trade Hames: lenzosulfonaxole, 0-~857,

l-Thla-3-azaindene, OSAF
BK-48l2, and 2-benzoth"iazole

Chemical and Physical Properties

Molecular Weight: 135.19

loiling Point: ~27·C

Specific Gravity: 1.2.' at 20·C

Solubility in Water: Slightly soluble in water

S~lubility in Organics: 'reely soluble in alcohol and carbon
disulfide

Log Octanol/Water 'artition Coefficient: 2.01

Transport and 'ate

Mo Inforaation on the tran.port and fate of benzothiazole
va. available in tbe .curce. reviewed.

Health Iffects

Very few data on the toxicity of benzothiazole were found
in the literature .earched. The oral LD in the .ouse is
900 ag/kg, and the intravenous injectionseo50 value is 95 mg/kg.

Toxicity to Wildlife and Dome.tic Ani.al.

Mo information on the toxicity of benzothiazole to wildlife
and domestic ani..l. wa. found in tbe .ource. reviewed •

• enzothiazole
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BERYJ.Ln.

Summary

.eryll1ua Is a •• tal with a ca.pl1cated coordination chem
Iltry, and it can form complexe., ozrear~zyl.te., and chelates
with. variety of .ateriat.. Inba1a~lOD ••posute to berylliQm
caus•• lung and bone cancer In aa t -1-, anc! epidemiological
studies .ugge.t that it aay cau•• l8Dg cancer In h~an.. Acute
r••pl~.tory effect. are a.sociated with inhalation of beryllium,
and d_rmal exposure can cau•• coa~ deraatltll. Chronic expo
.ure to berylliua v•• reported to .... adver•• effecta on aquatic
organisms at le.els aa low a. 5.3 Pl/llter.

CAS Numbera 7••0-41-7

Chemical Pormulll a.

IOPAC Namel a.tyll1u.

Chemical and Phy.ical" Properties OIatal)

Atomic Weigbtl '.012

aoiling 'ointl 2'7D·C

M.lting 'ointl 127S·C

specific Gt••itya 1.85 at 20·C

S~lubility in Wat.rl Insolubl., 80.~ lalta are .olubl•

• olubility in OriAnic'l SolUble I. tl1ute acla and alkali,
Inloluble 1. aloobol, ether, and CCl t

Transport and ra't

MOl' C~D be~ylliuacoapoGDd.·a~e ~.adl1y lolubl. in
water. Bowyer,-I.. "ater, loluble berylli.. laltl ar. bydro
1yzed to fora berflliua bydrozide. ~be lolubility of beryllium
bydro.ide I. quite low (2 _g/llter) I~ the p. rang. of ao.'
natural wa'erl. roraatlon of hydrated caapl••el ..y Incr••••
the 101ubillty of bery1liua lo.ewhat, e.peclally at higher pH
where polynuclear hydrozide coaple.e• .., foea. It 1. probabl.,
howe.er, that In 80lt natural. aquatic eftylronaent. beryllium
Is pre.ent 1ft particulate rather than dil.olYed fo~•

• etylllua
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Although little infor.ation concerning adsorption of beryl
lium i••v.il.ble, based on ita geochemical similarity to al~
.in~ it i. e.pected to be adsorbed onto clay ainer.l .urtace.
at lov p. .nd to be coaple.ed into so.e insolubl. cc.pound.
at high pl. In.ost natural environa.nt., berylllua i. likely
to be pr•••nt in aorbed or precipitat.d, rath.r tban dls.olved,
fora •.

Beryllium ..y be .ccu.ulated to • slight e.t.nt by aquatic
or~~Djs... Althougb it h••• low solubility in v.t.r, it is
po••ibl. tha~ b.ntho. could .ccu.ulat. berylli~ frca .edi.ent
and th.reby transfer the a.t.l to bigher organi... via the
food chain. low.¥er, tb.re 1. no e.1dence for food cbain ••g
nific.tion. Airborne tr.n.port of b.ryllium, g.n.r.lly in
the tor. of particulate., .ay also occur.

Health Iffecta

~h. result. of so•• epide.iologic.l .tudie. of vork.r.
occupationally e.po••d to b.rylllua Indlc.t. tb.t berylllua
.ay caus. lung cancer In b~.n.. Altbougb this ••idenc. i.
equivocal, b.ryllium and .any of It. ca.pound. ar. known to
be c.rcinog.nic in a.v.r.l" .nlma~ .peci... Inhalation .spo.ur.
to b.rylliwa has re.ulted in tb. d•••lo,.ent of lYftg or bone
cancer In anima18, and espo.ure by Injection ba. produced bon.
cancer. Although berylliua compound. aay l.palr DRA polymeri
aatlon, there 1. no oth.r e.idence of autagenic or cl•• tog.nic
actl.i ty. low••er, the number of COllpound. te.ted and tbe
type. of t ••ts conducted ba•• be.n 1i.ited. ~b.r. 1. littl.
intormation conc.rning tb. po••lbl. teratog.nic eff.cts of
blrylliwa. It 1. r.ported to inbibit ..bryonic de.elop.ent
of the snail and reg.neration of tb. li.b. of tb. s.lam.nder.

Acute re.piratory effect. due to beryl1iua espolur. include
rhiniti., pharyngiti., tracheobronchiti., and .cut. pn.umonitis.
D.r••l .spolure to.olubl. berylliua ca-pound. c.n cau.e contact
dera.titia. Ocul.r eff.ct. includ. lftfl....tlon of the conjunc
ti•• fraa .pl••b burn. or In a••oclation with contac~ dermatiti ••
~h••o.t ca.aon clinical lyaptoa. c.used by cbronlc berylli~

.spo.ur••r. granuloaatou. lung Inll....tlon, with acccapanying
cough, ab••, ..In, .D~ g.neral w••kn.... 8y.t..lc .ff.ct.
lnclud. ri,bt·~a&'.•ftlarg•••nt with .cca-p.nylng cardiac fall
ur., li..~ and .pl~.D .nlarg•••nt, cy.no.i., digital clubbing,
.nd kldD., .ton. d.gel'~.nt.

~oKlclty to Wlldl1f. and Dom.atic Aniaa11

D.ta for ••v.ral' fr••hwat.r fl.h .,.el•• Indie.t. tbat
the .eut. tOKiei ty of beryl'liua d.er••••• by .bout two ord.ra
of ••gnltud. with an Incr•••• In b.rdne•• froa about 20 to

••ryl1iua,
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400 ag/liter c.lclu. c.rbon.te. Por e••mple, .cute v.lue.
f~r the f.the.d .innow r.nge from 150 to 20,000 ~g/liter over
this r.ng. of h.rdn.... Ther. doe. not .ppear to be auch vari
ation in ••n.itivity &Song the fi.h .pecie. t •• ted .t .isi1ar
l.v.l. of b.rdn.... Acute and chronic v.lue. for tn. inverte
brat. DaRhnia ••9na in the .ame test water (har~n.'1 .qual
to 220 ag/llt.r) w.r. r.port.d to be 2,500 .nd 5.3 ~g/llter,
re.pectiv.ly, indicating a v.ry l.rge diff.r.nc. b.twe.n acut.
and chronic toxicity. Only liait.d, inconclu.ive d.ta .xist
concerning beryllium toxicity In .altwat.r .pecie.. Growth
of the green alga Chlorell. vannie11 i. inhibited at • b.ryllium
concentration of 100,000 ~g/lIter. A bioconcentration factor
of 19 with a half-life of on. day in the whole body i. reported
for the bluegill. \

Some toxicity due to beryllium ha. be.n .een in domestic
animals. One of the .arlie.t observ.d .ff.ct. of b.rylliwm
toxicity va. the d.v.lopment of rachitic bone change. aft.r
the addition of .oluble berylliua ••It. to th. di.t of poultry
and live.tock. Approximately 0.125' berylli~ carbonate in
the food or w.t.r i. r.quired to produc•• alld c••••

Regulation. and Standards

Ambient Wat.r Quality Crit.ri. (OS~A).

Aquatic Lif.

Th••v.i1ab1. dat. ar. not ad.qu.te for e.t.b1ilbing criteria.
Hov.v.r, BPA did report the 10w••t concentr.tionl of beryl
lium known to c.u.e toxic effectl In aqu.tic organil•••

Pr.lhwater

Acute to.lcity. 130 ~g/liter
Cbronic to.iclty. 5.3 ~g/liter

S.ltwater

Acute to.iclty. WO avai1.ble dat.
Cbronic to.lcity. Wo a.ailab1e data

H...n Hea1tb

Ilti..te. of tbe carcinog.nic ri.k. a••oci.ted with lifetime
e.po,ure to .ariou. concentration. of beryllium in water
.re•

• eryl11a
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Rilk- Concentration

37 ng/llter
3.7 ng/liter
0.37 ng/liter

OSSA St.ndard. (air).

CAG Vnit Ri.k (VSEPA). 2.' (ag/kg/day)-l

2 ~g/a3 TWA
5 ~g/a3 Ceiling Le.el
25 ~g/.3/30 ain 'eak Concentration

AeGIS Thre.hold Li.it Value. Su.pec§ed hu.an c.rcinogen
2 ~g/.
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W.ter Qu.lity Crit.ri. for ••rylliga. Offie. of W.ter
Regul.tion. and Stand.rd., Criteria and Stand.rd. Division,
W••bington, D.C. -oetober lleO...& 440/5-10-024

V. S. BRVIRONMlR'l'A%I PROBertoR Ac:DCY (aSDA). 1"5. .e.ltb
A•••••••nt Docua.nt for Dicblora..th.n. pc.thylen. Chlorid.).
Offic. of ••altb and Bnvlrona.nt.l A nt. • ••bington,
D.C. r.bruarf 1,.5. "A '00/1-12/00"

WEAST, •••• , e4. 1,.1. Bandbook of O ..t.try and .hy.ici.
'2Dd ed. cae 'r••• , Cl.v.land, Obio. 2332 pag••
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S~lubillty in Organici.

l-BO'1'ANOI.

SUllUury

l-Butanol, or n-butylalcohol, II a Ihort-cbain alcohol.
It i. very .oluble in water and ia likely to be aoderately
per.istent in the environment. Butanol ia irritating to the
eyes and mucous .embranes. It i. not very toxic to aquatic
lif., the lov.st dose reported to adversely affect fish va.
1,000 _g/lit.r in the c~eek chub.

CAS Number. 71-36-3

Chemical Pormula. C4H,OH

IOPAC Name. l-Butanol

Important Synonym. and Trade Names. n-Butanol, n-butyl alcohol,
propyl carbinol

Chemical and Physical 'roperties

Molecular Weight. 74.12

Boiling 'oint. 117.'·C

Melting Point. -I'.I·C

Specific GraVity: 0.810 at 20·C

Solubility in Water. ",ODD ag/liter at 2S·C

Miacible witb alcohol, etber, ar.d .any
otber organic .ol.eat.

Log Octanol/Water Partition Coefficient. 1.0 (calculated)

vapor 're.lure. 4.4 .. B, at 20·C

Vapor Den.ity. 2.55

Plalh 'olat. 31-3.·C

Transport and Pate

.0 inforaation on the tran.port and fate of butano~ was
found In the source. re.iewed. Bowe.er, ba.ed on tbe general
reaction. of alcobol. and tbe .pecific cbe.lcal and phy.lcsl

l-Butanol
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properties of the .at.rial, likely tran.port and fate process
can be deter.ined.

Alcobol. are .ery· .oluble in vater and therefore prob
ably are not ••ry .olatile, although .o.e evapor.tion aay occur.
O.idation 1. likely to be an i.portant fate pr~e•• In both
.urfac. vat.r andth. atao.phere. In .oil, butanol 1. probably
biodegr.d.d by acil .icroorg.ni ••••

aealth Eff.ct.

Th. infor.ation on the health .ffect. of butanol i. limited.
No data on the carcinog.nicity, autageniclty, or r.productiv.
to.icity of butanol v.re found in the literature reviev.d.
Worker•••po.ed to butyl alcohol bad greater b.aring 10•• than
unexpo••d individual.. Aft.r .e••ral hour. of ••po.ure, &00 mg/kg
of butanol irritate. the .y•• and .ildly lrritat•• th. aucous
•••brane. in human.. Th. oral LD50 in rata va. reported to
be ''0 ai/kg.

Toxicity to Wildlife and Dom•• tic Ani..l.

Th. 24-hour LD and LD1 0 .alue. for butanol ia the cre.k
chub v.r. 1,000 andOl,400 .,'liter, re.pecti••ly. Butanol
va. to.ic to the alga Ehlorella pyr.noldo.a at .,500 .g/llt.r.

Ro inforaation on the to.iclty of butanol to terr••trial
vlldlife or dome.tic aniaal. va. found ia the .ourc......in.d.

R.gulation. and Standard.

OS~ S.tandard (alr) I 300 .,/.3 ftA

ACGIB Tbr••hold Ll.it Value. 150 .t/.3 C.lllng le••l

UPEUMCU

AMUICU COIInUIIa or GOVIJUIMEH'l'AL IWDUIftIAL DOIUISTS (ACGIB).
1••0. Docuaentatlon of the Tbr••hold Ll.lt Val~e••• 4th
e4. CiDcianatl, Ohio. 488 page.

AMiRleu IJlDUSftIAL nOIID ASSOCUnOR (AlBA). 19". Bygienic
Q~ld. I.er"le.. I~tyl Alco'hol (n-I~tanol). UD, Akron,
Ohio

L!MAII, W•.7., BDL, W.'., and .oS.HlLAft, D.B. 19.2. ,Bandbook
of Cb••lcal 'roperty ••ti..tloD Method.. In.lronaental
leba.ior of Organic Coapound.. McGraW-Bill look Co.,
••v York

l-Iutanol'a,. 2
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THE MERCK INDEX. 1"6. 9th ed. Windholz, M., ed. Merck
and eo., Rahvay, Nev Jeraey

RATIONAL IRSTITUTB rOR-OCCUPATIONAL SAfETY AND HEALTH (NIOSH).
1,e.. ..,iatry of Toll1c Iff.ct' of ehe.ical •.ubatance••
Data I.... Waahington, D.C. October 191.

SAX, N.I. 1"5. Dangeroul Propertiel of Indultrial Materials.
4th ed. Van NOltrand Reinhold eo., H.v York. 1,258 pages

u.s. ENVIRONMENTAL PROTECTION AGENCY (USIPA). 19". Water
Related Environment.l rate of 12' priority Pollutants.
Walhington, D.C. D.ceaber 19". EPA ••0/4-"-029

VERSCBUEREN, K. 1"'. Handbook of Environaental Dat. on Organic
Chemicals. Van No.trand Reinbold eo., Nev York. 659 pages

WEAST, R.E., .d. 1'81. H.ndbook of Cbeai.trr. .nd Pby.ic••
62nd ed. CRC Pr••• , Clevel.nd, Obio. 2,332 p.g••

l-Iut.nol'.g. 3
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CAtMIOM

SUllUlarx

Ca~ium il a metal that can be pr...nt In a .ari.ty ot
ch.mical tor.. in waites or in the environaent. Some torms
are insoluble in water, but cadmium il relatively .cbile in
the aquatic environment. Cadmium 11 carcinogenic in 'animals
exposed by inhalation and may also be In bumans. It Is uncertain
vhether it is carcinogenic 1n an1mal. or bumans exposed via
lngeseioro. Cadmium is a known animal taratogen and reproductive
toxin. :t has chronic ettects on the kidney, and background
levels ot human exposure are thought to provide only a relatively
small mac;in of ,atety for the,e ettectl.

Backgrou~d Intormation

Cadmium i, a IOft~ bluisb wbjt...tal that i, obtained as
a by-product trom the treatment of tbe ore. of copper, l.ad,
and iron. Cadmium has a val.nce of +2 and b•• properti.s similar
to tho.e of zinc. Cadmium forml both org.nic and inorganic
compoun~8. C.dmium sulfate i, the .alt coamon lalt.

CAS Numbera '440-43-9

Chemical ror.ul.a Cd

IOPAC ••••a C.daiua

Chemical and Physical Properties

Atomic Aerght: 112.41

Boiling P~int: '5S·C

Melting Polnta 32l~C

Specific Gravlt,a 8.542

Solubilltr In Wat.ra Saltl are vater 801uble, ..tal is insoluble

Solubility in Organlcla Variable, b.led on co.pound

Vapor .r..lurea 1 .. B~ .t 394·C

Cadmtwa
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Transport and rate

Cadmiua is relatively aobile in the aquatic environment com
pared to other heavy aetals (USEPA 19'9). It Is removed from
aqueous aedi. by coaplexing with organic ..terials and lubsequently
being adsorbed to the .edim.nt. It appear. that cadaium move •
• lowly tbrough 1011, but only 1iaited inforaation on loil transport
i. lMai1ab1e. Cadaiwa uptake by plant. i. not ••1gnificant .
aechanilm for depletion of lOil accumulationl but .ay be ligni
ficant for human ezpo.ure.

Health Iffects

There i. luggeltive evidence linking cadmium with cancer
of the prostate in humanl (OSIPA 1980). In animal Itudies,
expo.ure to cadmiua by inhalation cau.ed lung tumor. in rats,
and expo.ure by injection produced injection-.ite .arcomas
an~/or Leydig-cell tumor. (Takenaka 1983, OSIPA 1981). An
increa.ed incidence of tumor. bat not been .een in animals
expo..d to cadmium orally, but four of the five available studies
were inadequate b.t current standards (Cleaent 1983).

The evidence fraa a large nuaber of Itudie. on the auta
genlcity of cad.i~ il eqUivocal, and it baa been hypothesized
that cadmium i. not directly autagenic but iapede. repair (Clament
1983). Cadmium i. a known aniaal teratogen and reproduct!ve
toxin. It ba. been Ibown to cause renal dYlfunction in both.
humans and ani.als. Otber toxic effectl attributed to cadmium
include immunosuppre•• ion (in ani..l.), an..ia (in bumans),
pUlmonary di.ea.e (in buman.), po.sible effect. on tbe endocrine
.y.te., defectl in ..nlory function, and bone d"'ge. The
oral tD SO in the rat w•• 225 ag/kg (RIOS8 1983).

Toxicitl to Wildlife and Domestic Animals

taboratory e~eri.ent. sugge.t tbat cadaium a.y bave adverse
effect. on reproduction in flsb at le.e11 pre.ent in lightly to
moderately polluted .. ter••

~he. acute LeiS for frelhwater fllb and invertebrate. gen.r
.lly ranged froa 0 to 1,000 ~tlliter, .alaonid. are auch
acre ..nliti.e than other organi.a. (OSIPA 1980). Saltvater
.peeie. were In ,eneral la-fold aore tolerant to tbe acute
effect. of cadal~. Chronic telt. ba.e bien perfora.d and
.how that cad.iua baa c~ulat1ve to.icity andacute-cbronic
ratiol that range of fraa II to 431. 11oconcentratlon factors
vere generally le•• tban 1,000 but were •• high •• 10 ,.000 for
lO.e fre.hwater filh lpeciel.

Ro ad.er.. effect. on doae.tic or vi14 ani..ll were reported
In tbe Itudiel re.lewed.

Cad.lwa
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Regulation. and Standard.

Ambient Water Qu,litv Criteria (USEPA):

Aquatic tife (Propo.ed 1984)

Fre.hwater

Acute toxicity: e(1.30[ln(hardne•• )] - 3.92) ~g/liter

Chronic toxic'ity: e(0.87[ln(harc5ne••n - 4.38) ~g/liter

Saltwater

Acute toxicity: 38 ~g/lit.r

Chzonic toxicity: 12 ~g/liter

Human Health.

Criterion: 10 ~g/liter

CAG Unit. Ri.k for inhalation .xpo.ur. (USEPA): '.1 (mg/kg/day)-l

Interim Primary Drinking Water Standarc5 (USlPA): 10 ~g/liter

NIOSB Recommenc5ec5 Standarc5.. 40 ~g/.3 TWA
200 ~9/.3/15 ain Ceiling L.vel

OSHA Standarc5.: 200 ~g/m3 TWA
'00 ~g/m3 C.iling L.v.l

ACGIH Threshold Limit Valu•• : 50 ~g/m3 TWA

REF.E:RENCES

AMERICAN CONFERENCE 01' GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIS).
1980. Docum.ntation of the Thr••hold Limit Value.. 4th
.d. Cincinnati, Ohio. 488 page.

CLEMENT ASSOCIATES, INC. 1983. A......nt of the Weighj: of
Evidenc. for Ri.k A•••••m.nt for Pour Selected Toxic Air
Pollutant.. R.port Prepared for the Air Economic Branch,
OPIN, U.S. Environmental Protection Ag.ncy. May 19B3 •

..
PLllSCSI., M., SAROrIN, A.P., PASSETT, D.W., BAMMOND, P.,

SCBAKIETTE, B.T., NISBET, I.C.T., and EPSTEIN, S. 1974.
Environmental impact of cadmium: A revi.w by the panel
on hazardous trace .ubstanc.s. Environ. Bealth.~.r.pect.

7:253-323
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NATIONAL INSTITUTE POR OCCUPATIONAL SAlETY AND BlAtT! (NIOSH).
1'83. R.gi.try of Toxic Iff.cts of Ch••ical Substanc•••
Data 8a... wa.hington, D.C. OctOb.r 1'83 .

~KEMAlA, S., OLDIG!S, B., IONIG, B., BOCBRAIMER, D., and
OIERDORSTER, G. 1983. Carcinog.nicity of cadmium chloride
••roI01. in W r.ts. JNCI '0:36'-371

0.5. ENVIRONMENTAL PROTECTION AGENCY (OSEPA). 19'9. Water
R.lat.d Envirofta.nt.l '.t. of 129 Priority ,o11utant••
Washington, D.C. D.c.mb.r 19'9. EPA 440/4-'9-029

O.S. ENVIRONMENTAL 'ROTECTION AGENCY (OSE'A). 1980. Ambient
W.ter Qu.lity Crit.ria for Cadmiua. Offic. of Water Re;u
lations and Standard., Crit.ria and Standard. Division,
Wa.hington, D.C. Octob.r 1980. E'A 440/5-80-025

1

0.5. ENVIRONMENTAL 'ROTECTION AGENCY (OSl'A). 1981. Health
A••e••••nt Docum.nt for C.dmium. Envlrofta.nt Crit.ria
and A••e....nt Offic.. R••••rch Triangl. Park, North
Carolina. Octob.r 1981. IPA 600/8-81-023

0.5. ENVIRONMENTAL PROTECTION AGENCY (OSl'A). 1984. l.a1th
Iff.ct. A•••••••nt for Cadaiua. Invirona.ntal Crit.ria
and A nt Offic., Cincinnati, Obioo S.pte.b.r 1984.
BCAo-CIM-B038 (Pinal Draft)

u.s. !NV1RONMEM~L 'ROT~ON AGlHCY (USEPA). 1'85. B.a1th
A nt Docua.nt for Cblorofora. Offic. of I.alth
and Environm.ntal A•••••••nt, .a.hington, D.C. S.pt••ber
1985. IPA lOO/8-84/004P

,
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CARBON TETRACBLORIOE

Carbon tetrachloride is used as an industrial .olvent
and ch••ical intermediate. It 1s an animal carcinogen, causing
llv.r tumor. in mice, rats, and hamsters. Carbon tetrachloride
also cau.es liver and kidney damaqe in animals and human••

... .

Chemical rormulaa CCl t
IUPAC,Namea Tetrachloromethane

Important Synonyms and Trade Ham.sa Tetrachloromethane, per
chloromethane

Chemical and Physical Properties

~olecular Weighta 153.8.
Boiling Pointa 'I.'·C

Melting Pointa 22.9·C

Specific Gravity: 1.59 at 20·C (liquid)
5.3 vapor (ga.) .pecific gravity

Solubility In Waterl 800 mg/liter

Solubility in Organicil Miscible with alcobol, benzene, chloro-
fora, .tber, and carbon di.ulfide

Log Octanol/Water 'Partition Coefficienta 2. It

Vapor Pre••urel 90 .. Ig at 20·C

Vapor Den.ltYI 5.32

rransport and rate

Carbon tetrachloride ha. a high vapor pre••ure and therefore
volatilize. rapidly into the atmosphere frc. .urface water
a~d probably fraa .oil. It i. relatively loluble in water

Carbon tetrachloride
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and th.r.for. would b••xpect.d to be transport.d in gro~ndwater.

aecau•• of it. high .pecific gravity, it aay aov. independently
fre- the groundwat.r a. a nonaqu.ou. ph.s. liquid.

H.alth Iff.ct.

Carben t.trachloride w•• c.rcinog.nlc in aice, rat., and
h•••t.r., in .11 c•••• liv.r tu.or. were induc.d (IARe 1979,
USEPA 1980). In addition, aice alia di.play.d a high incid.nce
of ~u.ors of the adr.nal glan4 (W.ilburg.r 1977). Studi••
dl.c~s.d by.EPA (1980) on th. autag.nic and t.rat04enic effects
of carbon t.trachlorid. and it. iapact OD reproduction are
inconclu.ive. Carbon t.trachlorid. also cau.e. both liver
and kidn.y damage in animal1 and hu.an.. One Itudy in which
guin.a pigs were repeatedly expo.ed to carbon t.trachloride
vapor for leveral aonth. provided e.idence of damage to the
optic nerve and d.generation of the ay.lin Iheath of the Iciatic
nerv. (Smyth .t al. 1931).

Toxicity to Wildlife and Dom•• tic Ani••la

Carbon t.trachlorid. b•• been Ibown to be .cutely toxic
to aquatiC lpeci•• at conc.ntration. a. low a. 35 a,/lit.r.
No data on cbronic toxicity to aquatic life vete report.d in
th. literature review.d. Pi.b bioconcentrate carbon tetrachlor
ide by a factor of le•• than SO. Mo .tudie. on tbe toxicity
of carbon tetrachloride to dcae.tic ani..l. or terreltrial
wildlife were found in the literature re.ieved.

R.gulation. and Standard.

Ambi.nt Wat.r Quality Criteria (USEPA)I

Aquatic Lite

~he a.ailable d.ta are not .dequ.te for .It.bli.hing criteria.
lovever, EPA dl4 report the lowe.t ••lue. known to cause
toxicity ift aqu.tic org.ni....

Pre.bvater

Acute toaicltyl 35,200 ~g/liter
Chronic toxlcitYI Mo a.ailable data

Saltvaterl

Acute toa1cltI' 50,000 ~g/llt.r
Chronic toalc tyl Ho a.ailable data

Carbon tetrachloride
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luman Health

lati.ates of ~h. carcinogenic risks associated with lifetime
••poaure to carbon tetrachloride at various concentrations
in vater are.

CAG Onit Risk (OSEPA):

OSHA Standard. (air):

REFERENCES

concentration

".0 IJg/liter
0." ",g/liter
0.0" ",g/liter

1.3xlO- l (mg/kg/day)-l

10 ppm '1'WA
25 ppm Ceiling Level

o.S.•

INTERNATIONAL AGENCY POR RESEARCH ON CANCER (tARC). 1979.
IARC Monographs on the Evaluation of Carcinogenic Risk
of Chemicals to lumans. Vol. 20. Some lalogenated sydro
carbons. World I.altb Organization, Lyon, Prance. 'p. 371-399

NATIONAL INSTITO'l'E POR OCCUPATIONAL sAPln AND lEALTH (NIOSS)'.
1983. Regi.try of Toxic Effect~ of Ch••ical Substances.
Data Base. wa.hington, D.C. October 1983

SMYTH, B.r., SMYTH, B.r., JR., and CARPENTER, C.P. 1936. The
. chronic toxicity of carbon t.trachlorid.: Animal exposure

and field studies. J. Ind. Byg. Toxicol. 18:277-298

O.S. ENVIRONMENTAL PROTECTION AGENCY (OSIPA). 1979. Water
Related Invirona.ntal rat. of 129 priority Pollutants
washington, D.C. D.c••ber 1979·. EPA .... 0/..-79-029

ENVIRONMENTAL 'RO'l'ECTION AGENCY (OSDA). 1980. Ambient
Water Quality Crit.ria for Carbon Tetrachlorid.. Office
of Wat.r R.gulation. and S.tandarda, Crl t.rta and S.tandards
Dlvl.ion, .a.bington, D.C. .OCtober 1980. EPA .... 0/5-80-026

o. S. IIIVIRONMlN'l'AL 'ROTECTION AGENCY (OSDA). 198... Bealth
Iff.ct. A•••••m.nt for Carbon Tetrachloride. Environmental
Crit.ria and A•••••••nt Offic., Cincinnati, Ohio. S~ptember

198... ' lCAO-elN-B03' (Pinal Draft)
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u.s. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1985. aealth
A nt Docum.nt for Dlch10romethan. (M.thyl.ne Chloride).
Offic. of a.a1th and Environm.ntal A•••••••n~ •. Washington,
D.C. r.bruary 1985. EPA lOO/8-82/004r

VlRSCBUlRlN, I. 19". .andbook of Invlro~ental nata on Organic
Cb••ica11. Van NOltrand ••inhold Co., Nev tork. 659 pages

WEAST, R.I., .d. 1'81. landbook of Ch.mistry and Physici.
12nd ed. cac Pre•• , C1e.eland, Ohio. 2,332 page.

WEISBURGER, 1.1. 19". Carcinogenicity .tudi•• on halogenated
hydrocarbon.. In.iron. lealth 'erlpect. 21:7-16

..
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CHLORDANE

SUftDIlary

Chlordan. i. an organochlorin. pesticide that vas formerly
used on fi.ld crop. and il pre.ently us.d to control .tructural
pests in boa... Technical chlordane is a ccmplex mixture that
includes tvo Isomer. of. chlordane, heptachlor, and two isomers
of nonachlor. It Is very perslstent in the environment and Is
.trongly bioaccumulated in fish and other aquatic organisms.
Chlo~d«ne causes liver tumors in mice, and the results of a
mutagenicity assay were positive. It allo hal adverse repro
ductive effects in mice, and chronic expcsyre cau.e. liver
changes and advers.ly attects the central nervous svste••
Chlordane 1. very toxic to aquatic organi ••••

Backsround Inform.tion

T.chnie.l chlordan. i •• co.ple. aixtur., the ••jor compo
n.nt. of vhich .r. ci.-chlordan••n4 tr.na-chlordane. The
technical product .1.0 contain•• v.riety of other cblorin.ted
hydroc.rbon., including hept.chlor. Itl•• viscoul amber
colored liquid. Much of the .vailabl. li~er.tur. doe. not
di.tingui.b between the cblordan. i.eaer. and appears to discuss
.ixture. of th••e ce-poundl.

CAS Numbera Chlordan. (mixtur.). 57-74-'
cil-Chlordan.. 5103-74-2
tran.-Cblordan.. 5103-71-'

Chemical rormula. CIOS,Cl.

lU'AC M..el 1,2,4,5,',7,I,a-octacbloro-2,3,3.,4,7,7.-h.xahydro
4,7-.etbaaoind.n.

Import.nt Synon,.. .nd ~rade R....I

Che.ieal ~d .hy.ieal 'roperti••

Mol.cular .eigbt. 409.1

cis-Chlordane. .lpha-Chlordane
trans-cblord.nel g....-Chlordane

lolling .oint.

M.lting 'oint.

/ \

175·C at "2 _ sg

Cil-Cblordanel l07-109·C,
tranl-Cblordane. 103-l0S·C

Specific GraVity. 1.5'-1.'35.t l'·C (technic.l chlordane)

Chlord.n.
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Solubility In OrganicI'

Sol~bility in Water, rr~ 0.05' to 1.15 _g/liter at 2S·C

Miscible in aliphatic and aroaatic
lolvent. (technical chlordane)

Log Octanol/W.tlr 'artition Coefficientl 2.7'

Vapor Pre••url. 1 x 10-5 .. 19 at 20·C (refined product)

Pla.h Point. Mini.u. Il·C (t.cbnical cblordan.)
...

Transport and Pat.

Chlordan. i. v.ry perli.t.nt in the .nvironm.nt, resisting
che.ical and biological d.gradatlon into harmle•• aUbltance••
Chlordan. in cl.ar water i••oa.wba~ vo1ati1., and thl. aay be
an iapor'tant 10•• proc.... L••• 10•• of chlordane from .q~.tic

.rlte•• occurl wh.n organici are pr••ent, and r ••idue concentra
toni In .edi••nt are often auch higher tban in vater. Tbere
fori, lorption to I.dia.ntl 1. probably laportant In r••oving
th. ch••ica1 frOll the aquatic .n"lroftllent. Cb10rdane bind.
tightly to .oil partlcle. and· per.l.tl for year. in .011 after
.urface application. lowe"er, cblordane app1i.d a. an ..u1.i
flabl. concentrate 1. aore readl1y "olatillled than when it
il appli.d a. a Iranula~ fo~u1ation. C.rtaiD food and f.ed
crop. accu.ulate re.idue. by ab.or,ti~ fraa the .011. Atmo.
pheric tran.port of "apor. and contaainated du.t particle.
from .oi1 application .it•• can occur.

Health Iffectl

Mixtur•• of ci.-cblordane and tran.-cblordane produc.
1iv.r canc.r in .ice. Cblordane al.o ha. autagenlc eff.ct.
In at l.a.t one t.lt .y.t... ..producti"e effect., including
dev.1opmenta1 def.cta and neonatal .etabolic and blocbe.lca1
di.order., are ob.erved In the off.prlnt of aice expo.ed to
cblordan.. ~e.t. vitia laboratory anl.al., prlaarl1y rodentl,
de.on.trate acute and cbronic toxic effect.. litber ileaer
alone, or a aixtur. of th. two, appear. to exbiblt approai
.ately equal to&!C1tr. Acut. effect. inclade anor.xia, veight
10",' treaor., con"u .10n., and death. Cbronic expo.ure to
chlordan. caUl•• li".r change. and indue•• or .uppr••••• a
variety of .nl'" .y.t.... In addition, cblordane .ay act a.
a cuaulati". neurotoxin. ~be oral LD In th. rat 1. 283 .g/kg.
Oxychlordane, an epoxldl _ltabo1itl fa~ld froa elthlr chlordan.
lloal:, i ••ignificantly aorl acutlly toxic than cblordanl.
Tbl oral LD5G of oxycblordane a4alni.tlre4 to rat. in aorn
011 1. l' ag/kg, and it 1. 43 ag/kg vh.n adalni.t.red In an
aqu.ous IU.pln.lon.
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Acute oral or Ikin expo.ure to chlordane can cause vomiting,
seizure., electroencephalographic dysrhythmia, convul.ion., and
death in hu.an.. Bowever, .o.t report. of huaan toxicity are
inconc1u.ive. Oxychlord.ne h•• been found in • high percentage
of hua.ft .dipo.e ti ••ue ••mple••nd .1.0 in human _ilk .amples.

Toxicity to Wildlife and Dome.tic Animal.

The toxic effect•. of chlordane are .een at relatively
low concentration. in .ome fi.h and invertebrate .pecies.
Chlordane also .hows strong tendencies for bioaccumulation in
.ome aquatic and terre.trial org.ni.... It can concentrate
.t levels thousands of ti.es gre.ter th.n the .urrounding water
medium in • variety of aqu.tic org.ni••s, including bacteria,
algae, daphnids, .nd fish. The EPA criteria for .cute exposure
to freshw.ter specie. i. 2.4 ~g/liter, .nd it is 0.17 ~g/liter

for chronic expo.ur.. The corr••ponding Acut••nd Chronic
Values for .altw.ter lpeci•• are 0.09 ~g/lit.r, 0.0064 ~g/liter,

and 0.0040 ~g/lit.r. Th. rin.l Acut.-Chronic R.tio is 14.
Very little infor.ation .xists conc.rning the biotr.n.for.ation
of chlordane. Although biotransfor•• tion•••y be important for
the ultim.te degradation of chlordan., tb••e proc••••••r.
lik.ly to be v.ry slow.·

Chlord.ne or oxycblordan. r •• idu•• h.v. been found in
a wide vari.ty of wildlife and domestic .ni••l specie., but
usually at r.lativ.ly low l.v.l.. Chlord.ne 40•• not .ppear
to b••xt.n.iv.ly conc.ntr.ted in the bigh.r •••b.rs of the
terrestrial food ch.in. Studies indic.t. th.t chlordane may
produce toxic .ff.cts in c.rtain .oil invert.br.t•• after .urface
application. Although little inform.tion conc.rning bioaccumu
lation in the•• org.ni ••• i ••vail.ble, the pot.ntial bioconcen
tration of chlord.ne or oxychlord.n. by t.rr••tri.l in.ectivores
is of conc.rn. Littl. inform.tion on the toxic .ff.cts of
chlord.n. to .....li.n wildlif. and doae.tic ani..l .pecies
is avail.ble. Cblordane or ozycblord.ne re.idu•• h.v. been
found in crop., •••t, fi.b and poultry, d.iry product., and
.gg.. Or.l LD!B .alue. for cblord.n. ranging frc. 331 to 858 ppm
in the di.t (.p rozi..tely 25-50 at/kg) .r. reported for •
••ri.ty of wild bird lpeci... Or.l LD ••lue. ranging from
100 to 1,000 ag/kg ar. report.d for a ;ariety of ani..ls, including
rod.nts, go.t., .beep, .nd chick.n••

Regulation. .nd St.nd.rd.

Ambi.nt W.t.r Qu.lity Criteria (US~A)I
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Aquatic Lit.

rre.hwater

- Acute toxicity, 2... .,g/liter
Chronic to~icity, ~.0043 ~g/llter

s.altwater

Acute toxicity: 0.0' ~g/liter
Chronic toxicity: 0.0040 ~g/liter

Human a.alth

zstimate. of the carcinogenic rilk. a'lociated with litetime
exposure to various concentration. of chlordane in water
are:

Rilk-
-510_110_710

CAG Unit Rilk (USEPA):

OSHA Standard (.kin)1

Concentration

4.' ng/llter
0.4' ng/liter
0.04' Dg/liter

1.' (ag/kg/day)-l

0.5 ag/a3 TWA

ACGIS Tbre.bold Llalt V.lue. (.kin)1 0.5 ag~.3 ~
2 a,/a SftL

Depar~ent of Tran.port.tiona Caabultible liquid

REFERENCES

AMERICAN COHPEUHCS or GOVZJUQIIH'l'AL IRDUS'1'1UAL nGIENISTS (AeGIS).
l,eo. Docuaentatlon of tbe 1'bre.hold Llalt V.lue.. 4th
ed. Cincinnati, Obio. 488 page.

A'M'ALLAB Y.B., lIJIt'fACBB, D.M., and BOO, 1.1.. I"'. Comparative
,/ vol.tility of liquid and Iranul.r foraul.tion. of chlordane

and beptacblor fraa loll. lull. In9iron. Cont... Toxicol.
22,5'0-5'4

TIE MERCK IIDBI. 1"'. ,th ed. WindholZ, M., ed. Merck
and Co., .abw.y, R.w Jer••y

..
RATIONAL IWSTITUTZ POR OCCUPATIONAL SAPITY AID BlALTR .(RIOSR).

l'S3. .egi.try of Toaic Iffect. of Cbe.ic.l Sub.t.nces.
Dat. ••••• W••hington, D.C. OCtober 1'83
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NATIONAL RESEARCH COUNCIL or CANADA. 1"4. Chlor~ane: Its
Iffect. on Cana~ian Ico.y.te•• and it. Ch••i.try. Subcom
.ittee on P••ticides and R.lat.d Compound. Subcommittee
R.port Ro. 2. Ottawa, Cana~a. Publication Mo. NRCC 140'4
of tb. Invironm.ntal S.cr.tarlat .

RATIONAL CANCER INSTITUTE (NCI). 1"'. lio••••y of Chlordane
for Po••ibl. Carcinogenicity. N.tion.l Canc.r In.titute
Carcinogenesis Technical R.port ~.ri•• Mo. 8. leth.s~a,

Marylan~. DREW publication Mo. (NIB) "-808

Draft
of Intent
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EPA

ENVIRONMENTAL PROTECTION AGENCY (aSEPA). 1'76.
Environmental Impact Stat•••nt Conc.rning Notice
to Canc.l R.gi.ter.~ a••• of ,roduct. Containing
and Septachlor. .a.hington, D.C. Augu.t 1976.
540/4-76-003

a.s. ENVIRONMENTAL PROTECTION AGENCY (USE'A). 1976. Pesticidal
A.pect. of Chlor~an. .nd I.pt.chlor in R.l.tion to Man and
the Environm.nt--A 'urth.r R.vi.w, 19'2-1"5. washington,
D.C. Augu.t 1"6. EPA 540/4-'6-005

a.s.

u.s. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1"9. Wat.r
R.lat.~ Enviro~.ntal 'at. of 12' priority Pollutant••
Washington, D.C. D.c••ber 1"'. EPA 440/4-"-029

U.S. ENVIRONMENTAL PRO'l'IC'l'IOR AGZMCY (USDA). 1980. Ambi.nt
Wat.r Quality Crit.ri. for Cblor~an.. Offlc. of Water
R.gulation. and Standard., Crit.ria and Standard. Division,
Wa.bington, D.C. ·OCtob.r 1'80. EPA 440/5-80-02'

a.s. ENVIRONMENTAL 'RO'l'ICTION AGENCY (USUA). 1984. I.alth
Eff.cts Assessm.nt for Cblor~an.. Environm.ntal Criteria
and A.s.....nt Offic., Cincinnati, Obio. S~pt.mb.r 1984.
ECAO-CIN-I023 (PiDel Draft)

a.s. ENVIRONMENTAL '1tO'l'IC'l'IOR AGERCY (USDA). 1'85. I.alth
A nt Docua.nt for Dlcblorom.tban. (M.tbyl.n. Chlori~eJ.

Offic. of I ••ltb and Environm.ntal A•••••••nt. .a.hington,
D.C. '.bru.ry 1'15. SPA 600/1-82/004'.

WORTHING, C.R., .d. 1"'. Th. , ••tlcld. Manual--A .orl~ Compendfgm.
Iritisb Crop 'rot.ctloD Council, Croydon, England. 655 pages
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CHLORINE

SU1'lUllary

Chlorine is a volatile taS that reacts in the atmosphere
to produc. hydrochloric acid, a Itrong acid. It II very reactive
4nd theretore Is not persistent in the environment. Chlorine
gas· l's a Itrong irritant, and expolure to high concentrations
will damage the lungs. Chlorine, measured as either total
resi~ual chlorine or 'chlorine-produced oxidants, Is quite toxic
to ,quatic organisms.

CAS Number. 7782-50-5

Chemical Pormula. Cl

Chemical and Physical Properties

Atomic Weight. 35.453

Boiling Point. -34.'·C

Melting Point. -100.9.·C
1

Specific Cravlty. 1.41 (liquid at 20·C)

SolUbility in Water. Soluble (7.3 g/liter at 20·C)

Vapor Pressurea 4,800 am Rg at 20·C

Vapor Density. 2.4'

Transport and Pat.

VolatilizatIon of chlorln. from aquatiC or tlrre.trial
systems can occur.' In th. at.olpher., chlorine can r••ct with
hydrocarbon. to produc. BCl, which c.n return to the e.rth
with precipit.tlon. Soae r ••••rcb.r. suggelt that chlorine
atom. can '.ct a•• cat.ly.t In the degrad.tion of the stratos-
pheric ozone layer. .

..
tn w.tlr, chlorin. reactl quickly to tora hypochlorous

acid (ROCl), which i. we.kly dissociated, and RCI. Depending
on the pH lev.l, lOCI, OCI-, CI-, or CI ••, pr.doainatl in
aqueous .ylt.... Chlorine readily reaci. with ••ny types of
organic matter .nd oxidiz.ble inorganic .atter. Chloroform

Chlorine
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and other chlorinated hydrocarbon. are knovn to be formed ••
a relult of the r.action of chlorine vtth humic lub.tance.
and oth.r organic .ateriall. The pre.ence of a..onla or .mlne.
along witb chlorine can re.ult in-the for.ation of chlor.mines.
~••e coapound. g.n.rally are much .ore perll.t.nt than chlorine,
hypochlorite, and .any chlorinated hydrocarbon.. In fre.hvater,
the ca-binatlon of combin.d (chlor..in•• ) and free cblorine
il -total re.idual chlorine.- In .alt.ater, .e.eral oth.r
chlorination product. ar. al.o includ.d, and chlorine 1••el.
ar!;.!eported _a. ·chlorin. produced ozidant•• -

~ealth !ffect.

There ar. no reportl of c.rcinog.nic, ter.togenic, or
reproductive effect. due to chlorin••zpolure in human. or
ezperi.ent.l animall. ane .tudy r.ported the occurrence of
chromoao.al aberration. in cUlt~red hu..n lyaphocyt•• after
expolure to chlorine at SO ag/a •

A. a ga., chlorine i. eztre.ely Irrlt.ting to the mucous
.e.bran•• of tbe eye. and r••pir.tory tr.ct. Acut. inhalation
ezpalure to r.lati.ely high concentration. c.n d..age the lungl
and r••ult In d.cr••••d lun, c.p.city, pUlaon.ry conge.tion_
ede.a, and .om.ti.e. d••tb. Oth.r .1tn. and .yaptoa. includ.
dy.pne. and cough, cyano.i., corro.lon of the t ••th, ••••r.
headache, nau••a, and .yncope. IZperl••nt••1tb .nl.all confirm
the occurr.nc. of irritant .ffecta .nd IUD' dama,•••• r••ult
of acut. or chronic .~.ar. to cblor~n.. On.-hour inhalation
LC~O .alu•• of 81' .gla and 400 .,Ia .r. r.port.d for the
ra~ and mou•• , r ••pectl••l,.

Toxicity to Wildlife and Oom••tic Ani.al.

Th••cute tozlclty of cblorin., ••••ur.d •• tot.l r•• idual
chlorin. (~) In fr••h.at.r and a. cblorine produced ozldant.
(CPO) In .alt.ater, ranged !raa 11 ~'/l1ter to 710 ~,/1It.r for
31 fr••b.ater .,.cl•• and fraa 25 ~,/1it.r to 1,418 ~g/11t.r

for 23 .alt.at.r '''01... PI.b and inv.rtebrate .pecle. gen.r~
ally had caaparab1. raft'.' of .en.ltl.lt,. ChroDle .tadl••
ba•• been conduct•• on 3 fre.b.at.r .,.el•• an. 1 ••It.ater
.pecl•••. C~roaio ••1a•• for tb. fr••b.ater or,ani... ranged
fra- 5 to 11 PI/liter, with acut.-ebronlc ratio. fraa 4 to
20. ChroDle .ff.ct. occurred 1ft tbe .alt.at.r org.nl•• at
47 ~,/11t.r, aDd tb. ac~t.-cbronlc ratio for tbi••,.cie••a.
1.2.

RO Inforaation on tbe to.lelt, of cb10rlne to terre.trial
wildlife o~ doa••tic anl.al••a. foand In the literature re.i.wed.
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./

Regulations and Standards

proposed Ambient .ater Quality Criteria (OSEPA):·

AqUatic Life

rreshvater

Acute toxicity: 14 ~g/liter

Chronic tox~city: 8.3 ~g/liter

Saltvater

Acute toxicity: 13 ~g/liter

Chronic toxicity: 7.4 ~g/liter

NIOSK Recommended Standard: 1.5 ppm

OSHA Standard: 3 mg/m3

ACGIS Threshold Limit Values: 3 mg/m~ TWA
9 mglm STEt
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CHLOROBENZENE

SUllllllary

Chlorobenzene is used as a solvent and .1 a raw material
in chemical manufacturing. It II persistent in the environment
and can be adsorbed to organic material in loil. Chlorobenzene
lIa)' cause liver tumors in male mice. Animals exposed to chloro
benzene have exhibited liver and kidney damage. Chlorobenzene
is no~·ver)' toxic to aquatic organillls, none of the LC,n values
are res. than 10 IIg/1iter.

CAS Num~er: 108-90-7

Chemical formula. C,ISCl

IUPAC Name. Chlorobenzene

Important Synonym. and Trade Names. Monochlorobenzene, benzene
chloride, phenyl chloride

Solubility in Organici.

Chemical and Physical Propertie,

Molecular Weight. 112.5

80iling point. 131·C

Melting Point: -tl·C

Specific Gravity. 1.11 at 20·C (liquid)

Solubility in Water. 500 mg/liter

Soluble in alcohol, benzene, chloroforll,
ether, and carbon tetracbloride

Log Octan01/Water 'artition Coefficient. 2.83

Pla.h Point.

Chlorobenzene
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Tranlport and Pate

Chlorobenzene il probably reaoved froa lurface vater pri
.arily by volatilization, although adlorption and bioaccuaulation
aay allo be factorl. Monochlorobenzene would be expected to
.ove Ilowly in loil becaul. of Ita high octanol/water partition
coefficient and conlequent adlorptlon to loil organic ..terial.

Health Iffectl

:·-A Itudy.of the carcinogenicity of chlorobenzene vas recently
completed by the Mational Toxicology Program and preliainary
results show that chlorobenzene cauled neoplastic nodules In
the liver of .ale ratl but va. not carcinogenic In fe••le rats
or In .ice.

occupational studiel luggest that chronic expolure to
monochlorobenzene vlpor .ay caul. blood dYlcra.la, hyperllpi~e-

.1., and cardiac dylfunction In hgaanl. Like ..ny organic
.olventa, monochlocobenzene i. a central ne,vou. IYlte. depre.-
aant in overexpo.ed bumanl, but no cbronic neurotoxic effect.
have b.en reported. Animal. expole4 to cblorobenzene have
exhibited liver and kidney d..age and atropby of the le.inifecous
tUbule. In the telte.. The oral LDSO value for rat. val 2910 mg/kg.

Toxicity to Wildlife and Domeltlc Ani..1.

Chlorobenzene va. acut.ly toxic to filb at leve18 greater
than 25 mg/liter and to aquatic invertebrate. at level. greater
than 10 ag/llter. Mo chronic Itudie. Oft the toxicity of chloro
benzene to aquatic life were found in the literature reviewed.
Monocnlocobenzene va••hown to bave a bioaccuaulation factor
of about 1,000 in fre.bwater lpecie.. Ho Itudie. on tecr••trial
wildlife or dome.tic ani.al. were reported in tbe literatur.
reviewed.

Regulation. an~ Stln~lr~.

Ambient Wlter Quallt, Crlt.rla (OSBPA)a

Agpatic Lif.

~b. a.ailabl. datl,are not adeqult. for ••tablisbing criteria.

R~an .ealth

.ealth criterion. 488 ~g/11ter
Organoleptic criterion. 20 ~g/liter

Cblorobenaene
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OSHA Standard (air)1 350 ag/.3 TWA

ACGIS Thre.ho1d Liait Value: 350 ag/83 TWA
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o.S. ENVIRONMENTAL PRO'l'ECTION AGnCY (OSUA). 1979. Water
Related Environmental 'ate of 129 Priority Pollutants.
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O.S. ENVIRONMENTAL PROTECTION AGENCY (OSEPA). 1geO•. Ambi.nt
Water Quality Crit.ria tor Chlorinated 'enz.ne.. Ottic.
ot Wat.r R.gulation. and Standard., Crlt.rla and Stand.rds
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SolUbility in Organics:

CBLOROBINZILATE

SUllUllarx

Chlorobenzilate is an organochlorin. pelticid. u••d to
control .it.s. It is moderately persistent in the .nvironment.
Chronic ingestion of chlorobenzilate caused testicular atrophy
in male rats, enlarged livers in female rats and liver cancer
in .everal strains of mice. It i. moderately toxic to aquatic
organisms, with acute ~oxicity value. as low as 550 ~g/liter.

CAS N~ber: 510-15-6

Chemical Formula: Cl6Bl4Cl203

IUPAC Name: Ethyl-4,4-dichlorobenzilat.

Important Synonym. and Trad. N....: Akar, ••nzilan, Polbex

Chemical and Phy.ical properti••

Molecular W.ight: 325.2

Boiling Point: 14l-142·C at 0.06 am ~g

Melting Point: 35-37·C

Specific Gravity: 1.2816 at 20·C

S~lubil1ty in Wat.r: Pract1cally 1n.olubl.

Soluble 1n mOlt organic .olvents and
p"etrol.ua oil.

Log Octanol/Wat.r 'artition Coefficient: Approximat.ly 5 (calcu
lated)

Transport and rate

Little infor.ation on tbe tran.port and fate of chloro
benzilate va. found in ih••ource. reviewed. low.ver, leme
generalization. can be made ba.ed on its chemical and physical
propertle. and on the information available about r.lat.d chemi
call. Cblorobenzilate appearl to be .cderately per.iltent.
Although it bal a low vapor pre••ure, a. in tbe ca.e of other
organochlor1de compound., volatilization i. probably an important
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tr.n.port proc.... ~h. high log octAnol/vater pArtition coeffi
ci.nt indicAte. that chlorob.nlilat. i. ptObAbly r.adily .orbed
by .oil ..t.rial. and ••di••nt and will not .ov, .a.l1y through
groundw.t.r or .urfac. vat.r. Chlorob.nlilat. b•• be.n .hown
to be ••t.bolil.d in dog. and ••y th.r.for. be biod.grad.d by
oth.r org.ni.... ,a••d on thi. inforaation and data on the
d.grad.tion of DDT, .oil bact.riA a.y pl.y .n iaportant role
in the f.t. of cblorobenlil.t.. .

a.alth Eff.ct.

Chlorobenzilat. produc.d b.p.toc.llul.r c.rcino••, In
both .ale. and f••al•• in on••traln of aic. (NCI 197.) and
in aal••ic. in two oth.r .traln. (IARe 1913). A .lightly
incr••••d incid.nc. of .dr.nocortical adencaa. wa••een in
rat. of both ••••• , but the•• data were con.ider.d inadequate
for .v.luation by tARC (1913). Cblorob.nzllat. do•• not appear
to be mut.genic and did not .d.er••ly aff.ct r.productionin
a thr.e-g.neration .tady.

remal. rat. r.d 100 ppm chlorobenzllat. (approximat.ly
5 ag/kg bv/day) for 4 w••k. d.v.loped .nl.rg.d liv.r.. Mal.
rats f.d 1,600 or 3,000 ppm of cblorobenzilat. (appro.iaat.ly
135 mg/kg bw/day) for 78 v••k•••p.ri.nced te.ticular atrophy.
Th. acute oral LO SO value for rat., .iee, and baa.ter. w••
700 ag/kg.

To.icity to Wildlifl and Dca•• tic Ani..l.

Rainbow trout ,.po'ld to cblorob.nll1at. for 41 bour. hAd
an LC§o ••lu. of 710 ~g/liter. A 48-bour LC,S of 550 ~g/liter
va. d.~.r.in.d for wat.r fl.... Mo oth.r inr ra.tion on tb.
to.icity of chlorobeDlilat. to wildlif. or dca•• tic ani.a1s
v•• found in tb. lit.r.ture r ••i.w.d.
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CHLOROITHANE

Sunmaary

Chloroethane is u.ed as a solvent, as a refrigerant, and
al a raw .aterlal in the manufacture of tetraethyl lead. It
i. fairly Yolatile in the enyironment. Chloro.thane caused
headaches and dizziness 1n workers exposed to high levels.
It causes kidney damage and liver changes In chronically exposed
anil'lals.

c~s Number: 7S-00-3

Ch.mical Formula: CZHSCl

IUPAC Name: Chloroethane

Important Synonyms and Trade Names: Ithyl chloride, monochloro
.thane

Chemical and Physical Properties

Molecular Weight: 64.52

30iling Point: 12.3·C

Melting Point: -136.4·C

Specific Gravity: 0.8978 at 20·C

S~lubility in Water: 5740 .g/liter at ZO·C

~01ubl1ity in Organics: ~oluble in alcohol and .th.r

Log Octanol/Wat.r 'artition Coeffici.nt: 1.54

vapor Pressur.: 1,000 .. Hg at 20·C

Vapor Den.ity. 2.23

Transport and Pat. ,

Chloroethane i. probably not .ery persi.tent in the environ
••nt. It .olatiliz•• rapidly from wat.r; once 1n the atmosphere,
it il pbotooxidized, and forayl chloride il the Inltia~ oxidation
product. Hydrolysis .ay al.o occur in lurfac. wat.r or in moist
loll. liedegradation, lorption, and bioaccumulation probably are
not important fate proc••••• for chloroethane.

Chloroethan.
Page 1
OCtober 1'85
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Health Effects

Chloroethane 1. pre.ently being te.ted by the Rational
Toxicology 'rogram (NT7) for carcinogenicity and genetic toxi
city. No inforJlation evaluating it. reproductl.etoxicity
or teratogenicity va. found. Chloroethan. cau.ed .1nor neuro
logical .ffects (e.g., beadache, dilline••) in worker. exposed
to high l •••ls. In ani.al., cbronic .xpo.ure to cbloroethane
cau.ed kidney d..age and fatty change. in the li.er, and at
high levels up.et cardiac rhytba. Monochloroe~hane i. consi4ered
to be the le•• t toxic of the chlorinated ethane••

Toxicity to Wildlife and Domestic Ani••l.

NO information was found on the toxicity of chloroethane
to wildlife or domestic .nl••ls. ~be toxicity of other chlori
nated ethanes to .quatic organi••• gen.rally d.clin•• with
d.creasing chlorine content. ~h.refor., cbloro.thane i. probably
le•• toxic than 1,2-dichloroethane, Which cau.es acute toxicity
at about 120 ag/lit.r and cbronic toxicity at 20 ag/lit.r.

Regulations and Standards

Ambient Water Quality Criteria (OS;EPA)I

The .vailable data vere not ad.quat. tor e.tabll.bing
criteria.

OS!IA S.tandard (air) I 2,800 .g/a3 TWA

ACGIS Tbr••bold Liait Valu... 2,100 ag/.~ ~A
3,250 ag/a S'l'ZL

UVERENgS

AMERICAN COlinUNCB rl' GOVB1UOIBlft'AL IlIDOS'1'RIAL nQIINISTS (ACe]!!).
1980. Docwa.ntatioft of tb. Ifbr••bol"4 Liait V.lu..... 4th
.d. Cincinnati, Obio. 4•• pag••

NATIONAL IRS'1'IIfQft 'OR OCCOPA'1'IOHAL SAPftY MD UAL'l'B (RI0S8).
1"3••egi.t~y of ~oai~ Iff.ct. ofCheaical S~b.tanc•••
Data a.... Wa.bington, D.C. October 1983

..
'ATTY, ••A., ed. 1'83. Industrial BY91eft. and Toxicology.

vol. 2. Jobn Wil.y • ~on., .ev York

~I, R.I. 1"5. Dang.roua .roperti•• of Induatrial Mat.rials.
4tb ed. Van Roatrand ••inbold Co., ••v York
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u.S.' ENVIRONMENTAL PRO'1'EC'l'ION AGENCY (USEPA). 1",. Water
Related Environmental Pate of 12' Priority Pollutants
Washington, D.C. Dece.ber 1"'. EPA 440/4-"-029

0.5.• ENVIRONMENTAL PRO'1'ZC'l'ION AGENCY (USDA). 1'80. Ambient·
Water Quality Criteria for Chlorinated Ethanes. Office
of ~ater Regulations and Standard., Criteria and Standards
Division, Washington, D.C." October 1980. EPA 440/5-80-029

VERSCKUEREN, K. 19'7. sandbook of Environmental Data on Organic
. Chemicals. Van Nostrand Reinhold Co., New York. 659 pages

WEAST, R.E., ed. 1'81. Handbook of Chemistry and Physics.
62nd ed. CRC Pre.s, Cleveland, Ohio. 2,332 pages

,
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BIS(2-CBLOROETBOXY)ITBANE

Summary

bis(2-ebloroethoxy)ethane 1s probably 10IDewhat perlistent
in the environment. It has oral LD~O_values in ratl and guinea
pigs of 250 ag/kg and 120 IIg/kg, res~ctigely~

CAS Number: 112-26-5

Chemical Porllula: C6B12C1202

IOPAC Name: 1,2-bil-2-Chloroethoxyethane

Important Synonyms and Trade Names: Triglycol dichloride,
triethylene glycol dichloride

Chemical and Physical Properties

Molecular Weight: 187

Boiling Point: 241.3·C

Melting Point: -3l.5·C

Specific Gra.ityl 1.2 at 20·C

Solubility in Waterl Approl:iaately 5,000 .g/llter (calculated)

Log OctanollNater Partition Coefficlentl 1.92 (calculated)

Vapor Prelsure. Probably le•• than 0.1 .. Bg at 20·C

Plash Polntl 121·C

Transport and rate

Ro infor.atioD i. a.ailable on the tran.port and fate
of bll(2-chloroethozy).thane. Bove.er, this inforaation can
be extrapolated frc. data on bll(2-cbloroethol:y).ethane data
and frc. the ch••ical and,phylical propertlel of bil(2-chloro
ethol:Y) ethane.

bll(2-ehloroetbol:y)ethane 11 probably rather perliltent
In tbe environment. It ba. a low vapor pre••ure and therefore
probably i. not very volatl1e. Itl calculated log octanol/water
partition coefflcient (1.92) and lolubility .ugge.t that it may
leach through the .011 if it i. not biodegraded. There is no

bi.(2-Cbloroethol:y)ethane
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inforsation on the biodegradation of bis(2-chloroethoxy}ethane.
Based on inforaation for bis(2-chloroethoxy) •• thane, the .ost
likely fate proc••••• for bi.(2-cbloro.thoxy).tban. ar. slow
hydrolysis and ozidation to p.rozid•••

H.alth Iff.ct.

Limit.d information i. a.ailabl. on the health eff.cts
of bl.(2-chloro.thozy).thane. Thr.e acut••tudi•• indicat.d
that the ch.mical had oral LD§o .al~.s of 2S0 sg/kg in rats
and 120 ag/kg In g~ln.a pigs and an LD SO of 1,410 .g/kg wh.n
appli.d to the skin of sic••

Mor. infor.ation on the pot.ntial eff.cts of bisC2-chloroethoxy}
ethane can be inferr.d from studi.s on bis(2-chlorom.thoxy).thane.
This chemical produc.d local sarcoaas vb.n appli.d d.rmally,
by subcutan.ou. inj.ction, or intrap.riton.ally.

Toxicity to Wildlife and Domestic Animals

No infor.ation on the tozicity of bi.(2-chloroethozy)ethane
to wildlife or domestic ani.als was found in the .ource. reviewed.

REFERENCES

THE CONDENSED CHEMICAL DICTIORARY. 1"'. Ith ed. Van .o.trand
Reinhold Co., ••v York

IN'1'ERNATIORAL AGDCY rOR aSBAACB OR C&RCBJl (IAJlC). 1"'.
IAKC Monograpb. on thelvaluation of Carcinog.nic Risk
of Che.icals to Man. Vol. 15. ~c.e r~igants, th. Berbi
cid.s 2,.-D and 2,.,5-1', Cblorinated Dibenlodiozins and
Misc.llaneous Indu.trial Che.ic.ll. World lealth Organiza
tion, Lyon, rrance. pp. 31-35

LYMAN, W.J., RZEBI., W.P., ROS_LAft, D.B. 1,.2. Bandbook
of Che.ic.l 'roperty Ilti••tion Method.. Invironaental
Bebavlor of Organic Cc.pound•• McGraw-IIll Book Co.,
N.v York

NATIONAL l.ftlTOft ~. OCCU'PA'l'IORAL SAPftY AIID 1IIAL'1'B (RIOS8).
1,.4. "Il.t~, of To.le Iffeeta of Cbe.ie.l S~b.tane•••
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81S(2-CHLOROETHYL) ETHER

Summary

biaC2-Chloroethyl)ether wal u.ed in the past al a loll
fu~igant and i8 now used as a lolv.nt and chemical reagent.
I~ is fairly loluble in water and is probably moderately per
sistent '1n the environment. bia (2-Chloroethyl) ether cauled
.n incr ••••d incidence of liver t~or. In .ale mice following
oral...~ministration, anc! it waa found to be lIutagenic using
the Ames assay. In the all', it il irritating to the eyes and
nasal passage. and when inh.led can damage the lungs, liver,
kidneys, .nd brain.

CAS, NUllber. 111-44-4

Chemical Pormula. C1CB2CB2OCB2CB2Cl

IUPAC Name. bis(beta-ehloroethyl)ether

Important Synonyms .nd Trade Namesl Iym-Dichloroethyl ether,
2,2'-Dichloroethyl ether,
l-ebloro-2-Cbeta-cbloroethoxy)
ethane, DCIZ, 1,1'-ozybll
(2-cbloroethane)

Chemical and Physical Properties

Molecular Weigbt. 143.02

Boiling Point. l7.·C

Melting Point. -24.S·C

Specific Gravity. 1.22 at 20·C

~olubility in Watera 10,200 ag/liter

Solubility in Organicl. Miscible vith mOlt organic lolvents
•

Log Octanol/Water 'artltian Coefficient. 1.58

Vapor Prellure.

Vapor Denlity.

0.71 .. Bg at 20·C

4.13
\

, -,

Plasb Poin~1 5S·C

bisC2-Chloroethyl)etber
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Tranlport and 'ate

There il little intorm.tion ••ailabl. conc.rning tb••nviron
.ent.l tr.nlport and t.t. of bisC2-ebloro.tbyl)etb.r and tb.
relati•• l.port.nc. of tb••arioul tranlport and fate processes.
Some volatililation of tbll compound froa aquatic and terre.trial
IYlte.l, and .ub••quent atmolpheric tran.port probably can
accur. lecau•• It 1••omewh.t .olubl. in v.t.r, biIC2-cbloro.thyll
etb.r c.n mlgr.t. tbrough tb. loil. Dir.ct photoly.il il not
e.pected to t.~e place In the .~o.ph.r. o~ In Iurf.c. vaters.
aow.~.r, photo ostdatlcD of the bl.(2-cbloro.thyl)etb.r that
r.ach•• the tropo.ph.r. 1. li~.ly to occur. Slov hydrolytic
cl.avag. of the c.rbon-chlorin. bond. can occur and is probably
the mo.t import.nt .qu.tic fat.. I

Adsorption on particulat. .atter do.. not appear to b.
a significant .nvironm.ntal tran.port proc.... A limited amount
of indirect .vid.nc••ugge.t. that bi.(2-chloroetbyl).th.r
ba. littl. pot.ntial for 'bioaccumulatlon. , A.ailabl. information
is not adequate to charaet.ril. th. iaportanc. of blod.gradation
••• tat. proc•••• It il,r.port.d that .igniticant d.gradation
can occur in aquatic .y.te•• aft.r • period of accllm.tion.

a.alth Iff.ct.

bi.(2~loroetbyl).th.rcau••d an incr••••d incld.nc. ot
h.patoma. in .al••ic. folloving oral adaini.tration. It i.
al.o r.ported to be aatag.nic in 8.1.on.l1a te.ter .tralnl.
Mo data concerning teratogenic or reproducti.e effect. are
a•• ilabl••

bi.(2-ehloro.thyl).th.r conc.ntration. of 100 ppa (100 m,/.3,
and po•• ibly lov.r ar. irritating to the .yea and na.al p••••, •• ,
and .ay c.u•• coughing an~ n.u.... IZpolur. to concentration•
• bov. 550 ppa (3,300 .,ta )1. con.id.red' to be Intol.rabl••
Concentrationa of 500 ". and 150 ppa are report.d to be fatal
in guin.a pigl and ~ata, r.lpecti••ly. ~. aoat •••ere toaic
.ff.ct. ar. I.en in the lun,a, although the kidn.,., liv.r,
and br.in aay allo "aff.ct.d. RO ••rlou toaic effectl v.re
not.d following' !bronie .apolur. of talnea ,l,a and rata to
" ppa (.20 a,/8 ) of biaC2-cbloroetbyl).th.r.

biIC2-ehloroetbyl).ther ta a alld aklft lrrlt~nt. Bow...r,
acut.ly toale .nd l.th.l ,aaoun~a ..y be .blorbed through the
Ikin. An or.l LD50 of 75 a,/k, 1. r.ported for tbe r.t.

Toxicity to Wildlif. and ooa.ltic Ani.al.

Data ad.quate to cbaracteril. the tozicity of bla(2-chloro
.thyl).ther to vildlife and d08••tlc .nl..11 .r. not ••ailable.

bi.(2-ehloro.tbyl)etber
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Acute toxicity of chloroalkyl etherl, in general, to fre.hwater
aquatic life II reported to occur at concentrations as low
a. 238,000 ~g/liter and would occur at lower concentrations
among .peci•• -or•••nsitiY. than those t.sted.

le9ulation. and Standarc5s -.

Ambient Water Quality Criteria (OS_EPA) I

Aquatic Life

The available data are not adequate for establishing criteria.

Ruman Health

Estimates oC the carcinogenic risks associated with lifetime
exposure to various concentrations of bis(2-chloroethyl)ether
in water are:

Concentration

0.3 ~g/liter

0.03 ~g/liter

0.003 ~g/liter

CAG Oni t Risk (OS.EPA) I 1.14 (1I9/kg/day)-1

OSHA Standard: 90 IIg/1I3 Ceiling Le.el

ACGIS Threshold Lillit Values: 30 IIg/lI~ TLV
60 IIg/1I STEt.

REFERENCES
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IARC Monograph. on the Ele.ation of C.rcinog.nic Risk
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RATIONAL IRSTITV'rZ POR OCCUPATIONAL SAFETY AND lEALTH (NIOSH).
1984. Regiltry of Toxic Effects of Chellical S.ubltances
Data B.... Wa.hington, D.C. April 1984

~X, N.I. 1975. Dang.roul Properties of Indu.trial M.terials.
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ot Water Regulations and S,tandarc!., Criteria and S,tandards
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CHLOROFORM

Suaarv

Chloroform (trichloromethane) i. often produced during
the chlorination of ~rinking water an~ thus ia a common ~rinking

water contallinant. It is. vOlatile in aurface watera and is
not likely to be persistent in the environment. Chloroform
caused an increase in kidney epithelial tumors in rats and
in hepatocellular carcinomas in aice. In addition, there is
.uggestive evidence from epidemiological studies that exposure
to chloroform and other trihalomethanes il a.sociated with
an increased incidence of bladder tumors in humans. Other
toxic effects of chloroform include central nervous system
depression: eye, skin, and gastrointe.tinal irrit.tion: and
damage to the liver, heart, and ki~ney~

CAS Number: 67-66-3

Chemical Pcrmula: CHC13
IOPAC Name: Trichloromethane

Chemical and Physical Properties

Molecular .eight: 119.'38

Boiling Point: 5l.7·C

Melting Point: -53.5·C

Specific Gravitl: 1••832 at 20·C

Solubility in Water: 8,200 ag/liter at 20·C

Solubility in Organica. Soluble in acetone, milcible with
alcohol, ether, benzene, and ligroin

Log Octanol/Water Partition Coefficient. 1.97

Va~or Preaaure: 150.5 .. 8g at 20·C

. ,. ,

Vapor Density: •• 12

Chlorofora
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Trans20rt and rate

Volatilization into the atmosphere i. the aajor transport
proces. for "r••oyal of chloroforll froll aquatic .yste.. eUSEPA
1"'). Onc. in the tropo.phere, chlorofora i••tt.cked by
bydroxyl r.dical. with the .ub.equent forution of pbo.g.ne
eCOC1,) .nd po•• ibly chlorine oxid. (C10) r.dic.l.. .either
of th.se r••ction product. i. lik.ly to p.r.i.t, pbo.gene i.
readily hydrolyzed to hydrocbloric acid and carbon dioxide.
Reaction witb bydroxy radic.l. i. tbought to be the pri.ary
environmental fat. of chloroform. Bow.v.r, cbloroform that
re•• inl in the tropo.pb.r. a.y r.turn to .artb In precipitation
or adsorbed on particulate., and a ...11 ..aunt ..y diffu••
upward to the .trato.ph.r. wh.r. it photodl••ociate. vi. inter
action with ultr.viol.t light.

Photoly.i., hydrolysi., and sorption do not app••r to
b••ignificant .nvirona.ntal f.te proc••••• for cbloroform.
However, .orption proc y bav. lOa. iaportanc. a•• removal
m.chanism in groundwat.r and lOil. ~he log octanol/vater parti
tion co.fficient indicat•• tbat th~. coapound ..y bio.ccuaulate
under conditions of con.tant .xpolur.. Studi•• with aarlne
organil•• provide evid.nce for only weak to ~d.rat. bloaccumu
lation. Altbough chloroforll is so••wbat lipopbilic and t.nd.
to be found .t higber conc.ntr.tion. in t.tty ti••u•• , there
is no evidence for bioll.gnific.tion in .quatic food ch.in••

Health Iffect.

Chronic .daini.tr.tion of chlorofora by g.vage i. reported
to produc•• do••-r.lated incr•••• In tb. incid.nc. of kidney
epithelial tumor. in.r.t. and • do..-r.lat.d incr•••• in the
incidence of h.patocellular c.rcino... in aice (IARe 1979,
OSEPA 1'80). Bpid••iologic.l .tudi•••ugg••t th.t higb.r con
centration. of cbloroforll and otb.r trihaloa.tbane. in water
.upplies aay b•••soci.t.d with an incr.a..d frequency of bladder
c.ncer In bu..n.. Bowe••r, th••• r••ult••r. DOt .uffici.nt
to e.tabli.b cau••litr. AD incr••••d incid.nc. of f.tal .bnor
aalit!•• va. report.d In off.prlnt of pregnant r.t. ezpo••d
to chlorofora by lnb.l.tlon. Or.l do... of cblorofora th.t
cau••d ..tern.l to.lclty prodgced relati.e1f ai14 fet.l toxicity
in the for. of redaaeed birth weigbt.. n.r••re 11ait,d d.ta
lugg••tin, that cblorofor. baa agtag.nic .cti.ity In 10.. te.t
.y.t.... Bow.v.r, neg.ti.e r ••ult. ba.e bien r.port.d for
bacteri.l aut.gene.l•••••y••

Buaan...y be exposed to cblorofor. by Inb.l.tion, inge.
tion, or .kin contact. ~zlc effect. inclgde loc.l i~ritation

of the .kin or .ye., c.ntr.l nervous .y.t•• d.pr••• ion, ga.tro
int••tinal irritation, 1lv.r .nd kidn.y d••~., c.rdi.c arrhyth
aia, ••ntricul.r tachyc.rdia, .nd bradyc.rdi.. De.th froa
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---...., chloroform over40sing can occur and is attrlbute4 to ventricular
fibrillation. Chloroform anesthesia can producedelaye4 d.ath
as a result of liver.necro.i••

Ixpo.ure to chloroform by inhalation, intraga.tric ad
ministration, or intr.peritone.l injection produce. liver and
kidney d.mai' in laboratoryani..l.. The or.l LDsO and inh!
l.tion LCL~v.lu,. for the r.t are 908 mg/kg and 3,,000 mg/m
per 4 hours, resp.ctively (AeGIS 1980).

Toxicity to Wildlife and Domestic Ani••ls

Limited inform.tion i. available concerning the toxicity
of chloroform to organis•• exposed at known conc.ntrations
(OSEPA 1980). Medi.n effect concentr.tion. for two freshwater
and one invertebr.te .pecie. range from 28,900 to 115,000 ~9/liter.

Twenty-.ev.n day LCso value. of 2,030 and 1,240 ~g/liter were
reported for embryo-larval test. with rainbow trout" in water
.t two l.vels of h.r4n•••• The only reliable result·concerning
the toxicity of chloroform to .altwater aquatic life is a 96-hour
LC SO value of 81,500 ~g/liter for pink .h~imp.

An equilibrium bioconcentration factor of .iz with.• tissue
half-life of le•• than 1 day va. determined for tbe bluegill.
Although cbloroform i. not .trongly bioaccuaulat.d, it. i. thought
to be widely distributed in the environment and can b. detected
in fish, w.ter bird., marine .....1., .nd various crops.

Regulations .nd Standard,

Ambient Water Qu.lity Criteria (OSlPA)a

Aquatic Life

The .vail.ble data are not adequate"for e.tablilhingcriteria.

Buman .ealth

E.timate. of tbe carcinogenic ri.k....ociated with lifetime
ezpo.ure to various concentration. of cblorof'orm in wa ter
are.

1.90 ~g/liter
0.19 ..g/liter
0.019 ..g/liter

8.lzl0-2 (mg/kg/day)-1

Risk-
10.5
lD- 6
lD-7

CAG Onit Ri.k (OSEPA)a

, Concentration

Cbloroform
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primary Drinking Water Standard: 0.10 mg/liter (total trihalo
.ethanes)

RIOSI Reco...nded Standarda '.8 ag/a3 l-br C.iling L.vel

OSHA Stand.rd. 244 ag/.3 C.lling L.v.l

ACGII Tbr••bold Li.it. Valu.. 50 ag/a3 (.u.p.ct.d human
c.rcinog.n)
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p-CHLORo-lD-CRESOL

___ SUJUlary
\

p-Chloro-a-cresol Is moderately soluble In water and Is
readily. d.grad.d durl"ng aerobic .ewag.. treat••nt. Bowever, it
is" probably moderately persistent in the natural environment.
p-Chloro-a-cr'lOl causes dermatitis and natural all.rglc reac
tions in sensi~jve individuals. It causes kidney damage in
mice". .p-Chloro-m-cre'-ol was acutely toxic to fathead minnows
at concentrations of 30 ~g/lit.r.

CAS Numbera 59-50-7

Chemical rormulaa C,B3CB 3ClOB

IOPAC Namea 4-chloro-a-ereaal

Important Synonyms and Trade Namesa 4-Cbloro-3-II.thylphenol,
3-chloro-5-hydrolytoluene,
3-m.tbyl-4-chloroph.nol

Chemical and Physical Prop.rtie,

Mol.cular We~gh~a 142.59

Boiling Pointl 253-C

Melt1ng Pointa "-'8-C

Specific Gravitya 1.215 at 15·C

S~luDility in Wa~era 3,850 mg/liter

Solubility in Organic. I Soluble in alcohol and eth.r

Log OCtanol!Water Partition Coefficientl 2.95 (calculat.d)

Transport and rate

liperi.ental evidenc. with r.lat.d compound. and theoretical
consid.ratlon••ugg••t that intramolecular photolysis is the
most lik.ly environmental fate for p-chloro-m-cr.sol. These
reaction. could produce a aixtur. of compound' from Init1al
lntermediat•• in vhJch the methyl group b.com•• chlorinated
or becomes oxidlz.d to a benzyl hydrop.rolld.. Although little
information conc.rning other .nvironmental proc ••••• Is avail-

p-Chloro-a-cr.sol
Page 1
Octob.r 1985
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able, it appears that oxidation and hydrolysis are not likely
to b. important fates, and that volatilization and .orption
ar. not likely to be important tran.port proc••••••

The log octanol/wat.r partition coefficient of p-chloro
a-cre.ol .ugge.ts that It. aay bave a t.nd.ncy to bloaccumulate,
but that. it 1. probably not an important fat. proc.... Para
c~loro~.-crelol 1. re.41ly degraded during a.robie ..w.ge trl.t
ment and i. partially degraded by adapt.d miz.d cultur•• of
aoil and water .icroorg.ni.... Bovev.r, tbe pot.ntial for
biodegradation in ambient .urface vat.r. or in .oil i. unknown •

••• I

Health Eff.cts

No information concerning the carcinogenicity, mutagenicity,
or t.ratogenicity of p-chloro-m-ere.ol in bQaan. or .sp.rim.ntal
anlmall is availabl.. 'ara-ebloro-.-cresol, in a 1.St aqueous
solution, i. reported to produce pruritic v••icular dermatitis
in .enlitive individuali. Sy.t.mic re~etion. to mucous heparin
pre.erv.d with 0.15' of an unspecifi.d chlorocrelOl, lik.ly
to be p-cbloro-a-crelol, include collap.e, pallor, Iweatin9,
hypoten.ion, tachycardia, and generalized urticarial ra.b.
In another ca•• , ••vere burning pain occurred at the .ite of
injection vitb heparin preierved with 0.15' cblorocre.ol.
Shortly aft.rvar41, nau.ea, ligbtbead.dne•• , and drovsine••
accompanied by pallor an4 aweating appeared.

Intravenou. or .ubcutaneou. admini.tration of p-cbloro
m-cr.sol produced ••ver. au.cle tre.ora and deatb in aic. and
rats•. D..age to r.nal tubul•• va. &lao ob.erved. In tbe meuse,
the r.port.d intrav.nou. and .ubcutaneOu. LD~G .alu.. ar. both
70 mg/kg. A .ubcutaneou. LD~O of 400 ag/kg and an oral LD SOof SOO m,/kg ar. reported for the rat.

Toxicity to Wildlife and Dc.e.tlc Animals

An acute tozleity value of 30 ~g/lit.r i. reported for
the fathead minnow, a fr ••bwater apeeie.. An LC value due
to chloro.i. of 15, ••• ~g/lit.r i. reported for J8ekweed, a
freshwater plant .,eele••

RO other infor_tion concerning the to.icitr of p-cbloro
a-cre.ol ~ terr••trial wi141if. and dome.tic ani.al. i. avail
able.

,-Chloro-m-ere.ol
'age 2
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- Regulations and Standards

Ambient Water Qualit~ ("riteria (OSEPA):

Aquatic Life

The available data. are not adequate for establishing criteria.

Buman Health

Organoleptic criterion: 3,000 ~g/lit.r

I E:F.EIENe!S

NATIONAL INSTI:rt1TE POR OCCOPA'l'IONAL SAPE'l'Y AND REALTH (NIOSS).
1984. Registry of Toxic Effects of Chemical Substance ••
Data. S.... W••hington, D.C. April 1984

SAX, N.I. 19'5. Dangerou. Propertiel of Indultri.l Materials.
4th ed. Van NOltrand Reinhold Co., .ew York

O.S.• I:fVIJtONMENTAL PROTECTION AGENCY (OSEPA). 19'9. Water
Related Environmental rate of 129 Priority Pollutants.
Washington, D.C. December 19'9. I'A 440/4-'9-029

O.S. ENVIRONMENTAL 'ROTEC'l'ION AGZNCY (OSDA). 1980. Ambient
Water Quality Criteria for ChlorinAted Phenols. Office
of W.ter Regulation. and Standard., Crit.ria and Standards
Division, Washington, D.C. OCtober 1980. I'A 440/5-80-032

WEAST; R.Z., ed. 1981. Bandbook of Cbeaistry and 'hysics.
'2nd ed. eRC 're •• , Cleveland, Obio. 2332 pe;e•

..

p-Chloro-.-creaol
'aie 3
October 1115





l-CHLORO-]-NITROBENZENE

Summary

l-Chloro-3-nitrobenzene i. u.ed in the aanuflcture of
dye.. !he liaited informltion Ivailable on the trln.port and
fate of the che.ical .ugge.t. that biodegradation i. In important
fate proce•• , but one that occur••lowly. Con.equently, it
i. probably .oder.tely per.i.tent in the environment. l-Chloro
3-nitrobenzene wa••utagenic in the Ame•••••y. It c.uses
methemoglobine.ia in ezperimental ani••ls .nd w.s reported
to induce hemolytic activity in =.ts.

CAS N~berl 121-73-3

Chemicil Pormula. C,S.C1N02
IUPAC Name: l-Chloro-3-nitrobenzene

Important Synonyms and Trade Name.: Chloro-m-nitrobenzene,
m-chloronitrobenzene, nitrochlorobenzene

Chemical and Physical Properties

Molecular .eight: 157.5'

loiling Point. 235-23'·C

Melting Point: .'·C

Specific Gravity. 1.53. at 20ec

Solubility in .ater. In.olubl. in vatee

Solubility in Organic.. Soluble In alcohol, ether, and carbon
di.ulfide

Log Octanol/Water 'artition Coefficient. 2.43

Tran'port and rate

~e only infor.aticn on the tran.port and fate of l-chloro-3
nitrobenzene indicate. that biodegradation by loil bacteria
1. an iaportant fate proce•• but that it OCCur••lowly. I.sed
on thi. data, on infor.ation for nitrobenzene and cblorobenzenes,
and on the che.ical and phy.ical propertie. of the compound,
It vould appear that l-cbloro-3-nltrobenzene 1. quite persistent
In the environment. .e.ide. bledegradation, otber potential

l-ehloro-3-nitrobenzene
'ag8 1
OCtober 1"5
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li"th.-coapound li .d.orbed-to huaie ••terill nair tbe 10il
or ••ter lurflce •

• ealth Iffect.

l-Cbloro-3-nltr"obenaene b•• not been te.ted for c.rcino,eni
city in ani••l bl0••••y.. Bowe.er, botb l-cbloro-4-nltrobenzene
and l-ebloro-2-nltroben.ene were reported to be carclno,enic
In .ice orel.burger et .1. 1'7'). 1-ebloro-3-nltrobenaene
w•• found to be aut.,enic u.int tbe ~•••••y witbout .etabolle
acti••tion In .train ~100. 80 infora.tion w•••••ilable on
tbe teratogenicity, eabryotoxicity, or fetoto.iclty of l-chloro-3
nitrobenzene.

It ha. been reported tbat l-cbloro-3-nltrobenzene c.u.e•
• ethe.o,lobune.ia in experi.ent.l .nia.l.. It led to the for
••tion of .ulfbe.oglobin In r.t••nd w•• reported to ba.e •
be.olytic .ction, with re.ultin, aneai. and ey.no.i.. I-Cbloro
3-nltrobenzene i. probably reduced to cbloroanl1ine in the
body.

The oral LD!O in the rat i. 470 ai/k" .nd tbe aou.e oral
LDSOl. 380 .,/kg.

Toxicity to Wildlife and Doae.tlc Anl.al.

Ro Information on tbe toxicity of l-cbloro-3-nltrobenzene
to wildlife or dcae.tic ani..l. v••••ail.ble in the liter.ture
reviewed. .

aegul.tion. and Standard.

Ro regulation. or .tand.rd. ba.. been e.tabli.bed tor
l-chloro-3-nitroben.ene.

IlPZyNCZ'

!'BE raRCI IND&I. It71. ttb e4. .indhol., II., ed. "ercle
and Co., a.bv.y, W•• Jer••y

RATIOML DI.,I'lU'1'B rca OCCDPATIORAL lAPIn UD BBALft (RIOS8).
1,... i.,i.try of Toalc .ffecta of Cbe.ical lub.tance••
D.ta ..... • ..blnltOft, D.C. OCtober 1184

1A1, W.I. 1175. Dan,.rou••ropertl•• of Indu.trlal .at.ri.ll.
. 4th ad. Vaa .00trand ••iftbold Co., ••• 70rlc. 1,251 p.,e.

l-Chloro-3-nltroben••n••a,. 2
October 11.15.

.J,' ' ..... _./



O.S. ENVIRONMENTAL PROTECTION AGENCY (OSEPA). 1979. Water
Relate~ Invironmental 'ate of 129 priority pollutants •
• a.hington, ~.C. ~.cember 1979. EPA 440/4-79-029

VERSCRUER!N, K. 1977. Ban~book of Environm.nta1 ~ata on Organic
Che.ica1•• Van Nostrand Reinho1~ Co., Rev fork. 659 pages

WEAST· R.I., ed. 1981.~ Handbook of Chemistry and Physics.
62n~ ed. eRe Pre.s, Clevelan~, Ohio. 2,332 pages

WEISBORGER, E.K., ROSSPIELO, A.B., HAMBORGER, P., WEISSORGER,
J.R., SAGER, E., VAN DONGIN, e.G., and eRO, I.C. 1978.
Testing of twenty-one environmental aromatic amines or
~erivatives for long term to.lcity or carcinogenicity.
J. Inviron. Pathol. To.leol. 2:325-356

...

1-ebloro-]-nltroben••n.
Page ]
OCtober 1ge5

,..





CHROMIUM

SUllUllary

Chr~Jua is a heavy metal that generally exists in either
• trivalent or bexavalent oxidation state. Hexavalent chromium
(ar VI) II rather soluble and is quite mobile in groundwater
an4 lurface vater. However, in the presence of reducing agents
it·is rapidly converted to trivalent chromium (CI:' III), which
is str.ongly adsorbed tOo' soil components and consequently is
mucb·less mobile. A number of salta of hexavalent chromium
are carcinogenic In rata. In addition, an increased Incidence
of lung cancer was .een in workers occupationally exposed to
chromium VI. Hexavalent chromium also causes kidney damage
in animals and humans. Trivalent chromium is less toxic than
hexavalent chromium, its main effect is contact dermatitis
in sensitive individuals.

CA_ Number: 7440-47-3

Chemical Pormula: Cr

IUPAC Namel Chroalwa

Chemical and Physical Properties (Metalt

AtOllic Weigbtl

Boiling Point.

Mel ting Point:

51.99'

2672·C

1857 + 20·C-
Specific Gravity. 7.20 at 2S·C

~olubility in ••ter. Inaoluble, 10m. compoundl are loluble

Transport and rat.

aesa••lent Cr i. quite solubl., ezilting in lolution as
a component of • complez anion. It il not lorbed to any signifi
cant degree by clayl or bydroul .etal ozidel. Th. anionic
form vari•• according to pH and may be a chromate, hydrochromate,
or dicbroaate. aecaul. all anionic for•• are .0 loluble, they
are quite mobil. in the aquatic environment. Cr VI is efficiently

ChrOllllua
Page 1
October 1985
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r.aoved by activated carbon and thul ..y have lome affinity
for organic .at.rial, in natural wat.r. Cr VI II a mod.rately
Itrong oxidizing agent and reactl with reducing aat.riall to
fora trivalent chroaiwa. Mo,t Cr III in the aquatic environment
1. hydrolyzed and precipitate. aa cbromlua bydroxide. .orption
to ledi.ent. and bloaccuaulation will reaove aucb of the re.ain
ing Cr III frOll lolution. Cr III.i.a adlorbed only weakly to
Inorganic aat.rlall. Cr III and Cr VI are readily interconv.r
tible In nature depending on atcroenvironaental conditiona
luch .a. pI, hardn••• , and the type. of other compound, pr••ent.
Sol~ble form. of chromium accuaulate if aabient conditionl
favor Cr VI.' Conditionl favorable for converllon to Cr III
lead to precipitation and adsorption of cbroalwa In ••di.ents.

In air, chroalua II allociated ataolt entir.ly with particu
late matter. Sourc•• of chromiua in air include windblown
loil and particulate eail,lonl· troa indultrial proc••••••.
Little intormation i. available concerning the r.latlv. amounts
of Cr III and Cr VI in varioul .erololl. aelatively small
particle. can form Itable aerololl and can be tranlport.d aany
aile, before lettling out.

Cr III tend. to be adlorbed Itrongly onto clay particle.
and organic particulate matter, but can be aobilized if it
I' camplexed with organic aolecule.. Cr III pre.ent in ainerals
i8 mobilized to different e.tent. depending OD the weatherability
and .01ubility of the aineral in which it i. contained. Sexa
valent compound. are not .trong1y adlorbed ·by .011 component.
and. Cr VI i. Dabile In groundwater. Cr VI i. quickly reduced
to CR III in poorly drained loi1. ba.ing a blgh content of
organic matter. Cr VI of natural origin i. rarely found in
loil••

Health 2ffect.

The be.a.alent fora of chroal~ i. of ..jor toxicological
importance In bigher org.ni.... A ••riety of cbra.ate (Cr VI)
,alt••re c.rcinotenic In r.t. and .n exce•• of 19n9 cancer
hal been ob.er.ed ..on, worker. in the cbroaate-producin, induI
try. Cr VI coapouDd. c.n c.Q.e DBA .nd chra..aae d...ge in
animal. and buaaft8, and Cr tvl) trioxide i. teratogenic in the
hamster. lo.lation ·of bexa.a1ent chra.i·.. Alt. cau.e. Irri
tation and Iftfl....tion of the na.al .~co.a, and ulceration
and perforation of the na.al aeptua. Cr VI al.o produce. kidn.y
dam.ge In _n18a1. and hu.an.. !be liver 1••1.0 .en.itl.e
to the toxic eftect. of bexa.alent Cr, but apparently le••
10 th.n the kidney. or re.piratory .y.t... Cr III 1. 1e••
toxic than Cr VI, It...In effect In huaan. i. a fora of contact
dermatiti. In .enlitlv. indi.idua1.. .

Chroal_
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-
Toxicity to Wildlife and Domestic Animals

Chroalum is an essential nutrient and is accumulated in
a variety of aquatic and marine biota, especially benthic organ
1••s, to levels much higher than In ambient vater. Levels
in biota, however, usually are lower than levels in the sedi
.ents. 'a••age of chromium through tbe tood chain can be demon
sfrated. ~he food chain appears to be ••ore efficient pathway
for chromlu. uptake than direct uptake from seavater.

. .
. . ~ater hardness, temperature, dissolved oxygen, species,

and ~ge of the test organism all modify the toxic effects of
chromium on aquatic life. Cr III appears to be more acutely
toxic to fish than Cr VI, the reverse is true in long term
chronic exposure studies.

None of the plants normally used as food or animal feed
are chromium accumulators. Chromium absorbed by plants tends
to remain primarily in the roots and is poorly translocated
to the leav... There i. little tendency for chromium to accumu
late along food chains in the trivalent inorganic form. Organic
chromium compounds, about which little i. known, can have signifi
cantly different bio.cc~ulation tendencie.. Little information
concerning the toxic effect. of chromium on aa...lian wildlife
and domestic animal specie. 1. available.

Regulations and Standardl

Ambient Water Quality Criteria (OS~A).

Cr VIs

Aquatic Lite ('ropo.ed Criteria)

Pre.hvater

Acute toalcltya 11 ~,/llt.r

Chronic to.lcitya 7.2 ~9/llter

S.altvater

Acute toalcltya 1,200 ~g/lit.r
Chronic to.lclty. 54 ~g/liter ..

Swaan ••alth ..

.,.
, ,

Criterionl

Chromium
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..

National Interim Primary Drinking Water

NIOSS Recommended Standard. for ca VII.

Cr III.

Aquatic Life (Pr~poled Criteria)

lre.b"atel

Acute toxicity. e(O.t19[ln(hardne.I)]+3.S'8) ~g/lit.r

Chronic toxicity. e(0.819 [In(hardnes.)])+O.S37) ~g/lit.r

···saltvater

The available data are not adequate for e.tablishing
criteria.

Ruman Health

Criterion. 170 aglliter

CAG Onlt Rilk tor iD~alation ex~ure to CR VI (OSBPA).
41 ~glkg/d~) ..

Standard. SO ~g/liter

1 ~g/a3 carcinogenic
25' ~g/a~ noncarcinogenic ~
50 ~tI- noncarcinogenic

(15-ain I.ple)

OSHA Standardl' OSSA air Itandardl have been let for .e.eral
chromium compounds. MOlt recognized or IUlpected carcincr
genic chromium compounds ha.e ceiling liait. ot 100 ~9/m •

ACGIS Thre.hold Liait Value.. Se.eral ibraalua ca.pound. have
~a ranging tra- 0.05 to 0.5 a"••. Chra.ite ore proces
.ing (chraaate), certain wat.r in.ol~le Cr VI compounds,
and chraaat•• of lead and ainc are r!cogniaed or luapected
IUDan carcinogen. and ha.e O. as _gl_ TWA••

..
AMERICAII CORnallO ~ GOVBJtNMBlft'AL INDUSTRIAL &Yen.IIIS'!'S (ACGIH).

1980. Docuaentation ot the Thr••bold Ll_1t Value.. 4th
ed. Cincinnati, Ohio. 488 page.

IH'1'IRNA1'IONAL AGENCY rOR USIARCB OR CMClR (IARC). 1980.
IARC Monograph on the ••aluation ot the Carcinogenic Risk
of Ch••ical. to Ruman.. Vol. 231 SCDe Metal. and Metallic
Campound.. World Healtb Organization, Lyon, Prance

ChraaiUli
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1984. Wat.r
('ropo••d Crit.ria)

NATIONAL INSTITUTE POR OCCUPATIONAL SAPETY AND HEALTH (NIOSH).
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Expo.ur. to Chroaium (VI). wa.hington, D.C. DHEW Publi
c.tlon Ro. (RIOSH) 76-129

NATIONAL IWSTI'l'O'l'J: PaR- OCCUPATIONAL SAPEn AND DAL'l'B (NIOSH).
1983. R.gi.try of Toxic Effect~ of Chemical Sub.tanc•••
Data ••••• W••hington, D.C. OCtob.r 1983

NATIONAL RESEARCH COUNCIL OF CANADA. 1976. Eff.ct. of Chromium
in the Canadian Environm.nt. Subcommittee on Heavy Metals
and Certain Oth.r Compound., Ottawa, Canada. Environmental
Secretari.t Publication No. RRCC 15017

o.S. ENVIRONMENTAL PROnCTION AGBNCY (trSEPA). 1979. Nater
Related I'.te of 129 Priority Pollutants. Washington,
D.C. D.cember 1979. SPA 440/4-79-029

O.S. ENVIRONMENTAL PROTECTION AGENCY (trSIPA). 1980. Ambient
W.t.r Qu.lity Criteria for Chromi~. Offic. of Water
Regul.tion. and ~t.ndard., Criteria .nd ~tandard. Division,
W••hington, D.C. October 1980. EPA 440/5-80-035

0.5. ENVIRONMENTAL PROT!CTION AGENCY (OSE'A).
quality criteri•• Requ•• t for coma.nt••
Ped. Reg. 49.4551-4553

0.5. IRVIRONMENTAL PROTECTION AGENCY (OSZPA). 1984. a••lth
Eff.ct. A nt for Tri.al.nt Chroaiga. Environmental
Criteria and A•••••••nt Offic., Cincinn.ti, Ohio. September
1984. ECAo-CIN-S035 (~inal Draft)

o. S. ENVIRONMENTAL 'ROTECTION AGENCY (OSEPA). 1984. Seal th
Effect. A nt for S.xa.alent Chromium. Environmental
Crit.ra and A•••••••nt Offic., Cincinnati, Ohio. September
1984. ICAo-CIR-S019 (~inal Draft).

tr. S. INVIRONM!HTAL 'RO'f'IC'l'ION -AGZRCY (ORPA). 1985. S.al th
A•••••••nt Docua.nt for Dichlora-.tbane (M.thyl.n. Chloride).
Office of ••alth and Environm.ntal A•••••••nt. wa.hington,
D.C. rebruary 1'85. EPA '00/8-82/0041'

WEAST, a.I., .d. 1'81••andbook of Che.l.try and 'hysic••
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CBRYS.ENE

.-, SUlIIllarx

Chry••n. is a five-ringed Polycyclic aroaatic hydrocarbon
(PAB). It i. rath.r persistent 1n the environment, biodegrada
tron is probably the ultimate tate proc.... Ceraal application
of chrysene produces Ikin tu.or. in aic., and subcutaneous
injection produce. lac.al larco.a'.. Chry••n. va. found to be
.uta9~ic ullng several te.t .y.t.... Although there 1s little
infcrrmatlon on other toxic effects of chey.ene, carcinogenic
PARs as a group cause skin disorderl and have an immuno.uppres
sive eftect.

CAS Numb.r: 218-01-'

Che.ical Poraulal C18R12
IOPACNa... Chry••n.

Important.Synonym. and ~rad. N.... I 1,2-B.nzopbenanthren.,
b.nz(a)ph.nantbren.

Chemical and Physical Properti••

Molecular W.ight. 228.28

Boiling 'oint. 44S-C

M.lting Point. 2S'·C

Specific Gravity. 1.274 at 20-C

Solubility in Water. 0.002 ag/liter at 25-C

Solubility in Organic.. Sol·ubl". in .th.c, alcobol, glacial
and ac.tic acid

Log Octanol/Wat.c 'artition Co.fficient. 5.11

vapor Pr•••ur.. 10.11 to 10-1 am B9 at 20·C
'-
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Tran'port and Pate

very little .pecific inform.tlon concerningth••nviron
.ent.l tr.n.port and fate of cbrf.ene 1. available. Bowever,
d.ta can be d.ri••d with "re••onable confid.nc. froa inform.tion
conc.rning benlo(a)anthracene and otber r.lated polycyclic
aroutlc hydroc:arbon. (PAB.). Dl••olv.d chry.ene My und.rgo
~apid, dir.ct photoly.i. In aquatic .y.t.... Bow.v.r, th.
rel.tl•• iaportanc. of tbl. proc~.. a••n .nvlronm.ntal fat.
i. unknown. Singlet oayg.n· I." th. oald.nt and q~lnone. ar.
th.~,·Str04uct. in photoly.l."" r.action. invol.lng polycyclic aro
.atic hydrocarbon.. Fr.e-radlc.l oald.tion of cbry.ene i.
likely to be .lov and 1. not likely to be ••1gniflc.nt fate
proc.... Bec.u•• chry.en. doe. not contain group. a.enable
to hydroly,ls, this proc••• i. not thought to be a significant
.nvironment.l f.te. Vol.tilization do•• not app.ar to be an
important tran.port proc••••

Chry••n. prob.bly .ccumul.te. in the .edi••nt .nd biota
portion. of the .quatic environm.nt, and ad.orption to .uspended
matt.r i. likely to be tb. de-inant tran.port proc.... It 1.
prob.ble th.t .orption onto ••di••nt., .011 particl•• , .nd
blot. 1••trongly corr.l.t.d with the organic, carbon le.els
pre.ent. aioaccuaulation of cbry.ene 1. ezpecte4 to be .hort
t.rm .nd i. not .n l.,ortant fat. proc.... Altbougb poltcycllc
arom.tic bydrocarbon. witb four or 1e•• aroaatlc ring., like
chry.ene, ar. r.adily and quickly bloaccuaul.t.d, tbey also
are r.pidly .et.bo11••d .n~ eacreeed. fte.e kind. of 'Us .r.
degrad.d by'microbe••nd r.adily .et.bolil.d by .uleic.llular
org.nl.... D.gradation by .....1. i. con.id.red to be Inc~

pl.te, the p.r.nt co.pound "and .etabo1it•• ar••screted by
the urin.ry .y.t... Blod.gradation 1. probably the ulti••t.
fat. proc••• for chry••ne. Bow•••r, tbe .,..d and est.nt of
thl. proc••• ar. unknown. Biode,rad.tion of 'AB. ,.nerally
occur. mor. rapidly in .oil tban in aqgatic .y.t... and 1.
al.o f ••ter In tbo•••y.te•• chronically contaalnat.d with
tb••• coapoamd••

Atao.ph.ric tran.port of cbry.ene can occur, and cbry.ene
c.n be return" to aquatio and terre.tria~ .y.t... by atao.pheric
fallout and witb precipitation. It can .nter .urface and ground
water. by 1.acbinl !raa polluted .olla.

Health .ffect. ..

The potentia~ for polYCIC1JC .roaatic bydroc.rbon. to
induce .ali,n.nt traft.for.at on do.inate. tbe con.ld.ration
,iven to healtb baaard. r ••ultlng froa espo.ur.. ·~bi. ia becau••
overt algn. of toxicity .re often not produced until the do••
18 .ufflcient to produce a high tuaor incidence. .

Chry.ene
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MO cas. reports or epidemiological stud i •• on the signi
ficance of chrysene exposure to humans are available. Bowever,
coal tar and oth.r aateriall known to be carcinogenic to humans
.ay contain chry.en.. Chrysene produce••kin twaorl in mice
following repeated dermal application. ligh .ubcutaneous doses
are r.ported to re.ult in a low incidence of tu.ors with a
long induction ti.e in mice. ChrYI.n. i. con.id.red to have
weak carcinogenic activity compared to b.nzo(a)pyr.n.. Chrysene
is report.d to be mutag.nic in a variety of t.st syst.ms.
Mo information concerning the teratogenic effects of chrysene
in humans or .xperi.ental animal. i. available.

Although there il little information concerning other
toxic .ffects of chrysen•• it il report.d that applying the
carcinogenic PARS to mouse skin l.ads to the destruction of
sebac.ou. gland•• hyperpla.ia. byperkeratosis. and ulceration.
Workers exposed to .aterial. containing the•• compounds may
exhibit chronic d.rmatiti•• hyperk.rato•••• and other skin
disorders. Although sp.cific re.ult. with cbry••ne are not
reported. it ha. b••n .hown that aany carcinogenic PARs have
an immunosuppre.siv. effect.

Toxici tx to WileSl·i f. and Dom.stic Animal.

Adequate data for characterization of the toxicity of
chrysene to domestic ani..l. and wildlife ar. not available.

Regulation. and Standard.

Ambient Water Quality Criteria (OS.PA):

Aquatic tife

Th. availabl. data ace not ad.quat.· for e.tablisbing cri
teria.

BWIlan I.alth

!Itiut•• of tbe carcinog.nic ri.k. a••ociat.d with lifetime
.xpo.ur. to .arioua concentration. of carcinogenic PARs
in .at.r are.

Concentration

28 ng/liter
2.8 ng/liter
0.28 ng/liter

,/

Chrysen.
'age 3
Octob.r 1'85



AMERICAN eONPERENCB OP GOVBRNMENTAL INDUSTRIAL HYGIENISTS.
1910. Doc.ent.tion of the Thr••hold Liait V.lu.... 4th
ed. Cincinn.ti, Ohio. 488 p.g••

Ilf'1'IJUfATIOWAL AGENCY POR USIARCB ON CAMCBK (IUC). 1"3.
lAIC MonographS'on the Ivaluation of Carcinog.nic lilk
of C~e.lcal. to Man. Vol'. 3. Certain Polycyclic Arom.tic
.ydrocarbons .nd .eterocyclic Coapound.. World .ealth
Organiz.tion, Lyon, 'r.nc.. ~p. 15'-177

LEVIN, w., WOOD, A.W., CRANC, R.L., YACI, 8., MAl, B.D., JERINA,
D.M., .nd CONNlY, A.B. 1"8. Bvid.nc. for bay region
acti••tion of chry.en. 1,2-dihydrodiol to .n ultimate
carcinog.n. Canc.r R••• 38a1831-1834

NATIONAL INSTITC'l'E fOR OCCUPATIONAL SAnft' AND IlZALTB (NIOSH).
1'83. ~.gi.try of Tosic Bffect~ of Cb••ical SUbstanc~s.
Data a.... .a.bington, D.C. October 1'83

SAX, R.I. 1"5. D.ng.rou. ~ropertl•• of IDdustrial Materials.
4th .d. V.n ROltr.nd Reinbold Co., .ew York. 1,258 pages

O.S.• ENVIRONMENTAL PRO'l'IC1'ION AGENCY (OSDA). 1"'. Water
R.lated Invironaental' 'ate of 12' priority ~ollutantl.
W.sbington, D.C. Dec.aber 1"'. EPA 440/4-"-02'

o.S• ZHVIROHMENTAL 'ROTBCtIOR AGIRCY (aSSPA). 1'80. Ambi.nt
• ater Quality Criteria for 'olynuclear Are-atic Bydrocar
bon.. Office of Water Regulation. and ~tand.rdl, Criteria
and Standards Di9ilion, Wa.bington, D.C. OCtober 1'80.
BPA .'.0/5-80-0"

"

Cbry.ene
'ag. •
OCtober 1"5

. }-



COBALT

S~lIUDary

Cobalt generally occurs in the 0 or +2 oxidation .tates.
Ilemental cobalt i. relatively unreactive and is quit••table
in air or water. Cobalt ca~.ed injection .ite larcomas in rats,
but the re.ults of other Itudie. were n.gative, it il not con
lidered to pose a carcinogenic ri.k to bumans. Chronic oral
expos~re ca~ses goiter,' decrea.ed thyroid function, increased
heart and respiratory rates, and blood lipid changes. Cobalt
causes respiratory disease among occupationally exposed workers.

CAS Number: 7440-48-4

Chemical Pormula: Co

IOPAC Name: Cobalt

Chemical and Physical Properti.s (Metal)

Atomic W.ight: 58.933

loiling Point: 2,870·C

,Melting Point: 1,495·C

Specific Gravity: 8.9

~ol~bility in Water: In.olubl., .om••alt. are .oluble

Transport and rat.

very littl. cobalt appear. to occur in .olubl. form in
natural aquatic .y.~ea.. S~veral .urvey••how that cobalt
fr.qu.ntly i. not det.ctabl. and that conc.ntration. gr.ater
than 10 ~g/lit.r ar. rar.. ~be ao.t iaportant control on mObility
of cobalt in aquatic and t ••r ••trial Iy.t••• i. probably adsorp
tion to tb. clay aia.ral. and hydrous ozid•• of iron, manganese,
and aluainga that ar. oft.n pr•••nt in the clay fractions of
••dim.ntl and .oil.. The principal factor. controlling adsorp
tion and d••orption proce•••• ar. pI, Ih, and the concentrations
of cobalt and ca-peting ca-pound.. Ch.lation of cobalt with
.ome org.nic compound. can .1.0 occur. Baall ..ount. of cobalt
.ay be .olubiliz.d by b.ct.riological activity. Cob.l~ i.
an ••••nti.l .l•••nt and can be .ccumulat.d by plants .nd animals,
though g.n.rally not to .xc••• ive conc.ntration.. Photolysis,
volatiliz.tion, .nd biotran.formation ar. not iaportant .nviron
••ntal fat. proc••••• for cobalt. Bow.v.r, loae .taospheric
tr.n.port of cobalt .nd cobalt compound. can occur.

Cobalt
P.g. 1
October 1985
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ac -.u ..

cob.lt a.t.l and cob.lt oxid. h.y. be.n r.port.d to cause
injection .it•••rca-•• in r.t. (Gil••n 1"2, B••th 1"0).
Bow.v.r, this type of r••pon•• by it••lt i. not g.n.r.lly Con
.id.r.d .d.qu.t••vid.nc. of • ch••ic.l'. c.rcinog.nicity. The
.b••nc. of po.itiv. c.r.cinog.nic r ••pon••• in oth.r .tudi••
with .xp.rl..ntal ani••l. and tb. l.ck of .pid••iologic ••idence
.ugg••t tb.t cob.lt .nd ita co_pound••r. unlik.ly to po•••
c.rcinog.nic ri.k to hgm.n.. Li.it.d d.t. indic.t. tbat cobalt
chlorid. ha. aut.g.nic .cti.ity in •••ri.ty of t •• t .y.t••••
Thi. compound w•••1.0 r.port.d to c.u•• cr.niof.ci.l d.v.lo~
..nt.l .bnorm.liti•• in tb. off.pring of aic••xpo••d by intra
periton••l inj.ction during pr.gnancy. 80 oth.r intormation
indicating c.rcinog.nic, aut.genic, or t.r.togenic .ctivity
is .yail.bl••

Inge.tion of .xc••• iv. amount. of cob.lt a•• re.ult of
therapeutic admini.tration w•• r.port.d to produce vomiting,
diarrh.a, .nd •••n.ation of warmtb in bua.n.. A l.th.l do.e
of 1,500 mg/kg wa. r.port.d for. cbild. Intra••nous .dminis
tration may cau.e flu.hing of tb. face, incr••••d blood pressure,
.lowed r ••piration, giddin••• , tinnitu., .nd d.atn••• due to
nery. dam.g.. Cbronic oral .xpo.ur. to cob.lt c.n c.u•• goiter
.nd d.cr••s.d thyroid function, incr••••d he.rt and r ••piration
rat•• , and blood lipid chang... ~h••••ff.ct. were r.port.d
to occur in childr.n r.c.i.ing b.twe.n 1 and , ag/kg per day
a. part of • tr.atment for .n..i.. ~h••ymptom. did not persi.t
aft.r c••••tion of th.r.py. Cob.lt ••It. includ.d in • be.r
formul.tion .t conc.ntr.tion. of 1.2 to 1.5 ag/lit.r were reported
to be r ••pon.ibl. for • nuab.r of d.atb. due to coDg••ti.e
h.art tailur.. Int.k. of thi...ount of cob.lt i. well b.low
the ••ount tb.t can no~ally be inge.ted ••f.ly by human••
Bowev.r, .tudi•• with .xperi••ntal ani..l ••bow that .thanol
potentiat•• tb. toxic .ff.ct. of cob.lt.

Some work.r. occup.tion.lly .xpo••d to du.t during the
manufactur. and u•• of tung.t.n car bid. d•••loped r ••piratory
di...... Cob.lt ..t.l i. curr.ntly thougbt to be the c.u.atiye
f.ctor ift th••• c..... ~ type. of di••••• d•••lopedl ~h.

firlt i •• nonprogr•••i •• , a.tba.-lik. r••ction th.t do•• not
per.ilt aft.r c••••tlon of .apoaur.. ~b•••cond 1. ·h.rd ••tal
di•••••• • ~bl. dl••••• i. prOlr•••l •• , aDd .ft.r • c.rtain
.t.g., th. chan,•• In lan, .trdctur. and function becoa. irr.
••r.ibl., with d.ath fraa c.rdiopulaonary laauffici.ncy u.ually
occurring.

~b. oral LD ••lu~ for cob.lt i. 1,500 at/kg in the rat.
~h. or.l LD~So••!8•• for a .ari.ty of inor,anic cob.lt compounds
rang. fraa a ut 150 a,/k, for cobalt fluoride to 503 ~g/kg
for cobalt .c.tat. (8,.ij.r••t al. 1.12).

Cobalt
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Toxicity to WilcHite and DOllestic Animals

/~ Little intor.ation regarding toxic etfects ot exposure to
cobalt or cobalt compounds is available. Acute cobalt toxicity
is seen in chickens at· 50 ppm in the diet (approxi.ately 3 IIg/kg
of body weight) per day and in sheep at 6 ag/kg of body weight
per day. In sheep, daily dOles of 3 mg/kg of body weight,
which is about 1,000 time. the normal daily intake of cobalt,
do not produce harmful effects, even after several weeks.

Resulations and Standards

OSHA Standard: 0.1 IIg/m3 TWA

ACGIB Threshold Limit Value: 0.05 IIg/.3 TWA
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Solub11ity in Watera

COPPER

Sullftlary

Copper 1. allOng the IIOre IIObile •• tals in the environment.
It il to.lc to bumans at.bigh level.; it cau••s irritation
following acute exposure and anemia following chronic exposure.
She.p are very IUlceptibleto copper to.icosis, a. are .any
aquatic organis.l.

Background Information

Copper e.ists in a valence .tate of +1 or +2. It is a
lustrous, reddish .etal. The physical properties of copper
include ductility and conductivity of heat and electricity.
Copper is found in nature as sulfid., o.ide, or carbonate ore.

CAS Number: 7440-50-B

Chemical Poraula: Cu

IOPAC Mame: Copper

Chemical and Physical Properties

Atomic Weigh~: 13.541

Boilini 'ointa 2,517·C

Melting Point: 1,OB3·C

Specific Gravity: B.92

Mo.t copper saltl are in.oluble, with
the exception of CUSO., CU(N0 3)2' and
CUC12 (tbe mre 'CClllmDft copper ..ltl).
ne .etal i. insoluble 1n vater.

Vapor Pre••ur.. 1 .. 8, at 1,I28·C

Transport and Pat.

Copperba. two o.idation .tat•• , +1 (cuprou.) and +2 (cupric).
Cuprous copper 1. un.table In aerated water over the pH range
of .c.t natural wat.r. (I to I) and 0.1dile. to the cupric
.tat.. Several proc..... deter.in. the fate of copper in the
aquatic .nvirona.nta for••tlon of coapl•••• , ••pecially with
bumic .ub.tanc••, sorption to ~drou...tal oxide., clay.,
and organic ..terlal., and bloaccuaulation. In water. polluted
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vith soluble organic .aterial, complexation vith organic ligands
can occur, thul favoring the prolonged di.persion of Copper
in .olution. ~he presence of organic acidl al.o can lead to
the .cbilizatlon of copper from the .edi.ents to aolution.
Copper bas • Itrong .ffinity for bydrous Iron and ..nganese
oxide., clay., carbonate .inerals, and organic .atter. Sorption
to the....terlals, both sUlpended in the water column and
In the sedi.ent, results In relative enricbment of tbe lolid
pha.e and reduction In dillolved levell. Sorption processes
are quite efficient In Icavenging dillOlved copper and in con
trolling its ~bility In n.tural unpolluted .treaml. ~he amounts
of the various copper compounds and complexes that .ctually
exist in solution depend on the pH, te.perature, alkalinity,
and concentr.tion. of other chemlc.l .pecie.. The levels of
co~per able to r••• in in .olution .r. dir.ctly d.pendent on
vat.r chemi.try. Generally, Ionic copper 1. aor. IOluble in
lov pH vat.rl and 1••• IOlubl. in bigh pH wat.rl.

As an ••••nti.l nutri.nt, copper 1. accumulated by pl.nts
and animals, although apparently it. il not g.n.rally biomagni
fi.d. a.caus. copp.r i••trongly bioaccuaulat.d and because
biogenic ligands plat an important role in complexing copper,
biological activity i. a major factor in d.t.rmining the distri
bution and occurr.nc. of copper in the ecosy.te.. ror example,
bioaccumulation pattern•••y exhibit .ealOnal variations related
to biological activity.

a.cau.e many copper co.pound. and coaplexe. ar. r.adily
solubl., copper is a.ong the aor. -abil. be.vy .etall in soil
and oth.r .urface environments. ~be .. jor proce•• that limits
the .nvironmental .ability of copper is .dsorption to organic
matter, clay., and other aaterl.ls. Ataalpberic transport
of copper compoundl can also occur.

Health Iff.ct.

Copper appearl to incr.... tbe autag.nlc activity of triose
r.ductone and aacorbic acid in bacterial bI.t sylt.as. Hovever,
copper it.elf doel DOt IIPpear to bav••utagenic, t.ratogenic.
or carcinogenic .ffectl in anl.als or bumanl. Di.tary 1••• :3
of trac••l ..entl sucb .. aolybd.nU8, lulfur, ainc, and iron
can affect tb. 1...1 of copp.r that producel certain deficiency
or toxicitr lyapta.S. In ten.ral, 8Or. attention il given
to th. proble.. allociated witb copp.r d.fici.ncy tban to prob
1••• of ••cell copper in th••nvironment. Bowever, high l.vels
of copp.r aan be to.io. to hamanl •

••palUre to ••tallic copp.r dUlt can cau.. a Ihort-term
ll1nesl 11ailar to ..tal fua. fever that i. cbaracteriz.d by
cbilll, fe.er, aching aUlcl.l, dryn.l. of aoutb and throat,
and beadacb.. Japelur. to copp.r f~. can produc. upp.r

Copper
.aie 2
October 1'85

,/~,u



respiratory tract irritation, a .. tallic or Iweet taste, nau~ea,
metal fuae fever, and IOmetimes discoloration of Ikin and halr.
Individuals expo..d to dustl and mists of copper .alts may
exhibit congeltion of na.al mucous .e.bran.s, lO.etimes of
the pharynx, and occa~ionally ulceration with perforation of
the nalal lept~.

If sufficient concentrations of copper lalts reach the gastro
intestinal tract, th.y act as irritants and can produce lalivation,
nausea, vomiting, gastritis, and diarrhea. Eli.ination of
ingested ionic copp.r·by vomiting and diarrhea generally protects
the patient from more serious syst.mic toxic effects, which
can include b.molysis, hepatic necrosis, gastrointestinal bleed
ing, oliguria, azotemia, hemoglobinuria, hematuria, proteinuria,
hypotension, tachycardia, convulsions, and death. Chronic
exposure may result in anemia.

Copper salts act as skin irritantl producing an it~bing
eczema. Conjunctlvitis or even ulc.ration and turbidity of
the cornea may result from direct contact of ionic copper with
the eye.

Toxicity to Wildlife and Domestic Animals

Mean acute toxicity values for a large number of freshwater
animals range from 7.2 ~g/lit.r for Daphnia pUlicaria to 10,200
~g/liter for the bluegill. Toxicity tends to d.cr.ase as hard
ness, alkalinity, and total organic carbon incr.as.. Chronic
values for a variety of fresh~t.r species range from 3.9 ~g/liter

for brook trout to 60.4 ~g/lit.r for northern pike. lardness
does not appear to affect chronic toxicity. The acute-chronic
ratios for different species rang. from 3 to 156. The more
sensitive species tend to bave low.r ratios tban the less sensi
tive species. In addition, th. ratio ••••s to increase with
bardness. Acute toxicity valu.s for .altwat.r organisms range
from 17 ~g/llt.r for a calanoid copepod to 600 ~g/lit.r for
tbe shore crab. A ch~onic value of S4 ~g/liter and an acute
chronic ratio of 3.4 ia reported for the .ysid shrimp. Long-
term exposure to 5 ~9/liter is fatal to the bay scallop.

Bioconcentration factors in freshwater species range from
zero for the bluegill to 2,000 for the alga Chlorella regularil.
Among saltwater specie., the highest bioaccumulatlon factors
are tbose for the bivalve aolluscs. Oysters can bioaccumulate
copper up to 28,200 ti.e~ without any significant mortality.

Sbeep are very .usceptible to copper toxicosis, and pois
oning may be acute or chronic. Acute poisoning il caused by
direct actlon of copper lalts on the gastrointestinal -tract,
r.sulting in gastroenteritis, .hock, and death. The toxic
do.e ia about 200 ag/kg and il usually obtained through an
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.ccidental overdose of an .ntihelminthic. Ingestion of excess
copper over a long p.riod of time r••ult. in absorption and
accumulation of copper by the liver. This type of chronic
cumulative poisoning .ay sudd.nly d.velop into an acute bemolytic
crisis. Copper intake of 1.5 g/d.y for 30 days Is known to
be fatal for ••ny br.eds of sheep. Bxce.sive copper ••y be
stor.d in the liv.r as a r.sult of .xc••s copper inge.tion,
a. a cons.quenc. of impaired liver function, or 1n connection
with. defici.ncy or .xcess of other trac. elements. Sheep
.liminate accumula~.d copp.r v.ry slowly aft.r c••••tion of
exposur••

Swine develop copper poisoning .t levels of 250 mg/kg in
the di.t unl••s zinc and iron l.v.ls ar. incr•••ed. Toxicosis
develo?s with hypochromic microcytic anemia, jaundice, and
m.rk.d incr••••s in liv.r and s.rum copp.r lev.ls .s w.ll as
serum aspartate amino tr.nsf.r.... 8igh copp.r l.v.ls may be
found In swin. b.c.u•• of th. practic. of f.eding th.m high
copper d'i.t. in ord.r to incr•••• daily weight g.in. Bovever,
swine rapidly .limin.t. copper one. it i. r.moved from the
diet. Cattle .r. much more r.sist.nt to copper in the diet
than sheep or swine. Copp.r toxicity in rumin.nts c.n be coun
t.racted by including molybdenum and .ulfate in the diet.

Regulations and Stand.rds

Ambi.nt W.t.r Qu.lity Crit.ri. (USE'A):

Aqu.tic Lif. ('roposed)

Fr.shwat.r

Acute toxicity: .(0.905 [In(b.rdn••• )) - 1.413) ~g/liter

Chronic toxicity: .(0.905 [In(bardness)] - 1.785) ~g/lite

Saltwat.r

Acut. toxicity: 3.2 ~g/lit.r
Cbronic tozicity:' 2.0 ~g/lit.r

8uaan S••ltb .

Organoleptic criterion: 1 a9/liter

••tional Secondary Drinking W.t.r Stand.rds (USE'A): 1 mg/liter

OSBA Standards: 1.0 ag/a~ TWA (dust and ai.t)
0.1 a,/a TWA (fwa.)

Copper
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ACGIS Threshold Limit Values: 1.0 mg/m~ TWA (dusts and mists)
0.2 mg/m TWA (fume)
2.0 .g/m3 STEL (dusts and mists)
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-, CRESOLS

SU1lUllary

Der.al application of cresols promotes .kin tumors in
mice. Cre.ola are highly'irritating to the akin, aucous mem
branes, and Iyes. Thly can impair liver and kidney function
and cause central nervous .yste. disturbances.

CAS Number: 1319-77-3

Chemical Formula: CB3C,B.OB

IUPAC Name: !:Crlsol, 2-cresol, E;cresol

Important Synonyms and Trade Hames: Cresylic acid, cresylol,
tricrlsol

Chemical and Physical Properties

Molecular Weight: 108.13

Boiling Point: 19l-203·C

Melting Point: 10.9-35.S·C

specific Gravity: 1.030-1.038 at 2S·C

S~lubility in Watlr: .-Cre.ol: 23,500 ag/liter at 20·C
~rlsol: 31,000 ag/liter at .O·C
~re.ol: 24,000 ag/liter at 40·C

Solubility in Organic.: Miscible with alcohol, benzene, ether,
and glyclrol

.'
Log Octanol/Watlr Partition Coefficient: 2 (calculated)

Vapor Prl••url: 1 .. 8g at 38-S3·C

Vapor Denlity: 3.72

pka: 10

Plash Point.

Cre.ol.
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Transport and Pate

Prca the availabl. information, it appear. that cresol
is not very volatile and that the main transport process in
the enviro~ent i. aovement in wat.r. In aerated.urface waters,
it i. photooxidizedr and it may also be nonphotolytically oxi
dized by a aetal-catalyzed r.action in some of the.e environ
aents. In addition, biodegradation by wat.r and aoil microor
ganisms i. apparently an important fat. process. Because of
the two competing fate proc••ses, cre.ol probably is not v.ry
persistent in the environment.

Health Effects

None of the cresol isomers is r.garded as a carcinogenic
initiator. Bow.ver, it has been report.d that 0-, ~, and
m-cresol administ.red to mice a. 20' solution. Tn benz.ne twice
weekly for 2.0 we.ks promot.d papillomas initiat.d by a single
dermal application of 9,10-dim.thyl-l,2-benzanthracen. (DMBA)
(Boutwell and Bosch 1959). The mutagenicity and teratogenicity
of the cresols hay. not been ad.quately a••••••d.

Cr••ols are highly irritating to the .kin, mucous m.mbranes,
and .yes. Occupational exposure to cre.ol. has caused s.v.re
burns and eczema. Although cr.sol isomer. have relatively
low vapor pressures, airborne cresol. have reportedly cau.ed
headache, vomiting, and dig.stive di.ord.rs.

In addition to being .trong irritants, cresols may impair
kidney and liver functioning and cause central nervous system
and cardiovascular di.turbances. The rat oral LD50 values
for 0-, E;, and ..cre.ol are 135 ag/kg, 180 mg/kg, and 202 mg/kg,
respectively. Tbe der••l LD~8 values for rabbits are 1,380 mg/kg
and 2,050 mg/kg for tbe s; an !: i.omer. of cre.ol, respectively.

Toxicity to Wildlife and Domestic Animals

Waterborne cre.ol i.oaer. are toxic to fish and other
forms of aquatic life. Trout ..bryo. are one of the most sen
.itive .pecie., with 24-hour aedian thre.hold limits (TL )
of 2 ag/liter for s;cre.ol, 7 ag/liter for ~cre.ol, andm4 ag/liter
for ..cre.ol. The 24- to 9'-hour TL! for the bluegill is approxi
mately 21.5 ag/liter for o-cre.ol an 11.8 ag/liter for the
E; i.aaer. The LDft value-for the alga Scenedesmus Is 40 mg/liter
for s; and ~ i.oalrs but , ag/liter for !-cresol. There is
no evidence available that the cre.ol. bioaccumulat. in the
ti.sues of wildlife .pecies. No alteration. In reproductive
capabilitie. or other subtle changes In wildlife species have
been attributed to these compounds.

Cresol•
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Regulations and Standards

f-----' RIOSS RecOIIIIend.eS S.taneSard: 10 mg/m3 TWA

OS,HA StandareS. (.kin): 20 mg/.3

ACGIS Thr••hold Limit Value: 22 mg/.3
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CYANIDB

suaaroy

Cyanid. can be present in many torms in the environment.
The transport, tate, and toxicity ot the chemical 1. quit.
dependent on ,the spec! tie form. sydrogen cyanide and its simple
salts are highly toxic following acute exposure by humans,
experimental animals', and both aquatic and terrestrial wildlife.... . ...

Background Information

Cyanide (CH-) is usually defin.d a. hydrog.n cyanid. (HCN)
and it••alts. Th. chemical/physical properti •• , transport
and fat., and toxicity of cyanid. ar. quit. d.pend.nt on the
form of cyanid. pre••nt.

CA~ Number. 151-50-8, 143-33-9

Chemical Pormula. CH-

IUPAC Nam.. Cyanid.

Chemical and Physical Prop.rti••

Molecular Weightl 27 (BCH)

Boiling Points 26.7·C (SCM)

M.lting Point. -14·C (SCM)

Specific Gra9ity. 0.'99 at 22·C (SCM)

S.olubillty In Wat.r.' I.olubl. (SCM)

~olubillty In Organica. ~olubl. In alcobol and .ther

vapor Pr.aaur.. 157.8 am sg at 2l.9·C (SCM)

TranSport and Pat.

The tran.port and fat. of cyanid. in the .nviro~.nt 1.
d.pendent on the ch.mical compound containing the cyanid••
Most fr•• cyanid. viII be SeN in aquatic .n9ironm.nts and will
probably .vaporate, although biod.gradation Is anoth.r po••ibl.
fat. proc.... Metal cyanid.s are g.n.ral1y insoluble and for

Cyanid.
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that reason will accumulate in the sediment. sorption occurs
but i. not considered an important transport or fate process.
cyanide. move rather freely In loil. but blodegradation would
;robably significantly decrease the amount prelent in the ground
water. Volatilization of BeN and nitrilel may occur from loil
lurfac.s.

Health Iffects

Hydrogen cyanide and its limpl. salts, luch aa sodium
cyart~de, are highly toxic by all routes. Many reports are
avatlable regarding acute poisonlng In humans. Hydrogen cyanide
vapor is irritating at very ~ow concentrati·ons, is considered
dangerous at 20 ppnl~20 mg/m ), and 11 fatal at concentrations
of 100 ppm (100 Jlg/. ) for one bour. HIOS~ notes reports of
chronic poisoning resulting In fatigue, w.ariness and other
subjective symptoms in worker., but the•• findings bav. been
disputed by oth.r inv.stigatorl. Chronic .apasure to low levels
of cyanid. salts hal b.enreported to cau.e enlarge.ent of
the thyroid gland In humans, apparently due to inefficient
eli~ination of the cyanide metabolit. thiocyanate. NIOS~ (1976)
concluded that there waa no evidence of carcinogenicity, muta
genicity, or teratog.nicity for cyanid... Cyanide haa been
shown to produce chromolom. breaks In a plant, Vicia fab••
aecause of its mechanil. of actioni inhibition of tb. election
transport system in oaldativ. phosphorylation, cyanid. is acutely
toxic to al.ost all Sor•• of life. A r.duction in3th. TLV
for SCM fro. 10·.g/a to a ceiling value of 3 ag/a haa been
reco_end.d· by sev.ral inv.stigators, to pr.v.nt the varioua
nonspecific .ffecta not.d by s.v.ral inv.stigator. (ACGIS 1980).

Toxicity to Wildlife and Domestic Ani.als

Cyanid. il acut.ly toa1c to both fr ••hwater and saltwat.r
organis.l, cau.ing d.ath at 1.vel. of about 50 ~g/liter in
sensitiv. sp.cies and being. fatal to aany speci.s at 1.vel.
above 200 ~g/lit.r. Pinal acut. valu•• were det.rmin.d to
be 44.7 ~g/11t.r for.fr ••bwat.r lpeci•• and 2.03 ~g/liter for
saltwater apeci... Z-ff.ct. luch a. r.duc.d survival and reduced
reproduction w.r••••n 1ft. fish chronically .spos.d to fr••
cyanid.iconc.ntratlona of fra. 10 to 50 ~g/liter. ~h. final
acute chronic ratio. w.r. d.terained to be 10.7 and 3.5 for
treshwatec andsaltvlter organis•• , r.spectiv.ly. ~he final
chronic valu•• were aetermined by dividing th. acute values
by the acute-chronic rati~,and w.r. d.t.rain.d to be 4.2 for
freShwater sp.ci'•• and 0.57 for saltwat.r organi.a. An acci
dental spill of cyanid. caus.d the d.ath of 4,800 fish in Oak
Ridg., Tenn...... Th. long-t.ra effect. of thil spill. were
not report.d. Liv.stock d.ath and envlrona.ntal damage w.re
caus.d by high 1''1.1. of cyanid. l.aching fro- a dr~ disposal
sit. in Il1in01s. .
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Regulations and Standard.

Ambient Water Quality Criteria (US.,A):

Aquatic Lif. (p~opo.ed)

Fre.bwater

Acute toxicity: 22 ~g/liter

Chronic toxicity: 4.2 ~g/litar

S,altwatar

Acute toxicity: 1.0 ~g/liter

Chronic toxicity: 0.57 ~g/liter

Human Health

Criterion: 200 ~g/liter

Primary Drinking Water ~~andard (US.EPA): 200 ~g/liter

AeGIS Threshold Limit Value: 5 mg/.3 Tw.A
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CYANURIC ACID

Su._ry

Cyanuric acid bas been uled a. a selective herbicide.
!bere Is li.ited evidence that it .ay cau.e tuaor. in .ice
and· rats. Chronic ezpolur. to high dOles can cau.e kidney
dallage.

CAS Humber: 108-80-5

Chemical Pormula. C3B3M30 3
IUPAC N..e: Cyanuric acid

llIport.nt Synonyms and Tr.de .....: Isocyanurlc acid, .ym-triazine
triol, 1,3,5-triazine-2,4,6
(lB,3B,5B)-trione, 2,4,6-tri
hydrozy-l,3,5-triazine, tricyani
acid, tribydrozycyanidine

Tran.port and Pate

Cyanuric acid eai.t. pri..rily in two equilibrating taut~
.eric .,ecie., a trlozo fora and a trihydrozy fora. Tb. triozo
fora i. thought to predominate in the cryltalline fora of this
compound and in aolution. !be triby4rozy for.a pr.dominate.
in ba.ic aolutlon. very little inforaation conc.rning .nviron
.ental tran.port and fate i. availabl.. In g.neral, cyanuric
acid i. ch.mically .tabl. and r.latively inert. Volat~lization

and atllolpheric tran.port are not likely to be .ignif~cant

environm.nt.l proc...... • •••d on its low solubility in organic
solv.nt., IOrption to organic particulat•• and bioaccuaulation

Cyanuric acid
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probably do not occur to any significant extent. When adminis
tered to experimental animals at high do.es, .o.t of the compound
is excreted uncbanged. Some biodegradation ba. been reported
to occur, and it .ay be the predominant fate proce•• for cyanuric
acid.

Health Effects

Cyanuric acid exhibited a low tumorigenic potential in
one study with rats and mice expo.ed by lubcutaneous, oral,
and dermal routes. Tumors appeared after latent periods of
more than 18 month.. The Itudy was conducted without concurrent
controls, and the results .ust be con.idered equivocal. No
mutagenic, teratogenic, or reproductive effect. resulting from
exposure to cyanuric acid have bien reported. In general,

_cyanuric acid appear. to bave a low degree of toxicity. Chronic
exposure at bigb dOle. ba. produced kidney cbanges. The oral
LD SO value for tbe rat i. 500 ag/kg.

Toxicity to Wildlife and Domestic Animals

Adequate data to characterize tbe toxicity to "ildlife
and domestic animals are not available.
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SuftlJllary

001' i. ~n·organochlorin. pesticide, "hich togeth.r "ith
its metabolite., I. v.ry persist.nt in the .nviron••nt. DD'I',
DDE, and ODD bave been .hown tob. carcinogenic in aic•• 'l'bey
pri.~rily cau•• liver tUllor., but th.y .1.0 incr•••• the inci
dence of lungtuJlor••nd lY1Dphoma••. In .ddition, DO'!'" i ••
~.productlv. toxin. Chronic expo.ur. c.n damage the c.ntral
n.rvou••ystea and li••r. DDT .nd oth.r organochlorine pesti
cid.s.~re highly toxic to aquatic organis•• and ar. responsible
for the decreased reproductive IUCC.S. of many bird Ipecie••

Background Information

Technical DDT i. a .ixture containing 15-80' p,p'-DO'l', 15
20' o,p,_DDT, up to ., p,p'-DDD, and trace. of other .aterials.
Metabolit•• of DDT Include p,p'-DDB and o,p'-DOD. The DDT
ilo.erl and .etabollt•• ar. u.ually found together and generally
ha.e similar properti.s, ther.fore, they "ill be considered
togeth.r. Wh.re diff.renc•• occur the' lpeclfic i.OII.r vlll
be id.ntifi.d. DDT "Ill be u••d to ref.r to the combination
of technical .aterlal and .etabolit.l. Specific DDT i.omera
vill be id.ntified a••uch.

CAS R~lIberl p,p'-DMI
o,p'-DDTI
p,p'-DDDI
o,p'-DDDI
p,p'-DDZI

50-29-3
189-02-1

12-5C-8
53-19-0
72-55-9

Chemical Por.ulal p,p'- and o,p'-DDTI
p,p'- and o,p'-DDD.
p,p'. and o,p'-DDZ.

C1CJl9C1S
C13RI0CIC
CltJlIC1C

ItJPAC Raile.

DDT
Page 1
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P,P.'-DMI.

o,p'-DI)If.

p,p'-DDDI

o,p'-DDB.

1,1,1-~rlchloro.2,2-bll(C-chlorophenyl)

etbane
1,1,1-Trlchloro.2-(2-chloroph.nyl)-2
(C-chlorophenyl).thane
1,1-Dichloro-2,2-biaCC-chlorophenyl)
Khane
1,1-Dichloro-2,2-biICC-chlorophenyl)
ethene

II'



Important Synonym. and ~rade Ra••"

DM'I

'"p"-DDDI

Dichlorodiphenyltrichloroethane, dicophane,
chlorophenothane, Ge.arol, .eocid
IJ'DB, Rothane

Chemical and Phy.ical properti••

Mol.cular .eight.
......

o,p'- and p,p'-DDT.
0001
DDBI

354.5
320
318

lolling Point. DD'1'.

Melting Pointl DD~.

0001
DDB.

210-C

109-C
112-C

90-C

Solgbility in ••terl p,p'-DUfI
o,p'-DD'l'1
p,p'-DDD.

. DDB.

5.5 ..,/liter
2. IIt/liter
20 IIt/liter
14 IIt/liter

..

Solubility in Organic.. DDf. Soluble In acetone, benzene,
cyclohexanane, .orphollne, pyri
dine, and dioxane

Log Octanol/Water Partition Coefficient.

DD'l'1 4.9'
p,p'-DD'l'1 3.98
I.,'-DDDI 5.99
o,p'-DDDI '.0'

0011 5."
vapor Pre••urel

p,p'-DD'l'.
p,p'-D01' •

. O,p'-DD1'.
p,p'~DDD•.
o,p'-DDDI

D91

~ran.port and rate

DO'!' and It•••tabolite. ar•••rf perll.tent In the envlron
.ent. Volatilization 1. probably the .o.t I.portant tran.port
proce•• fro. .oil and water for p,p'-DD'!' and o,p'-DD'l', a. evl
d.nced by tbe gbiquitog. nature of DD! in the en.lronaent.

DD'!'
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--.
Jorption and bioaccumulation are the molt important transport
procesae.~or the DDTllomers. Although it only occurs slowly,
the' ultimate. fate process for p,p'-DDT, o,p'-DD'l', and DDD is
blotransfotmation ~o form bis(2-chlorophenyl)methanone (DOCO).
Indirect photolysis may also be important. for p,p'-DDT and
o,p'-DDIf in'aquatic environments. Por DDB, direct, photolysis
-is the moat Impoftant ultimate fate process In the environment,
although biotransformation may also be important.

Hea1°th Effects

DDT,· DDE, and DOD have been shown to be carcinogenic to
mice, primarily causing liver tumors, but also causing lung
tumors and lymphomas. DDT does not appear to be mutagenic,
but it has caused chromosomal damage. There is no evidence
that D~T is a teratogen, but it is a reproductive toxin, causing
reduced fertility, reduced growth of offspring, and fetal mor
tality.

Chronic exposure to DDT caus.s a number of adverse effects,
especia'lly to the liv..r and central ner.voul syste.. (CNS). DDT
induce. various microsomal enzymes and therefore probably affects
the metaboli... of .Iteroid hormone. and exogenous chemicals.
Other efflctl on the liver include hypertrophy of the parenchymal
cells and increased fat deposition. In the eNS, expolure to
DDT cause. bebavioral effects such al decrlased aggrelsion
and decreased conditional reflexes. Acute exposure to large
doses or chronic expolure to lower dOles caule. leizures.
The oral 1.D50 Is between 113 and 450 IIg/kg for tbe rat and
is generally higher for otber a~taal••

DDT, DCD, and DDB are bioconcentratea and Itored in the
adipole tislue. of most animal••

Toxicity to Wildlife and Domestic Animal.

DDT has been eatensively studied in freshwater inverte
brates and fishes and is quite toxic to most species. The range
of toxicities .vas 0.18 to 1,800 ~g/liter and the freshwater
final acutl value for DDf and its ilomer. va. deterainea by
EPA to be 1.1 ~g/11t.t.· Saltwater.splcies were lomewhat more
sensitive to DDT, the saltwater final acute value for the DDT
isomers wa. 0.13 ~g/llter. Only one chronic toxicity test
on aquatic specie. vas' reported. This test indicated that
the acute-chronic ratio for DDT might be high (65 in the reported
study), but the.data we,e insufficient to allow calculation
of a final acute-chtonJc raSio. D~T, DOD, and DDB are biocon
centrated by a factor of 10 to 10 •
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DD~, DDD, DDE .n~ the other per.l.tent organochlorine
p•• tlci~.1 .r. pri.arily r ••pon.ibl. for the gr.at d.cr••••
in the reproductive cap.bllitie••nd cO~lequently in the popg
l.tions of filb-eating bird., .uch •• the bald eagle, brown
pelic.n, and oapeey. DDT b•••1.0 been .bown to d.er•••• th.
popul.tion. of nmaerou.· otber .peci•• of vat.rbird., r.ptor.,
.nd pa••erine. lignificantly.

ReGulation. and Standar~.

Ambi.nt Water Quality Crit.ri. (U~EPA).
" ." .

"Aquatic Life

DDTa Fr••hvater

Acute to.icity.. 1.1 ~,/llter

Cbronie to.icity. 0.001 ~,/liter

S.altvater

Acute to.icltI' 0.13 ~,/11ter
Cbronic toxlo ty. 0.001 ~,/11ter

DDD and DDB. ~be a.ailable data are not adequate for e.tablilhing
criteria. Bove.er, IPA did r.port tbe love.t
.alue. knovn to be toxic In ataatlc org.nl....

Fre.bvater

Acute toxicity. DOD. 0.' ~,/11ter
008. 1050 ~1I11ter

Cbronic to.lclty. DDD I DD8. .0 a.ailable data

S.altvater

Acut. toxicity. DDD. 3.' ~,/11ter
. DDS. 14 ~,/11ter

Cbronlc toxlolty. aDD' DDS. .0 a.allable data

Bu••n Be.ltb

Z.t1..te. of the oarolnogenlc rllks a••oclated w1tb llf.ti••
expeeare to .arlous concentratlonl of DDt In water are.

Din',.,e 4
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.. Concentr.tion

0.24 n,/llter
0.024 nt/liter
0.0024 nt/liter
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CAG Unit Ri.k (USEPA): 0.34 (ag/kg/day)-l

OS.l1A Standard -C~ir)': - 1-.,/-'3 lfWA

AeGIS -lfbre.bold Limit -Value:o 1 ag/.3 'l"A
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DIBROMOCHLOROPROPANE

Sunnary

Dibromochloropropane (OBCP) vas formerly used as a soil
fUMigant and nematocide. It has been found to be carcinogenic
1n Mice and rats. It causes mammary tumors (in female rats
only) and forestomach tumors when administered orally, and nasal,
tongue, and lung tumors vhen given by lnhalation. Men occupa
tionally exposed to OBCP had abnormally low sperm counts. Ani
mals studies have shown that dibromochloropropane has adverse
effects on the liver, kidneys, and blood cells.

CAS Number: 96-12-8

CheMical rormula:C3B5Br 2Cl

IUPAC Name: 1,2-0ibromo-3-ehloropropane

Important Synonyms and Trade Names: OBCP, Pumazone, Nemagon

Chemical and Physical Properties

Molecular Weight: 236.36

aoiling Point: 196°C

Melting Point: 6·e

Specific Gravity: 2.093 at 14°C

Solubility in Water: ~lightly soluble (probably 5-10 g/liter)

Solubility 1n Organlcs: Miscible with oils, dichloropropane,
and isopropyl alcohol

Vapor Pressure: 0.8 am Bg at 21°C

~ransport and Pate

There was no information available on the transport and
fate of 1,2-dibromo-3-chloropropane (OBCP) at the time of this
reviev. Bowever, there 18 some information on the transport
and fate of structuralty similar compoun~s that may be relevant
to the environmental fate of OBCP.

1,2,3-Trichloropropane was found to have a half-life of
51 minutes in stirred vater, suggesting volatilization of DBCP

oibromochloropropane
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from water could be significant. Rowever, DBCP is considerably
heavier than 1,2,3-trichloropropane and thus somewhat less
likely to volatilize. The log octanol/water partition coeffi
cient, 2.28, of 1,2-dlchloropropane suggests that it will readily
adsorb to organic components of soils and sediments and, there
fore, be transported in dust and suspended .olids. The tendency
of brominated aliphatics to h.ve higher log oct.nol/w.ter portion
coefficients th.n chlorinated .liphatics suggest DBCP will
adsorb to a greater degree th.n 1,2-dichloroprop.ne. Bec.use
of its water solubility, density, and low vapor pressure, DICP
is a likely groundwater contaminant. Its high density suggests
that it would settle to the bottom of • contaminant plume and
ultimately to the bottom of the .quifer.

lased on information of one .nd two carbon aliphatics,
DBCP may be oxidized in the troposphere by hydroxyl radicals
and hydrolyzed in .n aqueous environment. Biodegradation of
1,2-dichloropropane does occur by soil aicroorganisms. Bowever,
the amount and speed of biodegrad.tion .nd chemical degradation
of Decp is unknown.

Health Effects

DBCP h.s been found to be carcinogenic in two animal bio
assays and mutagenic in the Ames ass.y syste.. In. gavage
study, DSCP was found to produce significantly increased inci
dences of squamous-cell carcinomas of the forestomach of mice
and rats .nd of mammary adenocarcinomas in fem.le r.ts. In an
inhalation study, r.ts had increased incidences of nasal cavity
tumors and tumors· of the tongue, wbile mic. b.d increased inci
dences of n.sal c.vity tumors .nd lung tumors.

Men occupation.lly exposed to DBCP during its manufacture
were found to bav. abnormally low .perm counts. Male rats ex
posed to DBCP during .ubchronic toxicity studies were also found
to have abnormally low .perm cell. as well a. degenerative changes
in the .eminiferou. tubule., decreased weight of the testes, and
an increased proportion of abnor.al .perm cells. Liver and kidney
effects have .1.0 been noted in animal studies. Bffects range
from dil.tation of tbe .inusoids and c.ntrilobular congestion to
cirrho.i. and n.cro.is in the liver. Cloudy .welling of the epi
theli~ of the prosi••l convoluted tubule. and increased amounts
of int.r.titial ti.sue bave been found in the kidneys. Iffects on
blood c.ll. w.re al.o noted in .ev.r.l .tudi.s. These .ffects
inclUde ••••r. l.uko~ni.s and anemi.s in .xposed aonkeys and
d.cr••••d activity of ph.gocytic c.ll. in expos.d rats.

Dibroaochloropropane
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Toxicity to Wildlife and Oomestic Animals

The oral LD val~e of DICP to yo~ng .allards Is 66.5 mg/kg,
which i. lower t§in the oral LD val~e for the rat and mo~se--173
and 257 mg/kg, respectively. EiBos~re to a water concentration
of 1 mg/1iter DBCP for 24 ho~rs prod~ced a 90' mortality in
clam 1arve. At a use concentration of 20 gallons DBCP per '
acre, 100' of exposed earthworms died In 1 day. At a ~se rate
of 5 pounds per acre, DBCP killed 87' of the Lumbricus and
28' of the Helodr i l~s ,.p. in 32 days.

Standards and Reg~lations

NIOSa Recommended S~andard: 10 ppb (0.1 mg/m3)

OSHA Standard (air): 1 ppb (9.6 ~g/m3) TWA

REFERE~CES

EXECUTIVE OFFICE OF THE PRESIDENT. 1971. Ecological Effects
of Pesticides on Nontarget Species. Office of Science
and Technology, Washington, D.C. June 1971. pp. 30-31

TBE MERCK INDEX. 9th ed. Windholz, M., ed. Merck and Co.,
Rahway, New Jersey

NATIONAL CANCER INS~ITOTE (NCI). 1977. Bioassay of Dibromo
chloropropane for Possible Carcinogenicity. CAS No. 96-12-8.
NCI Carcinogenesis Technical Report S~ries No. 28, Wash
ington, D.C. DBEW Publication No. (NIB) 78-828

NATIONAL INSTITtrrE PaR OCCOPATIONAL SAnTY AND HEALTH (NIOSB).
1978. A Recommended S~andard for Occupational Exposure
to Dlbromochloropropane. Center for Disease Control,
NIOSK, Cincinnati, Ohio. DREW Publication No. (NIOSB)
78-115 .

NATIONAL TOXICOLOGY PROGRAM (NTP). 1983. Carcinogenesis Bio
assay of 1,2-Dibromo-3-chloropropane (CAS. No. 96-12-8)
in P344 Rats and 16C3P Mice (Inhalation Study). NTf
Technical Report s~rie~ No. 206, Washington, D.C. ORBS
Publication No. (NIB) 82-1762

0.5.• ENVIRONMENTAL PROTECTION AGENCY (OSEPA). 1979. Water
Related Environmental 'ate of 129 Priority Pollutants.
Washington, D.C. December 1979. EPA 440/4-79-029

Dibromochloropropane
Page 3
October 1985





Summary

Dichlorobenzene (DCB) is probably persistent 1n the natural
environment. In rats, chronic oral exposure to dichlorobenzene
caused liver and kidney damage and changes in the hematopoietic
sys tell. In humans, DCB is a skin and eye 1r r 1tant, 1nhala tion
exposure causes nausea and irritates the membranes •

.
CAS Number: 1,2-Dichlorobenzene (1,2-DCB) 95-50-1

l,3-Dichlorobenzene (l,3-DCB) 541-73-1
1,4-Dichlorobenzene (1,4-DCB) 106-46-7

Chemical Pormu1a: C6H4C1 2
IUPAC Name: Dichlorobenzene

Important Synonyms and Trade Names: Dichlorobenzene, DeB

Chemical and Physical Properties

Molecular Weight: 147.01

Boiling Point: l,2-OCB: l80.S·C
l,3-DCB and 1,4-DCB: 173·C

Melting Point: 1,2-DCB,-17.0·C
1,3-DCB:-24·C
1,4-DC3:-53·C

Specific Gravity: 1.3 at 20·C

Solubility in Waterl- 1,2-OCB, 145 _g/liter at 2S·C
l,3-OCB, 123 Jlg/liter at 2S·C
l,4-OCBI 80 _g/ltter at 2S·C

SOlubility in Organica: Soluble in alcohol, ether, acetone,
benzene, carbon tetrachloride, and
ligroin

Log Octanol/Water Partition Coefficient: 3.38

Vapor Pre••ure: 1 mm Rg,at 20·C

Vapor Density: 5.05

Dichlorobenzene
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Henry's Law Constant: 1.99 x 10-3 atID m3/aole

Flash Point: 7l·C

Transport and Pate

. Relatively little information conc.rning the environmental
fate of. dichlorob.nzene (DCB) is availabl.. DCB is expected
to volatilize at a relatively rapid rate, and atMospheric trans
por~ can occur. It has an .stimated half-life for remoyal from
agi~at.d surface wat.r of 9 hours or 1.... Dichlorobenzenes are
reported to be reactive toward hydroxyl radicals in air with a
half-life of about 3 days, but indirect evidence suggests that
DeB do.s not hydrolyze .t ••ignificant rate under normal envi
ronmental conditions. The high log octanol/water partition co
effici.nt for DCB sugg.sts that adsorption to organic matter in
aquatic syst.ms and soil is· probabll an important environmental
fate process. Indirect evidence suggest. that bioaccumulation
may also be .n import.nt fat. proc.... DCB appears to be resls
tant to biodegradation. Bowever, It may be broken down to some
degree by pollut.nt-acclimatized microorg.ni.... Sorption, bio
accumulation, and volatilization with .ubseq~.nt atmospheric
oxidation are likely ~o be competing proc••••• , witb the dominant
fate b.ing d.t.rmin.d by local environm.ntal conditions. If
volatilization doesn't occur, dichlorobenzene is probably rather
persistent.

Health Effects

It is g.nerally thought that the .vail.ble data are inade
quate for assessing the carcinog.nic pot.ntial of DCB in animals
and human.. On. ca.e study suggests an association between
.xposure to dichlorob.nzene and s.veral ca.e. of leukemia.
DCB is r.ported to benoNllutagenic in Salmonella tvphilDurium
tester .tr.ins. Mutag.nic and cla.tog.nIc actIvity reportedly
occurs in som. plant t •• t .y.t.... Mo data are available for
.valuating the teratog.nic or reproductive .ffects in animal.
or human••

Symptom. of acut. inhalatioD intoxication in humans include
h.adach., nau.ea,· and throat irritation. DCB i. al.o a skin
.nd eye irritant •.

A varl.ty of other symptoms, including weakness, fatigue,
and anemia, have been ob••rved after chronic dermal and inhalation
exposure to dichlorobenzene.

Inhalation of DCB causes ey. and upper respiratory tract
irritation, c.ntral n.rvous .y.tea d.pre••ion, and liver and
kidney damage in .xperi.ental animals. An LC20 of approximately

Dichlorobenzene
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.,900 .g/m3/7 bour. i. r.ported for the r.t. WO to.ic effects
were ob.erv!d .ft.r d.ily 7-hour inh.l.tion e.po.ures of up
to 560 IIg/_ for., lIuch •• 7 .onthl in .ever.l lpecie. of
.xperi••nt.l .nill.l.. R.patic porphrri. il r.port'i to occur
In r.ts .ft.r d.ily tr.ch••l intub.t on of 455 11,/11 for up
to 15 d.ys. Oral .xposur. r ••ults in Iti.ul.tion of liver
lIicroso••l .nzym. systlms and cumul.ti •• toxicity. !hI oral
LD for the rat i. 500 IIg/kg. Chronic or.l ,xpolur. to 188
IIg;ig/day C.USI. li.er and k1l5n.y dallag. in ntl. Bzposure
to 0.01-0.1 ag/kg/day produc.s chang•• in the h.lI.topoietic
Iystem, increased prothrombin till', and alt.r.d conditioned
rlfllxes and Inzyml .cti.iti•• in chronically ••po••d rats.
In general, toxicity incr••••• in the ord.r 1,4-DCB, 1,3-DCB,
1,2-DCB.

~oxicity to wildlife and Dome.tic.Aniaals

~he 48-hour and '6-hour LC .alu•• for D.phnia and blue
gills, rlspecti.lly, t.sted und;P It.tic condition., were 2,.40
and 5,5'0 ~g/litlr (1,2-DCB), 28,100 and 5,020 ~g/litlr (l,3-DCB):
.nd 11,000 and 4,280 ~g/litlr (1,4-DCB). two flow through
'6~hour LC~O t.st. using f.th.ad .innows and rainbow trout
gave .alu.s of .bout 3,000 ~g/lit.r. A fr.lhwatlr chronic
.alu. of 2,000 ~g/litlr i. r.port.d for tb. f.thead minnov.
Acute values for thr•••altvatlr .peci.s rang.d from 1,'70 ~g/liter

for the lIy.id .hrillp to ',660 ~g/litlr for tb. Iheepshead minnow.
No saltwater chronic .alu•• ar. a.ail.bl.. A wbol. body bioeon
centration factor of about 80 is r.portld for th. blu.gill.

~h. "-hour ••di.n .ff.ct l •••li for chlorophyll a and cell
number are 17',000 and 14',000 ~g/litlr, r ••pectively,-in the
freshwater alga Selenastrum capricornutum. In the saltwater
alga Skeletonema costatum the corresponding values are 44,200
and 44,lbb ~g711ter, r.spectivlly.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic t.HI

Th. a.ailabll data ar. not adequate for I.tablishing criteria.

SWllan s.alth
,

Crit.rion: 400 ~g/litlr

OSHA Standard: 300 IIg/a3 Cliling Le••l

ACGIS Thre.hold Lillit Valul: 300 ag/1I3 C.iling
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l,l-CICHLOROETHANE

S~lIrIary

1,1-Dichloroethane il quite volatile an~ probably is not
very perlistent in aquatic environments. Inhalation exposure
to high ~oses Caules central nervoul IYltem ~eprellion in hWBans
an~ .ay cause hepatotolicity. In ani.al., high ~oles cause
liver an~ ki~ney ~amage an~ retar~ fetal ~evelopment.

CAS Number: 75-J4-J

Chemical Pormula: CB JCRC1 2
IUPAC ·Name: l,l-Cichloroethane

Important Synonyms an~ Trade Names: Ethylidene chloride, ethylidene
~ichlori~e

Chemical an~ Physical Properti.s

Molecular Weightz 98.96

Boiling Point: 57.3·C

Melting Point: -97.0·C

Specific GraVity: 1.1776 at 20·C

S.olubil1ty in Water: 5 g/liter

Solubility in Organics: Miscible in alcohol

Log Octanol/Water Partition Coefficientt 1.79

Vapor Pre. sure: 180 am Ig at 20·C

Transport an~ Pate

1,1-Dich10roethane ~ilpersel from lurface water primarily
by volatilization into the troposphere, where it il SUbsequently
broken ~own by hy~rolylation. No studies on adsorption were
found in the literature- reviewe~, b~t beca~se of its vater
solubility an~ relatively low log octanol/water partition co
efficient, 1,1-~ichloroethane potentially co~ld aove through
loil and enter the groundwater.

l,l-Dichloroethane
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R.al th Iff.ct.

Lilllt.d toxicologlc.l t •• ting o! l,l-dlchloroeth.n. h••
b.en conduct.d, .lthough the llt.r.tur. indic.t•• th.t 1,1
dlchloroeth.n. i. one o! the l ••• t toxic of the chlorin.ted
.th.n... An NCI bio••••y on l,l-dichloroeth.n••a. limlt.d
by poor .urviv.l of t •• t .ni..l. of t •• t ani..1., but so.•
••rgln.l tuaorig.nic .f!.ct. w.r••••n. Inh.l.tion .tpc.ur.
to high do••• o! l,l-dichloro.th.n. (o••r 1',000 a,/II ) c.u••d
r.t.r~.d f.t.l d•••lo~.nt in r.t. (Scbw.ta.t .1. 1974).
1,1-Dlchloroeth.n. v•• not found to be autag.nic u.ing the
Am••••••y. 1,1-Dichloro.th.n. cau••• c.ntral n.r.ou••y.tem
d.pr ••• lon wh.n inbal.d .t high conc.ntr.tion., and .vid.nce
.ug;ests th.t the compound i. h.patotoxlc in hus.n.. Kidney
and liver damag. w•••••n in .ni..l ••xpo••d to high levels
ot l,l-dichloro.th.n.. Th. oral LD SO ••lu. in the r.t i.
725 IIg/kg.

Toxicity to Wlldlif. and Dom•• tic Animals

No intor.ation on the toxicity of 1,1-dicbloroeth.n. to
.quatic .peci•• v•• r.port.d in th. lit.r.tur. r.vi.ved. Bov
.v.r, the .v.il.bl. intormation on the cbloroetb.n•• indicat••
th.t toxicity d.clin•• with d.cr••••• in cblorin.tion and th.t
the l,l,l-i.~.r i. 1••••ctiv. tban tbe 1,1,2-i.oa.r. Therefore
l,l-dichloro.thane i. prob.bly no aor. toxic th.n 1,2-dichloro
ethane, vhich i ••cutely toxic at 1•••1. of 100-500 IIg/lit.r
and has. chronic toxicity beginning .t about 20 ag/liter.

No intoraation on the toxicity of l,l-dichloroethan. to
t.rr•• tri.l wildlite or dcae.tic .ni••l. w•• tound in the sourc••
revie ...ed.

Regulation••nd St.ndard.

Ambient Wat.r Quality Criteria (U~A)I

Th. a•• ilabl. data w.r. inad.qu.t. for •• tabli.hing cri
t.ria.

O~ Standard (air) I 400 aglll3 TWA

AeGIB 7br••bold Li.lt ~lu., .10 ag/a3 twA
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1,2-0ICHLOROETHANE

Summary

1,2-Dichloroethane (ethylene dichloride) 1s a volatile
organic IOlvent, and volat!lization and percolation into ground
water may be significant routes of ttansport. It hes a low
solubility in water and may be a component in nonaqueous-phase
liquids. 1,2-0ichloroethane is carcinogenic in animals and
mutagenic in bacterial test systems, it is a suspected human
carcinogen.

CAS Number: 107-06-2

Chemical POrmula: CH 2C1CH2Cl

IOPAC Name: 1,2-Dichloroethane

Important Synonyms and Trade Names: Ethylene dichloride, glycol
dichloride

Chemical and Physical Properties

Molecular Weight: 98.96

Boiling Point: 83-84·C

Melting Point: -35.4·C

Specific Gravity: 1.253 at 20·C

Solubility in Wa~er: 8 g/liter

Solubility in Organics: Miscible with alcohol, chloroform,
and ether

Log Octanol/Water Partition Coefficients 1.48

Vapor Pressure: 61 .. 8g at 20·C

Plash Points lS·C (closed cup)

,
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Transport and Fate

The primary .ethod of dispersion from lurface water for
l,2-dichloroethane ia volatilization. In the atmosphere, 1,2-d1
chloroethane is rapidly broken down by bydroxylation, although
some may be absorbed by atmospheric vater and return to the
earth by precipitation. ROltudies on the adsorption or 1,2-di
chloroethane onto soil were reported in the literature examined.
Bowever, 1,2-dichloroethane has a lov octanol/vater partition
coefficient, is sli9htly soluble in water, and therefore leaching
through the soil into the groundwater i. an expected route of
dispersal.

Health Effects

1,2-Dichloroethane is carcinogenic in rat. and mice, producins
a variety of tumors. When administered by gavage, it produced
carcinomas of the forestomach and hemangiosarcomas of the circu
latory system in male rats, adenocarcinomas of the mammary
gland in female rats, lung adenomas in male mice, and lung
adenomas, ma&~ary adenocarcinomas, and endometrial tumors in
female mice. It is mutagenic when tested using bacterial test
systems. Buman exposure by inhalation to 1,2-dichloroethane
has been shown to cause headache, dizzine.s, nausea, vomiting,
abdominal pain, irritation of the mucous .embranes, and liver
and kidney dysfunction. Dermatitis ..y be produced by skin
contact. In severe case., leUkocytosis (an excess of vhite
blood cells) may be diagnosed, and internal bemorrbagin9 and
pulmonary edema leading to death .ay occur. S~milar effects
are produced in experimental animala.

Toxicity to Wildlife and Domestic Animals

1,2-Dichloroethane ia one of the chlorinated ethanes least
toxic to aquatic life. Por both fresh-and .altvater species,
it is acutely toxic at concentrations 9reater than 118 m9/liter,
vhile chronic toxicity bas been observed at 20 ag/llter. 1,2-Di
chloroethane is not likely to bioconcentrate, as its steady
state bioeoncentration factor vas 2 and it. eli.ination half
life vas le•• than 2 days in bluegill.

Ro information on the toxicity of 1,2-dichloroethane to
domestic anima1s or terrestrial wildlife was available in the
literature revieved. ,
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Concentration

9.4·~g/lit.r

0.94 ~9/1iter'
0.094 ~g/lit.r

(mg/kg/day) -1

-

Regulations and Standards

Ambient Water Qualit" Criteria (OSEPA):

Aquatic Lite

The available data. are not adequate tor establishing criteria
Rowever, EPA did report the lowest values known to be
toxic in aquatic organisms.

, re shJila ter

Acute toxicity: 118 mg/liter
Chronic toxicity: 20 mg/liter

Sal twa ter

Acute toxicity: 113 mg/liter
Chronic toxicity: No available data

Ruman Health

Estimates ot the carcinogenic risks associated with lifetime
exposure to various concentrations of 1,2-dichloroet~ane

in water are:

CAG Unit Risk (USEPA): 9.1xlO-2

OSHA Standards: 200 m9/m3 TWA
400 mg/m~ Ceiling Level
800 mg/m for 5 min every 3 hr, Peak Concentration

ACGIS Threshold Limit. Values: 40 mg/m~ TWA
60 mg/m S'nL
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l,l-DICHLOROETHYLENE

Summary

1,1~Dichloroethylene (VDC, vinyli~ene chloride) caused
ki~ney twaor5 (in males only) and leukemia in one Itudy of
mice exposed by inhalation, but tha results of other Itudies
were equivocal or negative. l,l-Dichloroethylene 11 mutagenic,
and it. caused adverse reproductive effects when administered
to rats and rabbits by inhalation. Chronic exposure causes
liver damage, and acute exposure to high doses produces nervous
5y stem damage.

CAS Number: 75-35-4

Chemical Pormula: CB2CC12
IUPAC Name: l,l-Dichloroethene

Important Synonyms and Trade Names: Vinyli~ene chloride, VDC,
l,l-dichloroethene, l,l-DCE

Chemical and Physical Properties

Atomic Weight: 96.94

Boiling Point: 37·C

Melting Point: -122.1·C

Specific Gravity: 1.218 at 20·C

Solubility in Water: 400 mg/11ter at 20·C

Solubility in OrganicI: Sparingly soluble in alcohol, ether,
acetone, benzene, and chloroform

Log Octanol/Water Partition Coefficient: 1.48

Vapor Pre.sure: 500 .. Bg at 20·C

Vapor Density: 3.25
...

Transport and Pate

Volatilization appears to be the primary transport process
for l,l-dichloroethylene (VDC), and its lubsequent photooxida-

l,l-Dichloroethylen.
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tion in the atmoaphere by reaction with hydroxyl radicals is
apparently the. predominant fate process. Information on other
transport and fate .echanisms was generally lacking for l,l-di
chloroethylene. Sowever, by inference from related compounds,
~ydrolysis, aorption, bioaccumulation, biotransformation, and
biodegradation probably all occur but at rates too slow to
be of much significance.

Health Effects

l,l-Dichloroethylene caused kidney tumors in males and leu
kemia in males and females in one study of mice exposed by
inhalation, gave equivocal results in other inhalation studies,
and gave negative results in rats and mice following oral ex
posure and in hamsters following inhalation exposure. VDC
was mutagenic in .everal bacterial assays. l,l-Dichloroethylene
did not appear to be teratogenic but did cause embryotoxicity
and fetotoxicity when administered to ra~s and rabbits by in
ha~ation. Chronic exposure to oral do..s of VDC as low as
5 mg/kg/day cause4 liver changes in rats. Acute exposure to
high doses causes central nervous system depression, but neuro
toxicity has not been associated with low-level chronic exposure.
The oral LOse value for the rat is 1,500 .g/kg, and for the
mouse it is ~oo mg/kg.

Toxicity to Wildlife and Domestic Animals

l,l-Dichloroethylene is not very toxic to freshwater or
saltwater species, with acute LC§o values generally rang in;
from 80 to 200 mg/liter. A chronIc study in vhich no adverse
effects were observed indicated that the acute-chronic ratio
was less than 40, a 13-day study that produced an LC of 29
mg/liter indicated that the acute-chronic ratio is gtaater
than 4.

No reports of the toxicity of l,l-dichloroethylene to
terrestrial vildlife or dome.tic animals vere found in the
literature reviewed.

Requlation. and Standards

Ambient Water Quality C~iteria (OSEPA)I

Aquatic Life

The available data. are inadequate for eatabli.hing criteria.
Bovever, EPA did report the lowe.t values known to cause
toxicity in aquatic organi ••••
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Acute toxicity: 11,600 ~g/lite~

Chronic toxicity: No available data

Sal twa ter

Acute toxicity: 224,000 ~g/llter

Chronic toxicity: NOlvailable data

Human Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of l,l-dichloroethylene
in water are:

CAG Unit Risk (USEPA):
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1,2-trans-OICHLOROETHYLENE

Summary

Chronic inhalation exposure to 1,2-trans-dichloroethylene
(l,2-tranl-DCE) causes liver degeneration, and acute exposure
to hiqh levels has adverse effects on the central nervous system.

CAS, ·f,i~mber: 540-S9-0

Chemical Formula: C2H2C12
IUPAC Name: 1,.2-trans-Dichloroethene

Important Synonyms and Trade Names: trans-Acetylene dichloride,
diofor1l

Chemical and Physical Properties

Molecular Weight: 96.94

Boiling Point: 47.S·C

Melting Point: -SO·C

Specific Gravity: 1.2565 at 20·C

S,olubility in Water: 600 JIg/liter

Solubility in Organics. Miscible with alcohol, ether, and acetone,
very solUble in benzene and c~oroform

Log Octanol/Water Partition Coefficient. 1.48 (calculated)

Vapor Pressure: 200 am 89 at 14·C

Flash Point: 3·C (undefined isomers)

Transport and Fate

Due to the relatively high vapor pressure of 1,2-trans
dichloroethylene (1,2-tr~s-DCE), volatilization from aquatic
systems to· the atmosphere is quite rapid and appears to be
the primary transport process. Aerial transport of this compound
can occur and il partly responsible for its rllatively vide

1,2-trans-Dlchloroethyllne
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environmental distribution. Although little applicable infor
mation is available, adsorption is probably an insignificant
environmental fate process for l,2-tranl-DeE. The relatively
low 10g.octanol/water partition coefficient of 1,2-trans-DCE
suggests that bioaccumulation also is a re1atiYely inlignificant
process. Although no information pertaining specifically to
biodegradation of l,2-trans-DeE i. available, results with
similar compounds IU9gest that this proce•• probably occurs
but at a very slow rate •

." Photooxidation in the troposphere appears to be the dominant
envi~o·nmentat fate of 1,2-trans-DCE. Once in the troposphere,
the compound is attacked at the double bond by hydroxyl radicals,
resulting in the formation of formic acid, hydrochloric acid,
carbon monoxide. and formaldehyde. The half-life of 1,2-trans
DeE in the troposphere is estimated to be lesl than one day.
Given the properties of limilar compounds, photolysis of 1,2-trans
DC! in aquatic systems and photodillociation in the terreltrial
environment are probably insignificant.

Health Effects

Very little information concerning exposure only to 1~2

trans-DCE is available. There are no report. of carcinogenic
or teratogenic activity by l,2-trans-DCB in animals or humans.
It is reportedly nOAmutagenic in a variety of te.t syste.s.
Like other members of the chlorinated ·ethy1ene .eries, 1,2
trans-DC! has anesthetic propertie.. Expolure to high vapor
concentrationl bas been found to caule nausea, vomiting, veak
ness, tremor, and crami. in humans. Repeated exposure via
inhalation of 800 mg/m (8 hours/day, 5 days/week, for 16 weeks)
was reported to produce fatty degeneration of the liver in
rats. The intraperitoneal injection LD50 value for the rat
18 1",53 a mg/kg.

Although nephrotoxic and cardiac .erisitiling effects· are
associated with expolure to l,l-dichloroethylene, the l,2-DCE
isomers have not been investigated with re.pect to this type
of effects. l,2-tran.-Dichloroethylene can inhibit aminopyrine
demethylation in rat liver microsomes in vitro, and it may
thus interact with tbe bepatic drug-metaboliling lIonooxygenase
syatem.

Toxicity to Wildlife and ~ome.tic Animals

Practically no information concerning the toxicity of
l,2-tranl-DeB to wildlife and dome.tic ani..la exiatl. The
reported 9a-hour LC'~D value under .tatic condition. i. 135,000
~g/liter for the bla.gill. Under the la.e test conditions,
the LC value for 1,1-dichloroetby1ene i. 73,900 ~g/liter.
Recomm;Rded criteria for protection of aquatic life are based
primarily on data concerningl,l-dichloroetbylene.

1,2-trans-Dicbloroethylene
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Ambient Water Quality Criteria (US~PA):

The available ~ata are not a~equate for establiahing criteria.

OS,HA S~an~ar~1 790 mg/m3 TWA

ACGIS Threshol~ Limit Values: 790 mg/m3 JWA
1,000 mg/m STEL

REFERENCES

AMERICAN COUNCIL OP GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH).
1980. Documentation of Threshol~ Limit Values. 4th ed.
Cincinnati, Ohio. 488 pages

NATIONAL'INSTITUTE POR OCCUPATIONAL SAFETY AND HEALTH (NIOSE).
1983. Registry of Toxic Effect~ of Chemical Substances.
Data Base. Washington, D.C. October 1983

S~X, N.I. 19'5. Dangeroua Properties of Industrial Materials.
4th ed. Van Nostrand Reinhold Co., Nev York. 1,258 pages

U. S• EN'll RONMENTAL PROTECTION AGENCY (USEPA) • 19'9. Wat er
Related Environmental rate of 129 priority Pollutants.
Washington, D.C. December 1979. EPA 440/4-79-029.

0.5. ENVIRONMENTAL PROTECTION AGENCY (OSEPA). 1980. AlIlbient
Water Quality Criteria for Dichloroethylenes. Office
of Water Regulations and Stan~ards, Criteria and Standards
Division, Washington, D.C. October 1980. EPA 440/5-80-041

0.5. ENVIRONMENTAL PROTECTION AGENCY (O$EPA). 1984. Health
Effecta Asaessment for 1,2-trans-Dichloroethylene. Environmenta."
Criteria and Assessment Office, Cincinnati, Ohio. September
1984. BCAO-CIN-H041 (Pinal Draft)-

WEAST, R.B., ed. 1981. Handbook of Ch'emistry and Physics.
62nd ed. CRe Press, Cleveland, Ohio. 2,332 pages

...

1,2-trana-Dicbloroethy1.ne
Pag. 3
OCtober 1985





2,4-DICHLOROPHENOL

'\ SUlllllary ,

2,.-Dlchlorophenol (2,4-DCP) is not very persistent in the
environ••nt. There is equivocal evidence suggesting that it may
act as a tu.or pro~oter. Subcutaneous administration of 2,4-dl
c~lorophenol to pregnant mice induce~ ~i~or teratogenic effects.
Chronic exposure caused nonspecific liver changes in mice.

C~S Number: 120-83-2

Chemical Formula: C6R3Cl20a

IUPAC Name: 2,4-Dichlorophenol

Important Synonyms and Trade Names: 2,.-DCP

Chemical and Physical Properties

Molecular Weight: 163.0

Boiling.polnts 2l0·C

~el~ing Point: 4S·C

Syeclfic GraVity: 1.383 at 2S·C

S~lubility in Water: 4,SOO ag/liter

S,olubility in Organics. soluble in benzene, alcohol, ether,
and chloroform

Log Octanol/Water Partition Coefficient: 2.75

Vapor Pressure: 0.12 am Ig at 20·C (calculated)

vapor Den.ity. 5.12,

pKa: 7.48 ..
Flash Point. ll4·C
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Transport and Pate

2,4-Dichlorophenol (2,4-DCP) i. not very persistent in the
environment, with a half-life ot about 1 week. Degradation by
soil and water microorganisms occurs readily and appears to be
the pri~ary. fate of 2,4-DCP. aowever, biodegradation rates are
dependent"on a number' of environmental factors. Par example,
degradation will proc~ed much more quickly in syste•• contain
ing pollutant-adapted microflora. Volatilization and adsorp
tion .do not appear to be significant transport processes for
2,4-ai~hlorophenol. Oxidation and hydrolysis are probably not
impo~tant environmental fates. Photodegradation of aqueous
2,4-DCP is reported to occur under aerobic conditions, but it
is unlikely that this process contributes significantly to its
environmental fate. The limited data available suggest that
2,4-0CP does not readily bioaccumulate.

Health Effects

No studies evaluating the carcinogenic potential of 2,4-DCP
are available. Bowever, one study provide. evidence that this
compound may have rromoting activity. Mice were initiated
with skin applicat ons of dimethyl-benzanthracene in benzene,
and then received skin application. of 40.8 mg/kg of 2,4-DCP
two tim.s per week, for 15 or 24 weeks. Tbe results indicated
that 2,4-DCP can act as a promoter in the production of papil
lomas. Bowever, the results must be regarded as equivocal
because of limitations imposed by the experimental methods
used in the study.

2,4-DCP is reported to have some effects on mitosis and
meiosis 1n flower buds and root cells of Vicia faba. No studies
evaluating the mutagenic activity of DCP In other eukayotic
organisms or bacteria are available. In mice, subcutaneous
administration of 74 mg/kg 2,4-DCP on day. 6-14 of gestation
resulted in a significant increase 1n abnormal fetuse., with
half of the anomalies consisting of extended leg8. retal mor
tality was unchanged, but weigbts were significantly lover
than controls. NO other reports of significant teratogenic
or reproductive effects are available.

Very little information concernin9 the acute or chronic
toxicity of 2~4-DCP is available. Acute toxicity following
injection 1. characterized by initial polypnea followed by
slowed respiration and dyspnea, hypotonia, coma, and death.
A maximum no-effect level of 100 mg/kg/day was determined in
a 6-month feeding .tudy in mice. Only non-.pecific microscopic
liver changes were observed in mice receiving 230 mg/kg/day.
Intraperitoneal and oral LD§B values of 430 mg/kg and 580 mg/kg,
respectively, are reported r rthe rat.

2,4-Dichlorophenol
Page 2 .
October·1985



Toxicity to Wildlite and Domestic ~nimals

Specie••ean acute .aluel reported tor the treshwater
specie. Daphnia .agna, fath.ad minnow, and bluegill are 2,605,
8,230, and Z,020 ~g/liter, respectively. A chronic value of
365 ~g/lit.r and an acute-chronic ratio ot Z3 are reported
for the tathead minnow. The only information available con
cerning .altwater .pecies indicates that the mountain bass
Kuhlla sandvicensis exhibits a moderate reaction in response
to 20 mg/liter 2,4-DCP. Complete destruction of chlorophyll
and 56.4' reduction of, photosynthetic oxygen production are
observed after exposure of the freshwater alga Chlorella ey
renoidosa to 100 and 50 IIg/liter, respectively. The weighted
average bioconcentration factor for 2,4-0CP and the edible
portion of all freshwater and estuarine organisms consumed
by Americans is calculated to be 40.7.

2,4-0CP residues have been detected in the liver and kidneys
of cattle and chickens, and in chicken eggs. Concentrations
of 2,4-0CP in ani~al tissues are reported to diminish rapidly
sfter withdrawal ot the 2,4-0CP precursor, 2,4-dichlorophenoxy
acetic acid (2,4-0). No information concerning toxicity of
2,4-0CP to domestic animals is available.

Regulations and Standards

Ambient Water Quality Criteria (USEPA):

Aquatic Lite

The available data are not adequate for eltablishing criteria.

Buman Beal th

lealth criterion: 3.09 _g/liter
Organoleptic criterion: 0.3 ~g/liter
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2,4-DICHLOROPHENOXYACETIC ACID

SU1IDIIary

2,4-Dichlorophenoxyacetic acid (2,4-0) is a commonly used
broad spectrum herbicide. It is a component of Agent Orange,
the defoliant most widely used in Vietnam. It promoted tumors
after being painted on, the skin of mice, and it probably is
a weak mutagen. 2,4-0 caused developmental abnormalities and
was fetotoxic when administered to pregnant rats, mice, and
hamsters. Dermal exposure to 2,4-0 causes severe peripheral
neuropathy.

CAS Number: 94-75-7

Chemical Pormula: C1 2C6B3OCB2COOB

IOPAC Name: 2,4-Dichlorophenoxyacetic acid

Important Synonyms and Trade Names: Agrotect, Dicotox, Phenox,
2,4-D

Chemical and Physical Properties

Molecular Weight: 221.04

Boiling point: l60·C at 0.4 am Bg

Melting Point: l38·C

Solubility in Water: 620 mg/liter

S~lubility in Organics: S~luble in organic aolvents

Log- Octanol/Water partition Coefficient: 2.5 (calculatec!)

Vapor Preasure: <10- 5 _ Bg at 25·C

Vapor Denaity: 1.13

pKa: 2.8

Transport and rate ...

Becauae of ita lov vapor pressure and relatively high
solubility in vater, 2,4-dicblorophenoxyacetlc acid (2,4-0) is
probably not very volatile. In surface vater, 2,4-0 undergoes
either photolysis vith oxidation to chlorophenols or photore-
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_ - -- ......u.r;n process occurl depends on
~ne pnysical properties of the media. 2,4-0 t. only weakly
adsorbed to loll and may leach into groundwater, although studie~

indicate that this Is not an important transport process. Bio
degradation by 1011 bacteria may be an important fate process
for 2,4-0.

Bealth Effeets

2,4-Dichlorophenoxyacetic acid has been assayed for car
cinogenicity in rats, mice, and dogs. S~atistically significant
increases in tumor initiation have not been observed in any study.
Increases In the number of lymphosarcomas, total sarcomas,
and carcinomas in rats, however, suggest that it may be carci
nogenic. A tumor-promoting effect vas observed 1n a skin-paint-
ing study in mice. .

~,4-D has damaged DNA and inhibited DNA repair in several
strains of bacteria and yeast. It caused chromosomal damage
and induced increased rates of sister chromatid exchange (SeE)
1n cultured human lymphocytes. 2,4-0 also induced SCE 1n Chinese
hamster ovary cells. The results of the Drosophila sex-linked
recessive lethal assay vere veakly positive. 2,4-0 failed to
1nduce mutation in the Ames assay. Considering all available
test data, 2,4-0 is a veak mutagen.

When administered to pregnant rats, mice, and hamsters,
2,4-0 produces a pattern of developmental abnormalities, inelud
ing skeletal anomalies and cleft palate. retotoxicity and
fetal death have also been reported. Tbe minimum level causing
major developmental abnormalities in rats is approximately
100 mg/kg. No effeet on reproduction vas observed in a 3-gene
ration rat study.

2,4-0 apparently is not very acutely toxic to humans,
vith the average oral do.e likely to be fatal estimated to
be 400 mg/kg. Bowever, considerable uncertainty exists regarding
what il a minimal toxic dose; it m.y be .s low al 80 ag/kg.
Symptoms of vomiting, fever, and profound muscle veakness are
usually reported after ingestion of 2,4-D. 2,4-D i. irritating
to the eye.. Ablorption through the .kin reportedly produces
levere peripheral neuropathy, vith Itiffne.s of extremities,
possible motor paralysis, and parathesia.

The oral LD for 2,4-D in mice and rats is 375 mg/kg,
but the oral LD SOfor dogs i8 100 mg/kg. Bsters of 2,4-0 have
comparable toxi~ity. Cardiae arrhythmia baa be.n cited as a
cause of death in .everal acute .tud!es. pathological changes
have also occurred in the gastrointestinal tract, liver, lungs,
and kidneys. The rabbit dermal LDSO 1s 1,400 ag/kg.
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Contrary to luggestiona that 2,3,7,B-tetrachlorodibenzo-p
dioxin conta.ination has contributed to the toxicity of 2,4-0,
no actual TeDD contamination of 2,4-D has been reported, although
hexachlorodlbenlo-p-dioxin and 2,7-dichlorodibenlo-p-dioxin
have been found. There is no experimental evidence that dioxins
are formed by photolysis of 2,4-D. .

Toxicity to Wildlife and Domestic Animals

Studies on the effects of exposure to 2,4-D and other
phenoxy herbicides on algae indicate that many single-celled
plants are not very sensitive to these compounds. Concentra
tions of 25 mg/liter 2,4-0 administered for 10-12 days reduced
the growth rate of ~cenedesmus, one of the aore sensitive species,
by 42'. The growth of Nostol muscorum, a blue-green algae,
is inhibited at concentratIons of 0.1 mg/liter. Various forms
of filamentous algae, i.e., Chara, Bydrodictyon, and Pitophora,
are controlled at concentrations above 10 ag/liter.

~he 96-hour LD for Daphnia magna is 2 _g/liter. Concen
trations of 2 mg/li~ar had no detectable effect on shell growth
in oysters.

2,4-0's toxicity to fish has been thoroughly studied.
The 24- and 48-hour LC so values for the bluegill were reported
to be Bag/liter for 2,.-D. Esters of· 2,4-0 are slightly more
toxic. Concentrations of 50 mg/liter had no observable effect
on tadpoles of the frog, Rana temporaria.

Animal poisonings have been reported and attributed to
herbicide formulations containing 2,4-0, but in most instances
a definite causal relationship has not been established. 2,4-0
does not bioaccumulate in the adipose tissue.

Regulations and Standards

OS~ S~andard: 10 m9/.3 TWA

ACGIH Threshold Limit Value: 10 mg/m3 TWA
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1,2-DICHLOROPROPANB

SUIIL1I3ry

l,2-Dichloropropane increased the incidence of co~bined

adenomas and carcinomas of the liver when ad~inistered to rats
and mice, and it was found to be nrutagenic using the Ames assay.
H!gh concentrations can depress the central nervous Iystem
and adversely affect the liver, kidneys, adrenals, and heart •

... .

CA~ Number: 78-87-5

Chemical Formula: CR2C1CHC1CH3
IUPAC NL,e: 1,2-Dichloropropane

Important Synonyms and Trade Names: Propylenecbloride, propylene
dichloride

Chemical and physical Properties

Molecular Weight, 112.99

Boilini Point: 96.8·C

Melting Point. -lOO·C

Specific Gravity: 1.16 at 20·C

S~lubility in Water, 2,700 ag/liter at 20·C

S~lubility in Organics: Miscible with organic solvents

Log Octanol/Water Partition Coefficient, 2.28

Vapor Pressure. 42 am 89 at 20·C

Vapor Density, 3.9

Plash Point. 21·C (open cup)

"

Transport and Pate

Volatilization and subsequent photooxidation are probably
important environmental fate processes for 1,2-dichloropropane.
In surface water and soil, hydrolysis may also be a significant

1,2-Dichloropropane
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fate proce.s, especially it the compound is adsorbed onto clay
particles. ~oll microbes can biodegrade 1,2-dichloropropane,
but this is likely to occur more slowly than volatilization.
1,2-Dichloropropane is probably only moderately persistent
in the environaent. -

Health Effects

1,2-Dichloropropane caused an increased incidence of com
bined"adenomas and carcinomas of the liver in male and female
IQice and cau~ed a slight increase in maIQmary adenocarcinolDas
1n female rats (NTP 1984)~3 In an earlier study, 80 C33 mice
were exposed to 1,850 mg/m of l,2-dichloropropane for" to
7 hours per day 37 times and were then observed for the next
7 montbs,- only 3 mice survived, but all of these developed
mul tiple hepato.'llas" (Heppel et ale 1948). l,2-Dichloropropane
was found to be mutagenic using the Ames assay both with and
without metabolic activation. It also increased the frequency
of 8 azaguanine-resistant mutants In the Aspergillus nidulans
spot test. No informati~n was available on the reprOductIve
or teratogenic effects of this compound.

Ri~h concentrations ot 1,2-dichloropropane cause central
nervous syste2 depression and narcosis In huaans. Other human
sy:uptollls include headache, vertigo, lacrimation, and irritation
of the mucous membranes. Studies indicate that exposure to
high concentrations may affect the rate of growth in rats and
guinea pigs, and cause tatty degeneration and multilobular
or centrllobular necrosis of the liver. Biatopathological
changes were also observed in the kidneys, adrenall, and heart.
1,2-Dichloropropane is a mild skin irritant. It is moderately
irritating to the eye but does not cause permanent injury.

T~e oral LD for rats is 1,900 ag/kg, the oral LD for
mice is 860 mg/k~~ The dermal LDsO for rabbits i. 8,7SdOmg/kg.

Toxicity to Wildlife and DOllestic Animals

Only limited data are available on the ettecta of 1,2
dichloropropane on wildlife and domestic animals. The 48-hour
Ie Is 52 ag/liter In Daphnia lIIagna. The 9S-hour BCso for
th;Obluegi11 i. 300 ag/liter, lor the "fathead ainnow, It is
139.3 mg/1iter, and for the tidewater sliveraide it is 240 mg/liter.
In an embryo-larval teat using the fathead minnow, chronic
effects developed at 8,100 ~g/llter.
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Re~ulatlonl ana 5~.na.ras

Ambient Water Q~ality Criteria (OSEPA):

" The available data are not adequate for establishing cri
teria.

OSHA Standard (air): 350 mg/m3 TWA

ACGIH Threshold Limit Values: 350 mg/m~ ~~A
510 mg/m STEL
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1,3-DICHLOROPROPENE

SUlIlJDary

1,3-Dlchloropropene i8 moderately persistent In soils
but less persistent in water. No complete carcinogenicity
studies are currently available, but cis-l,3-dichloropropene
caused injection-site sarcomas in mice and was found to be
mutagenic using the Ames assay. Chronic exposure caused liver
and k~dney da~age.

CAS Number: 542-75-6

Chemical Formula: CBC1CBCH 2C1

IUPAC Name: 1,3-Dich1oro-1-propene

Impor.tant Synonyms and Trade Names: 1,3-Dichloropropylene,
Telone, DCP

Chemical and Physical Properties

Molecular Weight: 110.97

80iling P~ir,t: 104·C (cis)
112·C (trans)

Melting Point: No available data

Specific Gravity: 1.217 at 20·C (cis)
1.224 at 20·C (trans)

~olubility in Water: 2,700 mg/liter at 2S·C

Solubility in Organics. ~oluble in ether, benzene, and chloroform

Log Octanol/Wat.r Partition Coefficient: 1.98

Vapor Pressure. 28 am 8g at 25°C

Vapor Density. 3.83
,

Transport and Fate

1,3-Dichloropropene (DCP) is moderately persistent in
soils but less persistent in water. Volatilization from soil
and water into the atmosphere, where it is sUbsequently degraded
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by photooxldation, is probably the predominant transport and
fate mechanism for DCP. Although no information was found
on the adsorption of 1,3-dlchloropropene In aquatic systems,
sorption to soil organics is an important terrestrial process
and account. for tbe persistence of DCP in soils. Hydrolysis
of adsorbed material in loil and vater to produce 3-chloroallyl
alcohol occur. rather slowly but may be an important fate pro
c~ss. Biodegradation of DCP also occur. slowly, but .oil bac
teria are probably responsible for tbe degradation of the
3-chloroallyl alcohol to carbon dioxide and water •

.... . .
Health Effects

A carcinogenicity bioassay of l,3-dicbloropropene is being
conducted· by the National Toxicology Program. No carcinogenicity
studies are currently available, but cls-l,3-dichloropropene
caused application-site sarcomas in aice following subcutaneous
injection, and the chemical was mutagenic in the Ames assay.
No intormation on the teratogenicity or reproductive toxicity
of l,3-dichloropropene was found i~. the literature reviewed.
Chronic exposure ca~.ed liver and kidney toxicity at doses
as low as 13.6 mg/m. Bowever, after a 3-aonth recovery period,
exposed animals showed no ill effects. The oral LDSO value
in the rat is 250 mg/kg.

Toxicity to Wildlife and Domestic Animal~

Acute LC values for aquatic organi••• exposed to 1,J-di
chloropropene5Sere about 6,000 ~g/liter in two freshvater spe
cies, 1,77a ~g/liter in a saltwater fisb, and 790 ~g/liter

in a saltwater invertebrate. Only one cbronic toxicity te~~

on l,J-dichloropropene was reported. Tbis indicated that di
chloropropene was toxic at level. of 244 ~g/liter to a fre.hwater
fish specie••

NO information on the toxicity of 1,J-dichloropropene
to terrestrial wildlife or domestic ani.als vas found in the
source. reviewed.

Regulations and Standards

Ambient Water Quality Criteria (USEPA).,

Aquatic Life

The available data are not adequate for e.tabllshing criteria.
Bowever, EPA did report the love.t values known to cause
toxicity In ~quatic organis•••

1,J-Dichloropropene
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Acute toxicity: 6,060 ~g/liter

Chronic toxicity: 244 ~g/liter

Saltwater

Acute toxicity: 790 ~g/liter

Chronic toxicity: No available data

Human Health

Criterion: 87 ~g/liter

ACGIH Threshold Limit Values: 5 mg/m3 TWA
50 mg/m3 S~EL
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OICOFOL

summary

Oicofol (Ielthane) is an organochlorine pesticide that is
moderately persistent in the environment. In an Mel carcinogen
icity bioassay, it produced hepatocellular carcinomas in male
mice, but not in rats or female mice. Oicofol caused anomalies
in the third-generation offspring in one study on aice but not
in another. It also had reprod~ctive effects in rats and mice.
Chronic exposure produced liver lesions in rats.

CAS Number: 115-32-2

Chemical Formula: C14BgOC1,

IUPAC Name: 2,2,2-Trichloro-l,1-bis(4-chlorophenyl)ethanol

Important Synonyms and Trade Names: lelthane, Acarin, Mitigan

Chemical and Physical properties

Molecular Weight: 441.5

Boiling Point: Not available in literature reviewed

Melting Point: ,g·C

Specific Gravity: 1.130 at 20·C

Solubility in Water: 590 ~g/liter at 20·C

Solubility in Organics: Soluble in most aliphatic and aromatic
solvents

Log Octanol/Water Partition Coefficient: 5.56

Plash Point: 49·C (cloled cup)

Transport and Pate

Little information was found on the· transport and fate
of dicofol in the environment. It is one of the less persistent
organochlorine pesticides and disappears fairly readily from
loil. Bowever, trace amounts will persist for up to 1 year.
Volatilization is probably the primary transport aechanism,
as movement through loll II probably limited by low water solu
bility and binding to loil aaterial. Based on results for
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DDT, dicofol is probably biodegraded by loil bacteria, and
this may be the most important fate process in loi1. In aquatic
Iystems, lorption to lediments is probably an important fate,
and bioaccumu1ation may also be important.

Health Iffects

Dicofol caused hepatocellular carcinomas in male mice
but not in female mice nor in rats of either sex (NCI 1978).
In a three-generation study, continuous feeding of 7 ppm (approx
imately 0.8 mg/kg) dicofol to mice resulted in anomalies in
offspring of the third generation. Rowever, in a five-genera
tion study, Brown (1971) noted no fetal anomalies in mice fed
up to 500 ppm (approximately 60 mg/kg) dicofol In their diets.
Only litter .ize, weight, and viability decreased significantly
at this concentration. Brown (1971) also reported that rats
did not produce offspring if fed aore than 100-ppm (approximately
5 mg/kg) in their diet.. Dicofo1 vas not autagenic in aeveral
microbial test systems.

In a 2-year study in rats, ~mith et ale (1959) noted that
liver lesions were seen in animal. administered more than 1,000 pp
(approximately 45 mg/kg) in their diets and that growth decreased
in animals fed diets containing more than 500 ppm (approximately
23 mg/kg) dicofol. The acute oral LD SO in rats vas 800 mg/kg
for males and 680 mg/kg for femal•••.

Toxicity to Wildlife and Domestic Animala

The LC tD for rainbow trout exposed to dicofol for 48 hours
was 100 mg/ It.r. Th. 48-bour LC valu.s for Daphnia magna
and stone flies were 390 and 3,00aOmg/liter, respectively.
Pathead minnows bioconcentrate dicofol to a level 10,000 times
that found in water, with a Iteady-state concentration occurring
in 40 to 60 days (Eaton et a1. 1983).

The toxicity of dlcofol has been .tudied In ••veral wild
bird species. The LCso values for 2-ve.k-old bird. fed con-tami
nated feed for 5 day••ere 1,500 ppm for coturnlz, 3,000 ppm
for bobwbite., 2,300 for pheasants, and 1,'00 for mallard ducks.
No inforaation wa. found on the toxicity of dicofol to other
terrestrial wildlife or to domestic animals.

,
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DIBTHYL PHTHALATB

Summary
. I

Diethyl phthalate (DEP) has not been shown to be carcino
genic, b~t it was fo~nd to be m~tagenic using bacterial test
sy"stems. Intraperitoneal administration to pregnant rats induces
adverse reproductive ef'ects. The chronic toxicity of diethvl
phthalate is low ...

C~S. Number: 84-66-~

=he~ical Formula: C12H1404' C6R4 (COOC2ijS)2

IUPAC ~al1le: Diethyl ester phthalic acid

Ch~~ical and physical Properties

Molecular Weight: 2~~.2C

a01l1ng Point: 29S·C

Melting Point: -fO.S·C

Sgecific GraVity: 1.1175 at 20·C

~olubility in Water: 896 mg/liter at 2S·C

Solubility in Organics: Soluble in acetone and benzene, miscible
with alcohol, ether, ketones, and esters

Log Octano1/Water Partition Coefficient: 3.2~ (calculated)

Vapor Press~re: 0.05 mm Hg at 70·C

Flash point: l62.7'·C

Transport and Pate

Much of the inforl1lation concerning the enviro~~ental l1Iove
ment and fate of diethyl p~thalate (PEP) 1s derived from data
for phthalate e9t.rs 1n general. DEP probably hydrolyzes in
surface vaters, b~t at .~ch a slow rate that th1s process is not
enviro~~entally significant ~nder most conditions. Photolysis
and oxidation do not appear to be important environmental fate
processes. Volatilization i. not an important environmental
transport process for DEP In natural waters. Bovever, there
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is evidence that it can be slovly volatilized from DEP-contalnlng
materials at relatively high temperatures. Consequently, some
atmospheric dispersIon of DBP due to vaporization during manu
facture, ua., or waste disposal probably occur••

Adsorption onto suspended solids and particulate matter,
and complexation with natural orga~ic substances are probably
the most- important environ.,ental transport processes tor DBP.
The octanol/water partition coefficient for DEP suggests that
thl, co~pound would be adsorbed onto particulates high in organic
mat·t~~.· This contention is supported by the fact that phthalate
est.~s are c~mmonly found in freshwater and saltwater sediment
samples. DEP can be disp.rsed to aquatic and terrestrial systems
by complexation with natural organic substanc.s. It r.adily
interacts with the fulvic acid pres.nt in humic substances
in water and soil, forming a complex which 1s very soluble
in water.

A variety of unicellular and multicellular organisms take
up a~d accu~ulate phthalate esters, and bioaccumulatlon of
OEP is considered an important fate proc.... 8i04egtadation
is also -consIdered an· important fate process for DD in aquatic
slstems and soil. Because phthalate .s~.r.,and presWllably
DEP, are degraded under most conditions and can be metabolized
by multicellular organisms, it is unlikely that long-term bio
accumulation or biomagnification occur••

Analysis using EPA'S Exposure Analysi. Modeling System
suggests that for DSP, chemical and biochemical transfor~ations

. will compete favorably in ecosystems with long retention times,
. such as ponds and lakes. If input of DBP remain. constant,
its concentration Is expected to approach a steady st~t.. If
input stops, its concentration is expected to d.cr.ase relatively
quickly. Transport 1s the dominant proce.s for DBP in rivers,
and the oceans are the ultimate sink in these ecosystems.

Health Effect.

There are no report. that DBP is carcinogenic in animals
or hWllans. 80vever, DIP Is reported to be mutagenic 1n bacterial
te.t syste•• (Seed 1982). Reduced fetal weigbt, re.orption.
and dose-related mu.culoskeletal abnormalities were ob.erved
among fetu.e. tra. rats exposed intraperitoneally to DEP during
gestation.

...

The acute toxicity for laboratory ani..ls by .ost routes
ot adminiatration ia .ery low. Oral, inhalat~on, and Intrageri-
-toneal LD~a value. of 9,000 mg/kg, 7,510 mg/_ , and 5,058 ag/kg,
re.pectivtly, ate reported for the rat. The no-effect levels
determined fro. chronic f.eding studies of aix or more weeks
duration are 2,500 Mg/kg/day for the rat, and 1,250 ag/kg/day
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no unusual incidence of tumors. In humans, exposure to heated
vapor may produce some transient irritation to the nose, throat,
and upper respiratory tract.

Toxicity to Wildlife and Domestic Animals

Acute values for the freshwater species Daphnia magna
and the blu~~ill are reported to be 52,100 and 98,200 ~g71iter
DE~, respectively. Arool'\l;) saltwater species, acute values for
the mysid shrimp and ~he sheepshead minnow are 7,590 and 29,600
~g/liter, respectively. No chronic values are available for
freshwater or saltwater species.

In the freshwater alga Selenastrum capricornutum 96-hour
EC values for chlorophyll a and cell number are 90,300 and
85~QOO ~g/liter, respectively. In saltwater algae, chlorophyll
~ EC sO values ranged from 3,000 ~g/liter in Gymnodinium breve
to 65,500 ~g/liter in Skeletonema costatum. Cell number EC
values in ~. breve and S. costatum are 33,000 and 85,000 ~gJ2iter,
respectively. ~ bioconcentration factor of 117 is re?Orted
for OEP and bluegills after a 21 day exposure. The half-life
is between 1 and 2 days.

Regulations and Standards

Ambient Water Quality Criteria (USEPA):

Aquatic Life

The available data are not adequate for establishing criteria
for diethyl phthalate or for phthalate esters as a group.

Human Heal th

Criterion: 350 mg/liter

ACGIH Threshold Limit Values:
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Suramary

Diisobutyl ketone is ~ildly irritating to the eyes, nose,
throat, and skin in hu~ans. Inhalation exposure to high concen
trations increased liver and kidney weights in rats and guinea
pigs.

CA~ Number: 108-83-8

Chel1lical Fomula: (Ch l ) 2CHCB2) 2CO

IUPAC Name: 2,6-Dimethyl-4-heptanone

Il1lportant Synonyms and Trade NaI1les: Isobutyl ketone

Chemical and Physical Pro2erties

Molecular Weight: 142.2

Boiling Point: l66·C

Melting Point: -4l.S·C

S¥ecific Gravity: 0.81 at 20·C

S~lubility in Water: 500 ~g/liter

Solubility in Organics: Miscible with most organic liquids

Log Octanol/Water Partition Coefricient: 2.8 (calculated)

Vapor Pressure: 1.7 am Bg at 20·C

Vapor Density: 4.9

Flash Point: 10·C.

Transport and Pate

Ro information on the transport a~d fate of diisobutyl
ketone was found in the literature reviewed. Based on its
chemical and physical properties, the compound probably is
not very volatile. It may be adsorbed by soil organics and
sedi~ent to some degree. Ketones in general react in acidic
media to form secondary alcohols. This reaction would probably
occur in natural waters with low pH. Ketones are not likely
to be very persistent in the environ,ent.

Diisobutyl ketone
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Health Iffects

Dlisobutyl ketone Is not very toxic to humans or laboratory
animals. It does not appear to be carcinogenic, autagenic, or
teratoge~ic. A ]-hour exposure by human volunteers to 290 and
580 M?/m .lightly irritated the eyes, nose, and throat. In
another study of volunteers, so~e eye irritation .~d unpleasant
odor ~~3 reporte~ at co~centrations above 145 m9/m. oiiso
butyl ketone Is also mildly irritating to the skin.

Rats and guinea pigs ~ere exposed by inhalation for 7 hours
at varying concentrations. At 1,450 mg/.3 the liver and kidney
weights of female rats increased. Concentrations above 2,030 mg/m
caused an increase in liver and kidney wei~hts in both sexes,
with mortality occurring at the 9'J83 ag/m level. An 8-hour
inhalation exposure to 11,615 mg/m killed 5 out of 6 rats.
The rat oral LD SO is 5,750 .g/kg7 the rabbit dermal LD SO is
17 g/kg.

Toxicity to ~ild1ife and Domestic Animals

No information on the toxicity of diisobutyl ketone to
wildlife and domestic animals was available in the sources
reviewed.

Regulations and Standards

NIOS~ Recommended S~andard (air): 140 ag/m3 TWA

O~aA ~tandard (air): 300 mg/m3 TWA

ACGIH Threshold Limit Value: 150 _g/m3 TWA

REFERE~CES
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ed. Cincinnati, Ohio. 488 page.

DOOLL, J., KLAASSEN, C.D., and AMDUR, M.O., eds. 1980. Casarett
and Doull'. Toxicology: The Basic Science ot Poisons.
2nd ed. Macmillan Publishing Co., Nev York. 778 pages,

LYMAN, N.J., R!EHL, w.p., a~~ ROSENBLATT, o.R. 1982. Handbook
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Mew York
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DIMETHYLAMINOETHYL METHACRYLATE

Summary

Dimethylaminoethyl methacrylate is irritating to the skin,
,eyes, and mucous membranes and is a strong lachrymator.

C~S Number: 2867-47-2

Chemical Formula: CH2C(CH3)COOC~2CK2N(CH3)2

IUP~C Name: 2-Dlmethylaminoethyl-2-methylpropenoate

Im?Jrtant S~non1Ms and Trade Names: 2-0i~thyl~~inoethyl

methacrylate

Chemical and Phisic~l ?topertles

Molecular Weight: 157

Boiling Point: l87·C

Specific Gravity: 0.933 at 2S·C

Solubility in Water: ~oluble in water

~olubility in Organics: S~luble in organic solvents

Va?or oensity: 5.4

Flash Point: 74·C (open cup)

Transport and Fate

No intormation on the transport and tate of dimethylamino
ethyl methacrylate was available in the sources reviewed.

Health Eftects

Only limited data on the toxicity of dimethy1aminoethy1
methacrylate were found in the literature searched. The compound
is an irritant to the _kin, eyes, and mucous membranes, and
it is a strong lachrymator. The oral and inhalation LO;~ values
for the rat are 1,750 mg/kg and 620 mg/mJ /4 hours, respectively.
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Toxicity to Wildlife and Domestic Animals

No information on the toxicity of dimethylaminoethyl metha
crylate to wildlife and domestic animals was found in the sources
reviewed.

Regulationl and Standards

Mo regulations or Itandards have been established for
dimethylaminoethyl aethacrylate.
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4th ed. Van Nostrand Reinhold Co., Mew York. 1,258 pages

VERSCHUEREN, K. 1977. Bandbook of Environmental Data on Organic
-Chemicals. Van Nostrand Reinhold Co., Mev York. 659 pages

WEAST, R.E., ed. 1981. Handbook of Chemistry and Physics •
. 62nd ed. CRC Press, Cleveland, Ohio. 2,332 pages
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DIMETH'iLANILINE

SUllJlary

Diaethylaniline is a central nervous Iyst.. depressant,
and it can cause tre~ors, convulsions, Ilowed respiration,
and death due to respiratory paralysis. Acute occupational
exposure hal caused intense abdo~inal pain, unconsciousness,
and visual disturbances. As little as 50 mg/kg vas Ihown to
be lethal in humans.

CAS Number: 121-'9-7

Chemical Formula: C,HSN(CB3'2

IUPAC Name: N,N-Dimethylaniline

Important Synonyms and Trade Names: N,N-Dimethylbenzeneamine,
dimethylphenylamine,
n-phenyldimethylamine

Che~ical and Physical Pro?erties
•Molecular Weight: 121.18

Boiling Point: 19l.1·C

Melting Point: 2.S·C

Specific Gravity: 0.9SS7 at 20·C

S~lubility in Water: Slightly loluble

SolUbility in Organics: ~oluble in alcohol, chloroform, and ether

Log Octanol/Water Partition Coefficient: 2.62

Vapor Pressure: 1 .. 8g at 29.S·C

Vapor Density: 4.17

Plash Point: 'l·C

Transport and Pate

Virtually no information on the environmental transport
and fate of dlmethylaniline is available. Although lome vola
tilization of this compound can occur, it probably is not a
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significant transpart process. Because it 1••oluble in organic
compounds anJ has a .oderate log octanol/water partition coeffi
cient, adsorption to organic particulates in .oil or bed .edi~ents

.ay affect di••thylanilin.'s transport in environmental media.
Some bioaccumulation of this compound may al.o occur. The
available data are not adequate to characterize the importance
ot biodegradation or other fate proces.e••

Health Effect.

Relatively little information on the toxicity of dimethyl
anilIne is available. There are no report. of carcinogenic,
mutl~eni~, or teratogenic activity by this compound in h~~ans

or animals. The physiological effects of dimethylaniline have
b~en co~pared to those of aniline, although the former is thought
to be quantitatively le.s toxic. Toxic etfects may be produced
as a result of ingestion, inhalation, or absorption through
the Skin. Dimethylaniline is reported to induce methemoglobin
formation in dogs after .ingle oral do.e. of 50 mg/kg. This
compound Is a central nervous system depreslant and can cause
tremors, weakness, tonic and clonic convul.ions, slowed respir
ation, and death due to respiratory paralysis in animals and
man. Acute occupational exposure has cau.ed unconsciousness,
visual disturbances, a"d intense abdominal pain. A lethal
hu~an oral dose of 50 mg/kg is reported. The oral LD value
for th. rat is 1,410 _g/kg. Dimethylaniltne 1s curre~glY be1ng
evaluated by the National Toxicology progr..'_ Toxicology Research
and Testing Program.

Toxicity to Wildlife and Domestic Animals

Adequate data to characterize the toxicity to wildlife
and domestic animals are not available.

Regulations and Standards

O~RA S~andard (skin): 25 a9/.3 TWA

ACGIS Threshold Li.it Values (skin):

REPERE:~CC:S

AMERICAN CONrERBMCB or GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH).
1980. Docwaentatlon of the 'threshold LiJlit Values•. 4th
ed. Cincinnati, Obio. 488 page.
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Summary

In the absence of photolytic degradation, dimethylnitro
samine is probably persistent in the environment. Dimethylnitro
samine is car~inogenic and produces lung, liver, and kidney
tumors in rat. and mice and liver tumors in several other animal
species. It also exhibits ~ransplacental.carcinogenicity in
animals and is mutagenic and embryotoxic. Both acute and chronic
exposure have adverse effects on the liver in humans and experi
mental.-animals.

CAS Number: 62-7S-9

Chemical Formula: (CB3)2NNO

IUPAC Name: n-Nitrosodimethylamine

Important Synonyms and Trade Names: n-Methyl-n-nitrosomethanamine,
n,n-dimethylnitrosamine,
DHM, DMNA, NDMA

Chemical and Physical properties

Molecular Weight: 74.1

Boiling Point: lSl·C

Specific Gravity: 1.0 at 20·C

Solubility in Water: S.oluble .in all proportions

S~lubillty In Organicil ~oluble in organic solvents, lipids

Log Octanol/Water Partition Coefficientl 0.06 to -0.69

Transport and 'ate

The most probable environmental fate of dimethylnitrosamine
in aqueous solution appears to be slow photolytic degradation.
Furthermore, although aUPROrting data are limited, it has been
speculated that hydrogen ~onding of dimethylnitrosamine with
humic acids or coordination with metal cations produces a photo
labile intermediate and could lead to moderately rapid degrada
tion in surface waters. Dimethylnitrosamine has been detected
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in the atmosphere of metropolitan areas and near manufacturing
facilities emitting this compound, suggesting that some atmos
pheric transport can occur. Rowever, it is reported that photo
lytic degradation in air would be rapid, with a half-life of
le•• than 1 hour." Airborne concentration. in exce•• of a few
paz;ots per billion appear to be unlikely except near .ources
of dire~t e.issions. There is no ~vidence to .uggest that
oxldation or hydrolysis are impOrtant environmental lat•••

Dimethylnitrosamine i. completely miscible in water and
is r·eported to be.highly solvated. '1'his information, along
with ~imited experimental data, suggest that volatilization
from surface waters is probably not an important process.
Dimethylnitrosamine has a log oct"anol/water partition coefficient
near 07 significant sorption by organic partiCUlates is therefore
unlikely. Experimental evidence confirms this and further
suggests that sorption by clay particulates in wet soil is
also unlikely. Because dimethylnitrosamine i. completely mis
cible in water and has a low log octanol/water partition coeffi
cient, bioaccumulation 1s probably an insignificant process.
Although biodegradation in surface waters doe. not appear to
be an important environmental fate, .low degradation of dimethyl
nitrosamine in sewage and soil is reported to occur. Based
on this information, it is likely that In the absence of photo
lytic degradation dimethylnitrosamine would be very persistent
in the environment.

Health Effects

Dimethylnitrosamine is considered to be carcinogenic in
many experimental animal species by various routes of exposure.
Dose-response relationships have been established in several
studies. This compound produces liver, lung, and kidney tumors
in some species of mice and rats after oral and inhalation
exposure. Increased incidence. of liver tumor. bave also been
observed in many other animal .pecie. after oral administration.
Inhalation exposure In rats ha. produced tumor. of the etbrotur
binals and nasal cavity. Altbough insufficient epidemiologic
evidence exists to e.tabli.h a causative role for di.etbylnitro
samine in human carcinogenesi., IARe and other public bealth
organizations recommend that this compound be regarded a. a
buman carcinogen.

Dimethylnitro...in. i. autagenic in many micrObial test
systems with .etabelic activation and in I.veral other in vivo
and in vitro t ••t .r.t...... '1'hil cOJIpOund" i. reported to exhibit
transplacental carc nogenicity and to be embryotozic. No ter.t
ogenia effects have been reported. Acute and chronic exposure
of humans and experimental animals to di.ethylnitrolamine resulted
primarily in a variety of hepatotoxic effects. In rats, an
oral LD SO value of 40 JIg/kg and an inhalation LD SO value of
37 JIg/kg are reported.
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Toxicity to Wildlife and Domestlc Anlma~s

In crayfish exposed to dimethylnitrosamine in water for
, months, extensive antennal gland degeneration was observed
at 200,000 ~g/liter and hyperplasia of hepatopancreas tubular
cells at 100,000 ~g/liter. Rainbow trout fed dimethylnitrosamine
for 52 weeks showed a dose-related increase in hepatocellular
carcinoaa at doses of 200, 400, and 800 mg/kg. The weighted
average bioconcentration factor for the edible portion of all
freshwater and estuarine aquatic organisms consumed by Americans
1s 0.026.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life

Freshwater

Acute toxicity: The available data for nitrosamines in
general indicate that toxic effects occur at concentrations
as low as 5,850 ~g/llter and would occur at lower concentra
tions among species that are more sensitive tban those
tested.

Chronic toxicity: No available data

S.altwater

Acute toxicity: The available data for nitrosamines in
general indicate that toxic effects occur at concentrations
as low as 3,300,000 ~g/liter and would occur at lower
concentrations among species that are more sensitive than
those tested.

Chronic toxicity: No available data

Buman Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various levels of dimethylnitrosamine in water
are:

,

Concentration

14 ng/liter
1.4 ng/liter
0.14 ng/liter

ACGIH Threshold Limit Value: S,uspected human carcinogen
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2,4-DIMETHYLPHBNOL

Summary

2,4-Dimethylphenol has been shown to act as a cancer pro
~oter in akin-painting studies, but it has not been tested for
c~rcinogenlcity in a complete bioassay. It is an ATP blocking
agent~ ~ther Ji~ethylphenols have been shown to cause patholog
~cal c~an?7s in the ~ear~, l~ver, and kidneys •

..

CAS Nu~~er: 10S-67-9

Chemical Pormular (CH3)2C,H30S

IUPAC Namer 2,4-Dlmethyl-l-hydroxybenzene

I~portant Synonyms and Trade Names: m-Xylenol, cresylic acid,
2,4-xylenol

Chemical and Physical Proeerties

Molecular·Weightr 122.2

Boiling Pointa . 2l0·C

Melting Pointa 27·C

Specific Gravityr 0.956 at 20~C

S~lubility in Water: 17 g/liter

Solubility in Organicsr preely soluble in alcohol, chloroform,
ether, and benzene

Log Octanol/Water Partition Coefficie~t: 2.50

Va~r Pressure: 0.06 •• B9 at 20·C

pKa: 10.60

TranSport and 'ate

Photooxidation is probably the primary mechanism for removal
of 2,4-dimethylphenol in clear, aerated surface waters, although
metal-catalyzed oxidation, sorption, and biodegradation may also
have some effect. In murky, unaerated water, biodegradation is
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probabll the prl~ary fate of 2,4-dimethl1phenol, with absorption
onto organic materials also being some~hat important. 2,4-0imet~yl.
phenol would be expected to adsorb onto organic material in
the soil but because of its water solubility it probably moves
readily through soil. Rowever, biodegradation would somewhat
li"it the allount of chemical able to enter th. groundwater.

Health c:ffects

. ..'2, 4-Dimethylphenol has been shown to be a cancer prol1loti n9
agent In ski~ painting studies on rats but has not been tested
for .itos total carcinogenic potential. No studies on the terato
genicity, reproductive toxicity, or mutagenicity of 2,4-dimethyl
phenol were found in the literature reviewed. At high doses,
other dimethylphenols have been shown to cause pathological
changes in the liver, kidney., and heart. 2,4-Dlmethylphenol
is known to be an ATP blocking agent. Dermal exposure was
more toxic to rats than oral dosing. The reported LD values
for the rat were 1,040 mg/kg (dermaI) and 3,200 mg/kgS~oral)•

Toxicity t~ ~ildlife and Domestic Animals

No si~ns of acute toxicity attributable to 2,4-dimethyl
phenol were seen in freshwater species exposed to levels less
than approximately 2,000 &Jg/liter. Chronic toxicity studies
indicate that the acute-chronic ratio Is probably between 5
and 10. The bioconcentration factor in blue~ills exposed to
2,4-dlmethylphenol for 28 days was 150, but a half-life In the
body of less than one day suggests that residues are probably
not a significant hazard for freshwater specie.. No information
on the toxicity of 2,4-dimethylphenol to other wildlife or
domestic anImals was available In th. literature reviewed.

Regulations and Standards

Ambient Water Quality Criteria (OS;EPA),

Aquatic T.. ife

The available d.ta are not adequate for establishing cri
teria. Rowever, BfA did report the lowest values known
to cause toxicity In aquatic organisms.

Freshwater
"

Acute toxicity, 2,120 &Jg/liter
Chronic toxicitYI No available data
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~
J

~

~cute toxicity: No available ~ata

Chronic toxicity: No available ~ata

Hutllan Realth

••alth criterion: No available data
Organoleptic criterion: 400 ~g/liter
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n-DIOCT~L P~T~~AT~

SUlIlJDary

n-Dioctyl phthalate (DOP) was fetotoxic and caused devel
opmental abnormalities in one study in rats. It is a severe
~ye irritant and a mild akin irritant in rabbits.

CAS Number: 117-84-0

Chemical Pormula: C6K4 (COOC SH17 )2

IOPAC Name: Di-n-octyl phthalic acid

Important Synonyms and Trade Names: o-Benzenedicarboxylic acid,
dioctyl ester, phthalic acid,
dioctyl ester, DOP, octyl
phthalate

Chemical and Physical Properties

Molecular Weight: 391.0

Boiling Point: 220·C at 5 mm Hg

Melting Point: -2S·C

Specific Gravity: 0.978

Solubility in Water: 3 mg/liter at 2S·C

Log Octanol/Water Partition Coefficient: 9.2

Vapor Pressure: Less than 0.2 at lSO·C

Transport and Pate

Although relatively little lpecific information concerning
n-dioctyl phthalate (DOP) is available, the environmental trans
port and fate of tbis compound can be largely inferred from data
for phthalate esters as a group. DOP probably hydrolyzes in
surface vaters, but at such a slow rate that this process would
not be significant under most conditions. Photolysis and oxida
tion do not appear to be important environmental fate processes.
s~me atao.pheric dispersion of DOP that is vaporized during manu
facture, u.e, or dilposal can occur. However, volatilization
does not appear to be a lignificant transport process, especially
1n aquatic systems.

n-D1octyl phthalate
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Adsorption onto luspended solids and particulate matter,
and complexation with natural organic lubstancea are probably
the most important environmental transport proceases for DOP.
The high log octanol/water partition coefficient for this com
pound luggests that it would be readily adsorbed onto particu
lates high in organic matter. This contention is aupported by
the fact that phthalate esters are commonly found in freshwater
and saltwater lediment samples. DOP can be diapersed through
aquatic and terrestrial systems by complexation with natural
organic materials. It readily interacts with the fulvic acid
present in humic substances in water and soil, forming a complex
that is very soluble in water.

A variety of unicellular and multicellular organisms take
up and accumulate DOP, and bioaccumulation is considered an
important fate process. Biodegradation is also an important
fate process in aquatic systems and loil. DOP is biodegraded
under most environmental conditions, and it can be metabolized
by multicellular organisms. It is unlikely that long-term
bioaccumulation or biomagnification occurs.

Analysis based on EPA'S Exposure Analysis Modeling System
indicates that chemical and biochemical transformation processes
for DOP are slow and that transport processes will predominate
both in ecosystems that have long retention times (ponds, lakes)
and those that have short retention times (riverl). If the
input of DOP remains constant, its concentration is expected
to increase in aquatic ecolystems. If input atops, the DOP
present is expected to persist for an undetermined length of
time. The oceans are the ultimate sink for DOP introduced
into unimpeded rivers.

Health Effects

There is no evidence to suggest that DOP is carcinogenic
or mutagenic. Petotozicity and de~elopmental abnormalities
were observed in the offspring of rats administered 5 g/kg
intraperitoneal injections on dayl 5 to 15 of gestation. No
other evidence for reproductive or teratogenic effect. has
been reported.

very little inforaation exilts concerning tbe cbronic
and acute to.zlcity of DOP. A chronic LD value of 1.3 mg/kg
was deteralned for aice receiving intrapiPitoneal injections
of DOP 5 4aYI/week for ~O weeks. DOP ha. a relatively low
acute toxicity in aice with reported oral and intraperitoneal
LD 50 value. of 6.5 and 65 g/kg, respectively. This chemical
is I .evere eye irritant and a .ild .kin irritant in rabbits.
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Seven to eight-day LC values for freshwater Ipecies
range fro. "0 to 42,000 u§9liter. A 26-day LC SO value of
14',200 ~g/liter was reported for rainbow trout. .

Freshwater Inails and mosquito larvae were found to have·
bioconcentration factors of 13,600 and ',400, respectively,.
1n model ecosystems. The.bioconcentration factor for a fresh
water alga 11 28,500.

Regulations and Standards

Ambient Water Quality Criteria (OS~PA):

The available data are not adequate for establishing criteria.
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1,4-DIOXANE

Sunnary

1.,4-Dloxane caused tumors of the liver and nasal cay! ty
in rats and liver and gall bladder tumors in guinea pigs.
tARe ha. classified dioxane as a potential buman carcinogen.
Dioxane irritates the eyes and mucous membranes, and inhalation
of high concentrations causes live, and kidney damage and edema
of the lungs and brai~.

CAS Number: 123-91-1

Chemical Formula: OlCB2-CH2)20

IUPAC Name: 1,4-0iox&ne

Important gi~on~s and Trade Na~es: p-Oioxane, glycol ethylene
ether, 1,4-diethylenedioxyde

Chemical and PhiSic~l Pro?erties

Molecular Weight: 88.20

Boiling Point: lOl·C

Melting Point: 10·C

Specific Gravity: 1.033 at20·C

S~lubility in Water: S~luble in water

S~lubility in Organics: Soluble in organic solvents

Log Octanol/Wate, Partition Coefficient: -0.42

Vapor Pressure: 30 am 89 at 20·C

Vapor Density: 3.03

Plash Point: S·C to lS·C

Transport and Pate ,

The limited information found on the transport and fate
of 1,4-diolane in the environment suggests that this compound
is rather nonreactive. Dioxane would be expected to evaporate
slowly: but once in the atmosphere, it should form explosive

1,4-0ioxan.
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peroxides. It il aetabolized by animals to beta-hydroxyethoxy
acetic acid and may be biodegraded in a similar fashion by
microorganisms. However, no data on biodegradation were available.

Health Iftects

1,4-Dioxane has produced .alignant tumors of the liver
and nasal cavity in rats after chronic exposure and tumors
of the liver and gall bladder in guinea pigs after long-term
oral administration. - In a two-stage carcinogenesis Itudy per
formed on Swiss-Webster mice, it vas also determined that dioxane
is a promot"er. Bowever, tumors did not develop when rats were
ex~sed to 1,4-dioxane by inhalation. On the basis of the
animal studies, it has been concluded that 1,4-dioxane is a
potential human carcinogen (IARe 1976). Dioxane has been found
to damage DNA, and the results of an in vivo DNA synthesis
test were positive. The evidence on the teratogenic potential
of dioxane is inconclusive.

Dioxane reportedly irritates the eyes, nose, and throat
ot hu~ans exposed to concentrations of 1,080 mg/m3 or more
for 15 min~tes. Prolonged exposure to concentrations above
1,690 mg/m has caused death, with signs of kidney damage,
anemia, and liver necrosis.

In inhalation Itudies, mice, rabbits, rats, and ~uinea

pigs were exposed to concentrations above 14,400 mg/m. Byper
emia and edema of the lungs and brain,- in addition to liver
and kidney damage, were reported. Bxperiments with animals
indicate that dioxane is not appreciably irritating to intact
skin, but it is readily absorbed and causes defatting of the
skin layers. The acute LD~O values are 5.7 g/~g body weight
for mice, 5.2 g/kg body weIght for rats, and 3.9 g/kg body
weight for guinea pigs. The dermal LD~n for rabbits is 7.6 g/kg.
S~veral studies indicate that dioxane may act synergistically
with other chemicals.

Toxicity to Wildlife and Domestic Animals

The data on the toxicity of l,4-dioxane to wildlife and
domestic aniaall are limited. Tbe 96-bour LCsn for the bluegill
is more than 10,000 ag/liter, and it il 6,700 _g/liter for
the tidewater lilYerside, a saltwater filh. The threshold
for inhibition of cell divisl~n of the alga Microcystis aeruginosa
is 575 mg/liter, tbe threshold for inhibition of cell division
in the bacterium Pseudomonas putida Is 2,700 ag/liter.

1,4-Dioxane
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Regulations and Standards

NIOSM RecommenJed Standard: 4 mg/m]/30 min Ceiling Li~it

OS.HA S~andard (skin): 360 mg/m3 T~~

ACGIH Threshold Limit Value: 90 mg/m3 TWA
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ed. Cincinnati, Ohio. 488 pages

DOULL, J., KLAASSEN, C.D., and AMDOR, M.O., eds. 1980. Casarett
and Doull's Toxicology: The Basic Science of Poisons.
2nd ed. Macmillan PUblishing Co., New York. 778 pages

INTERNATIONAL AGENCY rOR RESEARCH ON CANCER (IARC). 1976.
IARC Monographs on the Evaluation ot Carcinogenic Risk
of Che~icals to Man. Vol. 11: Cadmium, Nickel, Som~

Epoxide9, ~iscellaneous Industrial Chemicals, and ~eneral

Considerations on Volatile ~naesthetics. World Health
Organization, Lyon, Prance. Pp. 247-256

LYM~N, W.J., R!EHL, w.P., and ROSENBLATT, D.B. 1982. Handbook
of Chemical Property Estimation Methods: Environmental
Behavior of Organic Compounds. M~raw-Bill Book Co.,
New York

THE MERCK INDEX. 1976. 9th ed. Windholz, M., ed. Merck
and Co., Rahway, New Jersey

NATIONAL CANCER INS~ITOTE (NeI). 1978. Bioassay of 1,4-Dioxane
for Possible Carcinogenicity. (CAS. No. 123-91-1) NCI
Carcinogenesis Tecbnical Report S~ries No. 80. Washington,
D.C. DREW Publication No. (N~B) 78-1330

NATIONAL INSTITUTE fOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1977. Criteria tor a Recommended S~andard--occupational
Exposure to Diozane. Washington, D.C. DHEW Publication
No. (NIOS~) 77-226

NATIONAL INSTITUTE POR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1984. .egistry ot Toxic Effects' ot Chemical S.ubstance·s.
Data Base. Washington, D.C. October 1984

S~X, N.l. 1975. Dangerous properties ot Industrial Materials.
4th ed. Van Nostrand Reinhold Co., New York. 1,258 pages
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VERSCHUEREN, I. 1977. Handbook of Environmental Data on Organic
. Ch.~icals. Van Nostrand Reinhold Co., Mew York. 659 pages

WEAST, R.E., .d. 1981. Handbook of Chemistry and Physics.
62nd ed. CRC Press, Cleveland, Ohio. 2,332 pages
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S~lubility in Organics:

OIPKE~YL!THANE

Diphenylethane was shown to be moderately toxic in _ice
after acute exposure.

C~S Nu~ber: 103-29-7

CheMical POnlula: (C6KS'CH ZCHZ(C6BS'

IOPAC Name: 1,Z-Diphenylethane

Important Synonyms and Trade Names: Bibenzyl, dibenzyl, and
1,2-diphenylethane

Che~ical and Physical Properties

Molecular Weight: 182

Boiling Point: 284°C

Melting Point: 52°C

Specific Gravity: 0.978

S~lubility in Water: Insoluble In water

Soluble in alcohol, chloroform, ether
and carbon disulfide

Log Octanol/Water Partition Coefficient: 4.9 (calculated)

Transport and Pate

Ho inlormation on the transport and fate of diphenylethane
was available in the .ource. reviewed. Based on its log OCtan
ol/water partition coefficient, dipbenylethane is probably
adsorbed by the organics In soil and .edl.ent. Its ultimate
late in the environaent i. likely to be either photooxidation
or biodegradation by 80i1 microbe••

Health Ilfects

The available data on the toxicity of diphenylethane was
eztremely limited. The intraperitoneal and intravenous LO~
values tor aice, which are 2,500 ag/kg and 78 ag/kg, respec2ive
ly, were the only value. reported.

Diphenylethane
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Toxicity to Wildlife and Domestic Animals

No information on the toxicity of diphenylethane to wildlife
and domestic animals was found in the sources reviewed.
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~olubi1ity in Organicsl

\

ENORIN

SUnuDary

Endrin i8 a cyclediene insecticide that is an isomer of
dieldrin. It ,is probab~y retained in soils and sediments and
is persiatent i"n the environment. It is strongly bioaccumualted
by aquatic organlslls. Bndrin is highly toxic to mammals, aquatic:
organisms, and terrestrial wildlife after acute exposure. It
has not been .hown to be carcinogenic or mutagenic, but it
is a potent teratogen and reproductive toxin.. . "

."

CAS Numberl 72-20-8

Chemical Pormulal C12B8C160

IUPAC Name: 1,2,3,4,10,10-Bexachloro-6,7-epoxy-l,4,4a,S,6,7,8,8a
octahydro-endo-l,4:S,8-dimethanonaphthalene

Important Synonyms and Trade Namesl Endrex, hexadrin, mendrin

Chemical and Physical Properties

Molecular Weightl 380.9

Melt'ing Pointl Decomposes at 23S·C

Specific Gravityl 1.65 at 2S·C

Solubility in Water. 250 ~g/liter at 2S·C

Soluble in acetone, benaene, carbon
tetrachloride, hexane, and xylene

Log Octanol/Water Partition Coefficient. S.'

Vapor Pressure. 2.7 x 10-7 am Ig at 2S·C

Transport and Pate

Endrin i. quite persistent in the environment. Volatiliza
tion trom soil surfaces and probably froll surface water is
an important transport process (Nash 1983). SUbsequent photol
ysis to delta-keto endrin and endrin aldehyde are apparently
important fate processes. No information on the ability of
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endrin to adsorb to soils and sediments was found in the liter
ature reviewed, but the physical properties of the chemical
suggest that sorption would be an important fate process.
Endrin is readily bioconeenirated ~y aquatic organisms, with
concentration factors of 10 to 10. Biotransformation and
biodegradation .~y also be important fate processes for endrin.

Health Effects

.. Endrin has not been shown to be carcinogenic or mutagenic.
Rowev~r, it 1~ a potent reproductive toxin and teratogen in
expetimental animals. Reproductive effects included fetal
mortality and growth retardation, while teratogenic effects
included cleft palate, open eye, clubbed foot, meningoencephales,
and fused ribS. Chronic exposure to low levels of endrin pri
marily results in nervous system damage but also has adverse
etfects on th& heart, lung., liver, and kidneys. The acute
toxicity of endrin is due to its effects on the central nervous
system. The acute oral and dermal LD;o values for endrin to
the rat were both approximately 15 mg ~g.

Toxicity to Wildlife and Domestic Animals

Endrin is very toxic to aquatic organi.... Freshwater
fish were generally more sen.itive than inv.rtebrates, with
species mean acute values ranging from 0.15 to 2.1 ~g/liter.

LC values for saltwater organism. ranged froa 0.037 to
l4~9 ~g/lit.r. Pinal acut. values for fr.shwater and saltwater
species were 0.18 ~g/liter and 0.037 ~g/lit.r, respectively.
An acute-chronic ratio of 4.0 was determin.d from chronic tests
on freshwater and saltwater speci... Th.r.for., the freshwater
final chronic value w.s c.lculated to b. 0.045 ~g/liter and the
saltwater final chronic value v.s determin.d to be 0.0093 ~g/liter.

Endrin is acut.ly toxic to terr.strlal wildlife and domestic
animals and has been used as a rodenticide and an avicid.. It
can also caus. central n.rvou. system .ff.cts .nd reproductive
disorders following chronic .xposur.. Subl.thal eff.cta observed
in animals exposed to .ndrin include abnor••l behavior, increased
postnatal mortality, and incr••••d f.tal d.ath.

Regulation. and Standard.

Ambient W.ter Quality Crit.ria (U~EPA)I
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o.s.•

Fresh"ater

Acute toxicity: 0.18 ~g/llter

Chronic toxicity: 0.0023 ~g/liter

S.altvater

Acute toxicity: 0.037 ~g/llter

Chronic toxicity: 0.0023 ~g/liter

Hwnan Real th

Criterion: 1.0 ~g/liter

Primary Drinking Water ~tandard: 1.0 ~g/liter

OS~' Standard: 100 ~g/m3 TWA
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ETHANOL

SUnuDary

Ethanol i. probably responsible for some of the increased
risk of cancer as.ociated with the consumption of alcoholic
beverages, and it has been found to be mutagenic using several
assays. Alcohol consumption has also been associated with
a number of teratogenic and reproductive effects and with liver
cirrhosis and irritatiQn of the mucous membranes.

CAS Number: 64-17-5

Chemical Pormula: C2B50B

IOPAC Name: Ethanol

Important Synonyms and Trade Names: Ethyl alcohol, grain alcohol

Chemical and Physical Properties

Molecular Weight: 46

Boiling Point: 78.4·C

Melting Point: -114.l·C

Specific Gravity: 0.789 at 20·C

S~lubility in Water: Miscible in water

Solubility in Organics: ~oluble in alcohol, benzene, and ether

Log Octanol/Water Partition Coefficient: -0.31

Vapor Pressure: 44 .. 89 at 20·C

Vapor Density: 1.St

Plash Point: 14·C (clos.d cup)

Transport and Pate

No inforaation on t~e transport and fate of ethanol was
found in the sources reviewed. Bowever, based on the general
reactions of alcohols and the specific chemical and physical
properties of the material, likely transport and fate processes
can be determined.

Ethanol
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Alcohols are very loluble in water and therefore probably
are not very volatile. Some evaporation is likely to occur,
however, elpecially for a compound luch as ethanol with a rela
tively high vapor pressure. Oxidation is probably an important
fate proce.s in both lurtace water and the atmolphere. In
loil, ethanol il probably biodegraded by loil aicroorganisms.

aealth Effects

The consumption of alcoholic beverages has been associated
with the development in humans of cancer of the esophagus,
stomach, colon, and rectum. Excessive consumption of alcohol
also appears to act synergistically with I.oking to increase
the risk of cancer of the mouth, larynx, esophagus, and respir
atory tract. Alcohol abuse causes liver cirrhosis, which may
in turn lead to hepatomas. Although it appears that at least
some of the cancers associated with alcohol consumption may be
due to constituents other than ethanol, ethanol is probably re
sponsible for some of the increased rilk of cancer. Ethanol was
found to be mutagenic in several genotoxicity alsays. A number
of reproductive and teratogenic_ effects are allociated with
alcohol consumption. These include growth deficiencies, delayed
motor development, cardiac anomalies, and .ental deficiency.
Peterson et ale (1981) gave intraperitoneal doses of 6,000 mg/kg
daily to pregnant mice on days 6 to 17 of gestation and noted
increased resorption and an increase in the incidence of cleft
palates.

Excessive ethanol consumption causes liver cell damage
and cirrhosis of the liver, as well as the well-known behavioral
effects. Ethanol is also an irritant to the aucoua aembranes.
The oral LO SO in rats was reported to be 7,060 ag/kg.

Toxicity to Wildlife and Domestic Animals

The 2C-hour LO and LD value. for the creek chub were
7,000 and 9,000 ag/iiter of1iQhanol, respectively. The algae
Chlorella pyrenoidosa had an LC SO of 27,000 ag/liter.

No inforaation on the toxic effect. of di.tilled ethanol
to terre.trial wildlife or doae.tic anisals was found in the
literature reviewed. Bowever, both terrestrial wildlife and
domestic ani.als have been known to becoae intoxicated after
the consumption of fermented fruit or grain.
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OSHA Standard (air)1 1,900 mg/m3 TWA

ACGIH Threshold Limit Value: 1,900 mg/m3 TWA

REFERENCES
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ETHANOLAMINE

Summary

Ethanolamine caused liver and kidney changes vhen admin
istered orally to rats and liver, lung, and kidney lesions
vhen administered by inhalation to mice, rats, rabbits, and
guinea pigs. In humans, it has an irritant and necrotic effect
on the skin and mucous membranes, and it is a strong eye irritant.

CA~ Number: 141-43-5

Chemical Pormula: NB 2CH 2CH 20B

IUPAC Name: Ethanolamine

Important Synonyms and Trade Names: Monoethanolamine, 2-aminoethano
S-amino ethyl alcohol, ethylol
amine, S-hydroxyethylamine, MEA

Chemical and Physical properties

Molecular Weight: 61.1

80iling Point: l70·C

Melting Point: 10.3·C

Spe~ific Gravity: 1.018 at 20·C

~olubility in Water: Completely miscible in water

Solubility in Organics: Soluble in alcohol and chloroform

tog Octanol/Water Partition Coefficient:· -1. 8 (calculated )

Vapor Pressure: 0.4 am Ig at 20·C

Vapor Density: 2.1

Plash Point: 'S·C (clo.ed cup)

Transport and Pate

No specific information on the transport and fate of ethanol
amine vas found in the literature revieved. The high vater
solubility and lov vapor pressure suggest that ethanolamine
vill not volatilize and will tend to .ave readi~y vith ground-

Ethanolamine
Page 1
October 1'85

Preceding page blank
..,



or surface water flow. It il a relatively Itrong base and
will therefore disassociate in acidic media.

Health Effects

Mo information on the carcinogenicity, autagenicity, repro
ductive toxicity, or teratogenicity of ethanolamine was found
in the sources reviewed. Subchronic (90 day) administration
of oral doses of 320 mg/kg/day in feed had no effect on rats,
but doses of 140 mg/kg caused increased liver and kidney weights,
and doses of 1,280 mg/kg/day caused histopathological changes
in these organs and some deaths. Inhalation exposure of rats,
mice, rabbits, and guinea pigs to the high concentrations of
a vapor ,or a mist Psoduced hepatic, pulmonary, and renal lesions.
Exposure to lS mg/m of ethanolamine for 90 days caused skin
irritation, a slight weight loss, and alight apathy in dogs.

Ethanolamine has an irritant and necrotic effect on the
skin and mucous membranes. It is only slightly less irritating
to the eye than ammonia and causes redness and swelling when
applied to the skin. The dermal LD

SS
in rats of 1,SOO mg/kg

is lower than the oral LD SO in rats f 2,100 _g/kg.

Toxicity to Wildlife and Domestic Animals

The toxicity of ethanolamine to aquatic organisms is de
pendent on the pH of the system. Goldfish exposed to ethanol
amine at a pH of 10.1 had 24- and 9'-hour LC values of 190
and 170 _g/liter, respectively. Goldfilh exBa.ed for 24 hours
at a pH of 7 had a reported LCsn of greater than 5,000 mg/liter.
As most natural waters bave a pH less than 7, ethanolamine
is not likely to be an important aquatic toxin.

No information on the toxicity of ethanolamine to terres
trial wildlife or domestic animals was available in the liter
ature reviewed.

Regulations and Standards

OSHA S~andard (air): 8 mg/m3

AeGIS Thre.hold Limit Values:
,

TWA

8 mg/m3 TWA
15 Dlg/m3 ~L

REFERENCES

AMERICAN CONFERENCE OP GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH).
1980. Documentation of the Threlhold Limit Values. 4th
ed. Cincinnati, Ohio. 488 pages
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ETHYL ACETATE

Summary

Inhalation exposure to high levels of ethyl acetate caused
pUlmonary edemal hemorrhage of the respiratory tract, leukocy
tosis: and fatty degeneration of various organs, including
the liver. Ethyl acetate is a mild irritant of the eyes and
mucous membranes.

CAS Number: 141-78-6

Chemical Pormula: CB 3COOC 2BS
IUPAC Name: Etbyl acetate

Important Synonyms and Trade Names: Acetic ether, ethyl acetic
acid, ethyl ethanoate,
vinegar naphtha

Chemical and Physical properties

Molecular Weight: 88.1

Boiling Point: 77·C

Melting Point: -83·C

Specific Gravity: 0.902 at 20·C

S~lubility in Water: 79,000 mg/liter at 20·C

SolUbility in Organicsa Soluble in alcohol, chloroform, and ether

Log Octanol/Water partition Co.fficient~ 1.0 (calculated)

Vapor Pressure: 76 am Ig at 20·C

Plash Point: -4·C

Transport and Pate

RO information on the transport and fate of ethyl acetate
was found in the literature reviewed. The chemical has a rela
tively high vapor pressure, but volatilization will be somewhat
limited by its high water solubility. Esters usually undergo
Ilow hydrolysis in acidic .edia, and hydrolysis to acetic acid
and ethanol is probably a aajor fate pathway for ethyl acetate.
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Reduction to form 2 molecules of ethanol could also be impor
tant in a reducing environment.

Health Iffects

Ethyl acetate was not found to be carcinogenic in a very
limi ted mou.e lung tUlllor bioassay (S.toner et al. 1973). No
information on its mutagenicity or reproductive toxicity was
found in the sources reviewed.

Animals exposed by inhalation to high concentrations of
the vapor (greater than 6,000 IIIg/m3) exhibited pulmonary edema,
hemorrhage of the respiratory tract, leukocytosis, and fatty
degeneration of vario~s organs, including the liver. Bumans
exposed to 1,400 mg/III noted mild irritation of the nose, eyes,
and throat. The acute oral LD SO of ethyl acetate in rats is
6,100 IIIg/kg. . -

Toxicity to Wildlife and Domestic Animals

No information on the toxicity of ethyl acetate to wildlife
or domestic animals was available in the sources reviewed.

Regulations and Standards

OS~ Standard (air): 1,400 mg/1II3 TWA

ACGIS Threshold Limit Value: 1,400 .g/.3 TWA
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!THYLBENZENE

SUl!UDar)!

There is lome evidence suggesting that ethylbenzene causes
adverse- reproductive "effects in animals. Oral and inhalation
~xposure caused minor liver and kidney chanqes in rats. Ethvl
benzene 1. a skin and eye irritant.

CAS"Number: 100-41-4

Chemical Pormula: C,RSC2RS
IUPAC Name: Ethy1benzene

Important Synonyms and Trade Namesl Phenylethane, ES, ethy1benzol

Transport and Pate

Only limited data are available on the transport and fate
of ethy1benzene. Volatilization is probably the major route
of elimination froID surface water. Subsequent atmospheric
reactions, especially photooxidatlon, are responsible for its
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fate. ~ovev.r, its high log octanol/vater partition coefficient
suggests that a significant amount of ethylbenzene may be
adsorbed by organic material in the sediment. Some 8011 bacteria
are capable of using ethylbenzene as a source of carbon. How
ever, the relative importance of this potential route of ethyl
benzene elimination has not been determined.

Health Iffects

/" Ethylbenzene has been selected by the National Toxicology
Pro~ram to be tested for possible carcinogenicity, although
negative results were obtained in mutagenicity assays in Salmonella
tYrhimurium and Saccharom~c.s cerevisiae. There is recent
an mal evidence that ethylbenzene causes adverse reproductive
effects. Ethylbenzene isa skin irritant, and its vapor is
irritating to the eyes at a concentration of 200 ppm (870 mg/m3)
and above. When experimental animals were exposed to ethylbenzene
by inhalation, 7 hours/day for I months, adverse !ffects were
produced at concentrations of tOO ppm (2,110 mg/m ) and above,
but not at 400 ppm (1,740 mg/m). At 100 ppm rats and guinea
pigs showed slight changes in liver and kidney weights, monkeys
had slight changes in liver weight, and monkey. and rabbits
experienced histopathologic changes in the teste.. Similar
effects on the liver and kidney were observed in rats fed ethyl
benzene at 408 and 680 mg/kg/day for I months.

Toxicity to Wildlife and Domestic Animals

Ethylbenzene was acutely toxic to freshwater species at
levels greater than 32 mg/liter. No chronic toxicity was re
ported, but the highest. test dose (440 ~g/liter) was only Qne
hundredth of the 'I-bour LC~Q for the particular species being
tested. No studies on tbe oloaccumulation. of etbylbenzene
were reported in the information reviewed, but • bioconcentl'ation
factor of 95 was calculated using the log octanol/vater partition
coefficient. No intormation on the toxicity of ethylbenzene
to domestic ani.ais and terrestrial wildlite vas tound in the
sources reviewed.

Regulations and Standard.

Ambient Water Quality Criteria (OSEPA)r

Aquatic Lite

The available data _re not adequate tor establishing final
criteria. Rowe.er, EPA did report the lowest values known
to have toxic: eftects in aquatic: organis•••.
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Fre.hwater

Acute toxicity: 32,000 ~g/liter

Chronic toxicity: No available data

Saltwater

Acute toxicity: 430 ~g/liter

Chronic toxicity: No available data

Ruman Health

Criterion: 1.4 mg/liter

OSHA ~tandard (Ikin): 435 mg/m3 ~

ACGIH Threshold Limit Values: 435 mg/m~ TWA
545 mg/m S.TEL
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Melti.,g Point:

Boiling Point:

ETHYLENE AND DIETHYLENE GLYCOL

-\ Sul'lUftary

Ethylene and diethylene glycol produce 8imilar toxic ef
fects. Both caused bladder Itones, severe kidney damage, and
moderate liver damage in rats when administered chronically
in the diet. Inhalation exposure causes nausea, throat irrita
tion, and dizziness. Musculoskeletal abnormalities and crano
facial defects were observed in the offspring of pregnant rats
given high doses of ethylene glycol orally.

CAS Number: Ethylene glycol: 107-21-1
Diethylene glycol: . 111-46-6

Chemical Formula: Ethylene glycol: C2B4 (OB)2
Diethylene glycol: O(C 2H40H)2

IOPAC ~a~e: Ethylene glycol: 1,2-Ethanediol
Diethylene glycol: 2,2-0xydiethanol

Important Synonyms and T~ade Names:

Ethylene glycol: Bthylene alcohol, 1,2-dihydroxy ethane,
glycol

Diethylene glycol: bis(2-Bydroxyethyl)ether, diglycol,
ethylene diglycol

Che~ical and Physical properties

Molecular Weight: Ethylene glycol: 62
Diethylene glycol: 106

Ethylene glycol: 197·C
Diethylene glycol: 24S·C

Bthylene glycol: -l3.S·C
Diethylene glycols -lO·C

Specific GravitYI 1.12 at 20·C

SolUbility in Waterl S.oluble in water

S~lubility 1n Organics: 'S~luble in alcohol, ether, and acetone

Log Octanol/Water Partition Coefficient:

Ethylene glycoll -2 (calculated)
Diethylene glycols -1.4 (calculated)

Ethylene and diethylene glycol
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Vapor Pressure: Ithylene glycol: 0.05 mm Kg at 20·C
Diethylene glycol: <0.01 am Hg at 20·C

Vapor nensity: Ethylene glycol: 2.14
Diethylene glycol: 3.66

Plash Point: Ithylene glycol: 1l6·C
Diethylene glycol: 124·C

Transport and Fate

The limited information on the transport and fate of ethyl
ene and diethylene glycol suggests that they are unlikely to
volatilize and that biodegradation in loil or surface water
is probably an important fate process for both compounds.
Their high solubilities and low log octanol/water partition
coefficients suggest that they move freely in water. Oxidation
may be an important fate process in surface water.

Health Effects

The lethal oral dose of ethylene glycol for bumans is
approximately 1.4 ml/kg, or 100 a1 for an adult man weighing
70 kg. Children are apparently less susceptible tban adults
to .thylene glycol poisoning. Ingestion of the compound can
lead to prostration or unconsciousness, accompanied by metabolic
acidosis and r.nal damage.

Inhalation exposure to more than 140 mg/.3 of ethylene
glycol causes irritation of the throat, mild headache, and
possibly pain in the lower back. lye irritation from splashing
liquid or exposure to vapor is possible, in one study, workers
developed nystagmus when exposed to bigh levels of ethylene
glycol vapor. It bas not been .st~bli'sbed that ethylene glycol
is a skin irritant, altbough transient, .ild irritation is
possible.

In one chronic .tudy, rats that were fed diets containing
l' or 2' ethylene glycol (approximately 500 to 1,000 mg/kg/day)
for 2 year. had .bort.r life .pans, developed calcium oxalate
bladder .tone., and .uffered fram centrilobular liver degener-

, ation and ••••r. injury to the renal tubules. Ithylene glycol
is metaboliled in the body to oxalic acid, whicb is deposited
in the kidney a. calciW& oxalate. Tbe Iymptoms of ethylene
glycol poi.oning--.etabolic acidosis and renal damage--have
been prevented in monkeys by the administration of alcohol
dehydrogenase inhibitors.

Ethylene glycol i. currently being te.ted for carcinogen
icity by the National Toxicology 'rogram. It ba. b~.n reported

Ethylene and diethylene glycol
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that it inhibits DNA synthesis and causes mutations in cultured
1I0use Itllphocytes. The tepro~l.lcti'/e and teratogenic effects of
ethylene glycol have not been deterllined conclusively, but cran
iofacial defects and ausculoskeletal abnorllalities were reported
in rat fetuses when very high doses of ethylene glycol were ad
.inistered orally to pregnant fellales.

Ethylene glycol is less toxic to many animal lpecies than
it is to humans. Por example, the oral LD so for rats is 4.7 g/kg;
for lIice, 7.5 g/kg; and for guinea pigs, 6.1 g/kg. The dermal
LD so for rabbits is 19.5 g/kg. Eye irritation has been r~ported

in rabbits 3and rats after exposure to airborne concentrations
of 12 mg/m for 3 days.

Diethylene glycol causes SymptOIlS slmilar to those p~oduced

by ethylene glycol: nausea, dizziness, a~d severe kidne~ damage,
follo~ed by oligurea or anuria. The lethal oral dose for humans
is approximately 1 Ill/kg.

In a 2-year atudy, diethylene glycol fed to rats at dietary
concentrations of 4' (approxillately 2,000 mg/kg/day) caused lower
growth rates, bladder stones, severe kidney damage, and moderate
liver damage. Although there are reports that diethylene glycol
causes bladder tumors in rats, these tumors are thought to .
be the result of lIechanical irritation caused by calci~~ oxalate
stones in the bladder. Diethylene glycol has not been reported
to be mutagenic. Its reproductive and teratological effects
ar~ not known.

The oral to for the mouse is 23.7 g/kg, and for the
guinea pig it is 59.8 g/kg. Bumans are 1I0re than 13 times more
sensitive to diethylene glycol poisoning than rats. The dermal
LO SO for rabbits is 11.9 g/kg.

Toxicity to Wildlife and Domestic Animals

Only lillited infOrMation on the toxicity of ethylene glycol
and diethylene glycol to wildlife is available. Concentrations
of 250 IIg/liter of ethylene glycol are toxic to Pseudomonas
putida, Chlorella pyrenoidosa is killed by 180 mg/1Iter. The'
24-hour LO lor goldfIsh II more than 5,000 mg/liter. ~or
diethylene 5Slycol, inhibition of cell multiplication in 'seudo
monal putida Itartl at 8,000 mg/liter. Toxicity to the alga
Microcysti. aeru;inola Ita~ts at 1,700 mg/liter. The ~4-hour
LO C;~ for gold£ Ish Is 1I0re than 5, 000 IIg/li ter. BioaccWD'Jla tion
does not occur. ,
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~e;ulations and Standards

ACQIR Threshold Limit Value:

Ethylene glycol: 125 ~9/m3 Ceiling Level
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Solubility in Organics:

ETHYL ETHER

Summary

Ethyl ether produced adverse reproductive eftect. in the
offspring of pregnant rats and mice after the administration of
a single anesthetic dose. It is a mild skin and eye irritant.

CAS Number: 60-.29-7

Chemical Formula: C2BSOC 2RS
IUPAC Name: Ethoxyethane

Important Synonyms and Trade Names: Diethylether, ethoxyethane,
ethyloxide, diethyloxide,
sulfuric ether

Chemical and Physical Properties

Molecular Weight: 74.12

Boiling Point: 34.S·C

Melting Point: -116.2°C

Specific Gravity: 0.7138 at 20·C

S~lubility in Water: 60,000 mg/liter at 2S·C

Soluble in alcohol, acetone, benzene,
and chloroform

Log Octanol/Water Partition Coefficient: 1.4 (calculated)

Vapor Pressure: 442 am Bg at 20·C

Vapor Density: 2.56

Plash Point: -4S·C

Transport and Pate

Ho information on the transport and fate of ethyl ether
vas found in the literature reviewed.

Prom information on the chemical and physical properties
of ether, it appears that volatilization vould be an important
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transport pathway from 1011. Ethyl ether reacts Ilowly with
air to form explosive peroxides. High solubility and high
vapor density vould limit volatilization lomewhat and luggest
that transport in groundwater may also occur. Ethyl ether has
a low log octanol/vater partition coefficient and therefore
probably i. not .orbed to any significant extent.

Health Effects

No information on the carcinogenicity of ether vas reported
in the literature reviewed. Ethyl ether inhibited DNA repair
in an assay using Escherichia coli. Pregnant female rats and mice
were anesthetized with ethyl ether for 1 hour either early
or late in gestation (Schwetz and Becker 1970). In mice, exposure
to ethyl ether during early embryogenesis caused a significant
increase in resorptions and decre••e in the length of fetal
long bones. Early or late exposure caused an increase in the
incidence of generalized edema, missing sternum, unossified
phalanges, and missing cervical vertebrae. In rats, anesthesia
during early or late embryogenesis decreased fetal body weight
and the length of the long bones.

Ether at high concentrations (greater than 100 g/m3) causes
narcosis and general anesthesia. It will cause minor skin
and eye irritation at 90 mg/m. The oral LD SO of ethyl ether
in the rat is 1,215 mg/kg.

Toxicity to Wildlife and Domestic Animals

No information on the toxicity of ethyl ether to wildlife
or domestic animals was found in the literature reviewed.
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ETHYL HEXANEDIOL

su_arx:

Bthyl hexanediol is quite irritating to the eyes.

CAS Number: 94-96-2 .

Chemical Formula: CaB16 (OB)2

IUPAC Name: 2-Ethyl-l,J-hexanediol

Important Synonyms and Trade Names: Carbide 6-12, Cmpd 6-12
insect repellent, ethohexadiol
ethyl hexy lene glycol,
2-ethyl-J-propyl-l,J
propanediol, Rutgers 612

Chemical and Physical properties

Molecular Weight: 146.26

Boiling Point: 243.l·C

Specific Gravity: 0.9422 at 20·C

solubility in Water: 6000 mg/liter

~olubility in Organics: S~luble in alcohol, ehter, propylene
glycol, and castor oil

Log Octanol/Water Partition Coefficient: 1 (calculated)

Vapor Pressure: <0.01 am 8g at 20·C

Vapor Density: 5.03

Plash Point: l27·C (open cup)

Transport and 'ate

No information on the transport and fate of ethyl hexanedi
01' was available in the sources reviewed. Ethyl hexanediol is
fairly soluble in water, has a low vapor pre.sure, and therefore
probably is not volatile. Reactions typical of alcohols, such
a8 oxidation or esterification, are likely to be important in
determining the fate of ethyl hexanediol.
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Health Effect.

only liaited information was ayailable on ethyl hexanediol
in the .o~rce. reviewed. The compound i. quite irritating
to the eye but does not irritate the akin. The oral 1.Dso in
the rat i. 1,400 8g/kg, and the d.rmal 1.D50 for tbe rabolt
i. 2,000 8g/kg.

~oxiclty to wildlife and Domestic Animals

No information on the toxicity of ethyl bexanediol to
wildlife was found in the literat~re reviewed. An oral LD SOof 1,400 _g/kg was determined for the chick.n.
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SIS(2-ETHYLREXYL)PHTHALATZ

Summary

bis(2-Ethylhesyl)phthalate (DEHP) Is probably persistent
i~ the environment. It is carcinogenic In rats and mice, causing
hepatocellular carcinomas. Teratogenic and reproductive effects
have been obs.rve~ in experimental animals. Chronic exposure
to DERP retarded growth and increased liver and kidney weights
in ~rt.imals.

CAS Number: 117-81-7

Chemical Pormula: C6RC(COOCH2CH(C2HS)C4R9)2

IOPAC Name: bis(2-Ethylhexyl)ester phthalic acid

Important Synonyms and Trade Names: DERP, Di(2-ethylhexyl)phthal&t~

bil(2-ethylhexyl)ester
phthalic acid

Chemical and Physieal Properties

Molecular Weight: 391.0

Soiling Point: 38'.9·C at 5 mm Hg

Melting Point: -SO·C

Specific Gravity: 1.985

Solubility In Water: 0.4 mg/liter at 2S·C

Solubility In Organics: Miscible with mineral oil and hesane

Log Octanol/Water Partition Coefficient: 5.3

Vapor Pressure: 2 x 10-7 mm Hg at 20·C

Flash Point. 218.33·C

...
TranSport and Pate

biIC2-Ethylhexyl)phthalate (DERP) il the most thoroughly
studied of the phthalate esters. It probably hydrolyzes In
surtace waters, but at such a slov rate that this process is
not environmentally _ignificant under most conditions. Photo-
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lysis and oxidation do not appear to be important environmental
fate processes. Although some researchers suggest that volati
lization of DERP from aqueous· solution may be significant under
some conditions, it probably is not an important environmental
transport process in natural vaters. In contra.t, there is
evidence that this compound can b. slowly volatilized from
DEHP-containing·materials at relatively high temperatures.
COnsequently, lome atmospheric dispersion of DERP due to vapori
zation during manufacture, us., or wast. disposal probably
occ~rs.

/

.·-Adsorption onto suspended solids and particulate matter
. and complexation vithnatural organic substances are probably
th. most important environmental transport processes for DEHP.
The log octanol/water partition coefficient for DEHP suggests
that this compound would be adsorbed onto particulates high
in organic matter. This contention is supported by the fact
that phthalate esters are commonly found in freshwater and
saltwater sediment samples. DIHP can be dispersed from sources
of manufacture and use to aquatic and terrestrial systems by
complexation with natural organic 8ubstances. It readily inter
actswith the lulvlc acid present in humic substances in water
and soil, forming a complex that is very soluble in water.

A variety of unicellular and multicellular organisms take
up and accumulate DEHP, and bioaccumulation is considered an
important fate proce.s. Biodegradation i8 also considered
an important fate proce.s in aquatic syste•• and aoil. DEHP
is degraded under most conditions and can be metabolized by

. multicellular organisms. Therelore, it i. unlikely that long
term blomagnillcation occurs.

Analysis using EPA'S Exposure Analysis Modeling System
suggest. that chemical and biochemical transfor.ation processes
for DEHP are slow and that transport processes will predominate
both in ecosyste.s that have long retention time. (ponds, lakes)
and In those that have .hort retention time. (rivers). If
the input of DEBP remains constant, its concentration is expected
to increase in aquatic ecosystems. If the input atopa, the
DEHP present is expected to persist for an undeterained length
of time. The oceana are the ultimate link for DEHP introduced
into unimpeded rivers.

Health Bffect.

DERP 1. reported to be carcinogenic in rats and mice,
causing increased incidence. of hepatocellular carcinomas or
neoplastic nodules after oral administration (RTP 1982). Its
status as a ~uman carcinogen is considered indeterminate by
the International Agency for Research on Cancer (lAIC). The
result. ot dominant lethal experiments with aice auggest that

bis(2-lthylhexy1)phthalate
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DEHP is mutagenic when injected intraperitoneally. Rowever,
most experiments con~ucted with microorganisms and mammalian
cells have failed to demonstrate genotoxic activity. Teratogenic
and fetotoxic effects have been observed in experimental animals
after oral and intraperitoneal administration. Other reproduc
tive effects, including testicular changes in rats and mice,
have also been reported.

DEHP appears to have a relatively low toxicity in experi
mental animals. The oral, intraperitoneal, and intravenous
LD values reported for DEHP in rats are 31 g/kg, 30.7 g/kg,
anaOO.25 g/kg, respectively. DERP is poorly absorbed through
the skin, and no irritant response or sensitizing potential
from dermal application has been noted in experimental animals
or humans.

Chronic exposure to relatively high concentrations of DEHP
in the diet has caused retardation of growth and increased
liver and kidney weights in experimental animals.

Toxicity to Wildlife and Domestic Animals

Acute median effect values ranged from 1,000 to 11,100
~g/liter DERP for the freshwater cladoceran Daphnia magna.
The LC values for the midge, scud, and bluegill all exceeded
the hi~Rest concentrations tested, which were 18,000, 32,000,
and 770,000 ~g/liter, respectively. As these values are greater
than the water solubility of the chemical, it is unlikely that
DERP will be acutely toxic to organisms in natural waters. In
a chronic toxicity test with Daphnia magna, significant repro
ductive impairment was found at the lowest concentration tested,
3 ~g/]iter. A chronic toxicity value of 8.4 ~g/liter was reported
for the rainbow trout. No acute or chronic values were reported
for saltwater invertebrates or vertebrates. Reported bioconcen
tration factors for DEHP in fish and invertebrates range from
14 to 2,680~

Although insufficient data were presented to calculate
the acute-chronic ratio for DEHP, it is apparently on the order
of 100 to 1,000. Therefore, acute exposure to the chemical
is unlikely to affect aquatic organisms adversely, but chronic
exposure .~~have detrimental effects on the environment •

. ' .7 _

Regulations and Standa~ds

Ambient Water Quality Criteria (USEPA):

Aquatic Life

The available data are not adequate "for establishing criteria

bis(2-lthylhexyl)phthalate
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5 mg/m3 TWA
10 mg/m3 STEL

for bis\2-ethy!hexyl/phchala~eor for phthalate esters
as a group.

Human Health

Criterion: 15 mg/liter

ACGIH Threshold Limit Values:
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Solubility in Organics:

FLUORANTHENB

SUlIIJDar)!

. - Fluoranthene is a polycyclic aromatic hydrocarbon (PAH).
It is probably persistent in the environment. Fluoranthene
dos not appear to be a complete 'carcinogen, but it has been
shown to be a potent cocarcinogen In animal test systems •

..
CAS Number: 206-44-0

Chemical Formula: C16HlO

Chemical and physical Properties

Molecular weight: 202.26

Boiling Point: Approximately 375·C

Melting Point: 11l·C

Specific Gravity: 1.252 at O·C

S~lubility in Water: 0.26 mg/llter

Soluble In ethanol, ether, benzene,
chloroform, acetic acid, and carbon
c5!sulf1de

Log Octanol/Water Partition Coefficient: 5.33 (calculated)

Vapor Pressure: 10-6 to 10-4 am 8g at 20·C (estimated)

Transport and Pate

Much of the information concerning transport and fate i.
inferred frea data for polycyclic aromatic hydrocarbons (PAHs)
in general because of. a lack of specific information on fluor
anthene. Rapid, direct photolysis of fluoranthene to quinones
may occur in aqueous sol~tion. The oxidation of fluoranthene
is probably too slOW to be a significant environmental process,
and the available data suggest that volatilization generally
is not an important transport process for fluoranthene. The
calculated log octanol/water partition coefficient of 5.33
indicate. that the compound should be strongly adsorbed onto
particulate matter, especially particulates high 1n organic
content. It i. likely that fluoranthene can be transported
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as adsorbed matter on suspended particulates in air or water.
Data for PARs in general indicate that fluoranthene will accu
mulate in the sediment and biota of the aquatic environment
and that adsorption Is probably the dominant aquatic transport
process.

Data for'a variety of PASs suggest that bioaccumulatlon
1s a short-term process, and long-term partitioning into biota
isnot a significant fate process. PIuoranthene can be metab
olized by multicellular organisms and degraded by microbes.
De9~~d.tion by mammal. is likely to be incomplete, the parent
compound and the metabolites are excreted by the urinary system.
aiodegradation by microorganisms is probably the ultimate fate
process. Biodegradation generally appears to be slower in
aquatic systems than in solI. Rowever, it may be important
in those aquatic syltems that are chronically affected by PAR
contamination. Fluoranthene il stable enough in air to be
transported over relatively large distances.

aealth Effects

There is no information concerning the carcinogenicity
of fluoranthene in humans, and fluoranthene shows no activity
as a complete carcinogen 1n exper imental anhaall. Bowever,
fluoranthene appearl to possels potent cocarcinogenic activity
in telt animal'l. Pluoranthene has di splayed no mutagenic acti
vity in in vitro bacterial test systems. NO otber information
11 available concerning its potential mutagenic or teratogenic
effects, nor with regard to its acute or chronic toxicity to
humans.' Results froll animal Itudie. indicate that fluoranthene
has relatively l~w acute toxicity. Where deaths of experimental
animals have occurred, no information concerning target organs
or specific causes of death has been reported. aescriptions
of chronic toxici~y are limited to reports of mortality produced
in mice by repeated dermal- application or subcutaneous injection.

Toxicity to Wildlife and Domestic Animals

Among fre.hwat.r Ipeciel, the bl'uegill', witb a 96-hour
LC~o value of 3,'80 ~g/llter, is aore sensiti•• to fluoranthene
tha" the cladoceran Daphnia lIa9.!l!., witb. 48-hour Be value
of 325,000 ~g/lit.r. NO chron~at.'are available !Sr fresh
water org.ni.... Among .altwater Ipecie., the 91-hour LC
values for the .y.id Ihrimp and a polychaete are 40 and 5a9 ~g/liter,
respectively. The 96-hour LC~o value for the sbeepahead minnow
is greater than 550,000 ~g/li~.r. The chronic value and acute
chronic ratio for the mysid Ihrimp ar. 11 ~g/liter and 2.5,
respectively. The fre.hw.ter and saltwater algal .peeies tested
exhibit similar .ensitivities to fluorantbene, with BC~o valuea
of about 50,000 ~g/liter. There 1. evidence of fluoranthene
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accumulation in edible aquatic organi ••s, although no .easured,
steady-state bioconcentration factors are available for fresh
vater or saltvater organisms.

Regulations and Standards

Ambient Water Quality Criteria (US~PA):

Aquatic tife

The available data are not adequate for establishing criteria.
However, EPA did report the lowest concentrations of fluor
anthene known to cause toxic effects in aquatic organisms.

Preshwater

Acute toxicity: 3,980 ~g/liter

Chronic toxicity: No available data

Saltwater

Acute toxicitYI 40 ~g/liter

Chronic toxicity: 16 ~g/lit.r

Ruman Health

Criterion: 42 ~g/liter
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PORMALDEHYDE

Sunnary

pormaldehyde ha.been Ihown to produce na.al tumors in
rats, and there il luggestive evidence that it produces the
lame type of tumor in humans. Inhalation espasure to formal
dehy~e causes respiratory irritation and can allo produce local
ized effects in the nose, throat, and lungs. In addition,
formaldehyde can irritate the Ikin and cause allergic ~ermatitis

in lusceptible in~ivi~uals.

CAS Number: SO-OO-O

Chemical Pormula: CB 20

IUPAC Name: Methanal

Important Synonyms and Trade Names: Methanal, Pormalin
(formaldehyde solution)

Chemical and Physical Properties

Molecular Weight: 30.03

Boiling Point: 19.5·C

Melting Point: -92·C

Specific Gravity: 0.867 at 20·C

S~lubility in Water: Ondergoes solvation in water or methanol

S~lubili~y in Organics: Soluble In chloroform, ether, and
toluene

Vapor Pressure: 760 am Ig at 19.5·C
"

Vapor Density: 1.075

Plash Point: 300·C

...
Transport and Pate

Pormaldehyde Is a gas at ambient temperatures .0 the air
will be a .ajor route of transport. In vater, formal~ehyde

II rapidly hydrated and converted to .ethylene glycol an~ poly
osymethylene glycols, however, It can volatilize a. formaldehy~e.

Por.aldehyc5e
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pormaldehyde readily adsorb. to clay soils but .orption to
loil with Imaller amounts of organic material i. probably neg
ligible.

Photolysis of formaldehyde occurs in the lower troposphere
by two pri.ary processes. One process predominatel at wave
lengths of 2'0 to 313 na and the other predominat•• at wave
lengths of 313 to 360 nm. aeported products of formaldehyde
photolysis ar. formyl radicals and water. The .stimated half
life of formaldehyde 1n lunlight il about 75 minutes. In water,
formaldehyde is hydrated to .ethylene glycol and polyoxymethylene
glycols which do not undergo photolylis. Purther degradation
occurs in water, primarily due to biodegradation.

Health Effects

pormaldehyde bas been shown to produce nasal tumors in
rats, and there is suggestive evidence that it produces the
same type of tumor in humans (~iegel et ale 1983). It bas
been shown that formaldehyde is a ·weak· mutagen producing
gene mutations and chromosomal abberrations in a variety of
laboratory test systems. Pormaldehyde has al.o caused cell
transformation in cell culture systems. Pormaldehyde has not
been shown to be teratogenic or to cause reproductive toxicity
in animal studies. Sowever, the studies bave not been adequate
to fUlly assess these toxicities.

Pormaldehyde is a respiratory irritant and bas been found
to produce localized effects in the nose, tbroat, and tracheo
bronchial tree of exposed individuals. Irritation of the skin
has also been reported. In addition, an allergic dermatitis
has been produced in some people exposed to formaldjhyde. The
inhalation LD SO in rats was reported to be 100 mg/m •

Toxicity to Wildlife and Domestic Animals

Data concerning toxicity to vildlife and domestic animals
are not available.

Regulations and Standards

NIO~S aecom-ended S~andard: 0.6 mg/m3

OS~ Standard (Air)1 3:6 mg/m3 TWA

ACGIS Threshold Liait Value: 1.5 (~uspect Carcinogen)

rormaldehyde
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Summary -.

HEPTACHLOR

Heptachlor is an organochlorine pesticide. Together with
its active metabolite, heptachlor epoxide, it is very persistent
in the environment. When administered orally to mice, both
substances cause liver tumors. They also have mutagenic effects.
These ,chemicals have a number of reproductive and teratogenic
effeets, including decreased litter size, shortened life span
of suckling young, and the development ot cataracts in offspring.
The acute toxicityo! both heptachlor and heptachlor epoxide
is very high. Chronic exposure induces' liver changes and may
cause kidney damaqe. Heptachlor is also highly toxic to fish
and wildlife.

Bac~ground Information

Technical heptachlor is a complex mixture containing approxi
mately 72' heptachlor and 28' related compounds. It is a soft
wax ~ith a melting point of 46-74°C.

CAS. Number: 76-44-8

Chemical Formula: CIOH~C17

IUPAC Name: . 1,4,5,6,7,8,8-8eptachloro-3a,4,7,7a-tetrahydro
4,7-methanoindene

Chemical and Physical Properties

Molec~lar Weight. 313.3

- Melti:1g Point: 9S-9"·C

Specific Gravity: 1.57-1.59 at g·e
Sol~ility in Water: 0.056 to 0.180 mg/liter at 2S-29·C

depending on particle size

S~lubility in Organics: Soluble in ethanol, ether, benzene,
acetone, carbon tetrachloride, xylene,
kerosene, cyclohexanone, and 1igroin

vaper Pressure:

Heptachlor
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Transport and Pate

Heptachlor and its active metabolite, heptachlor epoxlde,'
are very persistent in the environment, resisting chemical
and biolog~cal breakdown into harmless substances. Sorption
of heptachlor to sediments appear. to be .n important process
for removal of the pesticide from'water, as residue concentra
tions ift ••diment are often .uch higher than In water. Some
volatilization may also occur.

,. . .
~ Beptachlor and heptachlorepoxide bind tightly to 80il

particles and vill persist for years In .oil after lurface
application. Rowever, beptachlor applied as an emulsifiable
concentrate i's more r.•adily volatized than when applied as
a granular formulation'. C.rtaln crops accumulate r.sidues
of these compounds by ab.orption from the soil.

Atmospheric transport of vapors and contaminated dust
particles from soil application site. can occur. Heptachlor
and heptachlor epoxide are widespread in ambient air, but gen
erally occur at low concentrations. Bow.ver, levels vary both
geographically and I.asonally.

Health Effects

Heptachlor and heptachlor epoxide are liver carcinogens
vhen administered orally to mice. Results from mutagenicity
bioassays suggelt that these compounds also may bave genotoxic
actiVity. aeproductive and teratogenic effects in rats include
decreased litter size, shortened life span of suckling rats,
and development of cataracts in off.pring_

Tests witb laboratory animals, primarily rod.nts, demon
strate acut. and chronic toxic .ffect. due to heptacblor expo
sure. Although heptachlor and h.ptacblor epoxld. are absorbed
most readily through tbe gastrointestinal tract, inhalation
and skin contact are also potential routes of exposure. Acute
exposure by various route. can cause developmaent of hepatic
v.in thrombi and can affect the central nervous syst•• and caU8e
death. Chronic expo.ur. Induc•• liver chang.', affects hepatic
microsomal enzyae activity, and cau.e. incr••••d mortality in
offspring. The oral LD~a in tbe rat is 40 a9lkg for h.ptacblor
and 47 mg/kg for beptacluor epoxid._

Although th.re are reiOrts of acute and cbronic toxicity
in bumans, with symptoms including tr••ors, convulsions, kidney
damage, r.spiratory collap•• , andd••tb, details of such episodes
ar. not well documented. Septachlor epoxide bas be.n found
1n • high percentage of huaan adipo•• ti••ue ...ple., and also
in h~an milk 8ample. and biomagnification of heptachlor/hepta
chlor epoxlde occur.. This compound also bas b.en found in
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the tissues of atillborn infants, auggesting an ability to
cross the placenta and bioaccumulate In the fetus.

Toxicity to Wildlife and Domestic Animals

Heptachlor is toxic at low concentrations in aome aquatic
invertebrate and fish species. Heptachlor epoxide appears
to be a minor product of heptachlor transformations In aquatic
systems but the capability of different organisms to effect
epoxidation varies. Mean acute values for freshwater species
range from 0.9 to 78 ~g/liter for invertebrates and from 13.1
to 320 ~g/liter for fish. A life cycle test conducted with
the fathead minnow provides a chronic value of 1.26 ~g/liter

and an acute-chronic ratio of 80 for this species. Saltwater
mean aciute values range from 0.04 to 194 ~g/liter fo~a variety
of fish and invertebrate species. A chronic value of 1.58 ~g/liter

and an acute-chronic ratio of 3.9 are reported for the sheepshead
minnow.

. Heptachlor shows a strong tendency to bioaccumule. It can
concentrate at levels thousands of times greater than those in
the surrounding water in a variety of aquatic organisms. Because
of this tendency for bioaccumulation, chronic exposure to leYels
greater than 0.004 ~g/liter is considered potentially harmful to
aquatic life. However, this value may be too high because the
aYerage concentration in a high lipid species will be at PDA ac
tion levels for human consumption.

Heptachlor and heptachlor epozide residues have been found
in a wide variety of wildlife and domestic animal species,
but usually at relatively low levels. The use of heptachlor
as a seed dressing for cereal grains has been linked to mortality
among granivorous birds and to increased residues in the tissues
of graniyorous birds and Jlammal~. Residues have also been
found in raptors but a causal relationship with observed toxic
effects has not been established. Increased mortality among
birds, mammals, fish, and aquatic species bas been reported in
areas treated with beptachlor. Heptachlor or heptachlor epoxide
residues have regularly bien found in food and feed crops, meat,
fish, poUltry, dairy products, and eggs. Oral LC~D values for
heptachlor ranging frca 92 to 480 ppm in their diet (around
20 JIg/kg body weight) are reported for wild bird apecies.

"
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Regulations and Standards

Ambient Water Quality Criteria (US,EPA):

Aquatic Life

Pr••hwater

Acute toxicity: 0.52 ~g/liter

Chronic toxicity: 0.0038 ~g/liter

S.al tvater

Acute toxicity: 0.053 ~g/liter

Chronic toxicity: 0.0036 ~g/liter

Buman Bealth

Estimates of the carcinogenic risks associated with life
time exposure to various concentrations of heptachlor
in water are:

Risk-
10-5
10-6
10-7

CAG Unit Risk (US~PA):

O~BA ~tandard (skin):

Concentration

2.78 ng/liter
0.28 ng/liter
0.028 ng/liter

3.37 (ag/kg/day)-l

O. 5 mg/a3 TWA

AeGIB Thresbold Limit ValQe. (skin): 0.5 .g~.3 TWA
2 ag/. STEt
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REXACRLOROBENZENE

Summary .

Kexachlorobenzene is very persistent in the environment
and can be btoaccumulated. It is carcinogenic in mice, rats,
and hamsters, caus·ing liver tumors -in all. three species and
tumors of the spleen and thyroid in hamsters. There is equivocal
evidence that hexachlorobenzene is teratogenic, reproductive
effe~ts have been observed in rats and monkeys. Humans accidentall
expOsed to hexachlorobenzene displayed numerous adverse effects,
including enlarged livers, rheumatoid arthritis-like symptoms,
and severe skin damage.

CAS Number: 11S-74-l

Chemical Formula: CSC1 S
IOPAC Name: Rexachlorobenzene

Important Synonyms and Trade Names: RCB, perchlorobenzene

Chemical and Physical Properties

Molecular weight: 2SS

Boiling Point: 32S·C

Melting Point: 230·C

Specific Gravity: 1.57 at 20·C

Solubility in water: 10 ~g/liter at 2S·C

Solubility in Organic.. Soluble in acetone, ether, benzene,
and chloroform

. .
Log Octanol/Water Partition Coefficient: I.1S

Vapor Pre.sure: 1 z 10-5 am Kg at 20·C

Vapor Density: 918

Flash Point: 242·C
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Transport and 'ate

Rexachlorobenzene (RCB) is persistent in the environment.
Although it ha. a low vapor pressure, it may volatilize because
ot its low vater solubility and high level ot activity in water.
RCB has a high log octanol/vater partition coetficient and
theretore voul~ not be expected to· move readily through soil.
Also, it. high specific gravity suggests that it would probably
move through soil a. a nonaqueous-phase liquid (NAPL) and not
ne~essarily in the groundwater.

····Th. ma10r fate of hexachlorobenzen. Is probably nonpermanent
sorption to organic material In the soil and s.diment. Although
this binding will immobilize RCB, it will not do so permanently,
and desorption may produce continuous, low-level concentrations
of HCB in the surrounding media. Organisms can bioaccumulate
BCB, bu~ it is unclear whether biomagniflcation occurs in the
food chain. Degradation in the environment, occur. very slowly,
if at all. The two possible route. of 'degradation are photolysis,
possibly assisted by the presence of photosensitizing organic
materials in aqueous media, and biodegradation by soil and
aquatic organisms.

Health Iffects

Rexachlorobenzene is carcinogenic in mice, rats, and hamsters.
Liver tumors are induced in all three specie.. In addition,
tumors of the spleen and thyroid were induced in BCB-treated
hamsters (Cabral et ale 1977). There i. equivocal evidence
suggesting that RCB is teratogenic at high dose levels in rats
(Khera 1974) and mic. (Courtney et ale 1976). The addition
ot RCB to the diets of rats at 160 ppm (approximately 10 mg/kg/day)
or more adversely atfects reproduction (Grant et al. 1977).
RCB bas also had adv.rs. effects on reproduction in monkeys
(Iatropoulos et ale 1976). In an epidemic of ReB poisoning
in Turkey In which the overall mortality rate among exposed
persons vas about lOt, 95' of the breast-fed infants whose
mothers were exposed to BCB died. Thi. incident va. caused
by consumption of .eed grain that had been treated vith a tungi
cide containing Rca, .ore than 3,000 people vere affected by
porphyr~a cutane. tarda, a defect in porphyrin .etabolism caused
by BCB. ~e affected' individuals displayed severe Ikin manifesta
tions including pbotosensitivity, increased pigmentation, bullae
formation, deep Icarring, a permanent increase in body hair,
and atrophy of the .kin. ' Many children vere affected with
rheumatoid artbritis-1ike symptoms, and about one-third ot
all victims had enlarged livers (Courtney 1979). A limilar
effect on porphyrin metabolism has been seen in experimental
animals fed RCI. RCB also appears to have an adverse etfect
on tbe immune system In mice, and it il an inducer ot mixed
function oxidase enzymes in the liver.

Rexachlorobenzene
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Toxicity to Wil~lif. and Oemestic Animals

Bexachlorobenzene was tested in .everal .hort-term aquatic
bioassays, but no toxicity was observed at the limit of lolubility
of the compound. Quail fed 20 ppm or more of RCB in their
~iets for 90 days had increased liver weights, and the .ize
and hatchability of their eggs decreased. reeding le.trels
20 or BO ppm BCB caused histological damage to both their livers
and kidneys. rield studies of predatory and specifically fish
eating birds showed some correlation between increased BCB
levels and increased mortality, low breeding success, and increased
porphyria. Bowever, other contaminants could also have been
responsible for these effects.

Reduced reproductive success was observed in mink fed
1, 5, or 25 ppm of BCB in their diets (Sleavins et ale 1984).
Effects included decreased litter size, increased frequency
of still births, increased fetal mortality, and decreased post
natal growth.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA)I

Aquatic Life

The available data are not adequate for establishing criteria.

Human Health

Estimates of the carcinogenic risk associated with lifetime
exposure to various concentrations of hexachlorobenzene
in water are:

!!ll
10-5
10-6
10-7

CAG Onit Riak (O~ZPA)I
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SEXACHLOROBUTAOIENE

Summary

Sexachlorobutadiene caused an increased incidence of kidney
tumors in rats and was found to be mutagenic using the Ames assay.
There is equivocal evidence that hexachlorobutadiene increases
neonatal mortality. Chro.nic exposure to low levels of hexachloro
butadierie caused renal toxicity in rats ~nd other studies have
shown.. that exposure ca.n affect the central nervous system and li ver.
Hexaehlorobutadiene is also quite toxic to aquatic organisms.

CAS Number: 87-68-3

Chemical Formula: C1 2C:CC1CC1:CC12
IUPAC Name: sexachloro-l,3-butadiene

Important Synonyms and Trade Names: Dolen, GP-40-66:120, SCBO,
perchlorobutadiene, C46

Chemical and Physical properties

Molecular Weight: 260.74

Boiling Point: 210 to 220·C

Melting Point: -19 to -22·C

Specific Gravity: 1.675 at 15.S·C

Solubility in Water. 2 mg/liter at 20·C

SolUbility in Organici. Compatible witb numeroul resinsr soluble
in alcohol and ether

Log Octanol/Wat.~ Partition Coefficient. 4.8

Vapor Prellure. 0.15 am Sg at 20·C
...

Transport and Pate

Bexachlorobutadiene (BCBD) is probably rather persistent
in the environment. Volatilization and adsorption to organic
particulates are apparently important transport processes for
HCaD. In 80il and sediments, SCBD is bound to organic material.
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This process acts as • sink for BCBD in the environment. There
was no information on the ultimate fate of HCBD in nature in
the sources searched.

Health Bffects

. Th.. International Agency for Rea••rch on Cancer nARC 1979)
notes that there is limited evidence. that hexachlorobutadiene
is a carcinogen. Their conclusion is based on one oral feeding
study.in rats in which the incidence of kidney tumors increased

-in 'tie animals of both sexes given the highest doses (Xociba
et ale 1977). The results of • spot test o.f BOD using the
Ames assay were positive. The data on the reproductive toxicity
of HCBD are equivocal. One study indicates that neonatal mor
tality rose follOWing a single, subcutaneous injection of 20 mg/kg
body weight to th~ dam just prior to mating. Another, more
recent experiment exposed male and female rats to doses of
0.2, 2, and 20 mg/kg/day for 90 days prior to mating and lS
days during gestation, no toxic effecta were noted in the off
spring. Bowever, male and female rata given 2 or 20 mg/kg/day
of BCaD showed signs of renal toxicity. The results of a 2-
year fe.eding study in rats conf i rmecS that renal tubular hyper
plasia was caused by dos•• larger than 2 mg/kg/day. Other
studies have indicated that BOD allo affects the central nervous
system and the liver (Barleman and S,inen 1979). BeBD is a
cumulative toxin and is therefore more.toxic after chronic
exposures. The oral tD for adult rata ia 250 ag/kg, and
the LD~O for neonatal ra~s is one-quarter that for the adult
animals.

Toxicity to Wildlife and Domestic Animals

Rexachlorobutadiene Is very toxic to aquatic organisms,
with 96-hour LC~Q values for goldfish, rainbow trout, fathead
minnow~ and bluegill ranging from 90 t~ 330 ~g/liter. Its
chronic toxicity, .s measured in an embryo-larval test in fathead
minnows, II t.3 ~g/llt.r. Invertebratea and .altwater fish
were affected at .lal1ar le.ela.

The ingestion of up to 30 ppm of BeBD in their diets (approx
imately 5-5 ag/kg) bad no .ff.ct on Japan••• quail.

No atudies on the toxicity on leBO to doaestic animals
were discu.sed in the literature reviewed.

Regulations and Standard.

Ambient Water Quality Criteria (U~BPA)I
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Aquatic Lite
The avaIlable data are not adequate for establishing criteria.

Human Real th
EstImates of the carcinogenic risks associated with lifetime
exposure to various concentrations of BeBD in water are:

Risk-
10-5
10-6
10.7

CAG Unit Risk (USEPA):

Concentration

4.5 ~g/liter

0.45 ~g/liter

0.045 ~g/liter

7.75x10-2 (mg/kg/day)-l

ACGIH Threshold Limit Value: S~spected carcinogen 0.24 mg/m3 TWA
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HEXACHLOROCYCLOHEXANE

Summary

Bexachlorocyclohexane (RCH)· has four major Isomers, alpha,
beta, ga_a, and' delta, of which the gamma isomer (lindane) is
generally' the 1I0St active. HCH -i9 fairly persistent in the en
vironment. Three of the isomers caused liver tumors in mice
when administered alone. Exposure to lindane decreased the num
ber of live young produced by pregnant dogs. Lindane is also
quit. toxic to aquatic life.

Note: 'Information presented below should be considered gener
ally applicable to the BCB isomers unless a specific isomer is
indicated.

CAS Number: 60S-73-1
alpha-BCB:
beta-aCH:
gamma-RCB:
delta-HCB:

3l9-S4-6
319-S5-7

5S-S9-9
319-86-S

Chemical Formula: C6B6C1 6
IOPAC Name: 1,2,3,4, 5, 6-Bezachlorocyclohezane

Important Synonyms and Trade Names: Benzene hexachloride, BCB,
Lindane (gamma-BCH), RCH

Chemical and Physical properties

Molecular Weight: 290.82

Boiling Point: Ro available data

Melting Point: alpha-RCS: 15S·C
beta-BCB: 310·C
g&mma-RCB: 112·C
delta-BCB: 13S·C
Technical BCR: 6S·C

...

SolUbility in Water:

Hexachlorocyclohexane
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alpha-RCB: 10 mg/liter
beta-RCB: 5 mg/liter
gamma-RCH: 10 _g/liter
d~lta-BCB: 10 ag/liter
Technical BCI: 10-32 ag/liter



Log Octano1/Water 'artition

vapor Pres.urer alpha-HCHr
beta-HCHa
ga.a-HCRI
delta-BeBl

Coefficienta 3.8

2.5 x 10-5 am Rg at 20·C
2.8 x 104' mm Hg at 20·C

2 x 10- ~ 8g at 20·C
1.' x 10- JIJD 8g at 20·C

Transport and Pate

_;.-11'1 general, -the transport and fate of the hexachlorocyclo
hexane isomers 1•.• imilar and they v1ll therefore be discussea
as a group. The primary transport and fate process for hexa
chlorocyclohexane in an aqueous .ystem appears to be adsor~tion

to organic particles, transport to anaerobic sediments, and
subsequent biodegradation by anaerobic organi.... Volatilization
may be somewhat i~portant 11'1 the aquatic environment and 1s
probably a major transport proce.s in soils. It 1s important
to note that biodegradation of hexachlorocyclohexane yields
such chemicals as pentachloroeyclohezane, tetrachlorobenzene,
and trichlorophenol and therefore may ,not. re.ult 11'1 .ub.tantial
deto~ification of the chemical. Lindane has been shown to be
rather persistent vhen applied to aoil, vith up to 10 percent
of an applied .ample rema1ning after 10 yeara.

aealth Effects

The alpha, beta, and gamma Iso.era of hexachlorocyclohexane
have all been shovn to cause liver tUJIors in .ice but not in
ottier teated specie.. RCB has not been thoroughly te.ted for
genotoxic 'effects but doe. not appear to be mutagenlc. The
alpha, beta, and delta isomers have not been tested for their
teratogenic or reproductive toxicological potential. Lindane
has been tested and vas not teratogenic, but in tvo atudies it
decreased the number of live young produced (Barl et ale 1973).
Alpha-ReB has been ahown to cause nonmallgnant leslon. in the
liver of test anlmal. at doses below those requirea to induce
tumors. Lindane has been associated with tbe develop.ent of
aplastic an••ia in buman. (West 1967).

Toxicity to Wildlife and Domestic Animal.

Lindane (g....-RCB) Is responsible for tbe effectiveness
of hexachlorocyclohexane as an insecticide and i. generally
more toxic than the other isomers or technical leB. In fact,
the presence of the other RCB isomers decrease. the toxicity
of lindane to aquatic organi••s, either by an antagoni.tic
effect or by decre.sing· the chemical' ••olubility. Therefore,
the toxicity of llndane and RCB will be con.idere4 .eparately.
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Lindane is acutely toxic to freshwater fish with LC
values ranging rrom 2 ~g/liter to 141 ~g/liter, and to .i2t
water fish at levels of from 7.3 to 104 ~g/liter. Lindane
was acutely toxic to the pink Ihrimp at 0.17 ~9/1iter. Acute
chronic ratios fOt lindane ranged from 7.5 to 63, and therefore
the Final Chronic Value for the protection of freshwater species
was determined to be 0.08 IoIg/1iter. Aquatic organisms appear
to bioconcentrate between 100 and 500 times the steady-state
concentration of lindane in the water.

Technical hexachlorocyclohexane was much less toxic than
lindane, with acute toxicity ranging from 100 IoIg/1iter to 15,000
IoIg/liter for freshwater fish. Data on saltwater species also
indicated that the technical compound was less acutely toxic.
No information was available on the chronic toxicity of HCH.
A bioconcentration factor was not reported but is probably
similar to that for lindane.

No studies on the toxicity of the HCB isomers to terres
trial or domestic animals was found 1n the literature reviewed.
However, voles at Love Canal that had decreased lifespans and
reproductive ability .had high levels of lindane in their livers
(Rowley et ale 1983).

Regulations and Standards

Ambient Water Quality Criteria (OSEPA);

Aquatic Life

Hexachlorocyclohexane mixture:

The available data are inadequate for establishing final
criteria for hexachlorocyclohexane mixture. Bowever,
EPA did report the lowest values known to cause toxicity
in aquatic organisms.

Freshwater

Acute toxicitYI 100 ~g/liter

Chronic toxicityl No available data

Saltwater

Acute toxicitYI 0.34 ~g/liter
Chronic toxicity: No available data
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Lindane (gaama-SCH):

Pr.sh"ater

Acute toxicity: 2.0 ~g/liter

Chronic toxicity: 0.08 ~g/liter

S.a1tvater

Acute toxicity: 0.16 ~g/liter
Chronic toxicity: No available data

Human Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of the sca isomers
in water are:

Alpha-SCB Beta-SCB GaJIUIIa-SCB Technical!
Concentration Concentration Concentration Concen tr at;

92 ng/1iter 163 ng/1iter 186 ng/liter 123 ng/li tl
9.2'ng/1iter 16.3 ng/liter 18.6 ng/liter 12.3 ng/ll1
0.92 ng/1iter 1.63 ng/1iter 1.86 ng/1iter 1.23 ng/li 1

Interim Primary Drinking Water Regulation: gamma-SCSI 0.004 mg/lit

CAG Unit Risk (OSEPA): alpha-SeB: 11.1 (mg/kg/dali- l
beta-SCS: 1.84 (mg/kg/day
gamma-SCS: 1.33 (mg/kg/day)-l
technical-SCSI 4.75 (mg/kg/dayj-l

OSHA S~andard (air): gamma-BCS: 500 ~g/.3 ~
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HEXACHLOROETHANE

Summary

R.xachloroethane produced liver tumors in .ice when admini
stered by gavage. It caused central nervous sytem effects,
hepatic dysfunction, and renal damage at high dose. in animal
studies •

. .

CAS Number: 67-72-1

Chemical Formula: C2C16

IOPAC Name: Rexachloroethane

Important Synonym. and Trade Names: Ethylene hexachloride,
hexachloroethylene, carbon
hexachloride

Chemical and Physical properties

Molecular Weightz 237

Boiling Pointz l87·C (sublimes)

Melting Pointz -187·C (sublime.)

Specific Gravity: 2.09

Solubility in Waterz 50 mg/liter

Solubility in Organic.: Soluble in alcohol, benzene, chloroform,
and ether

Log Octanol/Water Partition Coefficientz 3.34

Vapor Pressure: 0.4 am Rg at 20·C

Transport and Pate

Rexachloroethane is'relatively perlistent in the environ
ment. Volatilization may be an important transport process
but probably occurs slowly from natural waters. Besa~hloroethane's

high log octanol/water partition coefficient luggest. that
it adsorbs to organics in the loil and sediment and that it
may bioaccumulate. Biodegradation is unlikely to be a signif
icant fate process.

gesachloroethane
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Health Effects

There 1. limited evidence that hexachloroethane is carcino-
. genic In eaperimental animals. In a National Cancer Institute

.tudy, hexachloroethane administered by gavage produced malignant
liver tuaora In male and female 86C3Pl aice. It did not cause
a statistically significant increase in tumors in Osborne-Mendel
rats, but aome rare renal tumors did deyelop. Hexachloroethane
has not been reported to be mutagenic. Reduced litter sizes
wer~.QbserYed after oral administration of 5,500 mg/kg to preg
nant rats.

Hexachloroethane's major physiological effect in animals
is on the central nervous system. Oral doses of 1-1.4 g/kg
caused 'weakness, staggerin9 gait, and twitching muscles in
dogs. Hepatic dysfunction and renal damage were also reported
in various experiments. The oral LDso for rats vas 4,460 mg/kg.
The dermal LD SO for rabbits vas more ~han 32,000 mg/kg.

Toxicity to Wildlife !nd Domestic Animals

Hexachloroethane is stored In animal.' fat, and lome bio
accumulation would be expected in animals higher on the food
chain.

The 48-hour LC for Dalhia ma~ is 8,070 ~g/liter, the
48-hour LC;o for th;Olarva 0 the. ge, Tanytarul dissimills,
is 1,700 ~9/1iter. The 96-bour, .tatic LC is 980 ~9/llter
for" both the bluegill and the rainbow trou~~ and it is 2,400 ~g/litel
for the sheepshead minnow. In· embryo-larval tests on the fathead
minnow, the chronic toxicity value was reported to be 540 ~q/liter.

Regulations and Standard.

Ambient Water Quality Criteria (OS;BPA)a

Aquatic Life

The available data are not adequate for establishing criteria.

Human Sea1th

Estimate. of the carcinogenic risk. associated with lifetime
exposure to various concentrations of hexachloroethane
in water area

Concentration

19 ~g/liter

1.9 ~g/lit.r

0.19 ,g/liter

Bexach1oroe~han.
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CAG Unit Risk (U~EPA): 1.4xlO-2 (mg/kg/da~)-l

OSHA Standard (skin): 10 _g/.3 TWA

ACGIB Thre.hold Limit Value: 100 mg/.3 TWA
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HEXACHLOROPKENE

Summary

Hexachlorophene severely damages neonates' central nervous
systems. It has had teratogenic and reproductive effects in
animals. There i. suggestive evidence that hexachlorophene
is also teratogenic in humans.

CAS Number: 70-30-4

Chemical Formula: (C6BC130H)2CH2

IUPAC Name: 2,2-Methylene-bis(3,4,6-trichlorophenol)

Important Synonyms and. Trade Names: aexide, Nabac

Chemical and Physical Properties

Molecular Weight: 406.9

Boiling Point: No available data

Melting Point: l6S·C

Specific Qravity: No available data

Solul?ility in Water: Practically insoluble in water1 estimated
to be 50 mg/liter

S~lubility in Organics: Soluble in acetone, alcohol, ether,
and chloroform

Log Octanol/Water Partition Coefficient:. 3.93

Vapor Pressure: Estimated t~be 10-4 mm Hg at 20·C

Transport and Fate

Ho information on the transport and fate of hexachlorophene
was found in the sources reviewed. Its water solubility and
vapor pre.sure suggest that it would not be very volatile.
Its high log oetanol/wa~er partition coefficient indicates
that it ia likely to be adsorbed to soil and sediments. Hexa
chlorophene 1s not degraded by laboratory animals. T~erefore,

bioaccumulation, and sub.equent degradation, 1s unlikely to
be an important fate. Hexachlorophene i. probably persistent
in the environment. .
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Health Effects

In the 1960s, loap containing hexachlorophene vas used
to bathe neonates in hospital nurseries. Some of the infants
developed Iymptom. of central nervous system damage, vith twitch
ing, convulaions, and death. The neurological damage, especially
of the vhite aatter of the cerebrum and brainstem, vas aevere.
In animal Itudies, it has been shown that treatment with hexa
chlorophene inhibited the synthesis of .yelin in the peripheral
and central nervous systems.

Hexachlorophene was not carcinogenic in an NCI study in rats
(IARC 1979). A leries of in vivo and in vitro mutagenesis assays
did not yield positive results. There is aome evidence that a
higher incidence of malformations among the children of hospital
workers is due to repeated hexachlorophene exposure. Pregnant
rats administered hexachlorophene in their diet. or by gavage had
smaller litters and an increased incidence of cleft palate and
other fetal abnormalities. The oral LD sn of hexachlorophene
is 60 mg/kg for both the rat and the gutnea pig, and 67 mg/kg
for the mouse. The dermal LD~D values are 1,840 ag/kg, 1,100 mg/kg,
and 270 mg/kg, for the rat, gatnea pig, and aouse, respectively.

Toxicity to Wildlife and Domestic Animals

No information on the toxicity of hexachlorophene to wild
life and domestic animals vas available in the sources reviewed.

Requlations and Standards

No regulations or standards have been established for
hexachlorophene.
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HEXANE

SUJlUDary

retotoxicity vas produced by the administration of hexane
to pregnant rats. In humans, hexane irritates the mucous membranes;
eyes, and skin and can cause dermatitis and pulmonary edema.
Chronic exposure to hexane can cause polyneuropathy with axonal
degeneration of the peripheraL nervous system.

CAS Number: 110-54-3

Chemical Formula: C,Bl4
IUPAC Name: n-Hexane

Important synonyms and Trade Names: n-Sexane, hexyl hydride

Chemical and Physical Properties

Molecular Weight: 86.20

Boiling Point: 68.9·C

Meltin~ Point: -94·C

Specific Gravity: 0.6603 at 20·C

Solubility in Water: 140 mg/liter at 20·C

Solubility in Organics: Soluble in alcohol and ether

Log Octanol/Water Partition Coefficient: 4.3 (calculated)

Vapor Pressure: 124 .. Bg at 20·C

Vapor Density: 3.0

Flash Point: -21.7·C (closed cup)

Transport and Fate
,

Bexane volatilizes readily from surface vater and reacts
vith 08 radicals in the air. In the loi1, it is partially
adsorbed to the surface of organic materials but may l,ach
into the groundwater.
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Health Effects

lexane did not promote tumors when it was administered
to alce topically and .ub~utaneously. No other data on the
carcinogenicity of hexane were found (Iraemer et al. 1974).
There were no autagenicity data available in the literature
.uryeyed.

3,regnant Pischer 344 rats were exposed to 1,000 ppm (3,600
ag/m ) of hexane for 6 hours on the 20th day of gestation.
Significant amounts of hexane and the neurotoxic metabolite
2,S-hexanedione appeared 1n the fetal tissues (Bus et al. un
dated). 'etotoxicity was observed In mlce when pregnant females
were given oral' doses of 238 IIg/kg froll the 6th to 15th days
of gestation. No evidence of teratogenicity was reported ,in
the literature reviewed.

In humans, lIild exposure to hexane vapors can irritate
the IIUCOUS lIellbranes. Exposure to air concentrations greater
than l' hexane may cause dizziness, unconsciousness, and death.
Direct skin contact causes irritation and dermatitis. Inhalation
exposure can cause chellical" pneumonitul, pulmonary edema'3and
hemorrhage. Exposure to levels of 5,000 ppm (18,000 mg/m )
for 10 min~tes reportedly caused dizziness, and exposure to
5,400 mg/m caused nausea, and eye and throat irritation.

Chronic exposure to hexane causes polyneuropathy with
axonal degeneration of the distal parts of the peripheral nervous
system, as well as the spinal cord and brain stem. Resulting
afflictions are weakness, memory lOIS, numbnes., and headaches.
Yamamura (1969) described peripheral nervous system disturbances
in 93 workers at a sandal' manufacturing facility in Jipan where
hexane concentrations ranged from 1,800 to 9,000 ag/II. The
oral LD SO for rats is reported to be 287 mg/kg.

A chronic oral study in which rats were given 400-600 IIg/liter
hexane in water per day (approximately 100-150 ag/kg/day) for
5 months resul'ted in peripheral' neuropathy and distal nerve fiber
degeneration. Repetitive subcutaneous injection. or inhalation
also produced peripheral' neuropathy (Spenser and S.cbaumburg
1977).

Toxicity to Wildlife and Domestic Animals,
Mo IIOrtalitie. vere reported Dong young Coho lalmon exposed

to 100 8g/1iter bexane for 96 hour. in .ea vater.
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Regulations and Standards

OS]iA S,tandard a 1,800 mg/m3 TWA

ACGIH Threshold Limit Value:
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IRON

SUllUllary

There il lome evidence that high concentrations of certain
soluble iron salts may be teratogenic. The ingestion of excess
amounts of iron can irritate the gastrointestinal tract. Inhaling
lome iron-containing dusts and fumes can cause liderosis, a
type of benign pneumoconiosis.

Background Information

Iron is the fourth most abundant element in the earth's
crust. The pure metal is very reactive chemically. It corrodes
readily in the presence of oxygen and moisture, forming iron
(III) hydroxide [Fe (OB).3] •

CAS Number: 7439-89-6

Chemical Pormula: Pe

Chemical and Physical Properties

Atomic Weight: SS.847

Boiling Point: 2,7S0·C

Melting Point: 1,S3S·C

Specific Gravity: 7.86

S~lubility in Water: Insoluble

~olubility in Organics: Soluble in alcohol and ether

Transport and Fate

Elemental iron and many iron compounds, including Fe(OB)
and the iron oxides, are insoluble in water. Iron also tends)
to chelate with organic and inorganic matter. Consequently,
much of the iron present in aquatic Iystems tends to partition
into the bottom sediments. Iron has relatively low mobility
in loil. Atmospheric transport of iron can occur.
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Health Effects

Some Itudies have indicated that inhalation exposure to
high concentrations of iron oxide is associated vith increased
risk of lung and laryngeal cancers in hematite miners and foundry
workers. Bovever, the significance of these findings ia not
established aince exposures vere to a mixture of aubstances,
including radon gas and decomposition products of aynthetic
resins. Iron dextran solutions are reported to cause injection
site sarcomas in experimental animals. S~me iron compounds,
notably ferrous sulfate, are reported to have high mutagenic
activity in test systems. Intravenous injection of high con
centrations of soluble iron salts is reported to cause terato
genic effects, including hydrocephalus and anophthalmia, in
various species of experimental animals.

Iron is an essential element in plants and animals. Bow
ever, the ingestion of excess amounts of iron produces toxic
effects, primarily associated with gastrointestinal irritation.
Severe poisoning may cause gastrointestinal bleeding, pneumo
nitis, convulsions, and hepatic toxicity. A dose of about
30 9 of a soluble ferric salt is likely to be fatal in humans.
Persons ingesting more than 30 mg/kg sbould be observed for
clinical symptoms and possibly hospitalized. Chronic ingestion
of excess iron may lead to hemosiderosis or hemOChromatosis.
Long-term inhalation exposure to iron-containing dusts and
fumes, especially iron oxide, can produce aiderosis. This
condition is considered to be a type of benign pneumoconiosis
that does not progress to fibrosis. Bxposure to aerosols and
mists of soluble iron salts may produce respiratory and skin
irritation. The toxic effects of iron in experimental animals
are similar to those observed in humans.

Toxicity to Wildlife and Domestic Animals

The available data are not adequate to characterize the
toxicity of iron to vildlife or domestic animals. Iron is
unlikely to cause ecological toxicity.

Regulationa and Standards

OSHA ~tandard: 10 ag/a3 !WA (iron oxide fume)

AeGIS Threshold Liait Vatu.I.

S mg/m33~A (iron oxide fume, as Pe)
10 mg/! $TEL (iron oxide fume, as Pe)
1 m9/m3 TWA (Ioluble iron salts, as Pe)
2 ag/m STEL (soluble iron salts, as Fe)
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ISOBUTYL ALCOHOL

~ SUllUlla r Y

Rats injected subcutaneously with isobutyl alcohol developed
liver and gastrointestinal tumors. At high concentrations,
it depr.sses the central nervous system and irritates the skin,
eyes and throat in both animals and humans. High concentrations
of isobutyl alcohol have also been shown to cause slight changes
in the liver and kidneys of exposed mice.

CAS Number: 7S-S3-l

Chemical Pormula: CH3CHCR3CH20H

IOPAC Name: 2-Methyl propanol

Important Synonyms and Trade Namesl Isobutanol

Chemical and Physical Properties

Molecular Weight: 74

Boiling Point: 10S·C

Melting Point: -lOSoC

Sp,cific Gravity: 0.S05 at 20·C

Solubility in Water: 95,000 mg/liter at lS·C

Solubility in Organics: Soluble in alcohol and ether

Log Octanol/Water Partition Coefficient: 1.0 (calculated)

Transport and Pate

No information on the transport and fate of isobutyl alcohol
was found in the .ources reviewed. However, likely transport
and fate processes can be determined based on the general reac
tions of alcohols and the specific chemical and physical prop
erties of this .aterial.

Alcohols are very soluble in water and therefore probably
are not very volatile, although some evaporation may occur.
Oxidation is likely to be an important fate process in both
lurface water and the atmolphere. In loil, i.obutyl alcohol
is probably biodegraded by soil microorganisms.

Isobutyl alcohol
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Health Effects

Although the evidence on vhether ilobutyl alcohol 1s a
tumorigenic agent vhen administered orally in rats is equivocal,
this co.pound Is carcinogenic vhen injected lubcutaneously,
producing liver and gastrointestinal tumors. Ilobutyl alcohol
reportedly cauI.s autatlonl In Escherichia coli Itrain A and
cytogenic effects In Saccharomyces cerev!s!ae. Ro reproductive
or teratogenic effects &ave S.en reportea.

Isobutyl alcohol at high concentrations depresses the
central nervous system in both animals and man. Other symptoms
of excessive exposure are irritation of the eye and throat,
formation of vacuoles in the luperficial layers of the cornea,
and loss of appetite. Direct application of isobutyl alcohol
irritates the !kin, causing erythemia and hyperemia. A dose
of 19,370 mg/m inhaled for 136 bours has a narcotic effect
in mice and causes slight changes in the liver and kidneys.
The oral LDso for rats is 2.46 glkg, while the dermal LDSOfor rabbits Is 4.24 g/kg.

Toxicity to Wildlife and Domestic Animals

Limited information is available on the eftects of isobutyl
alcohol on the environment. Inhibition of cell division occurs
at 280 mg/liter for the bacterium Pseudomonas patida and at .
290 mg/liter tor the alga Microcystls aeru9lnosa.

Regulations and Standards

OSHA Standard (air)1 300 mg/m3 TWA

ACGIR Threshold Limit Values: 150 mg/m~ TWA
225 _g/. STEL
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ISOPROPYL ETHER

Summary

Although similar to ethyl ether, isopropyl ether is considered
to be aor. toxic and irritating. At high concentrations it
causes narcosis and death.

CAS Number: 10S-20-3

Chemical Formula: (CH 3) 2CHOCB (CB 3) 2

IOPAC Name: di-Isopropyl ether

Important Synonyms and Trade Names: 2-Isopropoxypropane, IPE,
DIPE, di-isopropyloxide

Chemical and Physical Properties

Molecular Weight: 102.2

Boiling Point: 69·C

Melting Point: -60·C

Specific Gravity: 0.73 at 20·C

S~lubility in Water: 2,000 mg/liter

S~lubility in Organics: Misciblevith alcohol and ethyl ether

Log Octanol/Water Partition Coefficient: Approximately 2.5
(calculated)

Vapor Pressure: 130 am Bg at 20·C

Vapor Density: 3.52

Plash Point: -lS·C (closed cup)

Transport and Pate

Mo specific information on the transport and fate of iso
propyl ether vas found 1ft the sources revieved. Bovever, likely
transport and fate mechanisms can be determined from information
on chemical and physical properties and by inference from informa
tion on bis(2-chloroisopropyl)ether.
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The relatively high vapor pressure of isopropyl alcohol
indicate. that it probably volatilizes from surface water and
soils. It il lo.ewhat water loluble and therefore may leach
through loll, although its log octanol/water partition coeffi
cient of approsiaately 2.5 indicates that it aay be adsorbed
to soil organics. In one Itudy, bis(2-chloroilopropyl)ether
was collected 150 miles downstream from a point lource at the
levels one would espect based on calculations using only river
dilution factors. This indicates that the ether is not volatilized
degraded, or sorbed to any great degree. The chemical is probably
fairly persistent In the environment. Conversion of the ether
to a peroxide probably occurs In the environment, but the actual
rate is unclear.

Health Effects

No reports on carcinogenicity, mutagenicity, reproductive
toxicity, or teratbgenicity were found in the literature reviewed.
Isopropyl ether is considered to be somewhat more toxic and
irritating than ethyl ether. The only toxic effects exhibited
were narcosis and death after the chemical was administered-
at high concentrations (narcosis occurred at about 42,000 mg/m3>.
The oral LD SO in rats is 6,470 mg/kg.

Toxicity to Wildlife and Domestic Animals

Adequate data for characterization of toxicity of isopropyl
ether to wildlife or dom.stic animals are not available.

Regulations and Standards

OSHA S~andard (air)1 2,100 mg/m3 ~A

ACGIS Threshold Limit Value., 1,050 mg/m~ TWA
1,320 mg/m STEL
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Summary

Lead il a heavy metal that exists in one of three oxidation
states, 0, +2, and +4. There is suggestive evidence that some
lead salts are carcinogenic, inducing kidney tumors in mice
and rats. Lead is also a reproductive hazard, and it can adversely
affect the brain and central nervous system by causing encephalo
pathy and peripheral neuropathy. Chronic exposure to low levels
of lead can cause subtle learning disabilities in children.
Exposure to lead can also cause kidney damage and anemia, and
it. may have adverse effects on the immune system.

CAS Number: 7439-92-1

Chemical Formula: Pb

IUPAC Name: Lead

Chemical and Physical Properties

Atomic Weight: 207.19

Boi ling Poin t: 1,7 40·C

Melting Point: 327.S02·C

Specific Gravity: 11.35 at 20·C

Solubility in Water: Insoluble, some organic compounds are
soluble

SolUbility in Organics: Soluble in BNOl and bot, concentrated
B2S04

Transport and Pate

Some industrially produced lead compounds are readily
soluble in water (USEPA 1979). Bowever,.etallic lead and
the common lead ainerals are insoluble in water. Natural compounds
of lead are not usually ~obile 1n noraal surface or groundwater
because the lead leached from ores is adsorbed by ferric hydroxide
or combines with carbonate or lulfate iona to fora insoluble
compounds. .
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Movement of lead and its inorganic and organolead compoun<
as particulates in the atmosphere is a major environmental
transport process. Lead carried in the atmosphere can be remo,
by either wet or dry deposition. Although little evidence
is available concerning the photolysis ot lead compounds in
natural waters, photolysis in the atmosphere occur. readily.
The.e atmospheric processes are important in determining the
fora of lead entering aquatic and terrestrial Iystems.

The transport of lead in the aquatic environment is influ
enced by the speciation of the 10n. Lead exists mainly as the
divalent cation in most unpolluted waters and becomes adsorbed
into particulate phases. Rowever, in polluted waters organic
complexation is DOst important. Volatilization ot lead compoun
probably is not important in most aquatic environments.

Sor?tion processes appear to exert a dominant effect on
the distribution of lead in the environment. Adsorption to
inorganic solids, organic materials, and hydrous iron and man
ganese oxides usually controls the mobility of lead and results
in a strong partitioning of lead to the bed sediments in aquatic
systems. The sorption mechanism most important in a particular
system varies with geological setting, pH, Eh, availability
of ligands, dissolved and particulate ion concentrations, salin
it~, and chemical com~sition•. The equilibrium solubility
of lead with carbona~e, sulfate, and sulfide is low. OVer
most of the normal pH range, lead carbonate, and lead sulfate
control solubility of lead in aerobic conditiona, and lead
sulfide and the metal control 1D1ubility in anaerobic conditions
Lead is strongly complexed to organic materials present in
aquatic systems and soIl. Lead in soil 1s not easily taken
up by plants, and therefore its availability to terrestrial
organisms is somewhat limited.

Bioaccumulation of lead has been demonstrated for a variety
of organisms, and bioconcentratio" factors are within the range
of 100-1,000. Microcosm studies indicate that lead is not
bio.agnified through the food chain. Biomethylation of lead
by microorganisms can remobilize lead to the environment.
The ultimate sink of lead is probably the deep oceans.

Health Effects

Tbere Is .,laence that several lead salts are carcinogenic
In aice or rata, causing tumors of the kidneys after either
oral or parenteral administration. Data concerning the carcino
genicity of l.ad in bUmans are inconclusive. The available
data are not sufficient to evaluate the carcinogenicity of
organic l.ad compounds or m.tallic lead. There ia equivocal
evidence that exposure to lead causes genotoxicity in humans
and animals. The available evidence indicates that lead presents
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a hazard to reproduction and exerts a toxic effect on conception,
pregnancy, and the fetus in humans an4 experimental animals
(USEPA 1977, 1980).

Many lea4 ca.pounds are sufficiently 101uble in body fluids
to be toxic (USEPA 1977, 1980 t. Exposure of humans or exper i
mental animals to lead can result in toxic effects 1n the brain
and central nervous system, the peripheral nervous system,
the kidneys, and the hematopoietic syitem. Chronic exposure
to inorganic lead by ingestion or inhalation can cause lead
encephalopathy, and severe cases can result in permanent brain
damage. Lead poisoning may cause peripheral neuropathy in
adults and children, and permanent learning disabilities that
are clinically undetectable in children may be caused by exposure
to relatively low levels. Short-term exposure to lead can
cause reversible kidney damage, but prolonged exposure at high
concentrations .ay result in progressive kidney damage and
possibly kidney failure. Anemia, due to inhibition of hemoblobin
synthesis and a re~uction in the life span of circulating red
blood cells, is an early manifestation of lead poisoning.
Several studies with experimental animals suggest that lead
may interfere with various aspects of the immune response.

Toxicity to Wildlife and oomestic Animals

Fresh.,ater vertebrates and invertebrat.s are more sensitive
to lead in soft water than in hard water (OSEPA 1980, 1983).
At a hardness of about 50 mg/liter caco , the median effect
concentrations for nine families range ~rom 140 ~g/liter to
236,600 ~g/liter. Chronic values for Daphnia magna and the
rainbow trout are 12.26 and 83.08 ~g/llter, respectively, at
a hardness. of about 50 JIg/liter. Acute-chronic ratios calcu
lated for three :reshwater species ranged from 18 to 62. Biocon
centration facto~s, ranging from 42 for young brook trout to
1,700 for a snail, vere reported. Freshwater algae show an
inhibition of growth at concentrations above 500 ~g/liter.

Acute value. for twelve saltwater species range from 476 ~gl

liter for the common aussel to 27,000 ~g/liter for the soft
shell clam. Cbronic exposure to lead causes adverse effects
in mysid shrimp 3t 37 ~g/liter, but not at 17 ~g/liter. The
acute-chronic ratio for this species is 118. Reported biocon
centratlon factors range from 17.5 for the Quahog clam to 2,570
for the blue .uasel. Saltwater algae are adversely affected
at approximate lead concentrations aa low as 15.8 ~g/liter.

Although lead 1. known to occur in the tlssue of many
free-living wild anlmals, Including birds, mammals, fishes,
and invertebrates, report. of poisoning usually, Invol"e waterfowl.
There is evidence that lead, at concentrations occasionally
found near roadsides and .melterl, can eliminate or reduce
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populations of bacteria and fungi on leaf lurf.cel and in loil.
Many of these microorganisms play key roles in the decomposer
food chain.

Cases of lead poisoning have been reported for a variety
of domestic ani.als, including cattle, hors.s, dogs, and cats.
Several t¥pes of anthropogenic lOurces are cited a. the lource
of lead in these reports. Because of their curio.ity and their
indiscriminate eating habits, cattle experience tha greatest
inci~ence of lead toxicity a.ong domestic animals.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA).

Aquatic Life (Proposed Criteria)

The concentrations below are for active lead, which is
defined as the lead that passes through a 0.45-~m membrane
filter after the sample is acidified to pH 4 with nitric
acid.

Preshwater

Acute toxicity: e(1.34 [In(hardnes.)] - 2.014) ~9/1iter

Chronic toxicity: .(1.34 [In(hardne •• )] - 5.245) ~g/lit

Saltwater

Acute toxicity: 220 ~g/liter
Chronic toxicity: 8.6 ~g/liter

Buman Health

Criterion: 50 ~g/liter

Primary Drinking Water Standard: 50 ~g/liter

NIOSS Recomm.nded Standard: 0.10 ag/.3 TWA (inorganic lead)

OSHA Standard: 50 ~g/m3 Tw.A

ACGIS Threshold Limit. Values:
"

0.15 .g/.~ TWA (inorganic dusts and fumes)
0 •. 45 ag/m STEr. (inorganic dusts and fu.e.)
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Virtually no apecific information on the toxicity of 2,4,S-T
to wil~life or do.estic animals is available. While 2,4,S-T
is thought to have relatively low toxicity for vertebrate species,
it has been reported that populations of invertebrates, including
beneficial insect species, have been adveraely affected at
fiel~ concentrations. Invertebrates may be adversely affected
both directly because of the compound'. toaicity and indirectly
because of the changes 2,4,5-'1' produces in vegetation growth
patterns. Although 2,4,S-T i. not reported to have large,
direct toxic effects on livestock, there are reports of animal
deaths due to alterations in plant chemistry and palatability
after 2,4,5-'1' treatment.

Information
is also limited.
S5 mg/liter~ for
1. 3 mg/li ter.

on the effects of 2,4,5-T on aquatic species
Among fish, the to value for perch is

guppies, 8 mg/liter?Oand for rainbow trout,

Regulations and Standards

OSHA S.tandard (air): 10 mg/m3 TWA

ACGIS Threshold Limit Value: 10 mg/m3 TWA

REFERENCES

AMERICAN CONFERENCE or GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIS) •
. 1980. Documentation of the Threshold Limit Values. 4th

ed. Cincinnati, Ohio. 488 pages

INTERNATIONAL AGENCY POR RESEARCH ON CANCER (IARC). 1977.
lARC Monographs on the Evaluation of the Carcinogenic
Risk of Chemicals to Man. Vol. 15: S.ome rumigants, the
Herbicides, 2,4-0 and 2,4,S-T, Chlorinated Dibenzodioxins
and Miscellaneous Industrial Chemicals. World Health
Organization, Lyon, Prance. pp. 273-299

THE MERCK INDEX. 197'. 9th 8d. Windholz, M., ed. Merck
and Co., Rahway, New Jersey

NATIONAL INS'1'ITUTZ POR OCCUPATIONAL SAFETY AND HEALTH (NIOSS).
1984. ~egi.try of Toaic Effects of Chemical Substanc~s.
Data aa.e. Washington, D.C. October 1984

MAT10NAL RESEARCH COUNCIL or CANADA. 1978. Phenoxy Herbicides:
Their Effects on Environmental Quality. Subcommittee
on Pesticides and Related Compounds, Ottawa, Canada.
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SAX, N.I. 1975. Dangerous Properties of Industrial Materials.
4th ed. Van Nostrand Reinhold_Co., New York. 1,258 pages

VlRSCBUEREM, K. 1977. Sandbook of Environmental Data on Organj
Che.icall. Van No.trand Reinhold Co., Mev York. 659 page!

VETERANS ADMINISTRATION (VA). 1982. Review of Literature
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ography. Depart.ent of Medicine and Surgery, Wa.hington, C
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Dioxins. Vols. 3 and 4. Analysis and Bibliography of Re
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and Surgery, Washington, D.C •
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LITHIUM

Summary

Lithium produced cleft palate in the offspring of pregnant
rats and mice, and it caused other malformations 1n the rat
fetuses. Exposure to various lithium compounds can cause eye,
skin, and mucous membrane irritation: pulmonary emphysema:
nausea: blurred vision: coma: and epileptic seizures.

Background Information

Lithium is a soft white metal that reacts exothermally
with nitrogen at room temperature when the humidity is moderately
high. It burns and explodes in contact with water, nitrogen,
acids, and oxidizing agents.

CAS Number: 7439-93-2

Chemical Formula: Li

IOPAC Name: Lithium

Important Synonyms and Trade Names: Lithium metal

Chemical and Physical Properties

Molecular Weight: 6.9

Boiling Point: l342·C

Melting _Point: lSO.S·C

specific Gravity: 0.534 at 20·C

S~lubility in Water: Decomposes in cold water

Solubility in Organics: Insoluble

Vapor Pre••ure: 1 .. 8g at 723·C

Flash Point: Hot pertinent (combustible solid)
'"

Transport and Fate

No specific information on the transport and fate of lithium
was found in the literature reviewed. Lithium metal decomposes
in water and form. loluble lithium salt.. It aoves readily
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with ground and surface water. The movement of lithium through
soil is limited by the cation exchange potential of the soil.

Health Effects

There were no data on carcinogenic or mutagenIc effects
In the 11terature reviewed.

Rats were dosed intraperitonally with 50 mg/day on days
1, ., 7, and 9 of gestation, followed by doses of 20 mg daily
until day 17. Malformations were aeen 1n the eye (62') and
external ear (45.), cleft palate also occurred (39.) (Wright
et ale 1970). Cleft palate was also observed in mice (Szabo 1970

+ The lethality of lithIum cbloride is dependent upon the
Ma level 1n the body. Dogs survive~ an oral dose of SO mg/kg
for 150 days when they had normal.Ma levels but died within
8 to 12 days if they had a low Ma level. The oral LO for
lithium chloride 1n rats was determined to be 757 ~9/k~~ The
to in dogs for Li CO was measured as 500 mg/kg. Lithium
cosiaounds cause nauieal vomit1ng1 skin, eye, and lung i"rritation:
and pulmonary emphysema 1n humans at doses .s low as 7 mg/kg.

The chronic health effects of lithiua are anorexia, fatigue,
dehydration, diarrhea, vomiting, blurred vlaion, coma, and
epileptic seizures. The target organ is the kidney, although
lithium is distributed fairly evenly throughout the body.

Toxicity to Wildlife and Domestic Animal.

There were no data available on the toxicity of lithium
to wildlife and domestic animals.

Regulations and Standards

ACGIS Threshold Ltmlt Value: 0.025 ag/m3 TNA (lithium hydride)

REFERENCZS

AMERICAN CONFERENCE or GOVERNMENTAL INDOSTRIAL HYGIENISTS (ACGIH).
1980. Docum.ntation of the Thr••hold Limi t Values"•. 4th
ed. Cincinnati, Oaio. 488 pages

RATIONAL INSTITUTE POR OCCUPATIONAL SAFETY AND HEALTH (RIOSH).
1984. .egi.try of Toxic Effecta of Chemical S~b~tances.
Data a.... W••bington, D.C. July 1984

SZABO, 1.'1'. T.rat·og.nic effect of 1lthi.. c.rbonat. in the
. foetal mou.e. 1970. Mature 225173
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'2nd ed. eRC Press, Cleveland, Ohio. 2,332 page.

WRIGHT, T.L., ROPPMAN, L.R., and DAVIES, J~ 1970. Lithi~
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MAGNESIUM

Summary

Expolure to magnesium oxide fumes can cause .etal fume
fever in humans. Exposure to magnesium oxide dust can irritate
the eyes and respiratory tract. Ingestion of very blgh levels
of magnesium salts can cause central nervous Iytem effects,
it can also have a laxative action.

Background Information

Magnesium is the eighth most abundant element on earth.
It is very reactive chemically and dQes not occur uncombined
in nature. Finely divided magnesium can react with water to
yield hydrogen gas and magnesium bydroxide. Bowever, reaction
of solid magnesium with water is self-limiting because of the
formation of a film of magnesium hydroxide. As a result, ele
mental magnesium is considered Inloluble in water.

CAS Number: 7439-95-4

Chemical Pormula: Mg

IUPAC Name: Magnesium

Chemical and Physical Properties

Atomic Weight: 24.312

Boiling point: 1107·C

Melting Point: 648.8·C

Specific Gravity: 1.738

S,olubil i ty in Water: Insoluble, !lOst lal ts are very soluble

Transport and rate

Most .agnesium lalts are very loluble at pH levels normally
found In natural vaters, and the magnesium ion is readily trans
ported 1n lurface water,'loil, and groundwater. The extent of
magnesium transport In soil Is dependent, In part, on the cation
exchange capacity of the soil. Bvaporation of ocean spray
particles and subsequent atmospheric transport of magnesium
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can occur. Atmospheric transport of dusts and fumes of compounds
luch as magnesim oxide can also occur.

Health Effecta

There is no evidence to auggest that aagnesiu. ba. carcino
genic, autagenic, teratogenic, or reproductive effect. in humans
or experi.ental animals. Magnesium oxide fumes can produce
metal fume fever in humans and experimental animals. Exposure
to magnesium oxide dust may cause irritation of the eyes and
respiratory tract. Buman exposure to magnesium usually occurs
by ingestion. Magnesium is an essential element for humans,
animals, and plants. Ingestion of 3.6 to 4.2 mg/kg/day is
thought to be adequate for maintenance of magnesium balance
in humans. The average adul~ American is estimated to ingest
240 to 480 mg/kg/day in food and vater. Bovever, magnesium
is absorbed relatively poorly by the gaatrointestinal tract
and also is readily excreted in the urine. Excessive magnesium
retention in the body generally only occurs aa a result of
severe kidney disease. Symptoms of hypermagnesemia can include
a sharp drop in blood pressure, and respiratory paralysis due
to central nervous system depression. Ingestion of magnesium
salts at concentrations over 700 mg/liter can have a laxative
effect. However, humans can adapt to ingestion of these levels
in a relatively short time. Magnesium has a very unpleasallt
taste in vater at concentrations producing toxic effects.

Different magnesium compounds vary In the .everity of
their toxic effects to experimental animals. Such effects
include central nervous system and purgative effects limilar
to those seen in humans. Subcutaneoul injection of powdered
magnesium or magnesium alloys can produce symptoms in experi
mental animals resembling gas gangrene. Application of po\1dered
magnesium to abraded skin can produce an inflammatory reaction.
Bowever, these types of skin effects have not been reported
in exposed vorkers.

Toxicity to Wildlife and Domestic Animals

Available data are not adequate to characterize the toxicity
of ..gnesi~ to vildlife or domestic animals. Obaerved effects
are generally relatea to deficiency aymptoms.

Regulations and Standards

OSBA $~andard: 15 .9/m3 (magnesium oxide fume)

AeGIB Threshold Limit Values:

Magnesium
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io ;g/;~ TwA (.~gn;site, nuisance particulate)
20 ag/a STEL (.agnesite, nuisance particulate)

) u.s. Department of Transportation: 'lammable solidJ dangerous
when wet

REFERENCES
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John Wiley and Sons, New York. 2,878 pages

DOULL, J., KLAASSEN, C.D., and AMDUR, M.O., eds. 1980. Casarett
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MANGANESE

....\ Summary

Manganese chloride produced lymphomas and manganese sulfate,
tumors after injestion into mice. In humans, chronic exposure
to manganese causes degenerative changes In the central nervous
system in the form of a Parkinson-like disease, liver changes
also occur. Acute exposure causes manganese pneumonitis.

CAS Number: 7439-96-5

Chemical Pormula: Mn

IOPAC Name: Manganese

Chemical and Physical Properties

Atomic weight: 54.938

Boiling Point: 1962-C

Melting Point: 1244-C

Specific Gravity: 7.20

Solubility in Water: Decomposes, some compounds are soluble

Transport and Pate

Manganese occurs most commonly in the +2 and +4 oxidation
states in aquatic systems. Its solubility depends to a great
extent on pH, dissolved oxygen, and presence of complexing
agents. In saltwater, it i. estimated that 85' or more of the
manganese present exists in a soluble form. In freshwater,
manganese can occur as the soluble ion, in complex organic ions,
or in colloidal auapensions. Manganese often occurs at higher
concentrations near the bottom of stratified lakes because it
can be released from aediments, as the .anganous ion, under
reducing conditiona.

In tbe aoil, the concentration and cheaical form in which
.anganese occur can be affected by pH, cation exchange capacity,
drainage, organic matter content, and other factors. The solu
bility of aanganese ia increased at low pH and under reducing
conditions. The presence of high concentrations of chlorides,
nitrates, or aulfates .ay also increase aolubility. Under
these conditions, .anganese ia aore easily taken up by plants
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or transported in aqueous solution. Lack of lufficient cation
exchange sites, which are provided by organic matter or clay,
can also result in greater leaching of sanganese to lurface or
groundwater.

Atmolpheric transport of manganese fumes or dusts can
occur. These materials can be returned to the earth by wet
or dry deposition.

Health Effects

There are no epidemiological studies .uggesting that man
ganese or its compounds are carcinogenic or have teratogenic or
reprOductive effects in humans. Exposure to manganese chloride
by intraperitoneal or subcutaneous routes was reported to cause
lymphomas in mice. Manganese sulfate was found to produce
tumors after intraperitoneal administration in mice. No other
reports of unequivocal carcinogenic activity are available for
common manganese compounds. S~me manganese compounds, notably
manganese chloride, have exhibited mutagenic activity in a
variety of test systems. Manganese compounds do not appear
to be teratogenic, however.

In humans, manganese dusts and compounds have relatively
low oral and dermal toxicity, but they can cause a variety
of toxic effects after inhalation exposure. Acute exposure
to very high concentrations can cause manganese pneumonitis,
increased susceptibility to respiratory disease, and pathologic
changes including epithelial necrosis and mononuclear prolifera
tion. Chronic manganese poisoning is more common, but generally
occurs only among persons occupationally exposed to manganese
compounds. Degenerative changes in the central nervous system
are the major toxic effects. Early symptoms include emotional
changes, followed by a masklike face, retropulsion or propUlsion,
and a Parkinson's-like syndrome., Livercbange. are also frequently
seen. Individuals with an iron deficiency aay be more suscept
ible to chronic poisoning.

Duplication of human exposure lymptomS in experimental
animals bas only been partially lucces.ful. In rabbit. exposed
by inhalation to a.nganese dust, aangan••e pneumonitis did
not develop, but fibrotic change. in the lungs were observed.
Central nervous syltemeffects characteristic of chronic expo
lure in bgaans have only been reproduced in aonteys.

,

Toxicity to Wildlife and Domestic Animals

Adequate data for characterization of the toxicity of
aanganese to wildlife or domestic anim.ls are not available.
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reported for emoryOs of t~e oyster Crassost:.a virginica.
ror the .oftshell clam Mya arenaria a l6S-hour LC SO val~e of
300 ag/liter i. r.ported.

Regulation. and Standards

OS.HA ~tandard: 5 .g/m3 Ceiling Level

ACGIH Threshold Limit Values:

1 ID9/1D~ TWA (fume)
J IDg/lD) STEL (fume)
5 IDg/1D Ceiling Level (dust and compounds)

REFERENCES

AMERICAN CONFERENCE or GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIS).
1980. Documentation of tbe Threshold Limit Values. 4th
ed. Cincinnati, Ohio. 488 pages
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MERCURY

Summary

Both organic and inorganic forms of mercury are reported
to be teratogenic and embryotoxic in experimental animals.
In humans, prenatal exposure to methylmercury has been associated
wit"h brain damage. Other major target organs for organic mercury
compounds in humans are the central and peripheral nervous
ststem and the kidney. In animals, toxic effects also occur
in th~.liver, heart, gonads, pancreas, ~nd gastrointestinal
tract~ Inorganic mercury is generally less acutely toxic than
organic mercury compounds, but it does affect the central nervous
system adversely.

Background Information

Several forms of mercury, including insoluble elemental
mercury, inorganic species, and organic species, can exist
in the environment. In general, the mercurous (+1) salts are
much less soluble than the more commonly found mercuric (+2)
salts. Mercury also forms many stable organic complexes that
are generally much more soluble in organic liquids than in
water. The nature and solubility of the chemical species that
occur in.an environmental system depend on the redox potential
and the pH of the environment.

CAS Number: 7439-97-6

Chemical Pormula: Hg

IUPAC Name: Mercury

Chemical and Physical properties (Metal)

Atomic Weight: 200.59

Boiling Point: 356.58·C

Melting Points -38.87·C

Specific Gravity: 13.5939 at 20·C

S~lubility In Water:

Mercury
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Solubility in Organics: Depends on chemical species

-Vapor Pressure: 0.0012 am 8g at 20·C

Transport and rate

Mercury and certain of its compounds, including seyeral
inorganic species and dimethyl mercury, can volatilize to the
atmo~phere frc. aquatfc and terrestrial source.. Volatilization
is reduced by conyersion of metallic mercury to camplexed species
and b~·depo.ition of HgS in reducing .ediments, but eyen so
atmospheric transport is the major environmental distribution
pathway for mercury. Precipitation ia the primary mechanism
for remoyal of mercury from the atmosphere. Photolysis is
important In the breakdown of airborne mercurials and may be
important in some aquatic syste.s. Adsorption onto auspended
and bed sediments is probably the most important process determin
ing the fate of mercury in the aquatic environment. ~orption

is stronges·t into organic materials. Mercury in soils is gener
ally complexed to organic compounds.

Virtually any mercury compound can be remobilized in aquatic
syste.s by microbial conyersion to methyl and dimethyl forms.
Conditions reported to enhance biamethylation include large
amounts of available mercury, large numbers of bacteria, the
absence of strong complexing agents, near neutral pS, high
temperatures, and moderately .erobi~ environments. Mercury
is strongly bioacc\DIlulated by numeroua mechanis.s. Methylmercury
is the most readily accumulated and retained fora of mercury
in aquatic biota, and once it entera a biological system it
is very difficult to eliminate.

Health Effects

When administered by intraperitoneal i·njection, .etallic
mercury produces implantation lite sarcomas in rats. No other
studies were found connecting mercury exposure with carcinogenic
effects in animals or human.. Several .ercury compounds exhibit
a variety of genotoxic effect. 1"n eukaryote.. In general,
organic mercury campound. are aore toxic than inorganic compounds.
Although brain damage due to prenatal exposure to .ethylmercury
has occ~rred in human populationa, no conclu.ive evidence is
available to .ugge.t that mercury cause. anatomical defects
in humans. Babryotoxlcity,and teratogenicity of .ethylmercury
has been reported for a variety of experi.ental ani.als. Mer
curic chloride 1. reported to be teratogenic in experimental
animals. No conclu.ive result. concerning the teratog~nic

effects of .ercury vapor are available. .
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In humans, alkyl .ercury compounds pass through the blood
brain barri.r and the placenta very rapidly, 1n contrast to
inorganic ••rcury compounds. Major target organs are the central

.~ and peripheral nervous systems, and the kidney. Methylmercury
is particularly hazardous because of the difficulty of elimi
nating it from the body. In experimental animals, organic
aercury compounds can produce toxic effecta in the gaatrointes
tinal tract, pancreas, liver, heart, and gonada, with involvement
of the endocrine, immunocompetent, and central nervous aystems.

Elemental mercury is not highly toxic as an acute poison.
Bowever, inhalation of·high concentrations of mercury vapor
can cause pneumonitis, bronchitis, chest pains, dyspnea, cough
ing, stomatitis, gingivitis, lalivation, and diarrhea. Soluble
mercuric salts are highly poisonous on ingestion, with oral
LD~O values of 20 to 60 mg/kg reported. Mercurous compounds
are less toxic when administered orally. Acute exposure to
mercury compounds at high concentrations causes a variety of
gastrointestinal symptoms and severe anuria with uremia. Signs
and symptoms associated with chronic exposure involve the central
nervous system and include behavioral and neurological distur
bances.

Toxicity to wildlife and Domestic Animals

The toxicity of mercury compounds has been teated in a
wide variety of aquatic organisms. Although methylmercury
appears to be more toxic than inorganic mercuric lalts, few
acute or chronic toxicity tests have been conducted with it.
Among freshwater species, the 96-hour LCsS values for inorganic
mercuric salts range from 0.02 ~g/liter r r crayfish to 2,000 ~g/
liter for caddisfly larvae. Acute values for methylmercuric
compounds and other mercury compounds are only available for
fishes. In rainbow trout, methylmercuric chloride is about
ten times more toxic to rainbow trout than mercuric chloride,
which is acutely toxic at about 300 ~g/liter at lO·C. Methyl
mercury is the moat chronically toxic of the tested compounds,
with chronic value. for Darhnia magna and brook trout of 1.00
and 0.52 ~g/liter, respect ve1y. The acute-cbronic ratio for
Daphnia magna ia 3.2.

Mean acute values for aaltwater apecie. range from 3.5
to 1,680 ~g/liter. In general, molluscs and crustaceans are
more lensitive than fish to the acute toxic effects of mercury.
A life-cycle experiment with the mysid ahrimp sbowed that inor
ganic mercury at a conce~tration of 1.6 ~g/11ter significantly
influences ti.e of appearance of first brood, time of first
apawn, and productivity. The acute-chronic ratio for the mysid
ahrimp is 2.9.
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Chronic dietary exposure of chickens to .ercuric chloride
at growth inhibitory levels causes immune suppression, with
a differential reduction effect on specific iamunoglobulins.

legulations and Standards

Ambient Wat.r QU.lity Criteria (OSEPA):

Aquatic Life (Proposed Criteria)

Preshwater

Acute toxicity: 1.1 ~g/liter

Chronic toxicity: 0.20 ~g/liter

Saltwater

Acute 'toxicity:
Chronic toxicity:

. Ruman Real th

1.9 ~g/liter

0.10 ~g/liter

Criterion: 144 ng/liter

Primary Drinking Water ~tandard: 0.002 mg/liter

NIOSS lecommended Standard: 0.05 .g/m~ ~ (inorganic mercury)

OS.HA S~andard: O~l mg/.3 Ceiling Level

ACGIS Threshold Limit Values:

0.01 Jlg/m3 TWA (alkyl compounds)
0.03 mi/.~ STEL (alkyl compounds)
0.05 Jlg/! TWA (Varr)
O.l.g/m TWA (ary and inorganic compounds)
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METHACRYLIC ACID
METHACRYLIC ACID, METHYL ESTER

Summary

Methacrylic acid caused DNA damage in Escherichia coli,
and methyl methacrylate was found to be mutagenic uslng-rni
Ames assay. Methyl methacrylate caused fetal deaths and develop
mental abnormalities in rats. Exposure to methacrylic acid
in the air can cause eye irritation in humans.

Methacrylic acid: C R CH COOR
Methacrylic acid, me~htl jsther: C2R2CH3COOCH3

2-Methyl-2-propenoate
methyl esther: Methyl-2-methyl-

Methacrylic acid:
Methacrylic acid,

2-propenoate

IUPAC Name:

CAS Number: Methacrylic acid: 79-41-4
Methacrylic acid, methyl ester: 80-62-6

Chemical Formula:

Important Synonyms and Trade Names:

Methacrylic acid: Methacrylate
Methacrylic acid, methyl esther: .Methyl methacrylate, Pegalan

Chemical and Physical Properti.s

Molecular weight: Methacrylic acid: 86
Methacrylic acid, methyl esther: 100

Boiling Point: Methacrylic acid: l63·C
Metbacrylic acid, .ethyl esther: 100·C

Melting Point: Methacrylic acid: l6·C
Methacrylic acid, .ethyl esther: -48·C

Specific Gravity: Methacrylic acid: 1.015 at 20·C
Methacrylic acid, .ethyl esther: 0.994 at 20°C

Solubility in Water: Slightly .oluble in vater

Solubility in Organic.: Miscible in alcohol, ether, and acetone

Log Octanol/Water Partition Coefficient:

Methacrylic acid: 0.65 (calculated)
Methacrylic acid, .ethyl esther: 1.15 (calculated)

Methacry1ic acid
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Vapor Pressure: Methacrylic acid: 0.65 •• Bg at 20·C
Methacrylic acid, methyl esther: 40 mg/Bg at 25°1

Vapor Density: Methacrylic acid: 297

Plash Pointl 77·C

Transport and Fate

The limited information available on the transport and
fate of methacryllc acid (methacrylate) and methacryllc acid,
methyl esther (methyl methacrylate) suggests that microbial
biodegradation is an important fate process for both compounds.
Methyl methacrylate is probably somewhat volatile and may also
be hydrolyzed in a slightly acidic aqueous solution to methacrylate
and methanol.

Health Effects

No data on the carcinogenic, embryotoxic, or teratogenic
properties of methacrylic acid were found in the literature
reviewed. It did cause DNA damage in Escherichia coli. Direct
eye or skin contact with methacrylic acId can result In blindness
or corrosion ~f the skin, but exposure to a saturated atmosphere
of 3,500 mg/m for 7 hours caused only ey! irritation in rats.
Rats exposed via inhalation to 1,050 mg/. for 6 hours a day
for 20 days suffered slight renal congestion. The dermal LD SOfor rabbits is 500 to 1,000 mg/kg.

Methyl methacrylate was administered to male and female
Wistar rats in their drinking water for two years, and no treat
ment-related tumors were observed. Mor vere any tumors found
after rats had .ethyl methacrylate applied to the back of their
necks 3 times per veek for 4 months, the rats vere kept for
the rest of their lives. Solid pieces of .ethyl .ethacrylate
have caused sarcomas at the site. of implantation. Thus, the
evidence on the carcinogenicity of methyl methacrylate is incon
clusive. Methyl .ethacrylate was found to be autagenic using
the Ames .ssay vithout activation and to be clastogenic 1~
rat bone .arrow cell. after inhalation exposure of 4 _g/m
for 16 weeks. There is evidence that inhalation exposure to
sufficiently high levels of methyl methacrylate can eause fetal
deaths and developmental abnormalities in rats. The rat oral
LDSO is 7.87 g/kg, for the mouse, it is 5.2 g/kg.

Toxicity to Wildlife and Domestie Animals

Although no information vas available in the literature
reviewed on tbe environmental toxicity of .ethaerylie acid,

Methaerylle acid
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410 mg/m~ TWA
510 m9/m STEL

limited information is available for ~ethyl methacrylate.
The T~ (24-96 hour) 9alues for the bluegill, fathead ~innow,

and gu~py range from 159 to 500 .g/liter. The threshold for
inhibition of all multiplication of the bacterium pseudomonas
putida is 100 _g/liter, cell mutip1ication of the alga Microsystic
aeruglnous is inhibited at 120 mg/1iter.

Regulations and Standards

OSHA Standard (air):

Methacrylic acid, methyl esther: 410 mg/m3 TWA

ACGIH Threshold Limit Values:

Methacrylic acid: 70 mg/m3 TWA
Methacry1ic acid, methyl esther:
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METHANOL

Summary

Methanol is highly toxic to humans when ingested or inhaled
as a vapor. It causes blindness, nausea, headaches, delirium,
and death. In addition, inhalation of high doses had teratogenic
effects on the cardiovascular and urogenital systems of pregnant
rats.

CAS Number: 67-56-1

Ch~mical Pormula: CB30R

IUPAC Name: Methanol

Important Synonyms and Trade Names: Methyl alcohol, wood alcohol

Chemical and Physical Properties

Molecular Weight: 32

Boiling Point: 64.S·C

Melting Point: -94·C

Specific Gravity: 0.791 at 20·C

Solubility in Water: Miscible in water

Solubility in Organics: Soluble in alcohol, acetone, ether,
benzene, and chloroform

Log Octanol/Water Partition Coeff lcient: -0.97· (calculated)

Vapor Pressure: 96 am Ig at 20·C

Vapor Density:" 1.11

Plash Point: l2·C (clo••d cup)

Transport and Pate
"

No information on the transport and fate of methanol was
found in the .ource. reviewed. lowever, based on the general
reactions of alcohols and the specific chemical and physical
properties of the aaterial, likely transport and fate processes
can be determined.
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Alcohols are very .oluble in water and therefore probably
are not very volatile. Some eyaporation i. likely to occur,
however, especially for a compound luch as aethanol with a
relatively high vapor pressure. Oxidation is probably an im
portant fate process in both lurface vater and the atmosphere.
In .oil, .ethanol i. probably biodegraded by .oil alcroorganisms.

Health Effects

No information on the carcinogenicity of methanol was
found in the literature reviewed. S~veral studies suggest
that methano, may have some mutagenic activity. ligh doses
(26,000 mg/m ) caused teratogenicity, including effects on
the cardiovascular and urogenital .ystems, when administered
to pregnant rats for 7 hours.

The toxic effects of drinking .ethanol, by mistaking it
for ethyl alcohol, are vell known. Ingestion of a fev ounces
of methanol may result in nausea, epigastric pain, vomiting;
headachesl dizziness, delirium, visual disturbances, including
blindness, and death (Treon 1963). Similar effects bave also
been reported after exposure to high levels of .ethanol vapor
(Treon 1963). The characteristic blindness that .ay develop
in exposed humans results from retinal destruction and degenera
tion of the optic nerve. Metabolites of .ethanol, particularly
formaldehyde, are believed to be responsible for tbis effect
(Cornish 1980). The aetabolism of aethanol in aan also gives
rise to formic acid, and this is partlr responsible for the
seyere acidosis that develops in intox cated individuals (Cornish
1980, Treon 1963). Bovever, chronic exposure to low levels
of methanol, 1s not expected to have .erious adverse health
effects.

Toxicity to Wildlife and Domestic Animals,

Methanol has a 48-hour LC~o of 8,000 ag/liter in trout,
and the 24-hour LD and LD 9alues in creek chub are 8,000
and 17,000 mg/liteP, respe~QivelY. Mo effects were leen in
Daphnia exposed to 10,000 ag/11ter nor 1n a protozoa exposed
to 1,250 ag/liter either. Algae vere not affected at levels
of less than 10,000 ag/liter either. The LC§o of a .altwater
specie., the brine Ihriap, vas 10,000 ag/liter.

NO data were available on the effect. of .. thanol on domes
tic aniaall or terreltrial wildlife in the literature reviewed.
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Regulations and Standards

NIOSH Recommended Standards: 260 .g/m3 ~A
1,040 mg/.3 Ceiling Level

OSHA Standard (air): 260 mg/m3 TWA

ACGIS Threshold Limit Values: 260 mg/m~ TWA
325 mg/m S'l'EL
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METHYL CHLORIDE

Summary

Met~yl chloride is carcinogenic in male mice, causing
tumors of the kidney and liver. It was found to be mutagenic
using the Ames assay. Methyl chloride has also been shown
to be teratogenic, it produces heart defects in the offspring
of exposed mice. Exposure to hig~ concentrations adversely
affects the central nervous system, kidney, and liver in humans •. ...

CAS Number: 74-87-3

Chemical Formula: CB3Cl

IUPAC Name: Chloromethane

Important Synonyms and Trade Names: Chloromethane, monochloromethane

Chemical and Physical Properties

Molecular Weight: 5~.49~

Boiling Point: ~23.7·C

Melting Point: -97·C

Specific Gravity: 0.9159 at 20·C

S~lubility In Water: 6,450 to 7,250 mg/liter at 20·C

Solubility in Organics: . Miscible with chloroform, ether, and
glacial acetic acid, soluble in alcohol

Log Octanol/Water Partition Coefficient: 0.91

Transport and Pate

Methyl cbloride is a gas at normal environmental tempera
tures and therefore i. unlikely to remain in loil or water.
Experimental Itudies ~av. found the half-life of methy1 chloride
in agitated water to be 27 minute.. Although this finding
may not be directly applicable to natural vaterl, it doel suggest
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rapid 108s of the compound from water. Sorption of methyl
chloride to soil or sediment has not been studied: however,
its relatively lov log octanol/water partition coefficient
suggests that partition occurs primarily into air or vater.

, The ..jor route' ot environmental degradation ot methyl
chloride i. probably through oxidation in the troposphere.
A~ this level of the atmosphere~ the methyl chloride .olecule
is attacked by hydroxyl radicals via the mechanism of hydrogen
ab.t.r~c;:tion'. The primary product is formyl chloride.

0"

Health Effects

Methyl chloride was found to be carcinogenic in male mice
exposed to the compound via inhalation for a 2-year period.
A significantly increased incidence of benign and malign!nt
kidney tumors was found in animals exposed to 2,100 mg/m •
An increased incidence of hepatocellular carcinomas that was
marginally significant vas also found using an actuarial analysis
of the data. Negative result. for carcinogencicity for female
mice and male and female rats veri obtained in the same stUdy.
Methyl chloride has been found to be mutagenic using the Ames
assay, vith and without a metabolic activating system. Methyl
chloride has also been shown to be teratogenic in mice, causing
heart defects in fetuses 3elpolea in utero at an airborne con
centration of 1;050 mg/1I on gestation day. , to 17.

Methyl chloride is not considered to be bighly tosic.
Repeated or prolonged ~uman exposure to sufficient concentrations
(greater than 100 1Ig/m ) can result in central nervous system
(eN.> effecta including blurred vision, headache, nausea, loss
of coordination, and personality changes. Renal and hepatic
toxicity have also been reported in humans. Animal studies
show CNS. eflects and binding to sulfhydryl.containing cellular
macromolecule•• ' This lattet effect intertere. vith metabolism
and is probably responsible for the observed tissue toxicity.

Toxicity to Wildlife and Domestic Animals

The only information available on the effects of methyl
chloride, in vildlife is an acute study on the bluegill that
reported an LC value of 500 mg/liter for this species. Data
on the other cR20rinated .'thane. indicate that aquatic toxicity
declines with decreased chlorination. Thus methyl chloride
should be 1••• toxic than chloroform or carbon tetrachloride,
neither of vhich bad any effect on Daphnia magna or the fathead
minnow, respectively, during chronic exposure to 3,400 .~g/liter.
No information on the toxicity of methyl chloride to terrestrial
wildlife or domestic animals was found in the literature reviewed.
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Regulations and Standards

, Ambient Water Quality Criteria (USEPA)I

Aquatic Lite

The available d.ta are': not adequate for establiahing criteria.

Human Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of halomethsnes in
water are:

Concentration

1.9 ~g/liter

0.19 ~g/liter

0.019 ~g/liter

OSHA Standards: 210 mg/m3 ~
420 mg/~3 Ceiling Level

ACGIH Threshold Limit Values: 105mg/m~ TWA
205 mg/m STEL
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METHYLENE CHLORID):

SU1IUIlary

Methylene chloride increased the incidence of lung and
liver tumors and sarcomas in ra~s and aice. It was found to
be mutagenic in bacterial test system•• In bumans~ .ethylene
chloride irritates the eyes, mucous .embranes, and skin. Exposure
to high levels adversely affects the central and peripheral
nervous systems and the heart. In experimental animals, methylene
chloride is reported to cause kidney and liver damage, convulsions,
and paresis.

CAS Number: 75-09-2

Chemical Pormula: CB2C12
IUPAC Name: Dichloromethane

Important Synonyms and Trade Names: Methylene dichloride, methane
dichlor ide

Chemical and Physical Properties

Molecular Weigh~: 84.93

Boiling Point: 40·C
. , ~

Melting Point: -9S.l·C

Specific Gravitl: 1.3266 at 20·C

Solubility in Water: 13 ,200-20', 000 .g/lit;~r a: 2S·C
,

-
Miscible with alcohol and ether

Log Octano1/Water Partition Coefficient: 1.25

Vapor Pres.ure. 362.4 .. 8g at 20·C

Vapor Den.ity: 2.93
,

Transport and Pate.

Volatilization to the atmosphere appears to be the major
.echanism for removal of methylene chloride from aquatic systems
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and its primary environmental transport process (OSEPA 1979).
Photooxidation in the troposphere appears to be the dominant
environmental tate ot methylene chloride. Once in the troposphere,
the compound is attacked by hydroxyl radicals, resulting in
the tormation of carbon dioxide, and to a lessez extent, carbon
monoxide and phosgene. Phosgene is readily hydrolyzed to Hel
and CO2 • About one percent ot tropospheric methylene chloride
would a. expected to reach the Itratosphere where it would
probably undergo photodissociation resulting from interaction
with high energy ultraviolet radiation. Aerial transport of
methylene chloride Is partly re.ponsible for its relatively
wide environmental distribution. Atmospheric methylene chloride
may be returned to the earth in precipit.~ion.

Photolysis, oxidation, and hydrolysis do not appear to
be significant environmental fate processes for methylene chlor
ide, and there is no evidence to suggest that either adsorption
or bioaccumulation are important fate processes for this chem
ical. Although methylene chloride is potentially biodegradable,
especially by acclimatized microorganisms, biodegradation prob
ably only occurs at a very slow rate.

Health Effects

Methylene chloride is currently under review by the National
Toxicology Program (NTP 1984, OSEPA 1985). Preliminary results
indicate that it. produced an increased incidence of lung and
liver tumors in mice and mammary tumors in female and male
rats. In a chronic inhalation .tudy, male rats exhibited an
increased incidence of larcomae in the ventral neck region
(Burek et ale 1984). Bowever, the authorl suggested that
the relevance and toxicological significance of this finding
were uncertain in light of available toxicity data. Methylene
chloride is reported to be mutagenic in bacterial test systems.
It also has produced positive results in the Pischer rat embryo
cell translormation test. Bowever, it bas been suggested that
the observed cell-transforming capability may have been due
to impurities in the test ..~erial. There is no conclusive
evidence that methylene chloride can produce teratogenic effects.

In humans, direct contact with ..thylene cbloride produces
eye, re.piratory passage, and Ikin ir~it.~ion (OSEPA 1985).
Mild poi.anings due to inhalation exposure produce somnolence,
lassitude, numbness and tingling of the limbs, anorexia, and
lightheadedness, followed by rapid and complete recovery.
More ...ere poisonings generally involve correspondingly greater
disturbance. of the central and peripheral nervous systems.
Methylene chloride also has acute toxic effects on the heart,
including the induction of arrhythmia. Patalitie. reportedly
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due to methylene chloride exposure have been attributed to
cardiac injury and heart tail~re. Methylene chloride 1s metabolized
to carbon ~noxide In vivo, and levels ot carboxyhemoglobin
in the blOOd are elevated atter acute exposure.. In experimental
animals, .ethylene chloride is reported to cause kidney and
liver dam.;e, convulsions, and d1stal pare.is. An oral LD
val~e ot 2,136 ag/kg, and an inhalation LeSO value ot 88,oBS ag/m 31
30 min are reported tor the rat.

Toxicity to Wildlife and Domestic Animals

Very little information concerning the toxicity of methylene
chloride to domestic animals· and wildlife exists (USEPA 1980).
Acute val~es for the freshwater species Daphnia magna, the
fathead minnow, and the bluegill are 224,000, 193,000, and
224,000 IJg/li ter, respectj,vely • Acute values for the saltwater
species, mysid shrimp and sheepshead minnow, are 256,000 and
331,000 IJglliter, respectively. No data concerning chronic
toxicity are available. The 96-hour EC values for both freshwater
and saltwater algae are greater than th;Ohighest test concentration,
662,000 IJg/liter.

Regulations and Standards

Ambient Wa~er Quality Criteria (OSEPA):

Aquatic Lite

The available data. are not adequate tor establishing criteria •
. ,.

Buman Health

Criterion: 12.4 mg/liter (for protection against the
noncarcinogenic etfectsof methylene chloride)

CAG Unit. Risk (USEPA) : 1.4xlO-2 (mg/kg/day)-1

NIOSS Recommended Standards:

261 mg/m3 ~ In the pre.ence of no mare than 9.9 mg/m3 of CO
1,737 ag/m /15 ain 'eak Concentration

OSHA Standard.: 1,737 ag/m3 TWA
3,474 ~/m3 Ceiling Level
6,948 mg/m3 peak Concentration (5 min in any 3 hr)

ACGIB Thzeshold Limit Values: 350 ag/a3 JWA
1,740 ag/m STEL
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METHYL ETHYL IETONE

Sum.ary

Methyl ethyl ketone (MEl) retar~ed fetal de.elopment and
had lo.e teratogenic effects in the offlpring of e.poled pregnant
ratl. At high dOle., It affectl the nervoul Iylte. and irritates
the eyel, .UCOUI a.mbranel, and·~kin. In additioni ••thyl
ethyl ketone strongly potentiatel the neurotoxic effectl of
n-hexane and n-hexamone.

CAS Number: 71-93-3

Chemical Pormula: .CCRIO

IOPAC Name: Butanone"

Important synon~s and Trade Ramel:

Chemical and Physical Properties

Molecular Weight:- 72.1

Ethyl .ethyl ketone, MEK,
2-butanone

Boiling Point: 79.S·C

Melting Point: -8S.35·C

, ~,~;' ....) '7 .

Specific Gravity: 0.805 at 20~C "

Solubility in .atera Very loluble in vater
, .

Solubility in OrganicI: Milcible witb alcohol, etber, benzene
and acetone·'

Log Octanol/Water.artl tion Coett~~ient: :~ ,0.29

Vapor prelsure: 71.2 am Rg at 20·C

Vapor DensitYI 2.C1

Plalh Pointl 2·C
,

/

~ranlport and Pate

very limited inforaation on the tranlport and tate of
.ethyl ethY1 ketone vas found in the literature re.ieved.
Rovever, ketone. In ,eneral are probably not .ery perliltent •

• ethyl ethyl ketone
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Methyl ethyl ketone has a high vapor pressure and therefore
would be expected to volatilize readily. However, because
of its high water solubility, volatilization is probably limited
in aquatic systems or wet soil. Once in the atmosphere it is
apparently oxidized (Hoare and Whytock 1967). Methyl ethyl
ketone has a low octanol water partition coeffieient and there
fore is probably not readily adsorbed. Biodegradation is prob
ably the predominant fate of methyl ethyl ketone in the environ
ment because of its aliphatic nature.

Health Effects

Methyl ethyl ketone has not been adequately tested for
carcinogenicity and has produced only equivocal evidence of
mutagenicity in a few bacterial assays. Schwetz et ale (1974)
reported that MEK caused retarded fetal development and some
teratogenic effects (acaudia, imperforate anus, and brachygna
thia) at air concentrations of 3,000 ppm (approximately
9,000 mg/m ). Methyl ethyl ketone is of relatively low toxicity
but at high doses affects the nervous system and causes irri
tation of the eyes, nose, and skin~ The oral LO SO value for
the rat was 2,750 mg/kg.

Although MEK is not stron91y neurotoxic alone, it apparently
strongly potentiates the neurotoxicity of n-hexane and n-hexanone
(methyl n-isobutyl ketone).

Toxicity to Wildlife and Domestic Animals

only limited information was available on the toxicity
of methyl ethyl ketone to wildlife. LC50 concentrations for
two freshwater fishes were around 5,600 pg/liter (Turnball
et ale 1954; Wallen et ale 1957). MEK was toxic to brine shrimp
at LC SO levels of 1950 mg/liter.

NO information on the toxicity of HEX to terrestrial wild
life or domestic animals was found in the literature reviewed.

Regulations and Standards

NIOS~ Recommended Standard: 590 mg/m3 TWA

OSHA Standard (air): ZOO ppm (590 m9/m3) TWA

Methyl ethyl ketone
Page 2
October 1985



REFERENCES

AMERICAN CONFERENCE or GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIS).
1980. Docuaentation of the Threshol~ Limit Values. 4th .
e~. Cincinnati, Ohio. 488 pages

BOARE, D.E., an~ WBYTOCX, D.A. 1967. Photooxi~ation of methyl
. ethyl ketone vapor. Can. J. Chem. 45: 2741-2748

NATIONAL INSTITUTE POR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1978. Criteria for a Recommen~e~ Stan~ar~--occupational

Exposure to Xetones. Washington, D.C. D3EW Publication
No. (NIOS8) 78-173

SCHWETZ, B.A., LEONG, B.X.J., an~ GEBRING, P.J. 1974. Embryo
an~ fetotoxicity of inhale~ carbon t.trachlori~e, l,l-di
chloroethane and methyl ethyl ketone in rats. Toxicol.
Appl. Pharmacol. 28:452-464

TURNBULL, B., DeMANN, J.G., and W!~TON, R.P. 1954. Toxicity
of various refinery wa.te material. to fre.hwater fi.h.
Ind. Eng. Chem. 46:324

U.S. ENVIRONMENTAL PROTECTION AGENCY (VSEPA). 1984. aealth
Effectl Alsessment for Methyl Bthyl Ketene. Environmental
Criteria an~ Alses.m.nt Office, Cincinnati, Ohio. September
1984. ECAO-CIH-S003 (Pinal Draft)

WALLEN, I.E., GREER, W.C., an~ LASATER, R. 1957. Toxicity
to Gambulia afflni. of certain pure cbe.icals in turbid
water.. Sewage Ind. Waste. 29:695-711

"

Methyl ethyl ketone
Page 3
October 1985





METHYL I S.OBUTYL KETONE

Methyl iaobutyl ketone pr04uce~ ki~ney ~amage in expose~

rats. In h~ana, exposure hal pr04uce~ headaches, nauaea, vomit
ing, an~ eye irritation.

CAS Number: 108-10-1

Chemical Pormula: (CHj)2CHCH2COCB3

IUPAC Name: 4-Methyl-2-pentanone

Important Synonyms and Tra~e Names: lexone, isobutyl methyl
ketone, isopropyl acetone,
MIl, an~ MIBI

Chemical an~ Physical Properties

Molecular Weight: 100.2

Boiling Point: l17·C

Melting Point: -84.7·C

Specific Gravity: 0.7978 at 20·C

Solubility In Water: Soluble

Solubility in Organics: Soluble In chloroform, alcohol, ether,
acetone, benzene, and many other organic
aolvents

..

Log Octanol/Water partition Coefficientz 1.18

Vapor Pressure: 16 .. Ig at 20·C

Vapor Density: 3.45

Plash Point. 23·C

Transport and Pate

Very liaited inforaation on the transport and fate of methyl
isobutyl ketone (MIBI) vas found in the literature reviewed.
lowever, ketones in general are probably not very persistent.
Methyl iaobutyl ketone voul~ be expected to volatilize fairly

Methyl isobutyl ketone
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volatilization rra. wet environments is probably limited. Once
In the ataosphere it Is apparently oxidized. Methyl i.obutyl
ketone ha. a low octanol/vater partition coefficient and there
fore II probably not readily adsorbed. Biodegradation i. probably
the predoainant fate of methyl ilobutyl ketone 1n the environment.
Evidence of tbi. il provided by the biological oxygen de.and
value for .etbyl ilobutyl ketone, which wa. "~I of tbe theoretical
value alter 20 days at 20·C.

Sealth Eftects

No studies on the carcinogenicity, mutagenicity, reproductive
toxicity or teratogenicity of .ethyl isobutyl ketone vere found
In the literature review!d. lidney damage va. ob.erved In
rats expo.ed to 400 ag/m of MIBK for 2 veeks but the damage
appeared to be reversible. Methyl isobutyl ketone caused head
ache, nausea, vomiting, and eye irritation in ! number of vorkers
eX?Qsed to concentrations of 200 to 2,000 ag/m. The oral
LD SO for MIlK in the rat vas 2,080 ag/kg.

Toxicity to Wildlife and Domestic Animals

The only study on the toxicity of m.thyl i.obutyl ketone to
vildlife reported that the TLSO for brine .hrimp was 1,230 ag/liter.
MIll is probably al.o not very toxic to otber aquatic specie.
or to terre. trial anl.all.

Regulations and Standards

MIOSH Recommended S,tedarda 200 1Ig/.3 1'WA

OSBA Standard (air)1 400 mg/.3 TNA

ACGIS Threshold Li.it Value., 205 mg/m3 Tw.A
300 mg/.3 SftL

REFERENCES

AMERICAN CONFERENCE or GOVERNMENTAL INDOSTRIAL HYGIENISTS (AeGIS).
1980. DocWlentation of the Thr.eshold Limi t Value••. 4th
Id. Cincinnati, Obio. 488 page.

IlATIONAL IRnIt'O'l'B POR OCCUPATIONAL SAPITY UD BALD (NIOSI).
1978. Criteria for a aecommended Standard--Occupational
Japo.url to Iitone.. .a.hington, D.C. DBBW publication
Ro. (RIOSB) 78-173

Methyl i.obutyl ketone
Page 2
October 1'85



-',
NATIONAL INSTITUTE fOR OCCUPATIONAL SAFETY AND HEALTH (HIOSH).

lt83. Regi.try of Toxic Iffects of Chemical Sub.tances.
D.ta ,.... Wa.hington, D.C. October lt83

VERSCHUEREH, I. 1t77. Handbook of Environmental D.t. on Organic
. Ch••ic.l.. Van Nostr.nd Reinhold Co., Nev York. 659 pages

WEAST, R.I., ed. 1t81. Band book of Chemistry .nd Physic••
'2nd .d. CRC pre.s, Cleveland, Ohio. 2,332 pages

Methyl isobutyl k.ton.
P.ge 3
October It85

2.0:





-"

METHYL PARATHION

SUJllJllary

Methyl parathion vas ..bryotoxic, ~ecre••e~ reproductive
potential, and lowered- the .urvival rate of off.pr ing when
administered to experimental animals. Expo.ure al.o inhibits
the activity of cholinesterase. Wild birds are particularly
.usceptible to the toxic effects of .ethyl parathion.

CAS Number: 298-00-0

Chemical rormula: CSH10NOSPS

ItJPAC Name: o,o-Dlmethyl-o,p-Ni~rophenylphosphorothioate

Important Synonyms and Trade Names: Metaphor, Wofatox

Chemical and Physical Properties

Molecular Weight: 263.23

Boiling Point: Thermally unstable, cannot be heated to normal
boiling point

Melting Point: 37-3S·C

SRecific Gravity: 1.358 at 20·C

S~lubility in Water: 50 _g/liter at 20·C

Solubility In Organics: ~oluble in most organic solvents

Vapor Pressure: 9.7 z 10-4 am Hg at 20·C

Transport and rate

Methyl parathion 1. broken dovn quickly un~er environmental
conditions, primarily by hydroly.i.. Initial decompo.ition
products in .oil are p-nltrophenol and di.ethylthiophosphoric
acid. Metbyl parathion will volatilile from loil and vater.
In the atao.phere, the lulfur atom is replaced by oxygen to
yield methyl paraoxon, which 1. rapidly hydrolyzed. Bioaccumu
lation i. probably not an'important fate process for methyl
parathion and although adlorption to .oil. uy occur, it is
also probably not an iaportant fate process because of ·the
rapid hydrolysis of the che.ical. Methyl parathion i. unlikely
to leach through loil and enter the groundvater becaule of
itl low water .olubility and Ihort per.i.tence.

Methyl parathion
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Health Effects

M.thyl p.r.thion v•• not c.rcinogenic vhen .dmini.tered
or.lly to r.ts .nd aic. (MCl 1979), .nd v•• not .ut.genic or
only a.rgin.lly po.itiv. for aut.genicity in num.rou•••••y.
(Chen .t al. 1'.1). .M.thyl p.r.thion did induc••i.t.r chromatid
exch.ng. and c.u••d c.ll cycl. d.l.y,· bov.v.r. It do•• not
.ppe.r to be a t.r.tog.n but i. • r.productive toxin c.uling
decreased r.productiv. potenti.l, d.cr••••d .urviv.l of off
.pring, .nd ••bryotoxicity.

Methyl p.r.thion is conv.rt.d in vivo to tb. oxygen .nalog,
methyl paraoxon, which i. respon.ible for it. prim.ry toxic
.ffect: cholinestera•• inhibition. Only one .ubchronic .tudy
was available on methyl p.rathion. ~hi••bowed that continuous
doses produc.d ••t.ady d.cr•••• in .nzyme activity but that
upon ces.ation of dOling the .nimal. r.cover.d fairly quickly.
Methyl parathion i. quit••cut.ly toxic, vith .n oral LD SOvalue in. rat. of .bout 15 mg/kg.

Toxicity to wildlife and Domestic Anim.l.

M.thyl par.thion v•• aod.r.tely toxic to fr ••hvat.r .nd
••ltwater fish, vith LC v.lu.s r.nging fr~ 19,000 to 75,000
~g/lit.r. Bowever, it la. quit. toxic to invert.br.t••peci•• ,
with LC values betwe.n 2 .nd 50 ~g/lit.r. ~be pesticide
did notSippe.r to .ff.ct rodent popul.tion••ft.r fi.ld .ppli
c.tion but did cau•••oa. mortality in pbe••ant population••
L.bor.tory studi•• b.v••110 indicat.d tb.t vild bird••re
quite .usceptible to the toxic .ff.ct. of ••thyl p.rathion,
quail v.re more .enlitiv. tban pb••••nt. or duck.. M.thyl
parathion vas .lso quit. toxic to nont.rg.t in.ect.. Mo reports
of toxic .ff.ct. on dam•• tic .nim.ls vere r.port.d in the litera
ture revi.wed. Methyl p.r.thion i. f.irly quickly ••tabolized
in vivo to nontoxic product. and i. only .lightly lipid .oluble,
and ther.for. is not expect.d to bl0.ccYmul.te or biam.gnify
in .ni.al••

R.gulation••nd Standard.

MIOSS .ecoaaended Stand.rd (alr)1 0.2 ag/.3 TNl

REPERENCIS
,

ClEM, B.B., BSOBS, J.L., SIRIANNI, s.a., and BUONG, C.C. 1981.
Induction of .i.ter-cbrom.tid excbange. and cell cycl.
del.y In cultured .....li.n cell. tr.ated vith eight organo
pho.ph.te pe.ticide.. Mut.t. ae•• 1•• 307-311

Methyl p.r.thion
'.ge 2
October 1,a5



NATIONAL CANCER INSTITUTE (NCI). 1979. Bioassay of Methyl
Parathion for Po••ible Carcinogenicity. CA~ No. 298-00-0.
RCI Carcinogenesis Technical Report ~erie. No. 157. W.sh
ington, D.C. DREW Publication No. (NIH) 79-17.13

NATIONAL INSTITUTE POR OCCUPATIONAL SAPETY AND HEALTH (NIOSB).
1984. Regi.try of Tozic Effects of Chemic.1 Subst.nces.
D.t. B.... W.shington, D.C. January 1984

o.s. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1975. Initial
Scientific and Minieconomic Review of Methyl Parathion.
Substitute Chemical Program, Washington, D.C. EPA 540/1
75-004

VERSCHUEREN, K. 1977. Handbook of Environmental D.ta on Organic
Chemicals. V.n Nostr.nd Reinhold Co., New York. 659
pages

WEAST, R.E., ed. 1981. H.ndbook of Chemistry and Physics •
. 62nd ed. eRC Pre•• , Clevel.nd, Obio. 2,332 pages

Methyl parathion
Page 3
October 1'85





NAPHTHALENE

Summary

Naphthalene retarded cranial ossi~ication and heart develop
ment in the o~fspring of exposed pregnant rats. Inhalation
exposure caused nausea, headache, and optic and kidney damage
in humans and experimental animals. Oral administration produced
cataracts in rabbits and induced changes in motor activity
in rats and mice. Exposure to high doses of naphthalene cause
severe hemolytic e~fects.

CAS Number: 91-20-3

Chemical Pormula: C10RI
IOPAC Name: Naphthalene

Important Synonyms and Trade Names: Naphthene, tar camphor,
moth balls

Chemical and Physical Properties

Molecular Weight: 121.16

Boiling Point: 217.9·C

Melting Point: IO.2·C

Specific Gravity: 1.152 at 20·C

SolUbility in Water: 34.4 ag/liter. at 2S·C

Solubility in Organics: Soluble in alcohol, ether, acetone,
and benzene

Log Octanol/Water 'artition Coe~ficient: 3.37

Vapor 'r•••ure: 0.087 .. Ig at 2S·C

Vapor Den.ity: 4.42

Transport and Pate

Znvironmental tran.port and fate i. largely .inferred from
data for polycyclic aromatic hydrocarbons (PAS.) in general,
because .peci~ic inforaation for naphthalene i. lacking. Rapid,
direct photolysis of naphtbalene to quinone•••y be a~ important

Preceding page blank
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process in .urface vaters. oxidation il probably too .low to
be a .ignificant environmental procesl. Bowe.er, data for
.ome PABs .uggelt that oxidation by chlorine or Olone may be a
.ignificant fate procesl vhen these oxidants are a.ailable insuf-
fici.nt quantity. Volatilization may playa role in t~anl- -
port depending on aixing rates in both the vater column and air
col~n. ror naphthalene, adsorption is the mo.t iaportant
aquatic transport process. Conlideration of its log octanol/water
partition coefficient and of the behavior of othe~ 'AS. indicate
that naphthalene can be .trongly adlorb.d onto .ulpended and
I.dimentary particulate matter, e.pecially particulates bigh
in organic content. Dominanc. of volatililation or absorp-
tion as a transport process i. directly r.lated to .nvironmental
conditions. It i. likely that thi. compound can be readily
transported as adsorbed .atter or .u.pended particulates in
air or water.

lased on information concerning ~elated compounds, it
is likely that bioacc~ulation of naphthalene is .hort term,
especially for vertebratel. Although thl. compound 1. ~apidly

accumulated, it also is rapidly metaboliled and .xcreted, and
consequently bioacc~ulation is Dot con.ide~.d an important
fate process. Naphthalene can be metaboliled by aulticellular
organisms and degraded by .icrobes. Degradation by mammals
is likely to be incomplet., vith paten compound and the .eta
bolites being excreted by tbe u~inary .ystem. liodegradation
by microorgani.ms i. probably the ultimate fate proc••• for
naphthalen.. liedegradation g.n.rally appear. to be .ore effi
cient in .011 than in aquatic .ylt.... Bov.ver, exp.rimental
data indicat. that biodegradation .ay be acre important in
those aquatic syst.ms vhich are chronically affected by PAS
contamination.

Atmospheric transport of PASs can occur, and these .aterials
can be returned to aquatic and terrestrial syst.ms by vet and
dry deposition. Some 'AS...y enter lurface and groundwaters
by leaching from polluted .oil••

Health Effects

There are no epidemiological or ca.e .tudiel available
suggesting that naphthalene 1a carcinogenic In human.. Tbis
compound 1. not generally con.idered to be carcinogenic in
experimental ani.al.. lovever, there i. equivocal evidence
.uggesting weak carcinogenic activity in rats after .ubcutaneous
injection. .aphthalene l. reported to produce DNA damage in
aice after intraperitoneal injection. Retarded cranial olsi
fication and heart development are reported ..ong offspring
of rats injected intraperitoneally vith naphthalene on 'days 1
to 15 of ,estation•

• aphthalene
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Little infor.ation concerning acute and chronic toxic
effects il available. Inhalation expolure to naphthalene may
cause headache, lOIs of appetite, nausea, and kidney damage
in human. and experim~ntal animals. Acute hemolytic effects
are reportedly cauled by ingestion or inhalation of relatively
large quanti tiel of naphthalene •. Optical neuritil, injuries
to the cornea, and opacities of the lens also may relult after
inhalation expo.ure or ingestion. Naphthalene i. a mild eye
irritant in rabbits, and cataracts can be induced after oral
administration. Application to the Ikin produces erythema
and slight edema in rabbits~ Somnolence and cbanges in motor
activity are observed after ingestion of naphthalene by rats
and mice. Oral LD~ft values of 1,250 ag/kg and 580 ag/kg are
reported for the rlt and the mou.e, respectively.

Toxicity to Wildlife and Domestic Animals

The aedian effect concentrations for frelhwater inverte
brate species and three fish lpecies are all reported to be
greater than 2,300 ~g/liter. Acute values rerrted for saltwater
polychaete, oyster, and shrimp species are al greater than
2,350 ~g/liter. A chronic value of 620 ~g/liter and an acute
chronic ratio of 11 is reported for the fathead ainnow, a fresh
water species. No chronic values are available for saltwater
species. Preshwater algae appear to be less sensitive to the
effects of naphthalene than animal species. Ho information
concerning saltwater plant lpecies i. available. The weighted
average bioconcentration factor for the edible portion of all
freshwater and estuarine aquatic organisms consumed by Americans
is 10.5.

, Regulat ions and Standards

Ambient Water Quality Criteria (OS~PA):

The available data are not adequate for establishing criteria.

OSHA Standard: 50 .g/.3 TWA

ACGIS Threshold Limit Value.: 50 mg/m3 TWA
75 ag/m3 S'l'EL
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NICKEL

SUJlllary

In a number of epidemiological Itudies, occupational ex
posure to nickel compounds bas been associated with excess
cancer of the lung and nasal cavitf. In addition, inhalation
exposure to nickel subaulfide and nickel carbonyl bas been
shown to cause cancer in rats, whjle studies of other nickel
compounds administered to animals by other routes have reported
carcinogenic effects as well. Several nickel compounds are
mutagenic and can cause cell transformation. In humans, nickel
and nickel compounds can cause a sensitization dermatitis.
The chronic toxicity of nickel to aquatic organisms is high.

Background Information

The commonly occurring valences of nickel are 0, +1, +2,
and +3, with +4 rarely encountered. Although elemental nickel
is seldom found in nature and is not soluble in vater, many
nickel compounds are highly solwole in .-ter. Rickel is almost
always found in the divalent oxidation state in aquatic systems.

CAS Number: 7440-02-0

Chemical Pormula: Hi

IOPAC Name: Hickel

Chemical and Physical properties

Atomic Weight: 58.71

Boiling Point: 2,732·C

Melt~ng Point: 1,453·C

Specific Gravitla 8.902 at 2S·C

Solubility in watera Insoluble, lO.e .alt. are soluble

Solubility in Organic.: Depend. on the properties of the specific
... nickel .alt

Vapor Pre.sure: 1 am 19 at 1,8l0·C
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TranSPort and 'ate

Nickel i. a highly mobile metal in aquatic Iystems because
many nickel compounds are highly soluble in vater. Bowever,
the inaoluDle .ulfide is formed under reducing conditions and
In the presence of .ulfur. Above pS " precipitation of the
hydroxide or carbonate eXhibit, some control on nickel .ability.
In aerobic environments below ps " IOluble compounds are formed
with hydroxide, carbonate, .ulfate, and organic ligand••

In natural, unpolluted waters, sorption and coprecipitation
processes involVing hydrous iron and aangane•• oxides are prob
ably at least moderately effective 1n limiting the mobility
of nickel. In mere organic-rich, polluted waters, it. appears
that little sorption of nickel il likely. The lack of other
controls on nickel mebilitl probably aakes incorporation into
bed .ediments an important fate of nickel in surface vaters.
Rowever, much of the nickel entering the aquatic environment
will be tran.ported to the ocean••

In general, nickel i. not accumulated In .lgnificant amounts
by aquatic organi.... Bioconcentration factor. are usually on
the order of 100 to 1,000. Uptate of nickel fr~ th. soil
by plants can also occur. Photolysis, volatilization, and
biotransformation are not important environmental fate processes
for nickel. Bowever, atmospheric tranaport of nickel and nickel
compounds on particulate matter can occur.

Health Effects

There is extensive epidemiological evidence indicating
excess cancer of the lung and na.al cavity for workers at nickel
refineries and smelter., and weaker evidence for excess risk
in workers at nickel electroplating and polishing operations.
ae.piratory tract cancer. bave occurred in exce•• at industrial
facilities that are aetallurgically dlver.e In tbeir operations.
The nickel compound. that have bien iaplicated as baving car
cinogenic potential are inlOluble du.ts of nickel .ublulfide
and nickel oxide., the vapor of nickel carbonyl, and soluble
.erosols of nickel .u1fate, nitrate, or cblorlde. Inbalation
stud i•• with experi.ental ani..15 .ugge.t that nickel sub.ulfide
and nickel carbonyl are carcinogenic 1ft ra~.. Bvideftce for the
carclnogenicltl of nickel .etal and other compounds is relatively
weak or Inconc1u.i.e. Studie. witb experl.enta1 animals indicate
that nickel compound. can a1.0 produce various type. of malignant
tumor. in experimental animal. after adminiltration by other
route., including .ubcutaneoul, intramu.cu1ar, implantation,
intravenous, intrarenal, and intrapleural. Carcinog en-Ie poten
tial is not .trongly dependent on route or .ite of administra
tion but appears to be inver.ely related to tbe aolubility
of the compound. in aqueous .ed1a. Insoluble coapoundl, luch
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a. nickel dust, nickel sulfide, nickel carbonate, nickel oxide,
nickel carbonyl, and nickeloeene are carcinogenic, whereas
soluble nickel salts such a. nickel chloride, nickel aulfate,
and nickel a..onium sulfate, are not.

Maualian cell transformation data. indicate that Hveral
nickel compounds are mutagenic and can cause chromosomal altera
tion.. The available information is inadequate for assess in;
teratogenic and reproductive effects of nickel in humans and
experimental animals.

Dermatitis and other dermatological effects are the most
frequent effects of exposure to nickel and nickel-containing
compounds. The dermatitis is a sensitization reaction. Most
information regarding acute toxicity of nickel involves inha
lation exposure to nickel carbonyl. Clinical manifestations
of acute poisoning include both immediate and delayed symptoms.
Acute chemical pneumonitis is3produced, and death may occur at
exposures of 30 ppm (107 mg/m ) for 30 minutes. Rhinitis,
nasal sinusitis, and na.al mucosal injury are among the effects
reported among worker. chronically exposed to various nickel
compounds. Studies with experimental animals suggest that
nickel and nickel compounds have relatively low acute and chronic
oral toxicitj'.

Toxicity to Wildlife and Domestic Animals

In freshMater, toxicity depend. on hardness, nickel tends
to be more toxic in softer water. Acute values for exposure
to a variety of nickel salts, expre.sed a. nickel, range from
510 ~9/liter for Daphnia ma9na to 46,200 ~g/lit.r for banded
killifish at comparable hardness levels. Chronic values range
from 14.8 ~g/liter for Daphnia magna in soft water to 530 ~g/liter

for the fathead minnow In hard water. Acute-chronic ratios
for Daphnia magna range from 14 in bard water to 83 in soft
Miter, and are approximately 50 in both bard and soft water
for the fathead minnow. Residue data for the fathead minnow
indicate a bioconcentration factor of 61. Pteshwater algae
experience reduced growth at nickel concentrations as low as
100 ~g/liter.

Acute .alue. for .altvater lpecie. range from 152 ~g/liter
for mys14 .brimp to 350,000 ~g/11ter for the mummlchog. A
chronic value of 92.7 ~g/1it.r Is reported for the mysld shrimp,
which give. an acute-chrQnic ratio of 5.5 for the specie••
Reduced growth i...en in la1twate~ algae at concentrations
al low as 1,000 ~g/1iter. lioconcentratjon factors ranging
from 299 to 416 have bien reported for tn. oyster and .ussel.
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Regulations and Standards

Ambient Water Quality Criteria (OSEPA).

Aquatic Life

Pre.IUlMter

Acute to.icity. e(0.76 [In(bardne•• )] + 4.02) ~g/liter

Chronic toxicity: . e(0.76 [In(hardne•• )] + 1.06) ~g/liter

Saltwater

Acute toxicity: 140 ~g/lit.r

Chronic to.icity: 7.1 ~g/liter

Buman Wealth

Criterion: 13.4 ~g/lit.r

CAG Unit Risk (OSEPA). 1.15 (ag/kg/day)-l

NIOSS RecollJlended Standard: 15 ~g/a3 TWA (inorganic nickel)

OSHA Standard: 1 mg/m3 (metal and 801uble compounds, as nickel)

ACGIS Threshold Limit. Value••

0.1 a9/a3 TWA (~luble coapound., a. nickel)
0.3 a9/m33STEL (solQble compound., al nickel)
0.35 a!/a ~A (nickel carbonyl, a. nickel)
1 m9/a Tw.l (nickel IUlfide roa.ting, fume and dust, as

nickel, buman carcinogen)
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NITROCELLULOSE

Summary

Nitrocellulose with a large percentage of tbe bigh-nitrogen
form is explosive.

Background Information

Nitrocellulose generally consists of a mixture of high
nitrogen and low-nitrogen (pyroxylin) forms of nitrated cellulose.
The ratio of the two forms in a particular nitrocellulose com
pound varies. Nitrocellulose with a large amount of the high
nitrogen form is explosive, while nitrocellulose with mostly
the low-nitrogen form is more stable.

CAS Number: 9004-70-0

Chemical Pormula: C,B702 (ON02)x

IOPAC Name: Cellulose nitrate

~ Important Synonyms and Trade Names: Cellulose tetranitrate,
nitro cotton, soluble gun
cotton, collodion

Chemical and Physical Properties

Molecular Weight: ~504

Boiling Point: Explosive solid

Melting Point: 6'l·C

specific Gravity: 1.35-1.6

S~lubility in .ater: InsolUble

Solubility in Organics: ~oluble in etber and alcobol

Plasb Point: 13·C

"Transport and Pate

The limited information on the tran.port and fate of nitro
cellulose indicate. that it e.its bigh le.els of nitrate and
nitrite when pre.ent in a landfill. This suggests that nitro
cellulo.e .ay e.entually degrade to cellulose or at lea.t to
fairly stable low-nitrogen nitrocellulose. After prolonged
storage, nitrocellulose plasticse.it camphor. Tbis decay.

IU trocellulose
Page 1
October 1985

Preceding page blank



can decr.ase decomposition temperature and thus .peed up decom
po.ition, probably with the foraation of nitrates and nitrites.

Health Bffect.

According to the extremely limited inlormation on the
toxicity ol nitrocellulose, it i. not .ery toxic. It. explosive
tendency would be the primary concern a.sociated with exposure
to nitrocellulose at a waste .ite.

Toxicity to Wildlife and Domestic Animals

Ko inlormation on the toxicity of nitrocellulose to wildlife
and domestic animal. was lound in the .ource. reviewed.

Regulations and Standards .~

No regulationa or standard. ba.ed on the toxicity of nitro
cellulose have been .stablished.
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RITROPHENOL

SUJlllllary

Ritrophenol II reported to cause 11.er and kidney damage
In experi.ental anl.als. It .ay ha.e a direct effect on cell
membranes In ,eneral.

CAS Number: 2-nitrophenol:
3-nitrophenol:
4-nitrophenol:

88-75-5
554-84-7
100-02-7

Melting Point:

..

Chemical Pormula: C,R02B40R

IOPAC Name: 0-, .-, or p-Nltrophenol

Important Synonyml and Trade Names: Ritrophenol, hydroxy
nitrobenzene, mononitrophenol

Chemical and Physical Properties

MolecularWeight: 139.11

Boiling Point: 2-nitrophenol: 21S-C
3- and 4-nitrophenol: 279-C

2-nltrophenol:
3-nitrophenol:
4-nitrophenol:

Specific Gra.ity: 1.5 at 20-C

Solubility in.ater: 2,100 _g/liter at 20·C

Solubility in Organics: Soluble in alcohol, ether, acetone,
benzene, and chlorofora

Log Octanol/Water Partition Coefficient: 1.7&

Vapor Pr•••ur.: 1 .. 8g at 50·C

pita: 7.2

TranSport and Pate

Baaed on information concerning 4-nitrophenol, It appears
that photooxidation of the nitrophenoll to catechol and nitrohy
droquinone is their primary degradati.e pathway. There i.,

Witrophenol
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however, • polsibility that organic ••terial to vhich nitrophenol
becomel .dlorbed may .ct al '. reducing .gent in the photoreduc
tion of this compound to aminophenol .nd dihydroay.zobenzene.
Oaidation by hydroayl radicals may .lso occur. Consideration
of the low .apor preslure, relati.e high .olubility in vater,
and .oderate ionization constant of nitrophenol .uggestl that
.olatilization is not an important transport process. Although
.orption of nitrophenol by organic .aterials probably occurs
to only a limited eatent, it .ppearl that Itable compleaes
with clay mineral and loils can be foraed. Purtheraore, there
is • saall possibility that nitrophenol can undergo hydrolysis
vithin the clay structure.

Bioaccumulation and biomagnification do not appear to
be important processes for nitrophenol. Biotransformation
procesles, including reduction of the nitro group, hydroaylation
of the aromatic ring, and dilplace.ent of the nitro group by
a hydroay group, can be de.onstrated vitb loil or vater micror
ganisms under opti.al condition.. Some .tudi•••uggest that
nitrophenol is ••ry persistent in aqueoul loil cultures and
can inhibit microbial growth in natural aquatic .ystems through
its action a. an oaiaati.e pho.phorylation uncoupler. Bovever,
re.ultl of other Itudie. suggest that it i. readily and rapidly
degraded, especially by acclimated microorganism population••

Health Effects

aaled on the re.ult. of li.ited te.ting, nitropbenol does
not appear to po.e carcinogenic or autagenic hazards (OSEPA 1980).
4-Nltrophenol i. currently being telted for carcinogenicity
by the National Toaicology Program. Ro data concerning teratogenic
potential are a.ailable.

V.ry little infor.ation concerning the tozicity of nitro
phenol il a.ailable. ~i. compound i. reported to cause kidney
and li.er injury in esperi.ental anl.als. Adalnl.tration of
10 mg of 4-nitropb.nol, 30 .g of 3-nitrophenol or 100 8' of
2-nitrophenol by ,a••,e to .nesthetized r.t. i. reported to
lignificantly incr•••• re.piratory .olgae. Witrophenol can
inhibit cblorine tran.port In rea blood c.ll., .uggesting a
direct .ffect on c.ll ...br.n•••

A .ignific.nt incr•••• in blood plat.let le.el. vas observed
in rat. aft.r intraperitoneal inj.ction of •• little al 0.1 mg/kg
of 2-nitroph.nol. !hi. eff.ct v.s not ••en vben the other
nitropbenol. v.re .d.ini.t.r.d. Oral LD5~ ••lue.of 620 mg/kg
for 4-nitropbenol, '30 .g/kg for 3-nitropn.nol and 2,'28 ag/kg
for 2-nltropbenol .re r.ported for the r.t.

Witroph.nol
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Toxicity to wil~life .n~ Domestic Ani.als

Reporte~ 24-hour I.e ••lue. range .frOll 35,000 ",g/liter
~, for 4-nitrophenol to 2l0~Boo ",g/liter for 2-nitrophenol for .

the freshwater .pecie. Daphnia magna an~ froa .,000 (4-nitrophenol)
to 17,000 (2-nitrophenoI) ",gliIter for the bluegill. A concentra
tion of 33,300 ",g/liter of 2-nitrophenol cau.ed 3" .ortality
in gol~fish in eight hours. 'I-Rour lethal thre.hold .alues
of 26,000 (4-nitrophenol) an~ 32,'00 ",g/liter 2-nitrophenol
are reporte~ for the .altwater .hrimp, Crangon aeptemspinosa.

A nitrophenol concentration of 35,000 ",g/liter inhibits
chlorophyll synthesis after 3 ~ays In the freshwater alga,
Chlorella pyrenoi~osa. Growth of ~uckweed i. reduce~ so, by
a concentratIon of 62,550 ",g/liter of 2-nitrophenol.

The weighted average bioconcentration factor for the edible
portion of all freshwater an~ estuarine aquatic organisms con
aumed by Americans is 2.33.

Regulations an~ Stan~ar~s

Ambient Water Quality Criteria (USEPA)a

The available data are not adequate for e.tablishing criteria.
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Solubility In OrganlcII

PENTACHLOROPHENOL

SU1IJIary

'entach10ropheno1 1. probably persistent in natural environ
ments.It i. embryotoxic andfetotoxic. Chronic expolure
bes been Ihown to cause chloracne, headache, mUlcle weakness,
weight lOll, and liver and kil!ney damage. Technical grade
pentachlorophenol is often contaminated with polychlorinated
dibenzo-p-dioxins, and the.e contaminants may be responsible
for.·some of the toxic effects a.sociated with exposure to penta
chlorophenol. Pentachlorophenol il hiqh1y toxic to aquatic
organisms.

CAS Numberl 87-86-5

Chemical Pormu1al C&C1S0B

IOPAC Name: 2,J,4,S,6-pentachlorophenol

Important Synonyms and Trade Namesl PCP, DP-2 antimicrobial,
Dowicide 7, Duroto~.

Chemical anI! 'hysical 'ropertiel

Molecular Weightl 266.32

Boiling Pointl Decompose. at J09·C

Melting Point: 190-l91·C

Specific GravitYI 1.978 at 20·C

solubility in .ateet 14 mg/1iter at 20·C, the lodium lalt
. of pentach10rophenate il highly loluble

In vater

Very loluble In alcohol and ether,
loluble in hot benzene, slightly loluble
in ligroin and other solvents

tog Octano1/Water Partitlon Coefficientl 5.01

vapor 'ressures 1.1 x 10-4
IDa Kg at 20ec

pIal 4.74

Pentachlorophenol
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Transport and Pate

!fbere i. little information on the transport of pentaehlor'o
phenol through the environment. ~he compound ha. a low vapor
pre.sure and, therefore! i. not likely to volatilize readily.
It i ••light1Ylo1uble In water and does adsorb to .ediments,
an4 theretore may be transported through .oi1, .urface water,
and groundwater •

• 0° 'entachlorophenol 1. degraded by lunlight to lower ehlorln
.t~·phenol&, tetraehlorodihydroxyl benzene., and non-aromatic
fraqment.. The importance of photodegradation of pentachloro
phenol in the environment is unkn~. Soil microorganisms
have also been found to degrade pentachlorophenol. Rowever,
the compound was persistent in lediment. and leaf litter follow
ing a spill into a freshwater lake. Limited information on
bioconcentratlon of pentachlorophenol In freshwater lpecies
suggest a bioconcentration factor of 500, in .altwater species
factors vary froll 13 to 3,830'. SOlie pentachlorophenol residues
found in tillue .ay actually be the result of .etabolis. of
hexachlorobenzene.

Health Iffectl

,entachloropheno1 has not been found to be mutagenic or
carcinogenic in the Itudies reviewea. It i. currently under
study by the Ratlonal~oxicology 'rogram for it. carcinogenic
potential. Ho teratogenic effect. bave been reported in the
studi •• reviewed, but pentachlorophenol ba. been .hown to be
embryotoxic and fetotoxic. 'entacb10rophenol hal not been
found to be highly toxic upon chronic expo.ure, although fatal
c~.es from acute and chronic human expo.ure. have been reported.
Chloracne is the'major effect a••ociated with human chronic
exposure., however, this m.y actually be caused by the polychlori
nated dibenzo-dioxin contaminants founa in tecbnical grade
pentachlorophenol. Other effects a••oclated vitb cbronic intoxi
cation inclUde .u.el. w.atne•• , beadacbe, anor.xia, abdominal
pain, weigbt 10•• , and effect. on the liver and kidney.. Effects
on the liver and kidney .ere lei' .evere in animall treated
with purified pentacblorophenol compar.d to technical grade
compound•.

Toxicity to Wildlife and Domestic Animals

Concentration. ranging from 34 to 2,000 ~g/liter have
been found to be acutely toxic to freshwater aquatic ~rgani.lIs.

~oxiclty i. greater at acidic pR value. than altaline pH values.
Crowth of lalmonid flsb lpec1e. 1s affected by pentachlorophenol
at even lover concentration.. Some fre.hwater aquatic plants
h.ve allo been ahown to be senaitlv. to the co.pound but this
hal not been stUdied In detail.

'entachlorophenol
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Regulations and Standards

Ambient Water Quality Criteria (US.EPA) I

Aquatic Life

The available data are not adequate for •• tabll.hing criteria.,

HUlDan Health

Health criterionl 1.01 ag/liter
Organoleptic criterion: 30 ~g/liter

OSHA Standard: 500 ~g/a3 Tw.A

ACGIS Threshold Liait value.: 30.5 ag/m] TWA
1. 5 ag/a STEL
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PIlEMAM'l'RR2NE

SUlIJIlary

phenanthrene·il a polycyclic aromatic hydrocarbon (PAR)
and is aoderately perlistent in natural environaentl. In two
skin painting atudiel, it produced application-aite tumors,
and it was shown to be autagenic in several other atudies.
Workers exposed to .ateriall containing phenanthrene developed
chronic dermatitis and other akin disorders.

CAS Number: 85-01-8

Chemical Pormula: C14B10
IOPAC Name: Phenanthrene

Chemical and Physical Properti.s

Molecular weight: 178.24

Boiling Point: 340·C

Melting Point: 101·C

Specific Gravity. 1.025

Solubility in Water: 1.29 _g/liter at 2S·C

Solubility 1n OrganicI: Soluble in alcohol, ether, acetone,
benzene, and acetic acid

Log Octanol/Water Partition Coefficient: 4.46

Vapor Pre••ure. I.' ~ 10-4 .. Bg at 20ee

Vapor Denlity. 1.14

Transport and Pate

Much of the information concerning tranaport and fate
is inferred from data tor polycyclic aromatic hydrocarbons
(PARs) in g.n.ral becaul. lpecific infor.ation for phenanthrene
il lacking. Rapid, direct photolysil of phenanthrene to quinones
.ay occur in aqueoul lolution. Oxidation il probably too Ilow
to be a lignificant .nvironaental proc.11 and the available
data .uggeat that volatilization g.nerally il not an iaportant
tranlport proc.... !b. calculated log octanol/water partition

Phenanthr.ne
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coetficient of 4.4' In~icate. that the compound .houl~ be .trongly
ab.orbed onto particulate .atter, e.pecially particulates high in
organic content. It i. likely that ph.nanthrene can be trans
porte~ a. ab.orbe~ .atter on suspended particulate. In air
or water. Data tot PAHs In general In~icate that phenanthrene
will accuaulate in the ••diment an~ biota of the aquatic environ
••nt. .e.o.al rate. al.ociate~ with absorption an~ .ubsequent
.edimentation are probably .low.r than photolYli. an~ degradation,
but .ay be competiti.e with .olatilization.

Data for a .ariety of PARs .uggelt that bioaccumulation is
a .hort term process, an~ long-term partitioning into biota is
not a .ignificant fate proc.... Phenanthrene can be metabolized
by multicellular organis.1 and degrade~ by microbes.

Degradation by .aamall i. likely to be incomplete, with
parent compound an~ the metabolite. being excreted by the urinary
system. Biodegradation by .icroorgani.ms i. probably the ulti
mate fate process. Biodegradation generally appears to be more
etticient in loll than in aquatic 'yltem.. Rowe.er, it may be
more important in thOle aquatic .y.te•• which are chronically
affected by PAR contamination. Phenanthrene i ••table enough·
in air to be transported o.er relati.e1y great di.tances.

Health Iffects

!here are no epidemiological or case .tudie. available
.uggesting that phenanthr.ne is carcinogenic In bumans. This
compound generally i. not considered to be carcinogenic in
experimental animals. Rowe.er, at least two .kin painting
studi.s report development of tumor. at the .lte of application
In aice. Phenantbrene eshibits autagenic activity in .ome test
system., but not In other.. !here are no report. of teratogenie
or reproductive effect. due to pbenanthrene expo.ure.

Little inforaation concerning acute and chronic toxic
effects i. available. Altbough .pecific data concerning exposure
to phenanthrene are not a.ai1ab1e, worker. ezpo.ed to ••terials
containing this coapound m.y exhibit cbronic ~eraatiti., hyper
kerato.e., and other .kin di.or~er••

Toxicity to Wildlife and Domestic Aniaals

Adequate data for characterization of toxicity to domestic
anlaa1. and wildlife are not a.ailable. A IS-hour LC value of
600 ~g/liter 1. reported for a ••1twater polychaete ;A~. exposed
to a crude 011 fraction containing phenanthrene. !he weighted
average bloconcentratlon factor for the edible portIon of all
fre.hwater and e.tuarlne aquatic organl... con.a.ed by Americans
1. 4.1. .
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Regulations and Standards

'-"j Ambient Water Quality Crit.ria (OS,EPA):

Aquatic Life

The available data are not adequate for •• tabli.hing criteria.

Human Health

Estimates of the carcinogenic ri.ks associated with lifetime
exposure to various concentration. of carcinogenic PARs
in water are:

Concentration

28 ng/liter
2.8 ng/liter
0.28 ng/liter
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Regulations and Standards

'-'j Ambient Water Quality Cr iter1. (OS.EPA):

Aquatic Lif.

The available data are not adequate for e.tabli.hing criteria.

Buman Health

Estimates of the carcinogenic risks associated with lifetime
expolure to various concentration. of carcinogenic PAHs
in water are:

Concentration

28 nglliter
2.8 nglliter
0.28 ng/liter
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PSENOL

Summary

When applied to the skin of mice, phenol appears to have
lome tu.or-proaoting" effects and may be. a weak carcinogen.
T~ere il equivocal evidence that phenol is autagenic. Subchronic
exposure to phenol caused liver, kidney, lung, and heart damage
in"experi.enta1 animals. In humans, phenol has been shown
to irritate tbe eyes; nose, and throat •..

CAS Number, 108-95-2

Chemical pormu1a,C,RSoR

IOPAC Rame: Phenol

Chemical and Physical Properties

Molecular Weight: 94.11

Boiling Point:' 18l.7S eC

Melting Point: 43 eC

Specific Gravity, 1.0S7S at 20ee:

Solubility in Water", 93,000 ag/1iter at 25 eC
.

Solubility in OrganicI: Soluble in alcohol, chloroform, and
carbon disulfide", very lolub1e in ether 7
ai.cib1e with carbon tetrachloride
and bot benzene

Log Octanol/Water Partition Coefficient, 1.4'

Vapor Pre.lure, 0.3513 .. SI .t 25ec:

vapor Den.ity. 3.24

pIa. 10.02

Plash Point. 8S eC (c10led cup)

Phenol
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'hotooxldation .ay be an Important d.gradatlve process,
.specially In aerated, c1.ar, surfac. wat.rs. 'henol may also
be nonphotolytically oxidized in highly aerat.dwat.rs that

.. contain iron and copper In solution or a. part of the suspended
particulat... Th. relatlv.ly low log octanol/vat.r partition
coefficient of phenol, a. well as the availabl••xperimental
eYlde~c., .uggest that sorption and bioaccumulation are not
important environmental fat. proc...... Biodegradation can
be., significant fate pathway In aquatic sy.te•• and soil when
.ig~flcant ~oncentrations of microorgani ••• are pre.ent.
In 'addition to microorganl ••• , at lea.t one .pecles of fi.h
i. reported to be able to blotran.for. phenol •

. The dominance of photooxidation, metal-catalyzed oxidation,
or blode9radation a. destructive pathway. depends on the partic~

ular environmental condition., but the degradation products
are similar for all fat. pathways. Th. first st.p usually
involve•.further hydroxylation of the arOllatic ring, followed
by oxidation to benzoquinone \nd cleavage of tb. ring structure.
Tber.is a possibility that phenol present In surface water.
can volatilize into the atmosphere. Rowever, since tbis phenol
would be rapidly photooxidlzed in tbe tropoaph.r., any signifi
cant atmo.pheric transport I. unlik.ly.

Health Effecta

" Phe~ol appeara to ha.e tumor-promoting activity in many
strains of mlc. wh.n r.peatedly appli.d to tb. shaved skin
atter initiation with knovn carcinogen.. Although th.re Is
equivocal ev1dence that phenol .ay be weakly carcinogenic when
applied to the skin ot one aen.itive strain of aice, It doe.
not appear to be carcinogenic vhen applied to the skin of stan
dard strain. of aice. ReI r.port.d that ph.nol va. not carcin
ogenic vhen ad.inistered in drinking vater to rat. and 8ice.
Th.r. 1. equivocal evldenc. that pbenol .ay ha.e mutagenic
effects, although further evaluation 1. n.eded. There are
no reports of t.ratogenic etf.ct. cau••d by .apoaur. to phenol.

Subchronlc Inhalation exraUt. to phenol ia r.ported to
cause liv.r, kidney, lung, an h.art d..age in guinea pigs.
Slight li••r and kidney d..a,e vaa a••n in rats expo.ed by
gavage to lQ~ _g/kg/day for 20 days. The oral and skin LD s
tor the rat are 414 a~d 'I' ag/kg, respect!v.ly, and, the 1~Rala
tion LC i.311 _g/a • "henol i. an ey., noa., and throat
irritaniOand can cag.e .yst••ic damage to the nerVOU8 sYltem
in human. following 4.rmal, oral, or inbalatlon .zpoaure.

Ph.nol
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TOxicity to wildlife and Domestic Animals

The acute tozicity of phenol to freshwater species i.
expressed over a range of 2 to 3 order. of ••gnitude. Acute
values for fish species range from 5,020 ~g/liter for juvenile
rainbow trout to 67,500 ~g/liter for the fathead ainnow. The
acute value for the rainbow trout, and a value of 5,000 ~g/liter

for ~hnia .agna are the lowest acute values observed. An
early-I!fe Itage test on the fathead ainnov resulted in a chronic
value of 2,560 ~g/liter, with an acute-chronic ratio of 14.
Median effect concentrations for oyster and clam embryos are
approximately 55,000 ~g/liter. Por the grass shrimp and the
mountain bass, LC~o value. of 5,800 and 11,000 ~g/liter, respec
tively, are reporeed. Mo chronic effects are available for
saltwater species. Reported bioconcentration factors of 1.2
to 2.3 for goldfish suggest that no residue problem should
occur from exposure to phenol. Mo appropriate data concerning
effects of phenol on other wildlife or domestic animals are
available.

Regulations and Standards

Ambient Water Quality Criteria (OSErA),

Aguatic Life

The available data are not adequate for establishing criteria.
lovever, the lowest concentrations of phenol known to
cause tozic effecta In aquatic organi... are:

rrelhwater

Acute tozlcity: 10,200 ~g/liter
Chronic toxicity. 2,560 ~g/llter

Saltwater

Acute toxicity. 5,800 ~g/11ter

Chronic toziclty. Mo available datn

luman Health

lealtb criterion. 3.5 ag/liter
Organoleptic criterion: 0.3 mg/liter

...

MIOSB Recommended Standards:

OSHA Standard: 19 ag/m3

'henol
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Depart.ent of ~ranlportationl 'oi.on

RE1'!RENCZS

AMERICAN COMPERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIS).
1980. Documentation of the ~hre.hold Liait Value.. 4th
ed. Cincinnati, Obio. 488 page.

NATIONAL CANCER INSTITOTB (NCI). 1980. Bioa••ay of Phenol
for ,0.lible Carcinogenicity. CAS No. 108-95-2. NCI
C.rcinogenesi. Technic.l .eport ~.ri•• No. 203. Washington,
D.C. USDSSS 'ublic.tion Ro. (RTP) 80-15

NATIONAL INSTITUTE FOR OCCUPATIONAL SAPBTY AND HEALTH (NIOSB).
1983. Regi.try of Toxic Iff.ct. of Ch.mic.l ~ub.t.nces.
Data I.... W.shington, D.C. Octob.r 1983

SAX, N.I. 1975. D.ngeroul Properti•• of Indultrial Material••
4th ed. V.n NOltrand R.inhold Co., Rev York. 1,258 pages

u.S. ENVIRONMENTAL 'ROftc:TION AGENCY (USUA). 1979. Wat.r
Related Environment.l rate of 129 Priority 'ollutants.
Washington, D.C. Dece.b.r 1979. IPA 440/4-79-029

U.S.• ENVIRONMER'l'AL PttO'l'BC'1'ION AGENCY (USIPA). 1980. AJlbi.nt
Wat.r Quality Crit.ria for Pb.nol •. Office of Water R.gu
lations and Standards, Criteria and Standard. Division,
Wa.hington, D:C. October 1980. EPA 440/5-80-066

U. S. ENVIRONMEm'AL PROftC'1'ION AGDCY (USIPA). 19a4. Health
Iffectl A•••••••nt for 'heno1. Bnvironmenta1 Crit.ria
and As.es.ment Office, Cincinnati, Obio. S~pte.ber 1984.
ECAO-CIN-B007 (Pinal Draft)

WEAST, R.I., .d. 1981. Bandbook of Cheai.try and 'hy.ics •
. 62nd ed. cac 're•• , Cl.veland, Obio. 2,332 page•

..

'henol
'age 4
OCtober 1985



S,olubility in Organics:

-,

PHENYL ETHER

Summary

Phenyl ether i. 80mewhat persistent in the natural envi
ronment. It can cause nausea in humans. High concentrations
of phenyl ether irritate the .kin.

CAS Number: 101-84-8

Chemical Formula: C,RS-o-C,RS
IOPAC Name: Phenozybenzene

Important Synonyms and Trade Names: Diphenyl ether, diphenyloxide,
phenoxybenzene

Chemical and Physical Properties

Molecular Weight: 170.20

Boiling Point: 2S7-2S9·C

Melting Point: 2S·C

Specific Gravity: 1.073 at 20·C

S~lubility in Water: Insoluble in water

Soluble in alcohol, benzene, ether,
and glacial acetic acid

Log Octanol/Water Partition Coefficient: 4.1 (calculated)

Vapor Pressure: 0.02 am 8g at 2S·C

Vapor Density: 5.86

Plash Pointl 11S·C

Transport and rate ,
Mo information on the transport and fate of phenyl ether

wa. found in the literature reviewed, but information was avail
able on 4-chlorophenyl phenyl ether. Based on this information
and on the chemical and physical properties of phenyl ether,
probable transport and fate proce••es can be determined.

Phenyl ether
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Although phenyl ether ha. a low vapor pressure, its low
vater lolubility luggests that limited volatilization is likely.
Once in the atmolphere, it will be photooxidiz.d. Phenyl ether
has a high log octanol/water partition coefficient, it probably
both adsorba to aoil 'and aediments and bioaccumulat... The
r.aults of a atudy on .-chlorophenyl ph.nyl .tber .ugg.st that
biodegradation may be important in acclimated microbial popu
lations but not in populationa in natural waterl. 'henyl ether
is likely to be lomewhat persistent in the natural .nvironment,
with adsorption to organics acting as a atorage ..chanism.

Health Effects

Phenyl ether has not been report.d to be carcinogenic,
autagenic, or t.ratogenic. A disagr.eabl. odor and possible
nausea provid.,suffici.nt warning of .xposur•• The undiluted
material is lomewhat irritating to the akin after prolonged
exposure, and erythema and exfoliation are possible. Bowever,
the irritation clears promptly on~e .xpoaure c.a.... Tb. oral
LD;a for rats is 3.99 g/kg, for tb. guin.a pig, it is approx
imleely 2.5 g/kg.

Toxicity to Wildlife and Domestic Animals

The 96-hour LC valu.s for ph.nyl etb.r ar. 9.6 ag/liter
for the fathead .in~8w and 0.72 ag/lit.r for Daphnia magna.

Regulations and Standards

OSBA S~andard (air)1 7 ag/.3 ~

ACGIS Threshold Limit Valu.s: 7 ag/.3 TNA
1. ag/.3 S:rzL
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PHOSPHORIC ACID

Summary

Solutions of phosphoric aci~ are corrosive an~ are .everely
irritating to the .kin, eyes, .n~ mucous membranes.

CAS Numberl 7664-38-2

Chemical Formula: B3P04
IUPAC Name: Phosphoric aci~

Important Synonyms an~ Trade Names: Orthophosphoric acid

Chemical and Physical Properties

Molecular Weight: 98.04

Boiling Point: Loses one-half 8 20 at 213·C

Melting Point: 42.3S·C

Specific Gravity: 1.834 at 18·C

S~lubility in Water. S~luble in water

Solubility in Organics: S~lubl. in alcohol

Log Octanol/Water 'artition Coefficient. -1.6 (calculated)

Vapor Pressure: 0.0285 am 8g at 20·C

Tribasic aci~: pkl -2, pk2-7, pk3-12

Transport and Fate·

No information on the transport an~ fate of phosphoric
acid was found in the literature reviewed. Phosphoric acid
probably is not very volatile. It is .oluble in water, and
the degree of .olubility depends on· the pH of the water. It
may fora insoluble salts and precipitate in association with
such .etals as iron, al~inum, and zinc. Its movement through
soils i. dependent on their pH and lIay be limited by binding
to lIinerals.

'ho.phoric acid
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Health Iftects

,hosphoric acid, R PO , i. a tribasic acid in which the
first hydrogen II Itronaly4ionizing, the lecond moderately
ionizing, and the third .ery weakly ionizing. Solutions of
trihydrogen pholphate are acIdIc and corro.i.e. Pbolphoric
acid i. Itronger than acetIc acid but weaker than bydrochloric,
nitric, or lulfuric acid. Phosphoric acid il a •••ere irritant
to .kin, mucous membranes, and eyes, and the level of irritation
is positively correlated with the degree of acidity. Phosphoric
acid has no known carcinogenic, autagenic, or teratogenic prop
erties. The oral LD§O for rats is 1,530 ag/kg, while the dermal
LD50 for rabbits is ~,'40 mg/kg.

Toxicity to Wildlife and Domestic Animals

The toxicity of phosphoric acId to aquatic organisms is
due to its acidic nature, and theretore the toxic concentration
will depend upon the bufferIng capacity of the natural waters,
as well as the relative resiltance of each organism to low
pH conditions. Phosphoric acid may be aOlt harmful to the
environment because it 18 an Important nutrient and not because
of its toxicity. Pholphate II very often the nutrIent that
by its absence limits the growth of algae. In the pre••nce
of lufficient phosphate, algal blooms occur which, as they
die and decay, lead to eutrophication of the body of water
and cause the elimination of .pecie. that need higher oxygen
leYels and a aore pristine envIronment. Airborne phosphoric
acid should not caus. necrosis of v.getation or iriltatlon
to domestic anImals at concentrations below 1 ag/m , but such
effects are po.sible at higher concentration.. Phosphoric
acid doe. not bioaccumulate in the ti ••u.s of wildlife species.

Regulations and Standard.

OSHA ~tandard (alr)1 1 mg/m3

AeGIS Thr••hold Limit Values:

'1'1IA

1 JIg/.) TWA
) a9/m3 S.TEL
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PHOSPBORUS (WHITE)

Summary

White phosphorous is highly tozlcJ the oral LD in the
rat is 3 .g/kg. Chronic ezposure to ,horphorous caaRes bone
changes, including bone necrosis. In humans, tbi. effect occurs
aore often in the jaws and is termed ·phossy jaw.· Inhalation
of phosphorous caused severe respiratary irritation and edema
in rats.

CAS Number: 7723-14-0

Chemical Pormula: P4
IOPAC Name: Phosphorus

Important 'Synonyms and Trade Names: Yellow phosphorus, Rat-Nip

Chemical and Physical properties

Molecular Weight: 123.88

Boiling Point: 280·C

Melting Point: 44.l·C

Specific Gravity: 1.82 at 20·C

Salubility in Water: 3 ag/liter

Solubility in Organics: Soluble in alcobol, ether, cblorofarm
and benezene

Vapor Pressure: 0.026 am Hg at 20·C

Vapor Density: 4.42

Plash Point: Spontaneous in air

Transport and 'ate

Elemental phosphorus reacts spontaneously with air. In
water it i ••lowly converted to phosphate with the eztent of
conversion dependent on the physical nature of the particular
.edia. Phosphorus, a. phospbate, is an e.sential nutrient
for plants, and especially for aquatic plants, is often the
limiting nutrient. Therefore, bioaccumulatian of phosphate

Pbosphorus
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by plants is probably an important fate for phosphorus in the
environment.

Sealth Effects

No information on the carcinogenicity or autagenicity
of phosphorus was found in the literature reviewed. Pemale
rats exposed to as little as 11 ~g/kg of phosphorus on days
1 through 22 of gestation had decreased fertility.

The most common nonfatal effects of phosphorus are bone
changes, including bone necrosi.. In bumans, this effect occurs
most otten in the jaws of occupationally exposed workers and
is termed ·phos.y jaw.· Phosphorus is bighly toxic, with death
reported in a human who ingested a dose of 1 mg/kg. The or!l
tD in the rat is 3 mg/kg. Inhalation by rats of 100 mg/m
caa~ed severe respiratory irritation and bigh mortality due
to bronchopneumonia or edema.

Toxicity to Wildlife and Domestic Animals

Bluegill sunfish had 48 and 160 bour LC values of 105
~g/liter and 25 ~g/liter, respectively. AduiQ salmon exposed
to elemental phosphorus concentrat~ons of les. tban 40 ~g/liter

show signs of extenlive hemolysis. Juvenile Atlantic lalmon
exposed to phosphorus bad a 195-bour LC50 of 0.8 ~g/liter,

and Atlantic cod had a l25-bour LC of 1.9 ~g/liter. risb
bioconcentrate phosphorus to rathe~Ohigb level. (50 time. environ
mental level. in muscle and 25,000 times water 1e.els in liver)
following fairly short (24 bour) exposure.

Phosphorus converted to phosphate Is an environmental
problem not because of its toxicity but because of its action
as an essential nutrient. Low phosphate levels In the aquatic
environment often beneficially limit tbe growth of algae and
the introduction of excess phosphate cau.e. algal blooms which
reduce the oxygen in tbe water. This decrea.e in oxygen can
cause the death of aome fish and invertebrate specie••

Phosphorus caused toxic effects in pigs exposed to a dose
of 160 mt/kg and bad minor blhaviora1 effects on ducks at 3 mg/kg.

Regulations and StandarAa

OSBA S~an4ar4 (alr)1 100 ~g/m3 ~

AeGIS Threshold Limit Values: 100 ~g/a3 ~
300 ~g/.3 STZL
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PICRIC ACIO

SUllUDary

Picric acid vas autagenic vhen tested using the Ames assay.
In humans, exposure has been associated vith nausea, abdominal
pain, prurituI, and akin disorders.

CAS Number: 88-89-1

Chemical Pormula: C6(N02)3R20R

IOPAC Name: 2,4,6-Trinitrophenol

Important Synonyms and Trade Names: Carbazotic acid, 2-hydroxy
1,3,S-triftitrobenzene,
aelinite, nitroxanthic
acid, phenol trinitrate,
piero nitric acid

Chemical and Physical Properties

Molecular Weight: 229.11

Boiling Point: Explodes at teaperatures greater than 300·C

Melting Point: 122-123·C

Specific Gravity: 1.763 at 20ee

Solubility in Water: 14,000 ag/liter at 20·C

Solubility in Organics: Soluble in alcohol, diethyl ether, acetone,
benzene, acetic acid, and pyrimidine

Log Octanol/Water Partition Coefficients Low (approximately 2)

Vapor Pressurel 1 .. Hg at 19S·C

Vapor DensitYI 7.91

Plash Point: l50.0ee
...

TranSport and 'ate

. There is little available data on the transport and fate
of picric acid. Picric acid haa a relatively lov vapor pres
lure, therefore, volatilization probably i~ not an iaportant
transport process. .

Picric acid
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In water, bacteria degrade picric acid by reducing the
HO groups to HR. Microbi.l biodegradation is probably the
aoit i_portant fite process for pieri, acic! in the environment.
Picric acid i. transported readily bj( .urface and groundw.ter
(Burton .t .1. 1184). Its adsorption to ledt.entl .nd loll
probably i. not lignific.nt. Picric .cid has an affinity for
protein, which can le.d to it. upt.ke in the ti.sue of aqu.tic
org.ni.... Por e.ample, the American oyster (Cr.ssostre. vir
g'inica) has ahown biph.sic upt.ke with retention In the tissues
ol approxim.tely 50' (Burton et al. 1184).

Picric acid c.n be metaboliz.d to a Imall extent in .quatic
org.nisms.

He.lth Effects
....

50 carcinogenic data were av.ilable in the liter.ture
reviewed. Bovever, in a study to evalu.te its mutagenic poten
tial, picric acid yielded positive results in both the Ames
assay and the Bale te.t using nrosophlla (Gocke et ale 1181).
No information on reproductive toxIcIty wa. available in the
literature reviewed.

In humans, the Ingestion or percutaneous absorption of
picric acid may cause nau.ea, vomiting, diarrhea, abdominal
pain, olicuria anuria, pruritu., and .kin eruptions. Skin
dise.se appears to be the .ost common toxic effect associated
with exposure to picric acid. Par example, an outbreak of
hematuria was ob.erved in nav.l personnel after the dumping
of some ammunition containing the acid in their vicinity. The
LOLO for picric acid administered orally ringed from 250 mg/kg
in cats to 100 ag/kg in guinea pig••

Toxicity to Wildlife and nomestic Animals

Available d.ta for freshwater .peci•• consist of acute
toxicity te.tl on fi.h, arthropod., and algae.

Par fish, the LC wa. reported to be 88 ag/liter. Trout
were li.t.d a. bl.ingLi perturbation le.e1 of 4 g/liter after
50 minut... Of the in••rtebrate .pecie. tested, naphnia had an
LeLa of 18 .g/liter and a 42-day .tudy on Crassostrea vlrqlnica
reveal.d that picric aeid inhibits growth.

Scenedesmul .how.d an LC of 240 ag/liter. Inhibition of
cell mUltIplIcation wa. notedLit'70 .g/llter in Microcystic
.eruginosa. !h.r. v.r. no data a.ailabl. on I~ltwater species.

!b. L~ va•••••ur.d in pigeon. and frogl uling lubcuta
neou. injecrfon.. It v•• 200 .g/kg for both, .ugg•• ting th.t
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P,I,l;;&;,I,l; .\,O.~ .• ~U"."'C".1 _"" lJC en enw ..... ""IUUClliooCl ....A.a ... _.....C~Le5-
trial wildlife or domestic animals. No other studies on the
toxicity of picric acid were found in the literature reviewed.

Regul.tions and Standards

OSHA Standard (air). 100 ~g/m3TWA (skin)

ACGIR Threshold Limi~ values: 100 ~g/m~ TWA
300 ~g/m STEL
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POLYCHLORINATED BIPSENYL~

,- Summary

Polychlorinated biphenyls (PCBs) are very persistent in
. the natural environment and are readily bioaccumulated•. 1n
hamans, exposure to PCBs has bee~ associated with chloracne,
impairment ot liver function, a variety of neurobehavioral
symetoms, menstrual d~sorders, min~r birth abnormalities, and
an lncreased incidence of cancer. Experimental animals exposed
to PCBs experienced an increased incidence of cancer, reproduc
tive problems, neurobehaviora1 degradation, pathological changes
in the liver, stomach, Skin, and other organs, and suppression
of immunological function. PCBs are often contaminated, and
these contaminants may be much more toxic than the PCBs them
selves.

Background Information

. Polychlorinated biphenyls (PCB.) are complex mixtures
of chemicals composed of two connected benzene rings with 1
to 10 chlorine atoms attached. The chemical, physical, and
biological properties of these materials depend to a large
degree on the amount and location of the chlorine atoms on
the two benzene rings of eacb specific' PCB and on tbe particular

. mixture of" IncUvlc!ual cb1orobiphenyls that comprise the mixture.

CA~ Number. 1336-36-3

Chemical Formula. C,BSClxC,BSClz
IOPAC Name. Specific for each polychlorinated biphenyl

Important Synonyms and Trade Names. PCBs, chlorinated biphenyls,
polycblorobiphenyl., Aroclor,
Kanechlor, Clophen

Chemical and Physical properties

Molecular .eight, 189-399*
..

Boiling Point, 267·C and up*

Melting Pointl S4-310·C*

*Increases with increasing chlorination.
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Specific Gravity: 1.3 to 1.5 at 20·C*

S~lubility in Water. 0.003-0.6 mg/liter

Solubility in Organics: Soluble in most common organic solvents

Log Octanol/Water 'artition Coefficient. 4-6*

Vapor 're••ure. 10-3_10-5 am Hg at 20·C**... . .

Hen~y!S Law ~onstant: 10-3 to -10-5 atm .3/ • ole

Transport and rate

The transport and fate of polychlorinated biphenyls has
been studied extensively, and although individual chemicals
vary in the rates at which processes occur, aome generalizations
can be made about PCBs as a class. PCBa are relatively inert,
and therefore persistent, compounds, with low vapor pressures,
low water solubility, and high log octanol/water partition
coetficients. Despite their low vapor pre••urea, they have
a high activity coefficient in water, which causes a higher
rate of 901atilila~ion than might normally be expected.Vol
atilization and persi.tence account for the Ubiquitous nature
of pcas in the environment. Ad.orption to the organic .aterial
in soil or .ediments i. probably the .ajor fate of at lea.t
the more heaVily chlorinated ,CB.. Once bound, the PCBs may
persist. for y.ars with slow desorption providing continuous,
low-lev.l exposure to the aurrounding locality. Bioaccumulation
of PCB. al.o occur., with .ost of the compound .tored in the
adipose tissue of the body. PCBs are degraded primarily by
two routes. Less heaVily chlorinated PCB·s C.ainly the mono-,
di-, and trich10rinated PCBs) can be biodegraded by some snil
microorganisms. PCBs with five or .ore chlorine. are notmeas
urably biodegraded. ~bese h.avier PCB. can be photolyzed by
ultraviolet ligbt. Tbi. process is eatre••ly slow, but it
may be the most important degradation process for these very
persistent compound.~

Aisessing the toxicity of PCB. is complicated by the fact
that several different mixture. have been produced and di.trib
uted comaercially and by the presence of highly toxic contam
inants ift same comaercial mistures. Some of the.e contaminants
can be for.ed by combu.tion of PCB. or even by higb-temperature
treatment in service, so that used .aterials ••y be aore toxic
than the coaaerclal mixture. whose toxicity ha. been studied.

*tncr..... with increa.ing chlorination.
**Decrea.e. with increa.ing chlorination.
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Health Effects

In bu..na .xpoa.d to PCBs (in the workplace or via acci
de.ntal cont..ination .of food), reported adverae .ffects include
chloracn. (a long-lasting, disfiguring skin disease), impairment
of liver function, • v.riety of neurobehavioral and affective
aymptoms, .enstru.l disorders, minor birth .bnorm.lities, and
probably incre.sed incidence of cancer. Anim.ls experimentally
exposed to PCBs have shown most of the aame symptoms, as well
as impaired reproduction~ pathological changes in the liver,
stomach, skin, and other organs~ and suppression of immunological
functions. PCBs are carcinogenic in rats and mice .nd, in
appropriate circumstances, enhance the effects of other carcin
ogens. Reproductive and neurobiological effects of PCBs have
been reported in rhesus monkeys at the lowest dose level tested,
11 ~g/kg body weight/day over • period of several months.

Toxicity to Wildlife .ndOomestic Anim.ls

Polychlorin.ted biphenyls are bio.ccumulated .nd can be
biomagnified. Therefore, their toxicity increases with length
of exposure and position of the exposed species on the food
chain. The toxicity of the v.rious PCB mixtures is also depen
dent on their composition. Bec.use of the complexity of PCB
toxicity, only general effects will be discussed here.

The 9S-hour LC v.lues for rainboW trout, bluegills, .
and. channel c.tfish5Sere around 20 ag/liter. Tbe same species
exposed for 10 to 20 days h.d LC v.luea of .bout 0.1 mg/liter.
Invertebrate species w.re .lso .aeersely .ffected, with some
species having 7-d.y LC v.lues as low •• 1 ~g/liter. In
general, juvenile org.n'Qms appeared more susceptible to the
effects of PCBs than .ither eggs or adults.

Three priaary way. 1n wbich PCBs can affect terrestrial
wildlife are outright .ortality, adversely affecting reproduc
tion, and changing behavior. PCB doses greater than 200 ppm
in the diet or 10 ag/kg body weight (bw) c.used aome mortality
in sensitive bird apecies exposed for .everal daya. Doses
around 1,500 ppm (di.t) or about 100 ag/kg (bw) c.used extensive
mortality in the.e aensitive apecies. They generally caused
aome .ort.lity in all apecies, witb the level being dependent
on the length of expoaure .nd the particular PCB mixture.
~ome .....lian apecies ~re especially susceptible to PCBs.
Por example, .ink died when fed as little as 5 ppm in the diet
(equivalent to l.ss than 1 .g/kg bw/day). PCBs caused lower
.gg production, deformities, decre.sed h.tch.bility, growth,
and .urvival, and acae .ggshell thinning in reproductive studies
on chickena f.d doae. of 20 ppm 1n the diet (l·ag/kg bv).
Mink fed 1 ppm in the di.t (0.2 ag/kg bw) b.d lower reproductive
auccess, .nd there .r. indications th.t an incr••••d incidence
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of premature births in some marine mammals was linked to PCB
exposure. Behavioral effects on wildlife include increased
activity, decreased avoidance response, and decreased nesting,
all of whicb could significantly influence survival in the
wild.

NO toxic effects on dome. tic animals other than chickens
were reported in the sources reviewed, but susceptible species
would probably be affected in a siai1ar ••nner to laboratory
animals and vildlife.

Regulations and Standards

Ambient Water Quality Criteria (USIPA).

Aquatic Life

Freshwater

Acute toxicity. 2 ~9/1iter

Chronic toxicitYI 0.014 ~g/liter

Saltwater

Acute toxicityl 10 ~g/liter

Chronic toxicityl 0.030 ~9/1iter

Ruman aealth

Zatiaate. of the carcinogenic rists a.sociated with lifetime
expo.ure to various concentration. of ,cas In vater are:

Risk- -s10_610_710

CAG Onit Ri.k (U~EPA)I 4.34

NIOS8 lecoaaend.d ~t.ndardl

ACGIS ~hr••bo1d Lialt Valu••

..

Concentration

0.79 ng/liter
0.079 ng/l1t.r
0.0019 ng/liter

(ag/kg/day) -1

1.0 ~g/.3 'l'IIA

0.5 ag/.3 'l'WA
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Solubility in Organics:

.-,.

POLYCHLORINATED OIBENZO-~OIOXINS

SuftUllary

Polychlorinated dibenzo-p-dioxins (PCODs) are often found
as contaminants in chlorinated phenolie compounds. They persist
in the natural environment and can be bioaccumulated. Exposure
to PCODs has been associated with numerous adverse health effects,
including cancer, genotoxiclty, enzyme inductionJ chloracne,
teratogenicity, reproductive toxicity, immunotoxicity, porphyria
cutanea tardo, and neurobehavioral changes.

Chemical Formula: C12H4Clx02

IUPAC Name: Polycblorodibenzo-l,4-dioxins

Important Synonyms and Trade Names: 010xins, PeOOs

Chemical and Physical Properties

Boiling Point: SOO·C (begins to decompose)

Melting Point: Around JOO·C

S~lubility In Water: Insoluble

Soluble in fats, 011s, and other relatively
nonpolar solvents

Log Octanol/Water Partltion Coefficient: Approximately 5

Vapor Pressure: 10-6 am 8g at 2S·C

Transport and Pate

Polychlorinated dibenzo-p-dioxlns (PCOOs) have a very
low vapor pressure and tberefore are unlikely to volatize into
the atm08phere. Bovever, there are studies that indicate volati
zation aay occur. Bzperi.ents bave shovn PeOOs to be highly
sorbed to ••di.ent., soill, and bioata 10 they aay be transported
through the alr ln .oil dust. Because PeOO. are tightly bound
to loil., lt is probable that any surface vater contamination
found in polluted area. 11 from 80il erolion rather than from
leaching. A calculated sediment/vater equillbri~ partition
coefficient iling slz setl of data for PeOOs varied from 1.1 • 10-4
to 2.1 x 10-. This indicates that most PCDOs in vater will
be sorbed to particulates.

Polychlorinated dibenzo-p-dlozin.
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PCODs do not readily undergo photodegradation unless solvents
are present which will act as hydrogen donorl during reductive
dechlorination. Certain microorganisms have b.en found that
will degrade PCOD.. The half-life of PCODS in aoil ha. been
found to vary from 130 days to leveral yearl. Tbua, PCODs
are perliatent in tbe-environment.

Health Effectl

Studies of the bealth effecta of the PeODs bave generally
concentrated on 2,3,7,8-tetrachlorodlbenzo-p-dioxin (TeOD)
because it is the most toxic of the PeODs. Studies on the
other PCODs indicate that they cause the lame effects, but
at different quantitative doses than TCOD.

The Itructure-activity relation.hip. among the PCODs are
reasonable well-defined. Isomerl with 2 or fewer chlorine
atoms in the 2, 3, 7, and 8 poaition. bave low biological activity.
Isomers with 3 or 4 of these poaitiona substituted have quantitativel
and qualitatively limilar to biological activity TeOD. The
1,2,3,7, and 8 polition. are all only aligbtly lea. active
than TeOD. Additional substitutions in tbe 1, 4, I, and 9 position~

considerably reduce biological activity.

A variety of health effects bave been a.sociated or attrib~~e~

to exposure to very low concentrations of PCODI, especially
TeOD in both experimental animal. and bumana. Tbese effects
include cancer, genotoxicity, enzyme induction, teratogenicity
and reproductive tozicity, immunotozicity, cbloracne, porphyria
cutanea tarda, and neurobehavioral toxicity. TCDD has been
shown to induce cancer in aice and rat. following dermal or
oral administration. Animal atudie. luggest tbat i..unotoxicity
is probably the most potent effect of TeDD. loth immunotoxicity
and the enzyme inducing effectl of PCDDs are probably mediated
through a cyto.olic receptor tbat high affinity for PCDDs.
Chloracne i. the only clear effect that PCDD intoxication has
produced in humans.

Toxicity to Wildlife and Domestic Ani••ls

Pre.bwater aquatic specie. ezposed to low concentrations
of TCDD (In the parts per trillion range) for 4 day. displayed
toxic lignl and died from 40 to 140 daYI later. Acute toxic
effects were not noted ,in aany of the aquatic specie. at the
level of !enD vater solubility, 0.2 ~g/liter. Borles exposed
to TCOD in contaminated valte oil used to control dust in corrals,
became .ick and died.
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POLYCYCLIC AROMATIC HYDROCARBONS

SUJlllllarx

polycyclic' aromat'lc hydrocarbons (PARs) are rather persis
tent in the environment. Some PARs are carcinogenic, causing
tumors both at the site of "application and systemically. The
carcinogenic PARs are generally active in mutagenic assays.
The~"a1so cause skin disorders and immunosuppression. Adverse
effe.l:"t's on tile 1iver and kidney have been associated wi th expo
sure to PARs in general.

Important Synonyms and Trade Names: Polynuclear aromatic hydro
carbons, PAB, PNA

Chemical and Physical properties

The polycyclic aromatic hydrocarbons are a class of compounds
consisting of substituted and unsubstituted polycyclic aromatic
rings formed by the incomplete combustion of organic materials.
Their chemical, physical, and biological properties vary with
their size and shape.

j'

Molecular Weight: 116-278

Melting Point: 80·C-270·C.

Specific GraVity: 1.1-1.3 at 20·C.

SolUbility in Water: 0.0003-34 ag/liter••

Solubility in Organics. Soluble in most common organic solvents

tog Octanol/Water Partition Coefficient: 3.4-7.6-

Vapor Pressure. 10.10 to 10.2 am 8g at 20·C··
,

,
.Generally increa.es with increasing molecular weight.

··Generally decre.se. with increasing aolecular weight.
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Transport and Pate

very little information on specific polycyclic aromatic
hydrocarbons (PARs) is available. Th••nvironmental lat. and
transport of th.s. compounds are largely inl.rred lrom data on

.b.nzo(alpyrene and mixtures of. PUs. The relatively bigh log
octanol/water partition co.fficients of PABs indicate that they
should be strongly adsorbed onto suspended particulate matter,
especially particulates high In organic content. The available
info~ation suggests that thes. compounds can accumulate in the
.ed1~ent and biota portions of the aquatic environm.nt and that
adsorption is- probably the dominant aquatic transport process.
Atmospheric transport of PABS i. also possibl.. This generally
occurs by adlorbtion onto airborne particulate matter, but some of
the PAHs with relatively low mol.cular weights are volatile.

'Regardl.ss of the m.thod of atmospheric transport, PAS. are re
turned to aquatic and terrestrial systems by ataosph.ric fallout
or precipitation. They can also reach ground or surface waters by
leaching from polluted soils.

, PABs are relatively insoluble In vater, but tbe dissolved
portion may undergo rapid, direct photolysis. S)nglet oxygen is
the oxidant, and quinones ar. the products ift thes. reactions.
Oxidation by chlor1ne and ozone .ay be an i_portant fate proc.s.
when the•• oxidants are available in .ufficient quantities.

Although polycyclic aromatic bydrocarbons ar. rapidly blo
accumulated, th.y ar. al.o quickly m.taboliz.d and eliainated from
most organ!.ms (shellfisb are a known exception). lioaccumula
tion, .specially In vertebrate organi... , Is usually short t.rm,
'0 it i. not con.idered an important fate proc.s. in multicellular
organisms. liodegration and biotransfor.ation are probably the
ultimate fate proc••••• for PABs. The a.ailabl. data sugg.st that
the PABs with high mol.cular w.ight. ar. degraded slowly by
microb.s and re.dily metaboliz.d by multicellular organisms.
Microbes appear to degrade PABs mucb more co.pl.tely than mammal••
Biodegradation probably occurs .ore slowly in aquatic sy.tem. than
In soil, and it may be much moce impoctant in syat..s that are
chronically affected by PAR contaainatioft.

Health 2ff.cts

The potential for PABs"to indue••alignant transformation
dominate. the consid.rati~n of health hazards resulting from
.xposure, becau.e there often are no overt signs of toxicity until
the dose is high enough to produce a high tumor incidence. The
attached table contain. tARe'. classification of acme PABs accor4
ing to their carcinogenicity.

No case reports or epid.mological atudi•• concerning the sig
nificanc. of h~an expoaure to individual PAB. are a.ailable.
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However, coal tar and other .aterials known to be carcinogenic to
humans contain PABs.

PASs admini.tered by various routes have be.~ found to be
carcinogenic in .everal animal species and to have both local and
systemic carclnogentc effects. On oral adminl.tratlon, carcino
genic PASs produce tumors of the forestomach in .ice. Lung tumors
are produced In hamsters after intratracheal administration and in
aice after intravenous administration. In .kin painting experi
ments with mice, carcinogenic PARs produced .kin carcinomas.
Other observed effects include induction of local sarcomas and an
increased. incidence of lung adenomas in mice following single,
subcutaneous injections. S.tudies in other specids, while indicat
ing that PARs have universal carcinogenic effects, are less com
plete. Carcinogenic PAHs are reported to be mutaganic in a vari
ety of test systems. The lim~ted available information suggests
that PARs are not very potent teratogens or reprod~ctive toxins.

There is very little information regarding nonmalignant
changes caused by exposure to PARs. Application of carcinogenic
PAHs to 1I0use skin is reported to cause destruction of sebaceous
glands, hyperplasia, hyperkeratosis, and ulceration. Many carcin
ogenic PASs also have immunosuppressive effects. 3ubcutaneous in
jections of some PARs for several weeks reportedly caused hemo-
lymphatic changes in the lymph nodes In rats. Workers exposed to
PAR-containing materials have exhibited chronic ~ermatitis,

hyperkeratoses, and other skin disorders.

Toxicity to Wildlife and Oamestic Animals

There is very little information on the environmental toxic
ity of PABs7 they probably are not very toxic to aquatic organ
isms.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life

The available data are not adequate for establishing cri
teria.

Buman Ileal th
,

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of carcinogenic PAHs in
water are:
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Risk-
-510_610_710

CAG Uni t Risk (USUA) I

concentration

28.0 ng/liter
2.8 ng/liter
0.28 ng/liter

.enzo(a)pyrene: 11.5 (ag/kg/day,-l

,
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CARCINOGENICITY or PARs

Che.lcals for which there i8 sufficient evidence that they
are carcinogenic in animals:

Benzo(a) anthracene
Benzo(b)fluoranthene
Benzo(j)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Dibenzo(a,h)acridine
Dibenzo(a,j)acridine
Dibenzo(a,h)anthracene

7B-Dibenzo(c,g)carbazole
Dibenzo(a,e)pyrene
Dibenzo(a,h)pyrene
Dibenzo(a,i)pyrene
Dibenzo(a,l)pyrene
Indeno(1,2,3-c,d)pyrene
5-Methylchrysene

Chemicals for which there is limited evidence that they
are carcinogenic in animals:

Anthranthrene
Benzo(c)acridine
Carbazole
Chrysene
Cyclopenta(c,d)pyrene

Dibenzo(a,c)anthracene
Dibenzo(a,j)anthracene
Dibenzo(a,e)fluoranthene
2-, 3-, 4-, and 6-Methylchrysene
2- and 3-Metbylfluoranthene

Chemicals for which the evidence is inadequate to assess
their carcinogenicity:

Benzo(a)acridine
Benzo (-g,h, i) fluorantbene
Benzo(a) fluorene
Benzo(b) fluorene
Benzo(c) fluorene
Benzo(g,h,i)perylene
Benzo(c)phenanthrene
Benzo(e)pyrene

Coronene
1,4-Dimetbylphenanthrene
Fluorene
l-Methylchrysene
l-Methylphenanthrene
perylene
Phenantbrene
Triphenylene

Chemicals for which the available data provide no evidence
that they are carcinogenic:

Anthracene
Fluoranthene

S~tJRCE: tARC 1983
..

Pyrene
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SELENIuat

Summary

Although ~elenium is an essential element, exposure to
amounts juat slightly above the required levels can produce
toxic effecta. Signs of chronic exposure In humans include
dermatitis, neurobehavioral eftects, gastrointestinal dlsturb
anc!!s, dental caries .and discoloration, and partial loss of
hatr.~nd nails. Toxic effects observed in animals include
deg4neration'of the liver, kidneys, and myocardia: hemorrhages
in the digestive tract: and brain damage. Inhalation of selenium
irritates the eyes, nose, and throat.

Background Information

Selenium is stable in four valence states: -2, 0, +4, and
+6. Elemental selenium can be considered inert in the aquatic
environment, and deposition of thi. torm appears to be a major
sink for selenium in natural systema.

CAS NUmber. 7782-49-2

Chemical Formula: Se

IUPAC Namel Selenium

Chemical and PhYsical Properties

Atomic weight: 78.96

Boiling Pointl 684.9ee

Melting Point: 2l7·C

Specific GravitYI 4.26 to 4.81

Solubility in Water. Insoluble

Solubility in Organics.

Selenium
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Transport and Pate

In a.robic waters and at high pH, selenium is present
in the .elenite (+4) or lelenate (+6) oxidation state. These
chemical,.pecie. are very 101ub1e, and· it i. probable that
most of tbe seleniua released into the aquatic environment
Is transported in the.e form. to the ocean.. Ond.r r.duclng
condition. an4 at low pH, elemental .elenium or metal selenides
can be foraed. Similar chemical speciation patt.rn. affect
th•. transport of .elenium In loll. 'In poorly aerated, acidic
.oili~ insoluble for•• predominate. In w.ll-aerated, alkaline
soLi., .oluble forms of ••lenium subject to leaching and com
pounds readily taken up by plant. tend to be formed.

Selenium i. strongly ad.orbed to hydrous metal oxides,
while clays and organic materials have a lesser affinity.
Sorption by bed sediment. or suspended .01Id., and precipitation
with hydrous iron oxides are probably the major control on
mobility of selenium in aerobic waters. Rowever, most selenium
in aquatic syste•• i. probably transported a. the di.solved
species. Experi.ental .tudies indicate that selenium is quite
mobile in clays, especially under alkaline conditionl.

Selenium is bioaccumulated by aquatic and terrestrial
organisms. Although dietary intake il tbought to be the most
important .ource of .elenium in .any organi... , little biomagnifi
cation appears to take place. Conversion of aelenium to inert
and insoluble form. may occur in terr••trial and aquatic orga
nisml. However, .eleniQm can be .ethylated by a .ariety of
organism., including benthic aicroflora. In a reducing envi
ronment, hydrogen aelenide (&28e). .ar be formed. loth the
methylated forms and B Se are volati e, and can be released
to the atmosphere. co~.equentlY, remobilisation of selenium
from aquatic and terrestrial ayste.s, through biotransformation
to volatile for.s and subsequent at.oapheric transport, can
result In significant recycling.

Health Effectl

There il no evidence that .elenia. il carcinogenic in
human.. Selenias ba. been te.ted by tbe oral route In experi
mental ant..l., but tbe available data are inaufficient to
allow unequivocal evaluation of ita carcinogenic potential.
Hov••er, recent report. lugg.lt tbat aeleni~ i. not carcino
genic. S.veral studi•• hay. Ibown that .elenium may actually
reduce tbe Incidence of tumors under certain conditions. Muta
genicity, teratogenicity, and reproductive effects have not
been ad.quately te.ted. .

Selenium i. an ••••nti.l el••ent in ani.all'and probably
in humans. Boweger, expo.ure to amounts only slightly .bove

SelenlUli
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the required levels can produce acute and chronic toxic effects.
Acute toxicities of lelenium compounds vary greatly, while
the chronic effects of most forms are limilar. Ixposure may
be by oral, inhalation, or dermal routes, and effects in humans
and experimental animals are limilar. Acute effectl include
degeneration of liver, kidneys, and myocardia, he.orrhages
in the digestive tract, and brain damage. lye, nOle, and throat
irritation may allo occur with inhalation exposure. The acute
oral LD SO value of lodiwm selenite in rats was approximately
10 mg/kg. Chronic toxicity in humans appears to occur only
in areas vhere foods containing excessive concentrations of
seleni"um are ingested. Signs of chronic intoxication include
depression, nervousness, dermatitis, gastrointestinal distur
bances, dental caries and discoloration, lassitude, and partial
loss of hair and nails.

Toxicity to Wildlife and Domestic Animals

Some food and forage crops growing on certain seleniferous
soils can accumulate selenium to concentrations as high as
1,000 ppm. Chronic selenium toxicity can occur in grazing
animals that consume plants containing 3 to 25 ppm over a long
period of time. Symptoms of chronic poisoning (-alkali- disease)
include lack of vitality, 10.1 of hair, Iterility, hoof defor
mity, lameness, anemia, and fatty necrosis of the liver. Acute
toxic effects including impairment of vilion, weakness of limbs,
and respiratory failure may occur in livestock consuming 100
to 1,000 ppm of lelenium. There are reportl that consumption
of plants containing 400 to 800 ppm has b.en lethal to sheep,
hogs, and calves. There are no reports of increased cancer
rates among livestock in .eleniferoua areas.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life (Selenite)

Presbwater

Acute toxicity: 2&0 ~9/liter
Chronic toxicity: 35 ~g/liter

Saltwater ,
Acute toxicity: 410 ~9/liter

Chronic toxicity: 54 ~9/liter

No criteria for the protection of aquatic life were established
for .elenate.

Selenium
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Buman Health

Criterion: 10 ~g/litar

Pri.ary Drinking Water ~tandard: 0.01 ag/liter

NIOSS Recommended Standard: 0.2 ag/m3 TWA (Se coapounds, as Se)

OSHA ~tand.rd: 0.2 mg/m3 TWA (S~ compounds, ·a. ~a)
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SILVER

Summary

Expolure to high level. of silver can cause argyria Can
. i~pregnation of the tissues) and leslon. of the liver, kidney,
bone marrow, and lungs in humans. Liver and kidney damage,
centr~l nervous system effects, and pUlmonary edema and congestion
hav....·been reported in· experimental animals exposed to various
silve: compound~.

CAS Number: 7440-22-4

Chemical Formula: Ag

IOPAC Name: Sllver

Chemical and Physical Properties

Atomic Weight: 107.868

Boiling Point: 22l2·C

Melting Point: 96l.93 eC

Specific Gravity: 10.5 at 20·C

Solubility in Water: Insoluble Csome compounds are soluble)

Solubility in OrganicI: Soluble in alkali cyanide solutions

~anspOrt and Pate

Silver can esilt in several chemical forms In aqueous
systems. Metallic lilver, whicb has very lov solubility, is
stable o.er mucb of the Ih-pB range for water. Concentrations
of hydrated lilver cations, usually pre.ent a. the univalent
species, may be'controlle~ by reaction with chloride, bromide,
and iodide ionl to give insoluble silver halides. Precipitation
of Agel may ezert a major control on solubility of silver where
chloride concentrations are relatively high. Onder the reducing
conditions often found in bed sediments, foraation of insoluble
.ilver sulfides and .etallic silver may allo control levels
of soluble silver species. Silver il strongly sorbed by mangan
ese diozide, ferric hydrozide, and clay minerals. Sorption
is probably the dominant process leading to r ..oval ~f dissolved
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silver fro- the water column. In general, concentrations of
.ilver are higher In the bed .ediments than in overlying waters.
Por e.ample, these concentrations vere reported to differ by
a factor of 1,000 in an alpine lake.

Bioaccu.ulation of silver by aquatic plant., invertebrates,
and· v.rt.brat•• occurs readily and appea~. to d.p.nd primarily
Oft sorption/desorption frOll .ediment.. lovever, the ..ount
of .ilver partitioned to the biota appear. to be minor in com
pari,on with the amount partitioned to the .ediments. Littl.
foo6~~hain magnification ..... to occur. Photoly.is, volatili
zatron, atmo_ph.ric transport, and biotran.formation do not
appear to be important fate or tran.port proce•••• for silver.

Health Effects

only .quivocal evidence .xists to suggest that silver
has carcinogenic activity in e.p.rimental ani.als. Silver
implants and inject.d colloidal su.pension. are r.ported to
prod~ce tumor. or hyperplasia at the site of application In
several studle.. Sowever, it is suggested that the effects
are due to tbe physical form of tbe .etal or to it. action
as an ••ogenou. irritant. There are no· .tudie. to .ugge.t
that silver i. carcinogenic in bu.an.. SlIver does not appear
to havi significant mutagenic or teratogenic activity in h~ans

or experimental animal••

Silver can be absorbed in buman. by inhalation or ingestion.
The most common and .ost noticeable effect. of exc•••ive absorp
tion are a local or generalized impregnation of the ti.sues
referred to a. argyria. In ca.e. of argyria, accumulation
of silver can re.ult in a blue-gray pigmentation of tbe skin,
hair, internal organs, and conjunctiva of tbe efe. Large oral
doses of silver compounds may produce seriou. effects in humans.
Por example, ailv.r nitrate can cau•• viol.nt abdominal pain,
vomiting, and convulsions, and ingestion of 10 gr... i. reported
to usually be fatal. Le.ion. of tbe li.er, kidney, bone marrow,
and lungs have al.o been attributed to industrial or .edicinal
••po.ure.

Intr.v.noua .dIIill1.tr.tlon of·.ilv.r nitr.te 1. reported
to procJuce pulmon.ry ed..a and congestion In .xperi.ent.l ·animals.
Liver and kidn.y d..age, central nervous .y.te. effects, and
death bave .1.0 beea r.port.d inexperi.ental ani.al. expo.ed

i:r9:~.!O:: :~~v:~t::~:01:a:;le'::I~:t:~:!:~t:~::li;Di9.~3:g~:i~)
Rat. expo.ed to .ilver in their drinking water tor 11 .ontb•
• bowed no toxic .ffecta at concentration. le•• than 0.4 ml/liter.
aemorrhaging occurred in tbe kidney. at 0.4 ag/liter. Condi
tioned r.flex activity and immunological re.i.tance were lowered,
and brain nucl.ic .cid content va. incr••••d at 0.5 at/liter.
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Numerous physiological changes, inclu~ing growth ~epres8ion,

an~ pathomorphological changes in the liver, ki~ney, stomach,
an~ amall intestine were evi~ent in rats expose~ to 20 mg/liter
for 5 aonths.

Toxicity to Wil~life and Domestic Animals

Acute tozicity values for freshwater invertebrates range
from 0.25 ~g/liter far Daphnia magna to 4,500 ~g/liter for the
scud Gammarus pseu~olimnaeus. Acute values for fish range from
3.9 ~glliter for the fathead minnow in soft water to 280 ~g/liter
for rainbow trout in har~ water. In fresh water, the acute
toxicity of silver appears to ~ecrease as hardness increases.
Soluble compounds, such as silver nitrate, are generally much
more tozic than insoluble compoun~s. Chronic values ranging
from 2.6 to 29 ~g/liter are reported for Daphnia magna. Two
early life stage studies with rainbow trout report chronic
values of 0.12 ~g/liter. Acute-chronic ratios for Daphnia
maina and rainbow trout are 2.0 an~ 54, respectively. Presh
wa er aquatic plants appear to be aore resi.tant to silver
than the more sensitive animals.

Acute value. for saltwater organi..s range from 4.7 ~g/liter

for the summer flounder to 1,400 ~g/liter for the sheepshead
minnow. A chronic value of 18 ~g/liter, and an acute-chronic
ratio of 14 is reported for the mysi~ shrimp.

Reduce~ cell numbers are ob.erved in the saltwater alga
Skeletonema costatum after espo.ure to 130 ~g/liter of silver.

Ezce.s silver can induce .elenium, vitamin 2, and copper
deficiency symptoms in animal. fed adequate diets, and can
aggravate deficiency symptoms in animals whose ~iet. lack one
or more of these nutrients. The.e effects are reported in
dogs, .heep, pig., cbick., turkey poUlt., and ducklings.

Regulations and Standards

Ambient Water Q~a1lty Criteria (OSEPA)I

AqUatic Life

Preshwater

Acute to.icitY: e(1.72 [In(hardness)) - 6.52) ~9/1iter

Chronic to.icity: No criteria have been established
Saltwater

Acute to.lcity: 2.3 ~g/llter

Chronic tosicity: No criteria have been e.tablished

Silver
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BUlian Sealth

Criterion: 50 ~g/lit.r

Primary Drinking .ater Standard: 50 ~g/lit.r

OSBA Standard: 10 ~g/.3 TWA

ACGIR Thr.shold timit Valu•• : 0.1 ag/m3 (a.tal)
0.01 ag/.3 (.oluble compounds)
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SODIUM

SWIlJDary

Righ doses of certain sodium compounds are reported to
have teratogenic and reproductive effects in animals. Several
.tudies suggest that brain damage and sudden unexpected death
in human infants may be induced by high sodium levels. Exposure
to high levels of sodium has also been associated with age-related
increases in high blood pressure in genetically susceptible
individuals.

Background Information

Sodium is the sixth most abundant Ilement on earth. It
is very reactive and is never found free in nature. It reacts
violently with water, decomposing it with the evolution of
R2 and the formation of NaOR. Sodium normally does not ignite
in air at temperatures below lISee, but it may ignite spontaneousl
on water. Because of its reactivity, .odl~ must be handled
with great care, and contact between it and vater and other
substances with which it reacts should be avoided.

CAS Humber: 7440-23-5

Chemical Pormulal Ra

tUPAC Hame: Sodium

Chemical and Physical Properties

Atomic Weightl 22.9898

Boiling Pointl 882.9·C

Melting Pointl 97.81·C

Specific CravitYI 0.97

Solubility in .aterl Metal decompose. explosively in vater:
many sodium compounds are soluble
,

TranSport and rate

Many .odium compounds are .oluble in vater, and the sodium
ion il readily tran.ported in .urface vater, loi1, and ground
vater. !he extent of lodiua transport in loil II dependent,

SodiUJll
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to 10lle estent, on the cation esch.nge c.p.city of the so11.
Atmospheric tranlport of lodium occurs r••dily. ZVapor.tion
of oc.an Ipray particle. and th.ir IUblequent incorpor.tion
into precipitation is an import.nt sodium cycling process.
SocHum i. ubiqul·tous' In nature and i8 an important component
of all .co.y.t.... '

He.lth Effects

There is no evidence to luggest th.t .odium h.s carcinogenic
or mutagenic effects in h~ans or esperimental .nim~ls. Sodium
chloride Is reported to produce ter.togenic and reproductive
effects in esperimental .nimals .sposed to high dos.s by v.rious
routes. Por es.mple, mice .xpoled lubcutaneously to over 2,000 m9/~~

of sodium chloride on day 10 or 11 of g.st.tion had an increased
incid.nce of dead or r.sorbed young. Liv. young in,this study
had decreased body weight. and an incr••••d incidence of appendi
cular .alformationl, luch a. clubfoot and deviation of the
digits (Hishi.uri and Miyamoto 19'9).

In humanl, adv.rse .ft.ctl of .odium occur a. a result
of ingestion ot exce•• amounts of tbi. el••ent. Acute effects
appear to occur only in neonates and young infants. Several
studies suggest that per••nent brain damage and ludden, unexpected
d••ths of inf.nt. between the ages of 2 v.ek. and 2 years may
be due to hypernetremia. Sodium produc•• toxic .ff.cts and
can cause death in .xp.rim.ntal aniaals exposed to high concen
trations. Por .xample, the oral LDSO .alue for RaCI in rats
is 3,000 .g/kg.

Clinical and .pidemiological Itudie. lugg.st that ingestion
of escess .odium may contribute to the d.velopment of age-related
increases in blood pressure and hypertension In genetically
susceptible person.. Studi•• with ezpe~!.ental ani.als support
the contention that excess .odium ingestion i. rel.ted to the
development of hyp.rt.nsion. It· i. esti.ated that at lea.t
.0 percent of the population would benefit if con.umption of
lidum vere limit.d to 2,000 IIg/day or 1.... Th••odium present
in drinking wat.r contribute. to the total daily intake of
this ele.ent. an••urv.y, vhich ...pled the vater lupplie.
used by about half of the a.s. population, report.d .odium
ion concentration. ranging frc. 0•• to 1,'00 ag/llt.r •

...

~oxicity to .ildlif.and Domestic Animals

Although f.v .tudi•• documenting effect. ar. available,
high conc.ntration. of .odiga chloride probably have detrimental
eff.ct. Oft aquatic orgafti... and t.rr••trial plant.. In lakes,
incr••••d .alinity vill e.u.e .tratification and ther.by delay
the .pring turnover that o_ygenate. the lower le.el. of the
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lake. In addition, .alinity changes due to high .odium chloride
concentration••ay adversely affect aquatic .yste•• by changing

.~ the osmotic pre.sure and by increasing the mobility of .ome
heavy .etal••uch as .ercury. In terrestrial .y.teas, high
.odium chloride concentrations caused by road deicing have
proved tatal to roadside vegetation, and the increased .011
.alinity associated with irrigation has rendered cropland unus
able.

Regulations and Standards

Department of Transportation: Flammable solid: dangerous when
wet
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Sodium chlorate yielded positive result. intvo mutagenicity
a.says. It is a .tr~ng oxidizing agent and consequently is
a fairly potent irritant.

CAS Number: 777S-09-'

Chemical Formula: HaClo]

IUPAC Name: ~odium chlorate

Important Synonyms and Trade Name.: Asex, Atlacide, chlorate of
soda, chlorate salt, Klorex
Iusatol, soda chlorate

Chemical and Physical Properties

Molecular Weight: 106.44

Boiling Point: Decompose. at 300·C

Melting Point: 248·C to 26l·C

Specific Gravity:, 2.5 at 20·C

~olubility in Water: Approximately 1,000 mg/liter

Solubility in Organics: ~oluble in alcobol and glycerol

Transport "and Pate

Ho information OD the transport and fate of sodium Chlorate
va. found in tbe sources reviewed. Sodium chlorate 1s a strong
oxidizing agent and probably re.cts quite rapidly in the environ
ment. It is not likely to be perciltent in nature.

leal"th Iffects

Ro information on the carcinogenicity of sodium chlorate
vas found in the source. reviewed. Gocke et al. (1981) reported
tbat the results of tvo mutagenicity as.ays--the Ames assay
and the BAS~ test on Dro.ophila--vere positive for sodium chlor
ate. Ro information on the chronic toxicity of "sodium chlorate
va. available in the source. reviewed. Sodium chlorate is
a strong oxidizing agent and therefore is"a fairly strong
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irritant. The oral tD!O in rats i. 1,200 ag/kg, but doses of
around 200 ag/kg vere rltal to human children.

Toxicity to Wildlife and Domestic Animals

Sodi~ chlorate va. reported to be toxic to fish, but
no dose levels vere provided. This compound is a nonselective
herbicide. No other information on the toxicity of sodium
chlorate to vildlife and domestic animals vas found in the
lourees reviewed.

Regulations and Standards

No regulations or standarda for sodium chlorate have been
establisbed.
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S~DDARD SOLVENT

SUlIIIIlary

Stoddard lolvent il an eye, nose, and throat irritant
in humans. Acute expolure to high vapor concentrations can
caule headaches and produce narcotic effects. Chronic exposure
to high airborne concentrations of Stoddard lolvent .ay produce
kidney dalllage.

Background Information

Stoddard solvent il a mixture of 9 to 11 carbon straight
and branched paraffins, cycloparaffins, and aromatic hydrocarbons.
Properties of a specific sample vill depend on the composition
of the particular mixture.

CAS Number: 8052-41-3

Chemical Pormula: Predominant molecular lpecies, C9-Cll,
30-50t Itraight and branched chain paraffins,
30-40t cycloparaffin., and 10-20t aromatic·
hydrocarbons .

Chemical and Physical· PrOperties

Molecular weight: 135-145 (average)

Boiling Point: 160-2l0ee

Specific Gravity: 0.75-0.80

Solubility in Water. Inloluble

Solubility in OrganicI: Miscible with .Olt organic solvents

Vapor Pressure. 4.0-4.5 am Bg at 25ee

Vapor Density: 5

Plash Point: 37.8-60·C

"Transport and Pate

practically no information concerning the environmental
transport and fate of Stoddard lolvent is available. This
lolvent contains a .ixture of organic coapounds, and each of
the.e components .ay behave loaewhat differently in the environ-
.ent. .

Stoddard lolvent
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In general, the low water lal~bllity and .aderate vapor
pres.~re of Stoddard lolvent lugge.t that volatilization may
be a lignificant tranlport proces.. Although direct oxidation
in water i. unlikely, photooxidation of compo~nd. reaching
the atsolphere say occur. The lolubility of Stoddard lolvent
in organici and itl low water lolubility luggelt that lorption
to IUlpended particle. and bed ledi.ents containing organic

. component. say be a .ignificant transport proce.1 in aquatic
Iystem.. Sorption to organic .aterials .ay li_it the _ovement
af Stoddard solvent in loil. Data concerning other related
hydrocarbons suggest that biodegradation by a variety of micro
organisms may be an important environmental fate for Stoddard
solvent, but that bioaccumulation would not be an important
long-term proces.. .

Photolysis and hydrolysis are not likely to be lignificant
environmental fates.

Health Effects

There are no reportl of carcinogenicity, sutagenicity,
teratogenicity, or reproductive effects a.lociated with exposure
to Stoddard lolvent. Bovever, benzene, a potential human leukemo
genic agent, .ay be a contaminant of loae I ..plel of refined
petroleum lolventl. Stoddard lolvent generally contains 0.1'
benzene or less, and it i. thought tbat ordinary use of lolvents
containing le.s than 5' benzene would not produce a benzene
exposure hazard.

Stoddard lolvent il an eye, no•• , and throat irritant
in human. and bas a defatting and irritating action on the
skin. At relatively bigh vapor concentrations it can cause
headacbe. and produce narcotic effects. Aspiration of tbe
liquid can produce diffu.ed chemical irritation of tbe lungs,
resulting in ed••a, and a few milliliter...y b. fatal in these
incident.. Inhalation eape.ure of laboratory ani.al. can result
in irritation and narcotic .ffect.. Chronic expoluse to rela
tively high concentrations (greater tban 1,000 ag/a ) aay produce
kidney damage, altbough the.e relult. are equivocal •.

~oxicity to Wildlife and Domestic Animal.

Adequate information to characterize the toxicity of Stoddard
lolvent to wildlife and~omestic animals il not available.

Regulation. and Standard.

KIOS8 Reccmaended Standard I 350 ag/1l3 ~
1,800 ag/a /15 aln Ceiling Level

Stoddard lolvent
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-.
OSHA Stlndard: 2,950 mg/m3 TWA

ACGIS Threshold Lisit Value.: 525 sg/m3 IWA
1,050 sg/II S'l'EL
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1,2, 4, 5-TETRACBLOROBENZ ENE

SWlUDary,

1,2,4,5~Tetrachlorobenzene caused slight liver toxicity
~nd disrupted conditioned reflexes in studies on experimental
animals. Tetrachlorobenzenes in general appear to induce the
acti~ity of microsomal enzymes ••...'

CAS Number: 9S-94-3

Chemical Formula: C6R2Cl 4
IUPAC Name: l,2,4,S-Tetrachlorobenzene

Important Synonyms and Trade Names: Benzene tetrachloride

Chemical and Physical Properties

Molecular Weight: 21S.9

Boiling Point: 24S·C

Melting Point: l39.S·C

Specific Gravity: 1.734

Solubility in Water: Insoluble (probably less than 30 mg/liter)

Solubility in Organicl: Soluble in ether, benzene, and chloroform

Log Octanol/Water partition Coefficient: 4.93

Vapor Preslure: Le•• than 0.1 am H9 at 2S·C

Vapor Density: 7.4

Plash Point: lSS·C

,
TranSport and Pate

Much of the information concerning tranlport and fate
is inferred from data for chlorinated benzenel in general because
Ipecific information for l,2,4,S-tetrachlorobenzene il lacking.
Although l,2,4,5-tetrachlorobenzene ha~ a relatively high boiling
point and low vapor pre••ure, data for other chlor·inated benzenes
suggelt that volatilization maybe an important transport process

1,2,4,5-Tetrachlorobenzene
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under some conditions. The low solubility and high activity
coefficient. of these compounds in aqueous solution may account
for their unexpectedly high volatility. Oxidation of 1,2,4,5-

. tetrachlorobensen. In. aquatic systems is unlik.ly. However,
.ome photodegradation by hydroxyl radicals in the atmosphere
may occur. 'hotolysIs and hydrolysIs are unlikely .nvironmental
fates.

The high log octanol/water partition coefficient for 1,2,4,5
tetrachlorobenzen. suggest. that adsorption by organic loil
par.t~cles and by suspended and sedimentary organic materials
in aquatic .nvironments is probably an important environmental
process. It is also likely that significant accumulation In
the tissues of living organisms occurs. Although biodegradation
may occur, it probably would proc.ed very slowly.

Health Effects

There are no reports of carcinog.nic, t.ratogenic, or
mutageni.e. activity by 1,2,",5-tetrachlorobenzen. in humans
or experimental organi..s.

Rats receiving as little as 0.005 mg/kg/day orally for
up to B months are reported to show. disruption of conditioned
reflexes and increased liv.r weights. Rabbit. tr.ated with
0.05 mg/kg/day shov liv.r glycogen-forming di.orders after
about' months. In beagles, administr.tion of 5 mg/kg/day
In the diet il report.d to eaus. a slight .l.vatlon of serum
alkaline phosphatase activity and bilirubin l.v.ls after 24 months.
In this study, the serum chemistry v.lu•• r.turned to normal
within 3 months after cessation of eXPOsur., and gross and
histopathological cbang.s conducted 20 montb. aft.r cessation
of exposure revealed no treatment related change.. The oral
L~5n value. for rat. and mic. ar. 1,500 and 1,035 mg/kg, re-
spectiv.ly. .

Tetraehlorobenlen.. appear to indue. micro.om.l enzyme.
and, th.refor., could incr•••• tb•••taboli•• of compounds
acted on by the cytochrom••-450 syst... ~i. could eith.r
increase or· d.cr•••• tb. toxici ty of tb. cOllpound depending
on wh.th.r the ••tabo1ite va. aor. or 1••• activ. than the
parent .at.ria1.

Toxicity to Domestic Ani.~ls and Wildlife

An acut. value for 1,2,4,5-t.trachlorob.nlen. of 1,550 ~g/liter

i. report.d for the blu.glll, a fr••hwat.r fi.h. Ho fre.hwater
chronic valu•• are .vailabl.. lfh. 'S-hour BC~oS for chlorophyll!
and c.l1 numbers are 52,900 .n4 ..S,800 ~g/lltlt, re.pectively for
the fr.shwat.r alga· Belena.trum caprlcornutum. Among .altwater

1,2,4,5-~etrachlorobenl.n.
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organi ... , acute values for ay.i~ shriap an~ the sheepshead
ainnov are 1,.'0 and 840 ~g/liter, respective1y~ A chronic
value of 12' ~g/liter and an acute-chronic ratio of 6.5 are
reported for the sheepshead minnow. ~he '6-bour EC~OS for
chlorophyll a and cell ~umbers are 1,100 and ~,320 pg/liter,
respectively7 for the saltwater alga Skeletonema co.tatum.

~h. weighted average bioconcentration factor for 1,2,4,5
tetra'chlorobenzene and the edible portion of all freshwater
and estuarine aquatic organisms consumed by Americans 1s esti
mated to be 1,125.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aguatic Life

~he available data are not adequate for establishing criteria.

Buman Health

Criterion: 38 ~g/liter
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Summary

Tetrachlorodibenzo-p-dioxin (TCDD) is often· found as a
contaminant in chlorinated phenolic compounds. It persists
1"n the natural environment and. can be bioaccumulated. Exposure
to TeDD has been associated wi.th numerous adverse health effects,
including cancer, genotoxicity, enzyme induction, chloracne,
teratogenicity, reproductive toxicity, immunotoxicity, porphyria
cuta~~a tard~, and neurobehavioral changes •..

CAS Number: 1746-01-6

Chemical Formula: C12H4C1402

IUPAC Name: 2,3,7,S-Tetrachlorodibenzo-l,4-dioxin

Important Synonyms and Trade Names: Dioxin, TCDD, 2,3,7,S-TCDD,
2,3,7,S-tetrachlorodibenzo(b,e)
(1,4)diozin, tetradioxin

Chemical and Physical Properties

Molecular Weight: 321.9

Boiling Point: SOO·C (begins to decompose)
SOO·C (virtually complete degradation)

Melting Point: 302-305·C

Solubility In Water: 0.2 ~g/lit.r·at 20·C

Solubility in Organic.: Soluble in tat., oil., and other rela-
tively nonpolar solvents

tog Octanol/Water Partition Coefficient: 5.16 (measured)

Vapor Pre.sure: 10-6 am 8g at 25·C

Henry's Law Constant: 2:1 z 10-3 atm m3 mol- l

TCDD
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Transport and Pate

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TeOD) ha. a very
low vapor pressure and therefore is unlikely tovolatize into
the atIDo.phere. Bowever, there are studies that Indicate volati
zation .ay occur. .xperi.ents have shown TeOD to be highly
sorbed to .ediments, loil., and b~ota so it .ay b. transported
~hrougb the air in 1011 dUlt. Because TeOD is tightly bound
to loill,' it is probable that any surface vater contamination
found in polluted area. II from loll erosion rather than from
leaching. A calculated sediment/water equilibrium partition 4
coefficient ~s!ng , sets of data for TCDD varied from 1.1 x 10
to 2.l'x 10-. This indicates that most TCDD in water will
be sorbed to particulates.

TeDD does not readily undergo photodegradation anles.
solvent. are present that vill act as hydrogen donors during
reductive dechlorination. Certain microorganisms have been
found that vill degrade TeDD. The balf-life of TeDD in soil
has been found to vary from 130 days to well over a year.
Thus, TCDD i. persistent in th. environment.

Health 2ffects

A variety of h.alth effects have been a.sociated or attri
buted to exposure to very low concentrations of TenD in both
experimental animals and humanl. Thes. effects include cancer,
genotoxicity, enzyme induction, teratogenicity and reproductive
toxicity, lmaunotoxlcity, cbloracn., porphyria cutanea tarda,
and neurobehavioral toxicity. TeoD has been Ibown to induce
cancer In mice and ratl following dermal or oral administration.
Epidemiological studie. on exposed populations prOVide suggestive,
but not conclulive, evidence that TenD is a carcinogen in humans.
There Is strong evidence that TCOD is teratogenic tocerta!n
an1mal specie., howe.er, the evi4ence on hu.ans il veak. Animal
studies suggest that IlD1Dunotoxicity II probably the .Olt potent
effect of TCOD. loth lamunotoxlcity and the enzyme inducing
effect of TeOD are probably mediated through a cytosolic receptor
with high affinity for TenD. Cbloracne is the only clear effect
that TeDD intoxication bas prod'uced in haans.

Toxicity to Wildlife and Domestic Animals

Freshwater aquatic lpecie. exposed to low concentrations
o~ TeDD ,(In the part. per'trill10n rang.) for 4 days displayed
toxic lign. and died from 40 to 140 days later. Acute toxic
eftects vere not noted in .any of the aquatic specie.' at the
level of TeOD water .olubility, 0.2 ~g/liter. Bor.e. ezposed
to TCDD in contaminated valte all u.ed to control dust 1n corrals,
became .ick and died.

TCDD
'age 2
OCtober It85



Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aguatic Life

The available data are not adequate for establishing criteria.
However, EPA did report the lowest values known to be
toxic in aquatic organisms.

Freshwater

Acute toxicity: 1.0 ~g/liter

Chronic toxicity: <0.001 ~g/liter

S.al twater

No available data

Human Health

Estimates of the carcinogenic risks associated wi~h lifetime
exposure to various concentrations of TCDD in water are:

!ill
10-S
10-6
10-7

CAG Onit RiSk (OS.EPA):

Concentration

.00013 ng/liter

.000013 ng/liter

.0000013 ng/1ite:

1.6xl0 5 (mg/kg/day)-l
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Summary

l,l,2,2-Tetrachloroethane induces liver tumorl when admin
istered orally to mice, and it was Ihown to be mutagenic using
microbial alsa1s. Opon administration to pregnant mice, it.
reportedly had embryotoxic effects and increased the incidence
of malformationl. In.experimental animals, acute and chronic
exposure damages the liver, central nervous system, and kidneys.
In humans, acute exposure depresses the central nervous system
and may be fatal. Chzonic effects in humane include liver
dama~e, gastrointestinal disturbances, and effects on the central
nervous system.

CAS Number: 79-34-5

Chemical rormula: C2B2C14
IOPAC Name: 1,1,2,2-Tetrachloroethane

Important Synonyms and Tzade Name5: sym-Tatrachloroethane,
acetylene tetrachloride,
dichloro-2,2-dichloroethane

Chemical and Physical Propertie5

Molecular Weight: 167.85

Boiling Point: 146.2·C

Melting Point: -36·C

Specific Gravity: 1.5953 at 20·C

Solubility in Water: 2~900 IIg/1iterat 20·C

Solubility in Organics, Soluble in alcohol, eth.er, acetone,
benzene, petroleum ether, carbon tetra
chloride, chloroform, carbon disulfide,
di.ethylfor.a.ide, and oils

Log Octanol/Water Partit10n Coefficient: 2.56
"

Vapor Pre••ure: 5 am Hg at 20·C

Vapor Den.ity: 5.79

1,1,2,2-Tetrachloroethane
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Ttansport and Pate

••1atiYely little information 1. available pertaining
.pecifically to the .nvironm.ntal transport and fa~e of 1,1,2,2
t.trachloroethane. Bowever, predictions concerning th••e. pro
ce.se. can b•••de ba.ed on comparison with .imilar co.pounds
.uch a. 1,1,1-trichloroethane. Photoly.i. and oaidation do
not appear to b••ignificant aquatic fate proce•••• for 1,1,2,2
tetrachloroethan.. Bowever, ba••d on analogy with l,l,l-trl
chloroethane, Itratolph.ric photodis.oclation by high energy
ultraviolet ligh~ and tropospheric photooxidation via reaction
with ~~roxyl radical..... likely to be r.latively important
fates. No information related .p.cifically to hydrolysis of
1,1,2,2-tetrachloroethan. in the environment is available.
However, the low observ.d r.activity of l,l,l-trichloroethane
.uggests that hydroly.is of 1,1,2,2-tetrachloro.thane would
occur too slowly to be an important fate proc.... Available
data indicate that relat~vely rapid volatilization of 1,1,2,2
tetrachloroethane from .urfac. water. can occur. Thus, although
some of this compound will b. absorbed from the a~mosphere

by .urface water and return to .arth in precipitation, atmos
ph.ric photooxidation and photodisloclation are probably the
most importaDt environm.ntal fatel.

Ba.ed on analogy with 1,1,1-tr1chloroethane, lorption
of 1,1,2,2-t.trachloroethan. to clay. sediments probably is
not an important proc.... Th. log octanol/wat.r partition
coefficient of 2.56 for this compound indicat.s that sorption
by organic particulates and bloaccumulation .ay occur to lOme
extent; however, no ad.quate empiric.l data. ar••vailable.
Available inforaat!on concerning related compound. suggests
that biotransformation .nd biodegradation occur at low rates
or not at all.

Heal tho Effects

1,1,2,2-Tetrach10roethan. i. a 1i•• r carcinogen when admin
istered orally to aice. lAIC concludes that th.re Is limited
evid.nc. for ita caEClnog.nic1ty 1n .xperimental .nimal••
Thi. compound 1. autag.nic In .t 1•••t two b.cteri.l tester
strains. Administration of 300-400 .g/kg/day to aice durin;
organogen••i. 1. r.ported to produc. embryotoxic .ffects and
Ilightly incr.... tbe incidence of malfor.ations., .

1,1,2,2-TAtr.cb1oroethan. produce. acute and chronic toxic
aff.ct. in laboratory .ni..l. espo..4 by v.rious route.. Toxic
aet~on i. primarily on the liv.r. Bowev.r, .ffects o~ tb.
c.ntral n.rvoul .ylt.m, kidn.YI, .nd other ti.sue••re also
reported; .nd acute expolur. can be fatal. T~a or.1 LD 50 in
r.ts il 250 ag/kg.

1,1,2,2-Tetrachloroeth.n.
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Numerous deaths in humans have been reported, primarily
as a result of occupational exposure by ingestion, inhalation,
or skin contact. Acute exposure produces central nervous syste~

depression. Chronic effects include hepatotoxicity and gastro
intestinal disturbances in addition to central nervous system
effects such as tremors, dizziness, headache, paralylis, and
polyneuritis.

Toxicity to Wildlife and Domestic Animals

Acute values for fresh~~er species range f=~m 9,320 ~g/liter

for an invertebrate species to approximately 20,000 ~g/liter

for two species of fish. An embryo-larval test conducted with
the fathead minnow provides a chronic value of 2,600 ~g/liter

and an acute-chronic ratio of 8.5 for this species. Among
saltwater species, acute values of 9,020 ~g/lit.r for the mysid
shrimp and 12,300 ~g/liter for the sheepshead minnow are reported.
Exposure to 1,1,2,2-tetrachloroethane affects chlorophyll!
and cell numbers of algae exposed to approximately 1414 000 ~g/lite:

in a freshwater species and 6,300 ~g/liter in a saltwater species.
The weighted average bioconcentration factor for the edible
portion of all freshwater and estuarine aquatic organisms con
sumed by Americans is 5.0.

Reiulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life

The available data.are not adequate for establishing criteria.

Human Health

Estimates of the carcinogenic risks associat~d with .lifetime
exposure to various concentrations of 1,1,2,2-tetrachloro
ethane in water are:

Risk Concent:~tion-
10-5 1.7 ~g/liter

-610_7 0.17 ~giliter

10 0.017 ~g/liter

CAG Onit. Risk (OSEPA): ' 0.2 ,mg/kg/day}-1

KIOSH Recommended S~andard: 7 mg/m3 TWA

OSHA Staadard 'Ikin): 35 _g/m3

1,1,2,2-Tetrachloroethane
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TETRACHLOROETHYLENE

__" SUJlUllary

Tetrachloroethylene (PCE, perchloroethylene) induced liver
tumors when administered orally to mice and ~a found to be
autagenic using a microbial assay Iystem. Reproduction toxicity
was observed in pregnant rats and mice exposed to bigh concentra
tions. Animals exposed by inhalation to tetrachloroethylene
exhibited liver, kidney, and central nervous system damage.

CAS Number: l27-1B-t

Chemical Formula: C2Cl t
IOPAC Name: Tetrachloroethene

Important Synonyms and Trade Names: Perchloroethylene, PCE

Chemical and Physical Propertie.

Molecular Weight: 165.B3

Boiling Point: l2l·C

Melting Point: -22.7·C

Specific Gravity: 1.63

Solubility in Water: 150 to 200 mg/liter at 20·C

Solubility in Organic.: Soluble in alcohol, ether, and benzene

Log Octanol/Water Partition Coefficient: 2.88

Vapor Pressure: 14 am Ig a~ 20·C

Transport and Pate

Tetracbloroethylene (PeE) rapidly volatizil.s into the
atmosphere where 1t reacts with bydroxyl radicals to produce
IC1, CO, CO and carboxylic acid. This il probably the most
important tianaport an~ fate process for tetrachloroethylene
1n the environment. PeE will leach into the groundwatez, espe
cially in .ails of low organic content. In lOils with high
levels of organics, PeE adsorbs to these. materials and can

Tetrachloroethylene
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be bioaccWDulated to 10IDe degree. Bowever, it. il unclear if
tetrachloroethylene bound to organic material can be degraded
by microorganisms or must be desorbed to be destroyed. There
is so.e evidence that higher organisms 'can metabolize PCE.

Health Iffects

Tetrachloroethylene was found to produce liver cancer
in male and female mice when administered orally by gavage
(NeI 1977). Unpublished gav~e studies in rats and mice per
formed by the National Toxicology Program (NTP) showed hepato
cellular carcinomas in mice and a slight, sta~istfcally insig
nificant increase in a rare type of kidney tumor. NTP is
also conducting an inhalation carcinogenicitv study. Elevated
mutagenic activity was found in Salmonell'a straina treated
with tetrachloroethylene. Delayed ossification of skull bones
and sternebrae were r!ported in offspring of pregnant mice
expose4 to 2,000 mg/m of tetrachloroethylene for 7 hours/day.
on days 6-15 of gestation. Increased fetal resorption. were
observed after exposure of pregnant rats to tetrachloroethylene.
Renal toxicity and hepa~otoxicity have been noted following
chronic inhalation e!posure of rata to tetrachloroethylene
levell of 1,356 mg/ID. During the first 2 weeks of a subchronic
inhalation S§Udy, exposure to concentrations of 1,622 ppm
(10,867 IDg/1D ) of tetrachloroethylene produced sign. of central
nervous system depression, and cholinergic stimulation was
observed among rabbits, monkeys, ra~s, and guinea pigs.

Toxicity to Wildlife and Domestic Animals

Tetrachloroethylene is the most toxic of the chloroetbylenes
to aquatic organisms but is only moderately toxic relative
to other types of compound.. The limited acute tozicity data
indicate that the LCS8 value for .altwater and fre.hwater species
are limilar, around x ,000 ~g/liter, the trout ¥IS the most
sensitive (LC • 4,800 ~g/lit.r). Chronic value. vere 840
and 450 ~9/lilar for freahwater and salt¥lter specie., respec
tively, and an acute-chronic ratio of 19 va. calculated.

No inforaatlon on the tozicity of tetrachloroethylene
to blzre.trial vildlife or dame.tic animals vas ~ai1able in
the literature reviewed •

...

lJ. Mennear, RTP Chemical Manager; personal communication, 1984.
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Regulations an~ Stan~ar~.

Ambient .Water Quality Crjterja (USEPA)a

Aquatic tife

The available ~ata. are not adequate for establishing criteri
Bowever, BPA did report the lowelt value. known to be
toxic to aquatic organil•••

P re.shMi ter

Acute toxicity: 5,280 ~g/liter

Ch~onic toxicity: 840 ~g/liter

Saltwater

Acute toxicitV: 10,200 ~g/lit.r

Chzonic toxicity: 450 ~g/liter

Buman Sealth

Estimates of the carcinogenic risks ..sociated with lifetime
exposure to various concentration. of tetrachloroethylene
in va:er area

Risk-
-510_6

10 7
10-

Concentration

8.0 ~g/liter

0.8 ~g/liter

0.08 Jig/liter

CAG Unit Risk (USEPA): S.lxl0-2 (mg/kg/day)-l

NIOSS Recommended StaDdar~. (air): 335 mg/m3 ~
670 mg/m3 lS-m1n Ceiling Level

OSHA Standards (air): 670 mg/m3 ~
1,340 ag/m3 Ceiling Level
2,010 mg/m for 5 min every 3 b~, Peak Leve)
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'l'ETRAETHYL LEA])

Summary

Tetraethyl lead" (TEL) Is likely to have adverse effects
on human reproduction and embryonic development. Ruman exposure
bas been associated with adverse effects on the central nervous
system, peripheral nerves, kidneys, and hematopoietic system •

..

CAS Number: 78-00-2

Chemical Formula: CC2R5)4Pb

IUPAC Name: Tetraethyl lead

Impor"tant Synonyms and Trade Names: Tetraethyl plumbane, 'l'EL

Chemical and Physical Properties

Molecular Weight: 323.45

Bolling Pointe Approzimately 200·C

. Melting Point: -135.S·C

Specific Gravity: 1.553 at 20·C

Solubility in Water: Insoluble

Solubility in Organicsi Soluble in mOlt organic solvents

Vapor Pressure: 1 am B9 at 31.t·C

Plash 'oint: 77ee

Transport and Pate

Volatilization of tetraethyl lead (TIL) from aquatic or
terrestrial system. may be a significant transport process.
Bowever, ita presence in'the atmosphere probably would be transi
ent, because photochemical decomposition occurs readily. The
organic and inorganic lead compounds formed can then be removed
from the atmosphere by wet or dry deposition. .

Sorption processes In .ediments and loil. may be important
for TEL. Rowever, TEL i. generally not stable in aerobic environ-

Tetraethyl lead
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sent.. TZL d.compos.s slowly at roo. t.mperature and more
r.pialy at elevated temperatures. In aquatic systems, a signiti
cant portion ot TZL i. probably oxidized in the water column.
Overall, mOlt TEL probably undergoes conversion to inorganic
leadec.pound. relatively quickly. The types of compounds
formed aAd tbeir sublequent environmental fate. are aetermined
by local phy.ical and chemical condition••

Health Ettects.....
There are no reports of carcinogenicity, mutagenicity,

or teratogenicity in humans as a result of exposure to TEL.
Young temale Swiss mice developed malignant lymphomas atter
subcutaneous exposure to TEL. Rowever, the significance of
these findings could not be evaluated because of the low tumor

. incidence in only one sex and becau.e the type of tumor observed
occurs spontaneously and with variable incidence in the strain
of lIouse .tudied. Although .pecific re.ult. with TEL are not
available, lead i. reported ~o have adver·•••ff.cts on human
reproduction and embryonic, f.tal, and po.tnatal development.
retotoxicity and po.timplantatl~n mortality ar. reported to
occur aft.r oral administration to pr.gnant rat••

TEL is toxic to buman. and .xperimental animal. by oral,
inhalation, and cutan.ou. route. of expo.ure. Bffects are
commonly .een_in the c.ntral nervoul .yit•• , periph.ral n.rves,
the kidney, a~d hematopoietic syst... In buman., TEL intoxiea
tiOA i. reportedly characterized by insomnia, hallucinations,
emotional in.tability, and incr.ased phy.ic.l activity of an
erratic nature. After .xposure to higb conc.ntration., coma

:~di~::~:t~~~ ~~cur;al~: ~~a~5~DiS/:!1;:rO:ol~i::':: ~:
reported for tbeSPat.. Lethal derm.l do.e. of 54' mg/kg and
830 mg/kg are reported for the dog and rabbit, re.pectively.

Toxicity to Wildlife and Domestic Animal.

Althougb le.d 1. tnovn to occur in tbe ti••u•• of many
free-liVing wild .Ai..ll, including bird., .....1., fi.h.s,
and inv.rtebrat•• ,· reportl of poiloning uluall, involve waterfowl
that inge.t l.ad Ihot. There also il evidence tbat lead, at
concentrationl occasionally found near ro.dlide. and ..elters,
c.n elimin.t. or r.duc. populationl of b.ct.ria and fungi on
leaf surf.ce••nd In .oil. c•••• ·of l.ad poiloning have been
reported for ••ari.ty of do•••tic animals, including cattle,
horses, dogs, .nd c.ts. It il probable th.t poisoning in wild
life .nd domestic anlaal. involves ,xpolur. to .l•••ntal lead
or l.ad compoundl other th.D TIL. an. Itudy report. an ICSOvalue of 150 Jlg/lit.r in • laltwater alg••spo••d to nL.
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Regulations and Standards

RIOSH Recoamended Standard: 0.10 mg/m3 TWA Cas Pb)

OSHA Standard: 0.075 mg/m3 Cas Pb)

ACGIS Thre.hold Limit Values: 0.1 mg/m~ TWA Cas Pb)
0.3 mg/m STEL (a. Pb)
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Solubility in Organics:

TETRAHYDROFURAN

Summary

'1'etrahydrofuran was found to be mutagenic uling a microbial
assay system and caused chromosomal aberrations in Chinese
Hamster Ovary Cells. Technical tetrahydrofuran has been shown
to irritate the skin and cause liver and kidney damage.

CAS Number: 109-99-9

Chemical Formula: C.R80

IOPAC Name: '1'etrahydrofuran

Important Synonyms and Trade Names: Diethylene oxide, butylene
oxide, tetramethylene oxide,
hydrofuran, THF

Chemical and Physical Properties

Molecular Weight: 72.12

Boiling Point: 67·C

Melting Point: -6S·C

Specitic Gravity: 0.8892 at 20·C

S~lubl1ity in Water: ~oluble in water

very soluble in alcobol, ether, acetone,
benzene, and other organic solvents

Vapor Pressure: 1.3 am B9 at 20·C

vapor Densityl 2.5

Transport and Pate

Little information i. available on the transport and fate
of tetrahydrofuran in the natural environment. It has a rela
tively high vapor pressure and .hould therefore volatilize into
the atmosphere. Upon e.posure to ultraviolet radiation, it
produces ozone, aldehydes, and epo.ide. and apparently is not
very persi.tent. In aquatic Iyste•• , it. volatilization would
be .omewhat limited by it. rather high vater lolubility. Its
water .olubility allo luggeltl that tetrahydrofuran probably

'1'etrahydrofuran
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moves readily through loll and 1s not bioaccumulated to any
.ubstantial degree.

Wealth Effects

~etr.hydrofuran 1. currently being tested by the Nation
Toxicology Progr.m to •••ell ltl c.rcinogenic potential. No
evidence of carcinogenic, reproductive, or teratogenic effee
•••ociated with exposure to tetrahydrofuran was found In the
literature revieved. It vas found to be mutagenic in a mie:
assay on Escherichia coli and caused chromosomal aberrations
but not sister chromarea-exchange in Chinese hamster ovary
cells.

Exposure to S90 mg/m3 tetrahydrofuran for 6 hours/day
caused decreased pulse pressure In dogl after 4 veeks, but
no histopathological changes occurred in major organs after
12 weeks. D.ily (oral?) adminiltr.tion of 20 mg/kg for 6 mOl
caused weight lOIS, paralysis of the hind limbs, hyperemia
of the viscera .nd protein dystrophy of the liver (Pozdnyako'
in OSEPA 1980). Pure tetrahrdrofuran does not appear to cau!

,toxic effeits even at very b gh concentrations (greater than
10,000 g/_ ), but the technic.l compound, which iscontaminat
with peroxides, causes Ikin irritation .nd liver and kidney
damage. Th. oral LDSO in rats vas reported to be 2,800 mg/k~

Toxicity to Wildlife and Domestic Animals

No information on the toxicity of tetrahydrofuran to \
life and domestic animal. vas .vail.ble in the literature rev

Regulations and Standards

OSHA Standard (.ir)1 590 mg/m3 ~A

ACGIS Threahold Liait V.lue.: 590 mg/.~ ~
735 mg/. snr.
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THALLIUM

Summary

Acute exposure to soluble thallium compounds bas been
associatea in humans with gastrointestinal irritation, damage
of the liver, kidneys, and central and peripheral nervous sys
tems, _pUlmonary edema, degenerative change. in the adrenals:
and'~~cular et tects.

CAS Number: 7440-28-0

Chemical Formula, Tl

IUPAC Name: Thallium

Chemical and Physical Properties

Atomic Weight: 204.37

Boiling point: 1,457·C
.0: :

Melting point: - 303.'·C

Specific Gravity: 11.85

solubility in Water, Insoluble (many compound. are soluble)

Transport and Pate

In reducing environments, thallium may be precipitated
as the metal or as thalliUII- sulfide. However, much of the
thallium present in aquatic system. i. 11kely to remain in
solution and be transported to the ocean.. Active removal
of some dissolved thallium by sorption to clay .inerala and
hydrous .etal oxide. present in bed .ediments i. probably an
important environmental fate process~ Thallium i. readily
taken up by aquatic organism., and bioaccumulation may also
be an important fate process. Results of limited studies with
algae sugge.t that thalliua may also be available for food
chain magnification. There is no evidence to suggest that
photolysis or volatilization are important environmental pro
cesses. Although t~ere is speculation that thallium can be _
methylated under aerobic conditions by electrophilic attack,
biotransformation does not appear to be an important process
In aquati~ .ylte.s.

Thallium
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Health Effects

There il no evidence that thallium il carcinogenic in
humanl or experiaental animals, and' it doe. not appear to have
lignificant autagenic activity. Bxpolure to thallium salts
during 'critical developmental stages i8 reported to produce
achoncUopl..la In cbicken. and rat.. Ho other significant
teratogenic effect. are reported.

ThalliQa, In the form ot loluble coapoundl, 1. readily
absarbed tbrough the Ikin and ga.trointe.tlnal tract. Symptoml
a.s~~tated w~th acute poisoning In human. include gastrointestinal
irritation, liver and kidney damage, pulmonary edema, degenerative
changes in the adrenals, peripheral nervoul syst.m, and central
nervous system, and ocular effects, including optic neuritis
and, rarely, cataractl. The estimated letbal do.e for humans
1s 8 to 12 mg/kg. In expe.rimental an1"mals, ~halllWD compoune5s
produce effects limilar to those leen in humans. Rats appear
to be particularly .ensitive to the cataractogenic activity
of thallium. Regardle•• of the lpecific thallium compound
tested, rate of intake, or r'oute of administration, LDSO values
for a variety of .peciel range froaabout 3 to 92 mg/kg.

Toxicity to Wildlife and Domestic Anlmall

Acute and chronic toxicity of thalliu. t~ fre.hwater aquatic
life occur. at concentrationl as low as 1,400 and 40 ~g/liter,

respectively. Acute toxicity to laltwater aquatic life occurs
at concentrations a. low a. 2;130 ~9/1iter. Toxic eftects
would be expected to occur at lower concentration. among species
aore sen8itive than tho.e te.ted. Bioconcentration tactors
ranged from about 11 for the aussel Mytilus edulls to about
1.5.105 for oSher freshwater and marIne Inve:tebrate.. Values
~f about 1.10 are reported for marine and fresbwater fi.h.

RegUlations and Standarda

Ambient Water Quality"Criteria. (tJS~A).

Aquatic Life

Tbe a.ailable data are not adeqgate for e.tabli.bing criteria.

Suman 'ealth ..
Criterioft. 13 ~g/llter

OS~ S.tandarda 100 ~g/.3 TWA

AeGIS Threahold Le.el Valuel 0.1 ag/.3 TWA (soluble compounds,a. '1'1)
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TITANIUM

-' •. :,. SWlllatv
/I.:

_ .., .~ - .,-

.. Titaniua dioxide produced injection-site t~ors in rats
given intra.uscul.r injections and lung tWlorsin· rats exposed
by inhalation. In bumans, inhalation exposure to bigh conce~

. trations of titanium dioxide has caused slight fibrosis of'
the lung.

" .... ":: - ~ ...,

'Background Information

Titanium is the ninth aost abundant ele.ent 1n the crust
of the earth and is al.ost alway. pre.ent 1n igneous rocks
and in the s.di.ents derived fro- the.. Titanium is an act!?
.etal, but it resists decomposition because of the formation
of a protective titanium dioxide fila. The fila is insoluble,
repairable, and provides excellent corroslon resistance. Conse-

..~ _quently, titanium resists corro.lon ln all naturally occurri:lg
"~" environments,; including air, soil, and vater •.• ".. ' -
.'CAS~N~~~~':- "~40~32-~":-:~>~>'>~~' ~'- ~.-.::' .

Chemical Formula,

IOPAC Nue: Titanium
•• -,,;; r

...:: - ....-. 'or'
. .~ - .:- ~ ,:-. '. " ;

Chemical and Physical properties

Atomic Weight: 47.10

Boiling Point: 3,287·C

Melting Pointl 1,'IO·C

specific Gravityl •• 5 - : ..

~olubility inWaterl Insoluble

" ..

Moatcoaaon titaniu. co.pounds are insoluble in vater
and partitioning of aucb of tbe titani~ in aquatic systems
into the bottOil .ediaents would be e.pected. ,Ataospheric trans
port of titaniwa, and sub.equent vet and dry aeposition, can
occur. . "- ... ..'" .
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778 pages

Health Iffects

There i. no evi4ence to luggest that titanium is carcino
genic in human.. Titanium 4ioxide i. reported to have tumori
genic .ff.ct. at the lit. of intramu.cular Inj.ction in rats.
preliminary r.sult. of • 2-year 1.1. Dupont (1983) Itudy .how
incr••••d incidenc•• of lquamous cell carcinoma of the lung
and broncbioalveolar ad~noma in rat. exposed to airborne con
centrationl of 250 ag/m of titanium dioxide. ae.ult. of a
2-year feeding study conducted for the National Cancer In.titute
indicated that titanium dioxide wa. not carcinogenic in rats
and mice under the condition. of the bioassay. There are no
reports of mutagenic, teratogenic, or reproductive effects
associated with .xposure to titani~ In humans or experimental
animals.

In humans, .o.t of the body burden of titanium is in the
lungs. About one-tblrd of inhaled titanium is thought to be
retained in the lungs. Slight fibro.i. ba. been observed after
inhalation expo.ure to bigb concentration. of titanium dioxide
dust. Sovever, titaniaa generally act. a. an inert particulate
material in the lung.. Titanium 40e. not appear to produce
significant .kin irritation or to cau.e toxic effects after
ingestion in human. or experimental ani..1••

Toxicity to Wildlife and Domestic Animals

The available data ar. not adequate to characterize the
toxicity of titianiaa to vildlife and do.e.tic animals.

Regulations and Standar4s

ACGIS Tbreshold Limit Valuesl

10 mg/.3 TWA (titanium dioxide, total du.t)
5 .g/.~ TWA (titanium dioxide, r.lpirable dUlt)

20 ag/. STZL (titanium dioxide)
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TOLUENE

SUJIIIDary

~oluene has been shown to be embryotoxic in experimental
animals, and the incidence of cleft palate increased in the
offspring of dosed mice. Chronic inhalation exposure to high
levels of toluene caused cerebellar degeneration and an irreversibl
encephalopathy in animals. In humans, acute exposure depressed
the central nervous system and caused narcosis.

CAS Number: 108-88-3

Chemical Formula: C6BSCB3
IUPAC Name: Methylbenzene

Important Synonyms and Trade Names: Toluol, phenylmethane

Chemical and Physical Properties

Molecular Weight: 92.13

Boiling Point: 110.6·C

Melting Point: -9S·C

Specific Gravity: 0.8669 at 20·C

Solubility in Water: 534.8 mg/liter

Solubility in Organics: Soluble in acetone, ligroin, and carbon
disulfide, miscible with alcohol,
ether, benzene, cbloroform, glacial
acetic acid, and otber organic solvents

Log Octanol/Water Partition Coefficienta 2.69

vapor Pre.sure. 28.7 .. Ig at 2S·C

Vapor Densitya 3.14

Plash Pointa 4.4·C ..
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Transport and Pate

Volatilization appears to be the major route of removal
of toluene fro. aquatic environments, and atmospheric reactic
of tolu.ne probably subordinate all other fate processes (USE
1'79). Photooxi4ltion is the primary atmospheric fate proce!
for toluene, and benzaldehyde is r.ported to be the principal
organic product. SUbsequent pr.cipitation or dry deposition
can deposit. toluene and its oxidation products into aquatic
.nd terre.tria1 .ystems. Direct photolytic cleavage of tolue
is energetically improbable In the troposphere, and oxidation
and hydrolysis are probably not important as aquatic fates.

The log octanol/vater partition coefficient of toluene
in~icates that sorption processes .ay be significant. Howeve
no specific .nvironmental 8Orption studies are available, and
the extent to which adsorption by sedimentary and suspended
organic material, may interfere witb volatilization is unknown
Bioaccumulation is prob.b1y not an import.nt environmental
fat. proc.ss. Although toluene i. known to be degraded by
microorg.nisms and c.n be detoxified and .xcreted by mammals,
the available data. do not allow .stimation of tha r.lative
importance of biodegradation/biotransformation processes.
Almost all tolu.ne discharged to th. environaent by industry
is in the form of atmospheric emissions.

Health Ettects

Ther. i. no conclusive .vidence th.t toluene is carcino
g.nic or mutag.nic in animals or bumans (OSE'A 1980). The
National Toxicological Program is currently conducting an in
halation carcinog.nicity bioas.ay in rats and mic••

Oral administration of toluene at doses as lov as 260 Mgl
produced a' aignificant incr.ase in embryonic lethality in mice
(OSEPA 1980). Decreas.d f.tal w.ight was observed at doses
.s low .s 434 ag/kg, and an incr••••d incidence of cleft palat
wa. s••n at do..s .. lov a. 867 ag/kg. Bovev.r, other researc
h.v. report.d that tolu.n. Is eabryotoxlc but not teratogenic
In laboratory anl..ls. Tb.r. are no accounts of a teratogenic
eff.ct In b~ana aft.r exposure to tol~ene.

Acut. expolure to toluene at conc.ntratlons of 37S-1~SOO I

produc•• c.ntral nervous Iyst.m depr••slon and narcosis in
bUllana (ACGIS 1980). Bovev.r, .v.n .xpolure to quantities
auffici.nt to pr04uc. unconsclousn••• fail to produce residual
organ da.ag.. The rat or.l LD!B valu. and inhalation LCLOvalu. ar. 5,000 mg/kg and l5,OD .•g/a~, re.pect!v.ly. Cnronic
inhal.tion .xposure to toluene at r.l.tively high concentratior
produces c.r.bellar d.gen.ration and an irr.v.ralble .nce~halo~

In aallUllals.
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Toluene in aufficient amounts appears to have the poten
tial to alter significantly the metabolism and resulting bio
activity of certain chemicals. Por example, coadministration
of toluene along with benzene or styrene haa been shown to
suppress the .etabolism of benzene or styrene in rata.

Toxicity to Wildlife and Domestic Animals

Of five freshwater species tested with toluene, the clado
ceran Daphnia magna was most resistant to any acute effects
(USEPA 1980). The EC and LC values for all five species
range from 12,700 to J23,000 ~i91iter. No chronic tests are
available for freshwater species. The two freshwater algal
species tested are relatively insensitive to toluene with. Eesovalues of 24S,000 ~g/liter or greater being reported. For
saltwater species, ECso and LC;o values range from 3,700 ~g/liter
for the bay shrimp to 1,OSO mg liter for the Pacific oyster.
The chronic value in an embryo-larval test for the sheepshead
minnow is reported to be between 3,200 and 7,700 ~g/liter,

and the acute-chronic ratio is between SS and 97. In several
saltwater algal species and kelp, effects occur at toluene
concentrations from 8,000 to mere than 433,000 ~g/liter.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life

The available data are not adequate for establishing cri
teria. Bowever, EPA did report the lowest concentrations
of toluene known to be toxic in aquatic organisms.

Pteshvater

Acute toxicity: 17,500 ~g/lit.r

Cbronictozicity: No available dB:a

Saltwater

Acute toxicity: 6,300 ~g/liter
Chronic toxicity: 5,000 ~g/liter

Buman Beal th -
"

Criterion: 14.3 mg/liter

HIOSH Recommended Standards: 375 mg/m~ TWA
560 mg/m STEL

Toluene
Page 3
Octobe r 1985 CCIemet if; Aaeocl8t:e.



OSHA Standards: 750 mg/1I3 'rWA
1,120 ag/.3 Ceiling Level
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TOXAPHENE

SUlIlJIIary

Toxaphene is a chlorinated orqanic pesticide and is per
sistent in the natural environment. In animal bioassays, it
~nduced liver cancer in mice and thyroid tUlllors in rats. Toxa
phene i. fetotoxic and decreases .permatogenesis. Chronic
exposure to toxaphen~ has been shown to damage the liver and
kidneys and stimulate the central nervous system in animals.
In ~umans, s¥Mptoms of acute intoxication include vomiting,
convulsions, cyanosis, and coma. Toxaphene is highly toxic
~o aq~atic organisms.

Background Information

Toxa~hene consists primarily of chlorinated camphene and
a mixture of related compounds and Isomers. In general, the
physical and chemical properties reported below are average
values.

CA~ Numberl 8001-35-2

Chemical Pormulal C10810C18 (average ~ormula)

Important Synonyms and Trade Namesl Camphechlor, chlorinated
camphene, Attac, Phenacide,
S.trobane-T

Chemical and Physical Properties

Molecular Weigbtl 414

Boiling Pointf Greater than 120·C

Melting Point. IS-'S·C

SFecific Gravity. 1.14 at 2S·C

S~lubil~ty in Water.' 0.4 to 3.0 ag/liter

Solubility in Organicl. ,Very .oluble in aOlt organic solvents

Log Octanol/Water Partition Coefficient. 3.3

Vapor Pre••ure. 0.2 to 0.4 .. 89 at 25·C

Plash Point.

'roxaphene
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~ransport and Pate

Secause toaaphene is a complea mixture of polychlorinated
camphene deriYatiYes, an inclusive as••••m.nt of it. environ
mental transport and fate i. difficult. Photolysi., oxidation,
and hydroly.i. do not appear to be' important fate proc••ses
in aquatic .y.t.... It 11 persistent in the environm.nt, and
t~ansport through .oil, water, and air can occur relatively
easily. Although' little information i. availabl., it appears
that v~latilizationmay be an important transport process,
espe~lally for the higher chlorinated bornane .tructures with
very low solubility In water. TDxaphene 1. very stable to
biological and chemical degradation proc.s.es in aerobic envi
ronmental syst••s, but it does undergo partial reduction (loss
of chloride content) in anaerobic environment.. Accordingly,
although biodegradation can occur, it depends on transport
of toxaphene to anaerobic en.vironment.. A do.inant process
1n aquatic systems 1. direct sorpt10n on .ediaents, or adsorption
onto particulat.s, followed· by depo.ition into .ediment where
biological and chemical reduction may occur. The rate of loss
~f toxaphene from aquatic syst••• i. partially determined by
particulate loading and quality of the water body. ,Th. physical
and chemical propertie. of the individual toxaphene components
determine which compounds will be .orbed and lubsequently reduced.
Bioaccumulation is an important environmental proce•• for toxa
phene. Adsorption by biota i. rapid, and .1gniflcant uptake
can OCCur in natural .y.t••••

Health Effects

The result. of a bioassay conducted for the Carcinogenesis
Testing Program of the National Cancer In.titute indicate that
toxaphene cau.es increa.ed incidence. of hepatocellular carci
nomas In mice, and .uggest that it i. carcinogenic for tbe
thyroid In the rat (NCI 1979). IARC ba. concluded that toxaphene
is an animal carcinogen and a suspect.d human carcinogen.
Toxaphene hal produc.d both po.itive and negative re.ult. in
a .erie. of different autag.nicity ••••y.. ~tudie. concerning
the reproductive effect. of toxapben••ugge.t tb.t or.l .dmin
istration may produce .aternal and fetal toxlcltf. Bowever,
toaaphene doe. not .ppe.r to have teratog.nic effect••

Acute expo.ure to toxaphene cau.e. effects due primarily
to central nervou••y.te. ~ti.ulation. SUbcbronlc expo.ure
results in kidney change., a. vell a., cbange. in blood chemistry.
Symptom. of acute'oral toz.phene intozic.tioft in bu..ft. include
vomiting, convulsion., cyano.l., and coma. A ainiaga letbal
oral dose of 40 mg/k9 1. reported for baan.. In rat., patbo
logical eff-ects of toxapbene' include cloudy Ivel11ng and con
g.stion of the kidney., fatty degeneration and necro.i. of
tbe liv.r, and decre.sed .permatogene.i.. ~os.pbene in tbe
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diet is reported to inhibit hepatobiliary function in rats. An
oral LD!ft value of 40 ag/kg is reported for the rat. Although
there allO are reports of toxaphene toxicity due to dermal
and inhalation exposure in humans and experimental animals,
most available information concerns effectl due to ingestion.

Toxicity to Wildlife and Domestic Animals

Mean acute values for freshwater invertebrate species
range from 1.3 ~g/liter for the Itonefly to 180 ~g/liter for
the midge. Values for fish lpecies range from 2 ~g/liter for
largemouth bass to 20 ~g/liter for the guppy. Mean species
chronic values range from 0.037 ~g/liter for the fathead minnow
to 1.8 ~g/liter for ·the midge. Freshwate. acute-chronic ratios
range from 71 to 265.. Species lDean acute values for saltwater
invertebrates range from 0.11 ~g/liter for a copepod to 1,120 ~g/
liter for the h·ard shell clam. Values for fish species range
from 0.5 ~g/liter for the pinfish to 8.2 ~g/liter for the three
spine stickleback. A chronic value of 1.66 ~g/liter is reported
for the sheepshead minnow. Bioconcentration factors among
aquatic organislDs range from about 1,200 to .ore than 50,000.
Toxaphene concentrations of frOID 0.15 to 1,000 ~g/liter are
reported to cause deleterious effects in aquatic plant species.

Toxaphene has a rel.tively high degree of toxicity in
aquatic organi••s and has re.ulted in filh killl and adverse
effects on fish development and reproduction. Although toxaphene
is relatively lesl toxic to birds and .....1., bioaccumulation
may result in expoI~re to exce•• ive concentrations. Bird kills
due to toxaphene have been reported.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life

Frelhwater

Ac~te toaicity: 1.6 ~g/llter

Chronic toaicity: 0.013 ~g/llter

S.altwater

Acute toalcityz 0.070 ~g/llter
Chronic toaleity: Bo available data

Toxaphene
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RUlIlan Health

I.tiaat•• of the carcinogenic ri.ks a.sociated with lifetime
.apolur. to variou. concentratlons of toaaph.n. In water
ar.a

Rlsk-
10-5
10-6
10-7

CAG Unit Risk

OSHA Standarda

Concentration

7.1 ng/llter
0.• 71 ng/11 tel'
0.07 ng/llter

(OSEPA): 1.13 (ag/kg/day)-l

0.5 .g/.3 TWA

·ACGIS Thre.hol~i.it Values: 0.5 .g~.3 TMA
1 JIg/. S'l'EL
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'fRICRLOROBENZENE

SU1lllllary

11gh dOles of trlchlorobenzene (TCB) bave been Ihown to
be e.bryotozic to the offspring of ezpo.ed r.tl. Der••l applic,
tions of ~ incr••••d the incid.nc. of amyloidolil In a number
of organs In .ice and consequ.ntly Ihortened tbe anlm.ll' life
spans. Inh.lation ezposur. to tricblorobenzene had minor effect
on the liver and kidneys in leveral speci.s of ezperimental
.nimals; in a Itudy in .ice, it allo damaged the bone marrow.

CAS NWIlber: 1,2,3-11'0 :
1,2,4-'l'CB:
1,3,5-11'0:

87-61-6
120-82-1
108-70-3

Chemical Pormula: C,13C13
It1PAC Names: 1, 2, 3-Trlchlorobenz.ne, 1,2,4-'1'rlcblorobenzene;

1, 3, 5-Trichlorobenzene

Important Synonyms and Trade Names: Trichlorobenzene, Tea

Chemical and Physical Properties

Molecular weight: 181.45

Boiling Point:

Melting Point:

1, 2 , 3-'reB :
1,2,4-'1'0:
1,3,5-'1'0:

1 , 2 , 3 -'!'CB :
1, 2, 4-'l'CB:
1, 3, 5-'l'CB:

Specific Gr.vity: 1,2,4-'1'0: 1.4542

Solubility in .ater: 1,2,4-'1'CB: 30 ag/liter at 2S·C

Solubility in OrganicI: Sparingly loluble In alcohol, fr.e1y
loluble In benzene and c.rbon disulfide

Log Octanol/Water PartItion Co.fficient. 1,2,3-'1'0:
1,2,4-'l'O:

4.1
4.3 (calcuJ

V.por Preslure: Approzimately 0.4 aa Ig at 2S·C

'1'richlorobenzene
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~ran.port and 'ate

!b.r. i. little information on the tr.nsport and tate of
trlchlorobenzenes, .nd wh.t i ••v.ilable prim.rily concerns
1,2,4-trlchlorobenzene (1,2,4-TCB). Although there i. no inforr
~ion Oft the .orptlon of 1,2,4-TCB to .oil. and ••dt••nt., the
higb log oct.nol/water partition co.fficient .uggest. that
thi. compound would be ad.orbed to organic .aterial. in.oil
.nd .edtment. The volatility of 1,2,4-TCB i. relativ.ly low,
but it hal been found to yol.tilize readily from aerated and
quie.cent w.ter., with. h.lf-11fe of le•• than 1 hour and
4-' hour. In each .edium, re.pectively. Thus, air transport
il .1.0 likely. Sorption to .u.panded .01id. does, however,
reduce the r.te ot vo1.tilization.

1,2,4-TeB hal be.n .hown to be ozidized In the .tmosphere
via .ttack by hydrozyl radical.. It 1. not known if the compour
il broken down through photolyal. or hydroly.il. Biodegradatior
of 1,2,4-TCB hal been shown to occur in wa.te treatment studies.
Bowever, in the environment biodegr.dation i. ezpected to be
.lower.

IIealth !:ffects

~her. ar. no report. indicating carcinogenic, teratogenic,
or autagenic activity of the trichlorobenzenel 1n humanl or
aniaall. Ho .pecific reproductive effects bave been found
for the ~eBs, but e.bryotozlcity ha. been noted at a dose leve
th.t produces matern.l toxicity in rats (Kitchin and !:bron
1983).

Several .nimal studies on the .ubchronic tozicity of trl
ehlorobenzenel have be.n reported. Inhalation studiel with
1,2,4-TCB of 1.5 to 6 .onth. dur.tion in rats, rabbits, dogl,
.nd monkey. h.ve not .hown .ajor irr.ver.ible .ffects, although
.ome effeetl on liv.r and kidney v.r. found (transi.nt histo
logic.l change. and incr••••d relative li.er weight, Kociba .
et .1. 1'81, Co.te et al. 1982). %ncr.a.ed urinary porphyrin
level. v.re alao not.d (Kociba et al. 1981). lub (1978) reporte
that aice expo.ed to TCI (i.oaer. an.pacified) for 3 weeks
to 3 aonth••bowed indication. of bone ••rrow damage. In a
chronic .tady In wbich .ice were a4ainistered 1,2,4-TCB by
de~al application, there va•• tte.taent-related incre.se
in tbe Incidence of...ylo!do.i.,vhicb .ffected a number of
organ. and va. con.ldered a primary cau•• of d.ath (Yamamoto
et al. 1982).

!CB i. an inducer of the .icro.omal alzed function oziaases
and therefore will increase aetaboll .. , leading to the inacti
vation or actl.ation of chemic.l. affected by thl••ystem.

~ricblorobenzene
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'rOd ci ty to Wildlife and nomesti c Anisal s

Only l,2,(-!CB bas been studied for its tozlc effect on
aquatic wildlife. Acute LC§O values for the freshwater species
~hnia aa9na, rainbow trou~, and fathead ainnow are 50.2,
~, and 2.87 ag/liter, respectively. In the saltwater species,
the LC .alues are 0.45 and 21.4 ag/liter for aysi~ shrimp
an~ sh;ap.hea~ minnow, respectively. Chronic toxicity in the
early life stage of the fathead minnow occurre~ at concentration
of l,2,4-~ that ranged from 0.206 to 0.705 mg/liter. In
freshwater and saltwater algae, the E~sn values for 1,2,4-TCB
on chlorophyll· are 35.3 and 8.75, respeetively: and for its
effect on cell numbers, the EC50 values are 36.7 and 8.93 mg/lit
respectively.

RegUlations and Standards

Ambient Water Quality Criteria (USDA):

The available data are not a~equate for establishing criter

ACGIH Threshold Limit Value: 1,2,4-TCBI 40 ag/a3 TWA
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2,3,f-TRICHLOROBENZOIC ACID

SUlIUIlary

2,3,I-Trichlorobenzoic acid (2,3,I-TBA) wal Ilightly irri
tating when applied to the shaved .kin of aice.

CAS. Number: 50-31-7.

Chemical Formula: C,B3C1 302
IUPAC Name: 2,3,6-Trichlorobenzoic acid

Important Synonyms and Trade Name.: Benzabar, Benzac, 2,3,6-TBA
and Try.ben

Chemical and Physical Properties

Molecular Weight: 225.45

Melting Point: 125 to l26·C

S~lu~ility in Water: 8,400 ag/liter

Solubility in Organics: Soluble in acetone, benzene, chloroform
ethanol, ethyl acetate, ethylene glycol
.ethanol, and zylene

~

Log Octanol/Water Partition COefficient: 3.5 (calculated)

Vapor Pressure: Very low

Transport and Pate

2,3,I-rrichlorobenzoic acid (2,3,6-TBA) il rather persistent
in the environment. It il not .ery volatile. It il fairly
loluble in water and will leach through loils, although it
ha. a rather high log octanol/water partition coefficient,
which would luggelt lome ad.orption to loil organici. 2,3,6-TBA
il relatively reliltant to photolylil and biodegrade. slOWly.

Health Iffects ,

only liaited infora.tion on the tozicity of 2,3,6-TBA
was available in the lource. reviewed. Ho information' was
found on the carcinogenicity, autagenicity, or reproductive
toxicity of thil compound. One lubchronlc Itudy reported no
hiltological change. 1n organl of ratl ezpoled to dOlel of

2,3,6-Trichlorobenzolc acid
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the largemouth
2,3,6-TBA
plants.
effects.
of 2,3,6-TBA

, 750 ag/kg of the .odium .alt of 2,3,6-~A. Soveyer, the oral
LD in rat. va. r.port.d to be 650-1,000 ag/kg.2,3,6-'1'BA
va~O.ligbtly irritating when appli.d to the .bayed .kin of
alee.

~oxicity to Wildlife and Domestic Ani.als

~b. 48-hour LC .alges lor the bluegill and
ba•• were 1,750 and5i,250.g/liter, respectively.
i. a herbicide used prim.rily to control broadleaf
Therefore, these plant. vill be .u.ceptible to its
No other infor.ation on the environmental toxicity
was available in the .ource. r ••iewed.

Re9ulations and Standards

No regulation. or .tandards ba•• been .stabli.hed for
2,3,6-trichlorobenzoic acid.
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SUJIUllary .-

l,l,l-TRICHLOROETHANE

Preliminary results suggest that l,l,l-trlchloroethane
(l,l,l~TCA) induces liver tumors jft female mice. It vas shown
~o be mutagenic using the Ames assay, and It causes transforma
tion in cultured rat embryo cells. Inhalation exposure to
bigh ,concentrations of 1,1, l-TeA depressed the central nervous
sy.tem, affected cardiovascular function, and damaged the lungs,
liver, and kidneys in animals and humans. Irritation of the
skin and mucous membranes has also been associated with human
exposure to l,l,l-trichloroethane.

1

CAS Number: 71-55-6

Chemical Formula: CB3CC1 3
IOPAC Name: l,l,l-Trichloroethane

Important Synonyms and Trade Names: Methyl chloroform, chloro-
thene, l,l,l-TCA

Chemical and Physical Properties

Molecular Weight: 133.4

Bolling Point. 74.l·C

Melting Point: -30.4·C

Specific Gravity: 1.34 at 20ec (liquid)

Solubility In Water. 480-4,400 _g/liter at 20·C (several divergent
value. vere reported In the literature)

Solubility in Organics: Soluble in acetone, ben.ene, carbon
tetrachloride, methanol, ether, alcohol,
and chlorinated solvents

Log Octanol/Water Parti~lon Coefficient. 2.17

Vapor Pressure. 123 am 8g at 20ec

Vapor nenalty: 4.13

.l,l,l-Trichloroethane
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Transport and Pate

1,1,1-Trichloroethane (l,l,l-TeA) dispers.s from surface
vater primaril~ by volatilization. Several studies have indic
ated that l,l,l~trichloroethaneaay be adsorbed onto organic
aaterials in the sedim.nt, but this 1. probably not an important
route of e1i.ination froa surface vater. l,lil-Trichloroethane
can be transported in the groundvater, but the speed of transport
depends on the compositl'on of the loi1.

~. .

. Photooxidation by reaction with hydroxyl radicals in the
atmosphere is probably the principal fate process for this
chemical.

Health Iffects

l,l,l-Trichloro.thane vas retested for carcinogenicity
because In a previous study by Nel (1977), early lethality
precluded ass••sment of carcinogenicity. pr.1iminary results
indicate that l,l,l-TCA increased the incidence of combined
hepatoc.llular carcinomas and ad.nomas in fema1. mice wben
admini.t.red by gavage (NT? 1984). Ther. is .vidence that
l,l,l-trichloroethane is mutagenic in Salmonella typhimurlam
and cau.e. transformation in cultured rat ..Sryo cells (OSEPA
1980). Thes. data suggest that the ch••ical may b. carcinog.nic.

Other toxic eff.cts of l,l,l-TCA are .een.oftly at concen
tration. well abov. tho••· lik.ly in an OpeD .nvironment. Th.
IIOSt notable toxic .ff.cts of l,l,l-tricbloro.tbane in human.
and animals are central nervous syst•• depr.ssion, including
.nesthesia at v.ry high concentr.tions and impairment of coordi
nation, equilibrium, and judgment at lower conc.ntration. (350
ppm and above), c.rdiovascular effects. inclUding prem.ture
ventricul.r contr.ction., «.cr••••d blood, pr.ssur., and sensiti
zation to epinepbrin.-induced arrhythmia, and adver•• effect.
on the lungs, liv.r, and kidneys. Irritation of the skin and
aucous membr.n•• r••ulting from .xpo.ur. to l,l,l-tricbloro
eth.ne bas also be.n reported. Th. oral LD~B value of 1,1,1
trichloroethane ift rata is about 11,000 a,/I •

Toxicity to Wildlife and Domestic Animals

The acut. tozicity o~ l,l,l-trichloro.than. to aquatic
.peci.s is rath.r low, with the LC conc.ntration for the
mo.t s.n.itiv. species tested b.iniOS2.8 a,/l. Ho chronic
toxicity studies have been done on l,l,l-trichloroethane, but
acute-chronic ratios for the other chlorinated etban.s ranged
frOll 2.8' to 8.7. 1,1,1-Tricholoroethan. vas only slighty blo
accumulated 'lith a steady-state bioconcentration factor ot
nine and an eli.in.tlon b.lt-life of two days.

1, 1, I-Tricbloroethan.
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No information On the tox1city or l,l,l-trlchloroethane
to terrestrial wildlife or domestic ani.als was available in
the literature reviewed.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA).

Aquatic Life

The available data are not adequate for establishing crite
Rowever, EPA did report, the lowest values of the two
trichloroethanes (1,1,1 and 1,1,2) known to be toxic in
aquatic organi.ms.

Preshwater

Acute toxicity. 18 .g/liter
Chronic toxicity: 8.4 ag/1lter

Saltwater

Acute toxicity: 31.2 ag/liter
Cbronic toxicity: Ro a.allable data

Human Health

Criterion: 18.4 ag/ltter

NIOSR Recommended Standard:· 350 ppm (1,910 mg/.3)/15 min Ceilir
Level

OSHA Standard: 350 ppm (1,910 mg/m 3) ~A
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1,1,2-TRIeRLOROETHAN2

--. SUlDJlla r X

1,1,2-Triehloroethane induced liver tumors and pheochromo
cytom•• In aice. It caused liver and kidney damage in dogs •

. ..'

CAS Number: 79-00-5

Chemical Pormula: CR2C1CRC12
IOPAC Name: 1,1,2-Trichloroethane

Important Synonym. and Trade Names: Vinyl trichloride, ethane
trichloride

Chemical and Physical properties

Molecular Weight: 133.41

Boiling Point: 133.S·C

Melting Point: -36.5·C

Specific Gravi ty:l. 4397 at 20ec:

Solubility in Water: 4,500 mg/liter at 20·C

solubility in Organics: Soluble in alcohol, ether, and chloroform

Log Octanol/Water Partition Coefficient: 2.17
•Vapor Pressure: 19 .. 8g at 20-e

vapor Density: 4.63

Transport and 'ate

Volatilization and ~ub.equent photooxidation In the tropos
phere are probably the primary transport and tate processes for
1,1.2-trlehloroethane. Some sorption, bioaccumulation, and
biodegradation may oecur, but the.e processes are prqbably
not very important processes tor trichloroethane transport
or fate.

1,1,2-Trlehloroethane
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18,000 ~g/llter

9,400 ~g/llter

l,1,2-Trichloroethane induced heptacellular carcinomas
and pheochromocytoma of the adrenal gland in male and female
mice but did not produce a significant increase in tumor inci
dence In" ..le or female rats (NeI 1977). It vas not mutagenic
vhen tested using the Ames assay. No information vas found
concerning the reproductive toxicity or teratogenicity of
1,1,2-trichloroethane. No chronic .tudie. vere found on the
~oxicity of 1,1,2-trichloroethane but single do••• a. lov as
400 mg/kg caused liver and kidney damage In dogs. The oral
LDSO value for 1,1,2-trichloroethane In rats is 835 mg/kg.

~

To_leity to Wildlife and Domestic An!mals

The acute LC~o values for 1,l,2-trichloroethane for fresh
vater aquatic organisms ranged from 18,000 to 81,700 ~g/liter.

One chronic test was conducted, this indicated that the acute
chronic ratio for 1,1,2-trichloro.~hanevas around 8.7. No
information on the toxicity of"l,l,2-trichloroethane to .altwater
species, terr.strial vildlife, or dom.stic animals vas available
in the literature revieved.

Requlations and Standards

Ambient Water Quality Criteria (OS~A)I

Aquatic Life

The available data are not .ufficient for establishing
criteria. However, EPA did report the lowest values known
to be toxic in aqu.tic org.ni....

Preshwater

Acute toxicitYI
Chronic toxicity:

Saltwater

Acute toxicity, No available data
Chronic toxicitYI No available data

suman aealth

Zati.ate. of the carcinogenic rists a.sociated with lifetime
expo.ure to varlou~concentratlon.of 1,1,2-trichloroethane
in vater arel

1,1,2-Trichloroethane
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Risk-
10-5
10-'
10-7

CAG Onit Risk (OSEPA):

concentration

'.0 ~g/lit.r
0.6 ~g/lit.r
0.0' ~g/lit.r

5.7xlO-2 (.g/kg/day)-l
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TRICBLOROE1HYLBNE

Summary

Trichloroethylene (TCE) In~uce~ hepatocellular carcinomas
in mice and •• mutagenic when tested using I..,eral .icrobial
assat syste.s. Chronic inhalation exposure to high concentra
tions cause~ liver, kidney, and neural ~amage and ~er.. tolo9ical
reactions in animals.

CAS Number: 79-0l~6

Chemical rormula: C2HC13
IUPAC Name: Trichloroethene

Important ~:nonyms and Tra~e Names: Trichloroethene, TCE,
and ethylene trichloride

Chemical and Physical Properties

Molecular Weight: 131.5

Boiling Point: 87·C

Melting Point: -73·C

Specific Gravity: 1.4642 at 20·C

Solubility 1n Water: 1,000 mg/liter

Solubility in Organics: Soluble in alcobol, ether, acetone,
and cbloroform .

Log Octanol/Water Partition Coefficient: 2.29

Vapor Pressure: 60 .. Ig at 20·C

Vapor Denllty: 4.53

Transport and Pate ..
Trichloroethylene (TC!) rapidly volatilizes into the atmos

phere where it reactl with hy~ro.yl radicals to produce hydro
cbloric acid, carbon acnoxi~e, carbon ~io.ld., and carboxylic
acid. This il probably the .Olt important transport and fate
process for tricbloroethylene in lurface vater and in the upper

Trichloroethylene
Page 1
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la~er of .oil. TCE ad.orbs to organic materials and can be
bioaccumulated to lO.e degree. Rowever, it i.unclear whether
trichloroethylene bound to organic material can be degraded
by .icroorg.nisms or must be desorbed to be destroyed. There
i. lO.e evidence that higher organisms can .etabolize TCE.
Trichloroethylene leaches into the groundwater fairly readily,
and it. 1. a coaaon conta.inant of groundwater .round hazardous
wa.te .i tel.

Health Effects

Trichloroethylene is carcinogenic to mice after oral admin
istration, producing hepatocellular c.rcinomas (NCI 1976, NTP
1982). It was found to be mutagenic using several microbial
assay systems. Trichloroethylene does not appear to cause
reproductive toxicity or teratogenicity. TCE has been shown
to cause renal toxicity, hepatotoxicity, neurotoxicity, anc!
dermatological reactions in an!..ls following chronic exposure to
levels grea~er than 2,000 ag/. for 6 -antbs. T~ichloroethylene

bas low acute toxicity, the acute oral LD SO value in several
species ranged fro. 6,000 to 7,000 mg/kg.

Toxicity to Wildlife and Domestic Animals

There was only limited data on the toxicity of trichloro
ethylene to aquatic organisms. Tbe .cute toxicity to freshwater
species was limilar in the three specie. tI~ted, with LC
values of about 50 -g/liter. No LC§8 values were availa~2e
for salt~ter species. Bowever, a 0 se of 2 ag/liter caused
erratic .wimming and loss of equilibrium in the grass shrimp.
No chronic toxicity teltS were reported.

No information on the toxicity of trichloroethylene to
dome.tic ani.als or terre.trial wildlife was available in the
literature reviewed.

Regulations and Standard,

Ambient Water Quality CriterIa (USEPA).

Aquatic Toxicity

Tbe available data. are not adequate for establishing criteria.
Bovever, SPA did r.port the lowest values known to be
toxic in aquatic organ1••••

Pre.hlla tel'

Acute toxicity. 45 ag/liter
Chronic toxicity: No available data

Trichloroethylene
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S.lt_ter

Acute tox1c1trz 2 ag/11t.r
Chronic toxicity: No .vail.ble d.ta

lua.n le.lth

zstiaates of the carcinogenic riska ...ociated wit~ litetin
e.po.ure to various concentration. of trichloroethylene
in water are:

Risk- Concentration

10-5 27 ~g/lit.r
10-6 2.7 ~g/lit.r
10-7 0.27 ~g/lit.r

CAG Unit Risk (OSEPA): 1.1xlO-2 (ag/kg/day)-l

NIOSS aecommended Standards (air): 540 ag/a3 TWA
760 ag/a3 10-ain Ceiling Leve

OSHA S.tandar:!s (.ir): 540 ag/1I3 ~
1,075 1Ig/1I3/1S-a1n Ceil1ng Level
1,620 1Ig/1I for 5 1Iin every 3 br,

Peak Concentration
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TRICRLOROP~OOROMETRANB

SUllUDary

Inhalation exposure to high concentrations of trichlorofluoro
m~thane adversely affects the heart and lungs in humans and
animals.

-'~ ...'

CAS Number: 75-69-4

Chemical Formula: CC1 3P

IOPAC Name: Pluorotrichloromethane

Important Synonyms and Trade Mames: Preon-ll, fluorocarbon 11

Chemical and Physical Properties

Molecular Weight: 137.37

Boiling Point: 23.82·C

Melting Point: -lll-e

Specific GravitYI 1.467 at 25 ee
Solubility in Water: 1,100 mglliter

Solubility in Organics: Soluble in alcohol, ether, and other
organic solvents

Log Octanol/Water Partition Coefficient: ·2.53

Vapor Pressure. "7.4 am Hg at 20 ee
Vapor Density. 5.04

Transport an~ Pate

Though no specific data are available, the high vapor
pr.ssure, low solubility, and low boiling point of trichloro
fluoromethan. make it lik.ly that volatilization into. the atmos
phere is the major transport process for removal of this co.pound
from aqueous syst.... Once in the troposphere, trichlorofluoro
methane remains stable and .ventually diffuses upward to the
stratosphere or is carri.d back to earth by precipitation.
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Trlchlorofluoromethane that reaches the stratosphere is broken
down by high energy, .hort wavelength ultraviolet light and
thIs process is thought to be its primary environmental fate.
Chlorine ata.s released by .uch photodi.sociation processes
are theorized by soa. researcher. to .erve as a catalyst in
destruction of the stratospheric ozone layer.

Photolysil, oxidation, and hydrolysis do not appear tobe significant .nvironm.ntal fate proce•••• for trichlorofluoro
.ethane in aquatic .ystems. Th. log octanol/water partition
co~f~icient of trichlorotluoromethane indicate. that adsorption
ont6 .edimen~s may occur. Bowever, data concerning .orption
processes are inconclusive.

Health Effects

lased on limited available information, trich10rofluoro
methane does not appear to be carcinogenic in animals or humans.
Results ot a National Cancer Institute Carcinogenesis 110a.say
usin9 mice were negative. Rowever, result. for rat. were cOn
li·dered inconclusive becau.e inadequate numbers of rat. survived
long enough to be at risk from late-developing taBors. Although
genotoxicity data are scant, trich10rofluoroaethane exhibit.
no mutagenic activity in Sa1mon.l1a telter strain.. '1'here
are no available data on the t.eratogenicity or reproductive
toxicity of trichlorofluoromethane.

In human., trich1orofluoroaethane toxicity generally in
volve. the intentional or unintentional acute inbalation of
high vapor concentration.. There are report. of severe intox
ication and death under .uch circumstances. '!'he cardiova.cular
and bronchopuimonary action. of tricblorofluoroaethane ar.
its two most important toxicological feature. and are thought
to be mediated at least in part by .etabolic products that
bind to lipid and protein cell con.tituent. and affect vital
proces.es such a. cellular oaidation.

'1'be LC value tor a 4-hour expoaure witb rat. i. 25,200 ppm.
During expo~8re, sublethal doae. cau.ed rapid re.piration with
some mild hyperactivity, while lethal do.e. cau.ed hyperactivity,
tremors, inactivity, irregular re.piration, and deatb within
four hour.. LabOratory animal. periodically expo.ed at bigh
concentration. for .everal days may exhibit bioch••ical change.
con.i.tent with sloving of cellular oaidation. hrthermore,
.tudie. with eaperi.ental~anl.al.aU9geat that Inhalation expo
.ure to high concentration. of trlcblorofluoroaethane aay produce
various cardiova.cular and circulatory abnormalitie.. loth
absorption and e1i.ination are relatively rapid in human. and
experl.ental anl.al••
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Toxicity to Wil~life an~ Domestic ~nimals

-- oata concerning the toxicity of trichlorofluoromethane
to wil~life and domestic animals are not available.

Regulations an~ Standards

Ambient Water Quality Criteria (USEPA):

~9uatic Life

The available data are not adequate for establishing criteria.

Ruman Aealth

Criterion: 32.3 _g/liter (for protection against the
noncarcinogenic effects of trichlorofluoromethane
in ambient water)

OSHA Standard: 1,000 ppm (5,600 mg/m3) Ceiling Level

ACGIR Threshold Limit Value: 1,000 ppm (5,600 mg/m 3) Ceiling Level
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2,4,5-TRICRLOROPRENOL

SUJlUlary

2,4,5-'frichlorophenol (2,4,5-TCP) promote. the formation
of skin tuaors in mice. In addition, although 2,4,5-trlchloro
phenol has not been tested in a complete carcinogenicity bioassay,
2,4,6-trichlorophenol has been found to be carcinogenic in
miee and rat.. Oral doses of 2,4,5-TCP caused liver and kidney
lesot.olts in rats and rabbits. 'fechnical grade 2,4,5-TCP is
sometimes contaminated with the highly toxic polychlorinated
dibenzo-p-dioxins, which ,may significantly increase the toxicity
of the material.

CAS Number: 95-95-4

Chemical Pormula: C6R2C130R

IOPAC Name: 2, 4, 5-Trichlorophenol

Important Synonyms and, 'frade Names, Dowicide 2, Dowicide a,
Preventol I

Chemical and Physical properti••

Molecular Weight: 197.5

Boiling Point: 253 eC (.ublimes)

Melting Point: 68-70.5 eC

Specific Gravity: 1.678 at 2S·C

SOlubility in Water: 1,2000 ag/liter at 2S eC

Solubility in Organic.: Soluble in alcohol, organic .olvents,
and ligro!n

Log Octanol/Water Partition Coefficient: 3.7

Vapor Pr•••ure: 1 .. ~g ~t 72.0ee

pita: 7.0
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Transport and Pate

There I. very little information available on the envlron
.ental tran.port and fate of 2,4,S-trlchlorophenol, however,
there 1••~. Information concerning 2,4,I-trlchlorophenol
which aay. act In:·" .Imilar f ••hlon. 2,4,6-'1'rlcblorophenol
hal a low ••por pre••ure (1 .. Kg at '6.S·C), like 2,4,S-trl
chlorophenol, and i. unlikely to .olatllize froll water. Photo
oxidation of 2,4,6-tri~hlorophenoloccur. In the pre.ence of
an ~lectron acceptor, and 2,I-dlchlorobenzoqulnone and 2,6
dlch~~rohydroqulnoneare formed. Microbial degradation of
2,.;I-trlchlorophenol haa been reported. In a number of soil
lamples, complete degradation of the compound occurred In 1
to , days and microbial action In acclimated sludge completely
degraded the compound In 5 day.. Bowever, there is a report
Indicating that 2,4,S-trichlorophenol I. resi.tent to degradation
by certain solI microbes, pos.ibly because of the meta-substi
tuted chlorine atom In thl. molecule. Thus, the f.te of 2,4,5
trichlorophenol In .oil may differ from tb.t of 2,4,6-trichloro
phenol.

Health Effect.

Although 2,4,S-trlcblorophenol hal not been te.ted for
carcinogenicity, the MCI bloa••ay on 2,4,6-trichlorophenol
wa. po.itt.e in botb rats .nd mice. 2, 4, 5-'1'ricblorophenol
ga.e neg.tive re.ult. in the Ame. autageniclty ••••y, but has
been found to promote the formation of papilla-a. on the skin
of ml~e pretreated witb the Initl.tor diaetbylbenz.nthracene.

MCCollister et .1. (1'61) conducted. namber of acute
and lubchronic .tudle. of 2,4,5-trlcblorophenol tozlclty in
rat. and rabbits. 'l'be acut. oral LD5G ••lue of 2,4,5-trichloro
phenol was approxlmately.],OOO IIg/kg In tbe rat. Rata treated
18 time. o.er 24 day. with do••• r.nging frc. 30 to 1,000 mg/kg
did not .how .dver.e effects. Rat••upplied diets tbat gave
daily do.es of 300 .nd 1,000 ag of 2,4·,5-trlcblorophenol per
kilogram body welgbt for 98 d.y. did .bow li.er and kidney
effects wbicb were· do•• rel.ted. Bata gi.en lo~er do••s did
not .how .3Y compound related effecta.Rabbits gi.en oral
do.e. of 10. to SOO JIg/kg for 21 day. eZbiblted .light renal
lesion. an4, at 500 Jlg/k~, li••r le.Ion••

In .itro .tudie. on the effect of 2,4,5-tricblorophenol
on mitochondrial ozidati•• phosphoryl.tion .bov.d that It caused
complete uncoupling. The conc.ntration of 2,4,5-trichlrophenol
that produce" a 50' inbibition of ATP production in i.olated
altochondria va. 6 ti••• Ie•• than the concentr.tion of 2,4,6
trichlorophenol.
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When consi~.ring the health .ff.cts of 2,4,S-trichloro
ph.nol, it must be r ••••b.red that the technical grade compound

~ is contaminat.d with polychlorinated dibenzo-p-diosins, including
2,3,7,8-tetrachlorodibenzo-p-dioxin which is highly toxic and
produces a large number of health .ffects in experimental animals.

Tosicity to Wildlife and Domestic Animals

2,4,S-Trichlorophenol was found to be acutely tosic to the
saltwater aquatic species mysid shrimp and sheepshead minnow after
a 96-hour exposure to concentrations of 3,830 and 1,660 ~9/1iter,

respectively. No chronic toxicity information on aquatic organ
isms was available for 2,4,S-trichlorophenol.

Regulations and Standards

Ambient Water Quality Criteria (US.EPA):

Aquatic Life

The available data are not adequate for establishing criteria.

Buman Health

Bealth criterion: 2.6 mg/liter
Organoleptic criterion: 1.0 ~g/lit.r
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2,4,S-TRICHLOROPBENOXYACETIC ACID

Summar);

2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) i. one of
the major constituents of Agent Orange, the major defoliant
used in Vietnam. It is commonly contaminated with TCDD, an
extremely toxic .aterial that may be responsible for some of
the effects associated. wi th exposure to technical 2,4, S-T.
These effects include chloracne and the induction of microsomal
.ixed function oxidase activity. Administration of purified
2,4,S-T has been shown to cause fetal loss, disrupt fetal develop
ment, and induce fetal malformations.

CAS Number: 93-76-S

Chemical Formula: C1 3C6R2OCB2COOS

IOPAC Name: 2,4,S-Trichlorophenoxyacetic acid

Important Synonyms and Trade Names: Brushtox, Oed-weed Br~sh

Killer, 2,4,S-T, Weedar

Chemical and Physical properties

Molecular Weight: 255.48

Melting Point: 153-C

S~lubility in Water: 250 .g/liter

Solubility in Organics: Soluble in alcohol

Vapor Pre••ure: Le.s than 8.4 z 10-6 am Hg at 2s·C

Vapor Density: 8.83

pIa: 2.84

Transport and Pate

pbotodecomposition ~f 2,4,5-tricblorophenoxyacetic acid
(2,4,5-T) in water can occur by a number of different mechanisms.
~hese include photooxidstion of the pbenoxy side chain and
photonucleophilic di.place.ent of Cl by OR to form chlprophenols,
and photoreductive dechlorination to for. phenoxyacetic acids.
Photolysis of 2,4,5-T.under dry condition. i. al.o a significant
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environmental fate. aecau.e of it. low vapor pres.ure, vola
tilization of this compound 1. not likely to be an important
proces.. At least one experimental .tudy confirmed that vola
tilization of 2,4,S-r from an aqueous .olution i. negligible.

2,.,5-T 1. only weakly ad.orbe~ to .011. In addition,
this ce-poun~ 1s .c~erately .oluble In water, and e.perimental
.tu~l•••bow that .oae leaching of 2,4,s-f fro. aoil does OCcur.
Thi••aterial ha. been found at low concentration. in groundwater
underlying area. to which it ha. bien applied. It ha. also
been detected in the initial rainwater runoff in treated areas.
Bowever, most 2,4,5-r re.aln. in the upper layer. of .oil,
and le.ching i. not thought to be a .ajor transport process.

rhe environmental per.i.tence of 2,4,5-T i. relatively
low. ror example, 2,4,5-r residues in a forest reportedly
declined by 50' in , weeks and by la' in 'aonth.. aioaccumu
lation of 2,.,S-r doe. not appear to be a .ignificant environ
mental process.

aealth Effects

Currently, there i. no conclu.ive evl~ence that 2,4,S-r
is carcinogenic in buman. or experimental animals. Data from
studies on experimental animals an~ in vitro .tudies suggest
that 2,4,S-T.is not autagenic but 88y damage cbromosomes. Ad
ministration of 2,4,S-T to pregnant e.perimental animals dis
rupts tetal development, cau.i"g fetal 10•• , developmental
retardation, and aalformation. or anomalies. Other acute or
chronic effects of 2,4,5-T bave not been adequately demonstrated.
An oral LD SO level of 300 ag/kg is reported for the rat.

Tbe toxic effect. of purified 2,4,S-T..in experimental
animals and humans bave not been adequately .tudied, and other
toxic effect. ob.erved a. a re.ult of .xposure to 2,4,S-~.for

aulation., including induction of aicroso.al al.e4 function
oxidase activity and chloracne, .ay actually be caused by
2,3,7,8-tetrachlorodibenzo-p-dioxin (TenD), a common contaminant
of the•• formulations. Information concerning tbe.e and other
toxic effect. i. pre.ente~ In the che.ical profile on TCDO.

Toxicity to Wildlife and Dome.tic Animal.

Liaited evidence ..ugge.ts that 2,4,5-T .•ay affect wildlife
or doae.tic ani..ll indirectly by dilrupting vegetation density
and compolition in an area. Berbivore••ay be affected by
change. in the typel and amount. of their potential food sources.
Tbe•• cbange. aay fayor .o.e lpecie. and be detri.ental to
others. Other ani..l ••ay lo.e .ource. of cover frc. predators
or .ite. for ne.t and den building.

2,4,s-Tricbloropbenozyacetic acid
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Virtually no .pecific information on the toxicity of 2,4,S-T
to wil~life or ~ome8tic ani.als i8 available. While 2,4,S-T
Is thought to h.ve·relatively low toxicity for vertebrate .pecies,
it has been reported that populations of invertebrates, including
benefici.l insect species, have been adversely affected at
field concentrations. Invertebrates may be adver.ely affected
both directly because of the compound'. tozicity .nd indirectly
because of the changes 2,4,5-T produce. in veg.tation growth
patterns. Although 2,4,S-T is not r.ported to have large,
direct toxic effects on liv.stock, there are reports of animal
deaths due to alterations in plant che.istry and palatability
after 2,4,S-T treatment.

Information
is also limited.
SS mg/liter, for
1.3 mg/liter.

on the effects of 2,4,5-T on aquatic species
Among fish, the LO 9alue for perch is

guppies, 8 mg/liter?O.nd for rainbow trout,

Regulations and Standa~ds

OSHA S.tandard (air): 10 _g/m3 TWA

ACGIS Threshold Limit Valu.: 10 _g/m3 TWA
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2-(2,4, S-TRICHLOROPHENOXY) PROPIONIC ACID

SWIUIlA>ry

2-(2,4,S-Trichlorophenoxy)propionic acid (2,.,S-TP, Silvex)
is a broad .pectrwa herbicide that is commonly contaminated
with TCDD. The toxic effects associated with exposure to 2,4,5
TP are generally considered to be caused by this contaminant.
Bowever, pure 2,4, S-TD. may have an adverse effect on reproduction
that is not attributable to TeDD.

CAS Number: 93-72-1

Chemical Pormula: CL3C,B2OCH(CB3)COOB

IOPAC Name: 2(2,4,S-Trichlorophenoxy)propionic acid

Important Synonyms and Trade Names:

Chemical and Physical properties

Molecular Weight: 269.53

Melting point: l8l.6·e

Specific Gravity: 1.640 at 30·C

Solubility in Water: 180 .g/liter

Silvex, 2,4,S-TCPPA, penoprop,
I'ur an, 2, 4, S-TP

Solubility in Organics: Soluble in acetone, benzene, carbon tetra
chloride, ether, heptane, and methanol

...,.r··...,..
l .......· \

Log Octanol/Water partition Coefficient:' • (calculated)

Vapor Pressure: Less tban 1 am Bg at 20·C

Transport and Pate

2(2,4,5-Trichlorophenoxy)propionic acid (2,4,S-TP) is not
very .oluble In vater and -has a low vapor pressure. I t prob
ably i. not readily transported in the .nvironment and is likely
to be fairly perai.tent.' Bowever, it may volatilize to aome
degr.e becau.e of It. high activity coeffici.nt in vater.
Ad.orption to .oil and .edi.ents 1. probably an Import.nt fate
for 2,4,5-TP. 'botooxidatlon and biodegradation may be the
ultimate fat. proc••••• in the environment, but neither is
expected to occur very quickly (Bailey .t ale 1970).

2,4,5-TP
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Health Effects

2,4,S-!? i. contaminated with .mall amount. of 2,3,7,8
tetrachlorodibenzo-p-dioain (TeDD), and the tosic effects of
2,4,5-T7 are generally believed to be cau.ed by this contamin
ation. ~bere i ••ugge.tive eVidence, bowever, that 2,4,S-TP
may have adver.e effecta on reproduction that are not attrib
utabl. to TenD. ~hil conclulion is based on a coapari.on of
.tudies using 2,4,S-TP and other .tudie. uaing essentially
uncontaminated 2,4,S-trichlorophenoayacetic acid (2,4,S-T).
Oncontaminated 2,4,S-T and uncontaminated 2,4,S-TP are closely
related compounds and are considered to have .imilar effects
(Gehr 1ng 1980).

The toxic effect. of 2,4,5-TP have not be.n .tudied well,
but they are probably similar to tho.e caused by 2,4,S-T .and
low levels of TCDD.

Toxicity to Wildlife and Domestic Animals

The 96-hour·LC value. for 2,4,5-TP in rainbow trout
and b1uegi1ls v.re 19 and 10 mg/1Iter, respectively. In S-day
feeding studies, Japanese quail had an LD§O value greater than
5,000 ppm of 2,4,5-TP vhen administered in the diet. Ring
necked pheasants under the .... regi..e had an LCSO of about
4,500 ppm. 2,4,S-TP i. a broadleat h.rbicide.

RegUlations and Standards

IPA bas banned the u.e of 2,4,S-TP on turf and in aquatic
syste..s.

UFERENCES

AMERICAN CONPIRENCB OF GOVZRNMENTAL INDUSTRIAL HYGIENISTS (AeGIB).
1980. Documentationo! tbe Thresbold Limit Values •. 4th
ed. Cincinnati, Obio. 488 pages

BAILEY, G••• , TJltJUTOR, A.D., POPI, J.D., J1\., and COCHRANE, D.R.
1'70. The degradation kinetics of an ester of silve.
and tbe persi.tence of si1ves in water. Weed S~ience

18a413-418 ..
GZBRIMG, '.3. 1'80. Direct ~e.ti.cny of Dr. 'erry J. Gehring.

In ReI Tbe Dow Cbemical Caapany et a1. (2,4,5-1' and S)lvex
cancellation hearing). Ezhibit '12. rIrIA Docket No. 415
et a1. U.~. Envlronaental 'rotection Agency

2,4,5-'l'P
'age 2
OCtober 1985



.-."

RERBICIDE HANDBOOK or THE WEED SCIENCE SOCIE'l'Y or AMERICA. 1979.
4th ed. WSSA Berbicide Bandbook Committe., Champaign,
I11inoi. .

LYMAN, w.J., REEHL, w.r., and ROSENBLATT, D.8. 1'82. Sandbook
of Cbe.ica1 Property Esti.ation Methods: Bnvironmental
.ebavlor of Organic Compounds. McGraw-Bill Book Co.,
New York

'l'HE MERCK INDEX. 1976.. 'th ed. WindholZ, M., ed. Merck
and Co., Rahway, New Jers.y

NATIONAL ACADEMY or SCIENCES (HAS). 1977. Drinking Water
and Bealth. S.ate Drink'ing W'ater Committee, Washington, D.C.
'39 pages

NATIONAL INSTITUTE POR OCCUPATIONAL SArE'l'Y AND HEALTH (NIOSH).
1984. Registry of Toxic Effects of Chemical Substances.
Data Base. Washington, D.C. October 1984 .

VETERANS ADMINISTRAT~ON (VA). 1'81. Review of Literature
on aerbicides, Including Pbenoxy Serbicides and Associated
Dioxins. Vols. I-IV. Department of Medicin. and ~urgery,

Washington, D.C.

WEAST, R.E., ed. 1'81. Sandbook of Chemistry and Physics.
, 62nd .d. eRC Pre•• , Cleveland, Obio. 2,332 pages

"

2,4,5-TP
Page 3
October 1'85





S~lubility in Organics:

~RIS(2,3-DIBROMOPROPYL)PBOSPHATE

...-......,. Summary

tris(2,·3-Dibromopropyl)phosphate (TRlS) Is probably per
sistent in the environment. It is carcinogenic, it induces
tumors of the forestomach, lung, kidney, and liver In mice
and rats after oral administration and tumors of tbe forestomach,
lung, skin, and mouth .in mice after dermal application. TRlS
is also mutagenic. Dermal application caused testicular atrophy
and kidney damage in rabbits. In humans, dermal exposure lIlay
produce allergic skin reactions In susceptible individuals.

CAS Number: 126-72-7

Chemical Formula: (CB2BrCBBrCB20)3PO

Important Synonyms and Trade Names: 2,3-Dibromo-l-propanol phos
phate, tris(2,3-ibromopropyl)
phospboric acid ester; TRIS

Chemical and Physical properties

Molecular Weight: 697.7

Melting Point: S.S·C

Specific Gravity: 2.27 at 2S·C

Solubility in Water: Insoluble

Soluble in all proportions in carbon
tetrachloride, chloroform, methylene
cbloride

Vapor Pressure: 0.00019 am Hg at 2S·C

Transport and Pate

Tbe limited information available concerning tris(2,3-dibro
mopropyl)phosphate (TRIS) suggests that tbis compound is relative
ly persiatent in the environment. Hydrolysis, oxidation, and
photodegradation are not likely to be significant fate processes.
Although a10w biodegradation of ~RIS in raw aewage is reported
to occur, It is not thought to be an important enviro~ental

process.

. .-' ,
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Given it. low vapor pre••ure, volatilization of TRIS and
.ubs.quent atmosph.ric tranlport i. not likely .to be a .ignifi
cant proc.... I.cau•• this compound is virtually in.oluble
in vater, adlorption to particulate matter and .edi.ent may
be an iaportant .nvironmental transport prOC••I. Mo adequate
empirical data concerning the potential for bioconcentration
and bie-agnification of TRIS ar. available. low.v.r, because
thi. co-pound has low .olubility in wat.r and i. readily solUble
in organic .olv.nt., thes••nvironmental proc••••• are likely
to occur to some estent •

. a.alth Effect.

Ther. i. sufficient evidence that TRI' is carcinogenic
in mice and rat., and can produce tumors of the forestomach,
lung, kidney, or liv.r after oral administration (NeI 1978) •.
This compound also produce. b.nign and .alignant tumors of
the forestomach, lung, skin, and oral cavity after dermal applica
tion in mice (Van Duuren et al. 19'8, 1n IARC 19'9). THIS
is also autagenic In a number of te.t .ystems. Baaed on .
limited numb.r of esperlmenta, there is no evidence tbat TRIS
is teratogenic in laboratory animals. TRIS il reported to
cause testicular atrophy and kidney d..age in rabbits after
application to the .kin for 3 aonth.. Tbl. compound has an
oral LD of 5.24 glkg in rats. TaI~.doe. not appear to present
a signilicant acute tosic hazard in human.. lowever, ingestion
of this compound i. reported to cau•••o.e abdominal discomfort
and gastrointestinal irritation. Dermal espo.ur. may produce
allergic contact .en.itization in .ome .ubj.cts.

Toxicity to Wildlife and Dome.tic Animal.

practically no- information concerning tbe tozicity of
TAIS to wildlife and doa•• tic animals .sist.. Exposure to
concentration. of 1 .g/liter caused 50' mortality to goldfish
within 4 days (Gutenaann and Lisk 19'5) in one Itudy. Central
nervous syst...ffect. were .e.n 1n the fi.h prior to death.
Osing a model ba.ed on the solUbility of ••lected chemicals
in water, a biomagnification potential (concentration in fish/con
centration In water) of 338 bal been calculated tor TAI••

Regulation. and Standards

Tbe ..nutacture and use of tbe tl..e retardant tr1.(2,]
dibroaopropyl)pholphate ba. been banned ID tbe United S~ates.
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VANADIUM

SUllJllary

occupational exposure to airborne vana~ium has been shown
to irritate the akin, eyes, and respiratory tract an~ to cause
bronchitis, bronchospasms, and chest pain. Oral exposure has
been a••ociate~ with gastrointestinal ~isturbances an~ ~iscolor

ation of the oral mucosa. Chronic exposure to vana~ium may
have an adverse effect on various enzyme systems.

Background Information

Vana~ium can exist in the 0, +2, +3, +4, and +5 oxidation
states. Elemental vanadium is insoluble in water. Vanadium
usually occurs in aome oxi~ized form, and soluble and insoluble
vana~ium compoun~s can occur. Vanadium can bind covalently
to organic molecules to yield organometallic compounds.

CAS Number: 7440-62-2

Chemical Pormula: V

IOPAC Name: Vanadium

Chemical and Physical Properties

AtQmicWeight: 50.9

Boiling Point: 3,380-C

Melting POint: 1,890·C

Specific Gravity: 5.96

Solubility in .ater: Insoluble

Transport and rate

The extent to which vanadium i. transported in aqueous
media is largely determined by the chemical apeciea present
and by environmental f~ctora deter.ining it. aolubility and
binding to organic .aterials. Some vanadium compound. are
volatile, and atao.pheric transport of fume. a. well as partic
ulates can occur. Some bioaccumulation of vanadium occurs.
Bowever, in .ammala, it appears that exces. vanadium can be
rapidly excreted in the urine. In humans, it is excreted as
sodium metavanadate or ammonium vanadyl tarti.te.

--rr ·rC .
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Health !ffect.

There are no -data available to suggest that vanac!! WI has
carcinogenic, autagenic, teratogenic, or reproductive effects
In humans or experimental ani.al.. OCcupational exposure to

-airborne vanadium compounds can produce eye and skin irritation.
Oral exposure .ay produce gastrointestinal disturbance. and
discoloration of the oral auco.a and tongue. ~here I. no evidence
of chronic oral toxicity. The most important toxic effects
of vanadium are aSlociated,with inhalation exposure. Symptoms
include acute upper and lover respiratory Irritation with mucous
diSCharge and bronchitis, cough, bronChospasm, and chest pain.
Acute effecs. are reported to occur at concentrationos as low
as 0.1 mg/m. !ffects on various enzyme systems may also occur,
especially after chronic exposure.

Vanadium is toxic to experi.ental animals by all routes
of administration. Its toxicity generally increases with valence
number. The pentavalent che.ical forms, such as vanadium pent
oxide and the vanadate. are the mOlt toxic compounds. In albino
mice, an oral tD Sft of 130 mg/kg .anadiga trioxide i. reported;
a value of 23 mgllg is reported for vanadiu. pentoxide and
vanadium trichloride.

~oxicity to Wildlife and Domestic Animals

Only limited information v.s ••ailable on the toxicity
of vanadium to aquatic organi... (IA 1985). Pre.hvater fish
had 96-hour tC value. ranging from 5,000 to 100,000 ~g/11ter
and generally iPound 10,000 ~g/liter. Daphnid. were the only
invertebrates studied, a '6-hour LCsS value of le. than 0.16 ~g/lit

wa. reported. Chronic toxicity (5 e 28 day LC values) wa.
generally .een at around 2,000 ~g/liter, the l~Sest value
reported wa. 500 ~g/li ter for • 6-day LCSO .value in the guppy.

Adequate data are not available for cbaracterization of
toxicity to vildlife and dome.tic anim.ls. Calcium vanadate
was fatal to a group of Chick. fed a diet containing 200 to
600 ppm for 11 to 32 day••

Regulations and Standards

MIOSS Rec~ended Standards., 1 8g/.3 twA
0.05 .g/. Ceiling Level

ACQIB Threshold Li.it Value.

0.05 ag/.3 Cvanadigs pentoxide, re.pirable dust and fume)

VanadiD
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VINYL CRLORtD!

Su_arx

Vin,l chloride i. a human carcinogen that cau.e. angiolar
coma. of the li.er and tu.ot. of ~he brain, lung, and hemolympho
poletlc .y.te.. Th.re I••uggest! •• e.ldence that 9inyl chlorl~e

ha. t.ratogenic and r.productl.e· effect. In both bu.an. and
anl.-1.. Ch~onlc hum~n exposure to .Inyl chlorid. i. a.soclat.~
vi to''" ".ul tiple ..y.te.lc di.order., including a Iclerotic .yn~rom.,
acro-osteolysi., and· li.er da.a~e. Acute human expo.ure to
high concentrations can cau.e narco.i., r ••piratory tract irrIta
tion, bronchiti., and .e.ory di.turbance.. Chronic e.posure
by ani.al. can re.ult In lesionl of the 11.er, kidn.ys, spl••n,
and lung.. . . .

CAS. Number. 75-01-4

Che.ical Poraula, CB2CRCI

It7PAC Nue. Chloro.thene

Important Synonym. and ~rad. N..... Chloroethylene, ve, .ono
cbloroethylene

Chemical and 'hy.ical .ropertle.

Molecular .eight. 12.5

80111ng Point. -13.37ee

Melting Point. -153••·C

Specific Gra9it,. 0.'101 at 20-c

Solubility In .ater. 1,100 .,/liter at 25~

Solubility 1ft Organic.. SOluble In alcobol etber and carbon
tetrachlqrlde

Log OCtanol/Water 'artitlon Coefficient. 1.4 Ce.tlaated)

Vapor Pre••ure. 2,110 .. Ig at 25·C

vapor Den.ity. 2.15

Pla.h 'oint. -".I·C
Vinyl chloride
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~ran.port and Pat.

Volatill.ation fre- aquatic .and t.rr•• trial .y.t... i.
the mo.t iaportant tran.portproc••• for di.tribution of .inyl

·chlorid. tbroughout ,he .n.irona.nt. lalf-li••• In .qu.tic
.•r-t••• r.ng. froa .e.eral ainut•• to • f•• hour., depending
on temperature, water turbulenc., and alaing effici.ncy. 'hoto
oaLdatlon in ~he tropo.phere i. tbe doainant .n.ironmental .
fate·of .in~ chloride •. vinyl chloride r.act. rapidly with
hy~roayl r.dical., forming bydrogen chloride or forayl chloride.
pormyl chlorid., if formed, rapidly decoa~e. to yi.ld carbon
mono.id. and bydrogen chloride. vinyl cblorid. in the atmosphere
il e.pect.d to be d.stroy.d within on. or two d.y. of itl r.lea•••
Th. hydrogen chloride fo~ed i. r.port.d to be reao••d from
the tropo.phere during precipitation.

,botoly.i. do•• not appear to be an iaportant fat. proc•••
in aquatic .y.t.... fUrtb.raor., pbotooaidation d••troy••inyl
chlo~id. b.for. It c.n r••ch tb••trato.ph.r., wb.r. dir.ct photo
ly.i. could occur. I ••ed on .vail.bl. inforaation, bydroly.i.,
.orption, bioacc~ulation, and biod.gradation do not appear.to.
be i.portant .n.irona.ntal f.t. proc••••••

H.alth Iffect•

.IAIC con.id.r. vinyl chlorld. to be a Cat.gory I buman
carcinog.n, cau.in9 antio.arca-a. of tbe ll.er and tumor. of
the brain, lung, .nd be.olyaphopoietl0 .,.t.. In buman.. Vinyl
chlorid. i. carcinog.nlc In aice, rat., and b...ter., it produce.
t~orl at .e.eral .it•• , including angio.arecaa. of tbe li.er,
.ft.r oral or inb.lation eapo.ure. Vinyl cbloride, botb a.
a .apor and in .olution, i. autagenic im .e.eral biological
••••y .y.t.... In addition, cbroaoaa-e .berr.tion. including
fragment., dic.ntic. and rin,., br••t., .nd ,.pa ba.e been
found In work.r. occupation.lly .zpoa.d to vinyl cblorid••
Tbe e.id.nce on l.t. t.ratog.nic .nd r.productiv••ff.ct. i •.
• quivoc.l. Minor •••l.t.l .bnora.liti•• an. incr....d f.tal
de.tb r.te. b••e be.n ob••r... in tbe off.print of .speri••ntal
.ni••l. eap08••· by inbal.tion to 9inyl cblori4e. In bum.n.,
a .i,nificant inor•••• In f.tal d.atb.....een in .a..n wbo••
bu.b.nd•••r. e.posed to .inyl cblorid.. Al.o,.n eac••• number
of central neryou••y.t.. di.order. and d.foraiti•• of the
upp.r .li••ntarf tr.ct, ,.nit.l org.n., and fe.t w.r. ob.er••d
in .tillborn and li•• cbildr.n born in citie. with vinyl cblorid.
f.ciliti... low•••r, furth.r r ••••rcb i. n.c••••ry before .
tb. link betw••n .inyl cblorid. and tb••• ob••r••d .ffect.
can be po.iti••ly e.t.bli.b.d.

Acut. occupation.l .zpo.ure to bigb concentr.tion. of
.inyl cblorid. can produc••yaptoa. of n.rco.i. in bgaan••
R••pir.tory tract Irritation, bronchi,i., b••d.cbe, irrlt.-

Vinyl cIllori4•
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g~_w~. ~n,gn4C .~p05Ure to vinyl chlor1~e i. a••ociated with
.~ltiple systemic ~i.or~er., Incl~ding a sclerotic syndro.e,
acro-osteolysl., thrombocytopenia, and liver d..age, conslst-

'. ing of da.age to parenchymal cell., fibro.i. of the liver cap
lule, periportal fibrosis a••ociated with hepatoaegal!, and
Iplenomegaly •. Concentrationl encountered by worker. n indus
tries u.ing or producing .inyl chloride are reportedly quite
.ariable and may range fro. le•• than the liait of detection
to .e.eral gram. per cUbic .eter.

Acute inhalation exposure of experi.ental animals to high
concentrations of .1nyl chloride can result In na§cosis and
death. ~he 2-hour LC value for rat. 1. 39Q g/.. Chronic
exposure of experiaeniil animals can re.ult in growth disturbances
and histopathological and histoche.ical lesion. in the liver,
ki dneys, spleen', and lungs.

~oxicity to Wildlife and Domestic Ani.al.

No information is available concerning the toxicity of
vinyl chloride to do.estic anl.als or wildlife.

Regulation and Standards

Ambient Water Quality Criteria (O~EPA)I

Aquatic tife

Tbe available data are not adequate for e.tablishing crIteria.

Suman Health

Iitimates of the carcinogenic ri.ks a••ociated with lifetime
exposure to various concentrations of vinyl cbloride in
water are,

Concentration

20 Jig/liter
2.0 JI,/liter
0.2 Jig/liter

CAG Unit Ri.k (USEPA)I 1.75z10-2 (a,/kg/day)-l

O~BA ~tan4ard.1 26 ag/.3 TWA
13 ag/.~/15 ain Ceiling tevel

ACGIS Thre.hold Limit Valuel

Vinyl chlori4e
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XYLENES

-..
"'

S\lmmarx.

Xyllnl has blln Ihown to be fltotoxlc in rata and aiel.
In humans, Ixposurl to high concentrations of xyllne advlrsely
aftects the central nervous system and irrit.~e. th. mucous
••mbranes.

BaCKground Information

Xylene has three isomers, 0-, a-, and p-xylene. These
th~ee generally have limilar chemical and biological character
istic. and therefore vill be 4ilcu...4 together.

CAS Number: Mixedl
a-Xylene:
o-Xylene:
p-Iylenel

1330-20-7
10S-3S-3
95-47-6
106-42-3

Chemical rormula: C6B4 (CB3)2

IOPAC Name: Oimethylbenzene

Important Synonym. and Trade Names:

Mixed xylene:
a-Xylene I

O-X11Ine :
p-Xylene:

Di.ethylbenzene, xylol
1,3-0i.etbylbenzene, a-xylol
1,2-Di.ethylbenzene, a-xylol
1,4-Dimetbylbenzene, p-xy101

Chemical and Physical Properties

Molecu1a
o
r Welgbt: 106.17

137-140·C
13'·C
l4C·C
l3S·C

-4S·e
-25·C

l3·C

loiling 'oiata Mixe4.
a-xylene.
0-ly1ene:
p-Xylene:

..
Melting 'ointl a-Xyllne:

o-Xy11nel
p-xylene.

Specific GraYity: 0.86

Solubility 1n Watlrl 160 ag/liter at 25·C

Xylene.
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Sol~illty In Organics: Soluble In alcohol, ether, and ot~er

organlc 801vents

~og Octanol/Water 'artition Coefficient: 3

Vapor 'ressur.. 10 am 8g at 2S·C

Vapor Den.ity: 3.7

Fla.h 'oint: 2S-C (closed cup)

Tran.port and Pate

Volatilization and .ub••quent photooxidation by r.action
with hydroxyl radicals in the atmosph.re .r. probably important
transport and fat. proc••••• for xyl.ne in the upp.r layer
of .011 and In aquatic environments. 'roducts of tbe bydroxyla
tion reaction include carbon dioxide, peroxyacetylnitrate (PAN),
and cre.ol. Xylene bind. to .edi.ent In water and to organics
in .oils and undergoes microbial degradation. Biodegradation
is probably the .ost important f.te proce•• ift both 80ils and
the aquatic environment. Xylene. baye been sbown to persist
for up to , aontbs In. 8011. Secause of their low va~.r 801ubil
Ity and rapid biodegradation, xylen.s are unlikely to l.acb
into groundwater in bigb concentration••

Bealt~ Ift.cts

The National Toxicology 'rogr.. (SToP) is te.tlng xylene
for carcinogenicity by ad.tntsterlng it orally to rats and
mice. Although the re.u1t. have not bten tinalized, it. does
not .ppear to be carcinogenic In rats. "sults bave not been
r.port.d tor aice. Xylene vas not found to be autagenic in
a batt.ry of sbort-tera ••••y.. Xylene i. not teratog.nic
~ut bas caused fetotoxicitl In rats an6 aice. Acut. expo.ure
to r.~h.r bigh l ..el. of xylene .ffect. tbe central nervous
.y.tem and lrrit.te. tbe .ucou••e.bran... ~her. is limited
evidence of .ffect. on other organ .y.te.. , but. It ..s not
po.si~l. to attribute the.. effect. solely to xylen. as other
solvents vere pre.ent. The oral LD SO value of ay1en. in rats
is 5,000 ag/kg.

Toxicity to Wildlife and Domestic Ani..l.
(

Iylene adv.r••ly affected adult trout at concentration.
a. low as 3.' 8g/1it,r in a continuous flow .y.te. and trout

lw.c. Eastin, .~ Cb..ical Manager, p.raonal ca.aunlcatlon, 1984.
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try avollSelS xylene at cone en trat 10n. grea ter than 0.1 ag/l i te r.
The LC§o .alue ln adult trout wa. determined to be l3.S mg/liter.
LC values tor other freshwater fllh were around 30 ag/liter
ln Sa .tatic .yst.., which probably unlSere.timated toxicity.
Only a few Itudie. have bien lSone on the toxicitl of xylene
to .alt~ter .p.ci... The.e indicated that the .- and o-xylene
isomers probably have simIlar toxicities and ar. probably less
tOlic than p-xylen., and that .altwater .pecle. are generally
.ere susceptible than freshwater .pecl.s to the d.tri••ntal
effects of xylene (tc • 10 ag/liter for m- and o-xylene and
LC"o • 2 mg/liter for S~xYlene). Bowever, it .hould be stressed
that these generalizations are based on limited data.

No information on the toxiclty of xylene. to terrestrial
wildlife and domestic animals ~. available in the litera:ure
reviewed. Bowever, becau.e of the low acute toxicity of xylenes
it is,unlikely that they would be toxic to wild or domestic
birds and lIammals.

Regulations and Standards

NIOSS Recommended Standards (air). 435 mg/m~ ~
870 ag/a 10-ain Ceiling Level

OSHA S.tandard (air): 435 1Ig/1I3 '1'WA
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ZINC

Summary

Inge.tion of exce.sive amounts of zinc can cau•• fever,
vomiting, and .tomach cramps. Zinc oxide fume. can cause •• tal
fume fever. Inhalation of mlst. or fume. may irrit.te the
re.pira~ory tract, and contact with zine chloride .ay irritate
the ey.s and .kin. Sigh level. of zinc In the diet have been
shown to retard growth and produce detective aineralization
of bone.

Background Intormation

Zinc generally exists in nature a. a salt with. a valence
ot +2, although It Is also tound In four otber .table Yalences.

CAS Number: 744Q-66-6

Chemical Pormula: Zn

IUPAC Name: Zinc

Chemical and Phy.ical properties

Atomic Weigb~: 15.38

Boiling Pointl l07·C

Melting Point: 419.58·C

Specific Gravitl: 7.133 at 2S·C

Solubility In Water, Inaoluble, lD.e .alt. are soluble

Solublllt1 in Organie., Soluble In aeld and alkali

Vapor Pre••ure: 1 .. 8g a& 487·C

Transport and Pate

Zine can OCcur in both.•ulpended and dl'101ved for•••
gi.101ved line aay occur •• the free (hf~rated) zinc ion or
a. di••olved co.ple.e. and compound. with. varying degr.e. of
.tability and to.icity. Su.pended (undl.sol.ed) zinc .ay be
di.sol.ed folloving ainor cbange. in vater cb..i.try or ..y
be .orbed to .u.pended ..&ter. Tbe predoalnant fata of zinc

Zinc
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1n aerocic aquatic Iyltems i. IOrption ot the dival.nt cation
by ~4rou. lron and ••niane •• oxide., clay 81n.r.l., .nd organic
uterial. The effici.ncy of th.... ut.riall 'in r.aoving line
froa 801utlon varl•• according to th.ir compo. it ion••nd concen
tr.tions, the pH,.nd aalinity of the wat.rl the conc.ntr.tions
ot coapl.xing ligandl, and the conc.ntration of zinc. Concen
tration. of line In .u.p.nd.d and bed ..di••ntl alway. alc.e~

conc.ntration. in aabi.nt ~t.r., In r.ducing .nviron••ntl,
precipitation of line sulfide liait. the mobility ot zinc.
Bowever, und.r a.robic condition., precipitation of zinc comp
ound. il probably iaportant only wb.r. line il pr•••nt in high
conc.ntration.. Zinc t.nd. to be .ore r.adily .orbed at higher
pH than lower pH and tends to be d••orbed fro. sedim.nts as
lalinity incr...... Coapounds of zinc with the common' ligands
of .urface waterl ar. soluble in ~It neutral and acidic IOlu
tion., 10 that zinc il readily tran.port.d in sOlt unpolluted,
relatively organic-fr•• vat.r••

Th. relati•• .cbility ot line in loil il determined by
the .ame factor. affecting it. transport in aquatic Iystems.
Atmo.pheric transport of zinc i. also po.sibl.. lowev.r, .xcept
near source. such as ...It.rs, zinc conc.ntrations in air are
relatively low and fairly con.tant.

Since it is an ••••ntl.l nutri.nt, zinc i••trongly bio
acc~ulated even in the ab.enc. of abnormally high ambient
conc.ntration•• Zinc doe. not.appear to be biomagnifi.d.
Although zinc i • .ctively bioaccuaulated in aquatic .y.tem.,
the biota appear to repre.ent a relatlvely sinor .ink compared
to the .ediment.. Zinc i. one ot the m.t iaportant .etal.
in biological .y.t.... S~nce it i. actlv.ly bioaccuaulat.d,
the environmental concentration. of line probably exhibit...~
IOnal fluctuation••

aeal t!1 Iftects

Te.ticular tuaor. have bien produced in rat. and chick.ns
when zinc lalt. are inject.d intra~sticularly, but not when
other rout•• of .~1ni.trat1on .re uaed. Zinc ••y be indirectly
important with regard to canc.r .inc. it. pre.ence ...m. to
be n.c•••• ry for the growth ot tu.or.. Laboratory .tudi••
lugge.t that although line-deficient. ani..l••ay be .ore .u.
ceptibl. to cb..ical induction of canc.r, tuaor growth_i••lower
1n tbe•• ani..l.. ~h.re i8 no e.idence that line defici.ncy
h•• any etiological role in b~an c.nc.r. 'here ar. no d.ta.
available to .ugge.t tha~ line i. autag.nic or t.ratog.nic
In ani..l. or buaan••

Zinc i. In ••••nti.l trace el...nt th.t 1. Invol.ed In
enzy•• function., prote1n .yntbe.l., and carbohydrate •• tabolism.
Ing••tion of e.c••• i.e .-ount. of line .ay c.u.e, t.v.r, vomiting,
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stomach cra.ps, and diarrhea. rum.s of fre.hly form.4 zinc
ozi4e can p.netrate d.ep into the alveoli and cau.e .etal tume
feY.r. line oxide du.t do.s nat produce this disord.r. Contact
with line Chloride can cause skin .nd .ye Irrltat10n. Inhalation
of ai.t. or fua••••, irritate the re.pir.tory and g•• trointes
tin.l tr.ct.. Zinc in esee•• of 0.25' In the di.t of r.t.
c.u.e. growth r.tard.tion, bypochromic In..la, Ind def.ctive
aln.rlliz.tion of bon.. Mo zinc toxicity i. ob.erved .t dietary
1.v.ls below 0.25'.

Studi.s with .ni.als and humans lndic.te th~t •• tabolic
changes .ay occur due to the Int.raction of zinc .nd other
.etals in the di.t. Ezposure to c.dmium can cause changes
in the distribution of zinc, with incr..... in the liver and
kidneys, organ. where cadmium also accumulate.. Escessive
intake of zinc may cause copper d.ficienci•••nd re.ult in
anemia. Interaction of zinc with iron or l.ad .ay al.o lead
to change. that are not produced When the •• tal. ar. inge.ted
individually.

Toxicity to Wildlife and Domestic Animal.

Zinc produce. acute toxicity in fr.sh_t.r organisms over
a range of conc.ntrations from 90 to 58,100 ~g/lit.r and ~pear.

to be less toxic in harder vater. Acute to*icity is similar
for fr.shwater fish and invertebrat... Chronic tosicity values
range fro. 47 to 852 ~g/liter .nd appear to be rel.tlvely unaf
fected by hardne.s. A fin.l .cute-chronic rltlo for freshwater
.pecies of 3.0 ba. been r.ported. Althougb .c.t fresh __ ter
plant. appear to be insensitive to zinc, one specie., the alga
Selenastrum capricornutum, exhibit.d toxic effect••t concen
trations from 30 to 700 ~g/lit.r. a.port.d .cut. toxicity
value. rang. from 2,730 to 83,000 ~g/lit.r for .altwat.r fish
and from 166 to 55,000 ~g/lit.r for inv.rt.brat•••ltvater
.pecies. Zinc produc•• ch~onic toxicity in th••y.id shrimp
.t 166 ~g/llt.r. Tb. fln.l .cute-chronic r.tio for .altwater
speci.s i. 3.0. !axic .ffect••r. ob••rved in ••ltwat.r plant
.peci•••t zinc conc.ntration. of 50 to 25,000 ~g/lit.r. 8io
conc.ntration factora of edibl. portiona of .quatic organi ...
range from 43 for the aoft-ab.ll clam to 16,700 for the oyster.

Zinc ,oilOnlng baa occurr.d in cattl.. In on. outbreak,
poisoning ... clu••d by food .ccid.ntally contaain.ted with
zinc .t a conc.ntr.tion of 20 g/kg. An ••tjaated intake of
140 9 of line per cov per d.y for .bout 2 d.y. v•• reported.
The .zpo••d cow••xhibltad .evere .ntlrjtis, an4 lOa. 41.4
or b.d to be .1.ught.re4. 'o.tmorte. finding••how.4 ..yere
pulmon.ry .-pby•••• with change. In tb••yoc.rdl~, kl~n.YI,
.nd liv.r. Zinc conc.ntration. In the liv.r v.re .xtre.ely
high. .a.e4 on r.l.tiv.ly liaited dat., ID•• r••••rch.r. have
.p.culated that .xpo.ur. to .xc••• iv. amount. of line aay
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con.tityt. a baza:4 to hor.... Laboratory atudie. and find
In foala livlng n••r l ••d-zinc ...It.r. augge.t th.t ••ce.s
••poIU:. to line ..y produce bon. chang•• , joint affliction,
.nd l •••n.... In plg. gi9.n di.t.ry zinc .t conc.ntrations
gr.ater th.n 1,000 a,/kg, d.cr....d food intate and w.ight
g.ln w.r. ob••rv.d. At di.t.ry 1.9.11 ,r•• t.r than 2,000 IIg
d.athl occurr.d a.lOon al 2 we.kl aft.r .spolure. S.v.r.
,altrointe.tlnal chan~e. and brain da.age, both of which v.r
acc~pan1e~ by hell~rrhag•• , were obs.rved, a. w.ll a. change:
In tb. joints. High concentrationl of zinc w.r. found in th,
li'l.r.

Sine oaide dUlt.
Zinc It••rate.

"
lino oside fwae.

ACGIS ~br.lbold Llalt. Valu•••

line chlorld. fu••• 1 a,/.3 'l'WA

2 a,/.3 ft.ZL

5 a,/.3 TWA
10 8,/.3 S'r1L

10 8,/a3 !MA (nuilanc. particulate)
10 89/.3 !MA (nuilanc. particulate)
20 8,/.3 Snt.
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CHEMI CAt. NAME/
SYNONYM/TRADB"RAMI

Acenaphthene
Acenaphthylene
Acetic acid
Acetic ether
Acetone
Acetylene tetrachloride
trans-Acetylene dichloride
Acrolein
Acrylaldehyde
Acrylonitrile
Acrylic aldehyde
A9rotect

Akar
Aldrin
Alkane.
Alkyl benzenes
Allylaldehyde
2-Aminoethanol
Anthracene
Antimony
Antimony trioxide
Aroclor
Arsenic
Asbestos
Asex
Atlacide
Attac
Barium
1,2-Benzanthracene

'"

1

LISTED UNDER THE
FOLLOWING CHEMICAL NAME

Acenaphthene
Acenaphthylene
Acetic acid
Ethyl acetate
Acetone
1, 1,2, 2-Tetrachloroethane
1,2-trans-Dicbloroethylene
Acrolein
Acrolein
Acrylonitrile
Acrole1n

. 2,4-D1chlorophenoxyacetic
acid

Chlorobenzilate
Aldrin/Dieldrin
Alkane.
Alkyl benzene.
Acrole1n
Ethanoloine
Anthracene
Antimony
Antimony

. Polychlorinated biphenyls
Arsenic
ASbeltOI
Sod1um chlorate
S,adi UII chlorate
Toxaphene
Barla
BenzoCa)anthracene



CHEMI CAL NAMEI
SYNONYM/TRADe NAMB

Senzabar

Benzac

senzene
Senzene chloride
Senzene he.achlorlde
Benzene tetrachloride
o-Benzenedicarbozylic acid
Benzidine
Benzllan
BenzoCa)anthracene
BenzCb)phenanthren.
B.nz(a)phenanthrene
2,3-Senzophenanthrene
Benzosulfona.ole
Benzothlazole
Beryllium
BRC
Slb.nzyl
bls(2-Bydro.yethyl)ether
SrushtoK

Butanol
Butyl alcohol
Butanone

C-.'
Cadmium
Cuphechlor

...

LISTED UNDER THE
POLLOWING CHEMICAL NAME

2,3,6-Trichlorobenzolc
acid

2,3,6-Trichlorobenzoic
acid

Senzene
Chlorobenzene
aexachlorocyclohexane
1,2,.,5-Tetrachlorobenzene
n-Dioctyl phthalate
Benzidine
Chlorobenzllate
SenzoCa)anthracene
SenzoCa)anthracene.
Chry.ene
SenzoCa)anthracene
Senzothiazole
Senzothiazole
S.rylliua
aexachlorocyclohe.ane
Diphenylethane
Diethylene glycol
2,.,5-Trlcblorophenozy-

acetic acid
Butanol
sutanol
Methyl ethyl ketone
ae.achlorobutadlene
Cac!mium
To.aphene

~ .
I
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CHEMICAL NAME/
SYNONYM/TRADE NAME

Carbide 6-12
Carbon hexachloride
Carbon tetrachloride
Cellulose nitrate
Cellulose tetranitrate
Chlorate of soda
Chlorate salt
Chlordane
Chlorax
Chlorinated camphene
Chlorine
Chlorobenzene
Chlorobenzilate
p-Chloro-m-cresol
Chloroethane
Chloroethene
l,-Chloro-2-(beta-chloro-

ethoxy) ethane
bis(2-Chloroethoxy)ethane
bis(2-chloroethyl)ether)
Chloroethylene
Chloroform
)-Chloro-S-hydroxytoluene
ChlorODlethane
4-Chloro-3-.ethylphenol
Chloro-m-nitrobenzene
l-Chloro-3-nitrobenzene
Chlorophenothane
Chlorothene
Chromic acic!
Chromium

..

3

LISTED UNDER THE
FOLLOWING CHEMICAL NAME

Ethyl hexanediol
Hexachloroethane
Carbon tetrachloride
Nitrocellulose
Nitrocellulose
S,odi WI chlorate
SodIWI chlorate
Chlordane
SodIum cblorate
Toxaphene
Chlorine
Chlorobenzene
Chlorobenzl1ate
p-Chloro-m-cre.ol
Cbloroethane

.Vinyl cbloride
bisC2-Chloroethyl)ether

bisC2-Chloroethoxy)ethane
bi. C2-cbloroethyl) ether
Vinyl cbloride
Chloroform
p-Chloro-.-cre.ol
Methyl chloride
p-Chloro-m-cresol
l-Chloro-3-nitrobenzene
l-Chloro-3-nltrobenzene
DDT
l,l,l-Tricbloroethane
Chrcalwa
ChrOJllua



CHEMICAL NAMB/
SYNONYM/TRADZ RAMB

ChrY.ene
Cmpd 6-12 In.ect Repellant
Cobalt
Collodon
Copper:
Cresol
Cumen.
Cyanide
Cyanoethylene
Cyanuric acid
Cresyllc acid
2,4-D

DBCP
DeB

1,1-DO
2,4-DCP
ODD
DOE
DD'l'

Cresylic acid
Weed Brush Kille'

DEBP
4,4'-Diaminobipbenyl
Dlbenzyl
Dibromochloropropane
2,3-Dibromo-l-propanol

phosphate
1,2-Dichlorobenzene

..

•

LISTED ONDER THE
FOLLOWING CHEMICAL HAME

Chrysene
Ethyl hexanedlo1
Cobalt
Nitrocellulose
Copper
Cresol
Alkyl benzenes
Cyanide
Acrylonitrile
Cyanuric acid
2,4-Dlmethylpbenol
2,4-Dlcblorophenoxyacet1c

aci4
Dlbromocbloropropane
Dicblorobenzene.
l,l-Dichloroethyl.ne
2,4-Dlcbloropbenol
DDT

DDT

DDT
Cresol
2,.,5~,lcbloropbenozy-

acetic aci4
bls(2-Sthylbezyl)pbthalate
Benz141ne
Dipbenylethane
Dibromochloropropane
Trls(2,3-Dlbromopropyl)

phoapbate
Dlcblorobenzene.

I
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CHEMICAL NAME/
SYNONrM/TRADB NAM!

1,3-D!chlorobenzene
Dlchloro-2,2-dlchloroethane
Dlchlorodiphenyltrichloroethane
l,l-Dichloroethane
1,2-Dlchloroethane
l,l-Dlcbloroethene
2,2'-Dlchloroethyl ether
l.,l-Oichloroethylene
1,2-trans-Dicbloroethylene
DlchlorOlllethane
2,4-Dichlorophenol
2,4-Dlchlorophenoxyacetic acid

1,2-0ichloropropane
1,J-Dlchloropropene
1,3-0ichloropropylene
Olcofol
Olcotext

Dieldrin
Dlethyl benzene
1,4-oiethylenediosyde
Diethylene glycol
Diethyl oside
Olethyl e.ter phthalic acid
Diethyl ether '
Diethyl oxide
Diethyl phthalate
1,2-oihydroxy ethane
Dii.obutyl ketone

5

LISTED ONDER THE
FOLLOWING CHEMICAL NAME

Dichlorobenzene.
1,1,2,2-Tetrachloroethane
0D'l'

l,l-Dichloroethane
1,2-Dichloroethane
l,l-Dichloroethylene
bis (2-Chloroethyl) ether
l,l-Dichloroethylene
1,2-tran.-Dicbloroethylene
Methylene chloride
2,4-Dlchlorophenol
2,4-Dichlorophenoxyacetic

acid
1,2-Dlcbloropropane
1,3-Dicbloropropene
1,3-Dicbloropropene
Dicotol
2,4-Dicblorophenoxyacetic

acid
Aldrin/Dieldrin
Alkyl benzene.
1,4-Dio.ane
Dietbylene glyc~l

'l'etrahydroturan
Dietbyl phthalate
Etbyl etber
Etbyl ether
Diethyl phthalate
Ethylene glycol
Diisobutyl ketone



CHEMICAL NAME/
SYNONYM/TRADB NAME

Dimethylaminoethyl methacrylate
Dicophane
2-Dimethylaminoethyl-2-

methylpropenoate
Dimethylaniline
oimethylbenzene
2,6-Dimethyl-4-hepatanone
Dimethyl ketone
2,4-Dimethyl-l-bydroxybenzene
Dimethylnitrolamine
2,4-Dimethylpbenol
Dimethylphenylamine
n-Dioctyl phthalate
Diotorm
1,4-Dioxane
Dioxin

Dioxin.

Dlphenylethane
Dlphenyl ether
Dlphenyl oxide
Di(2-ethylhexyl)pbtbalate
DHM
DMMA
Dolen

DO'
Dowlclde I
Dowiclde 7
Durene
Durotox

I

S"90

LISTED UNDER 'l'BB
FOLLOWING CHEMICAL NAME

Dlmethylamlnoethyl methacrylate
DDT

Dimethylamlnoethyl methacrylate

Dimethylaniline
Xylene.
Dl110butyl ketone
Acetone
2,4-Di.etbylpbenol
Dimethylnitrosamine
2,4-Dlmethylphenol
Di.etbylanillne
n-Dloctyl phthalate
1,2-tranl-Dlcbloroetbylene
1,4-Dioxane
2, 3,7, 8-tetracblorodibenzo

p-diozin
'olycblorinated dlcenzo-

p-dioxin
Dlpbenylethane
'benyl ether
'henyl ether
bll(2-lthylbexyl)pbthalate
Dl.ethylnitrolamine
Di.etbylnitro.amine
Sexachlorobutadiene
n-Dioctylphthalate
2,4,5-Trichlorophenol
,entachlorophenol
Alkyl benaene.
,entachlorophenol
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CHEMICAL NAMEI
SYNONYM/TRADE NAME

Endrin
Endrex
1,2-Ethanediol
Ethane trichloride
Ethanol
Ethanolamine
bis(2-chloroethyl) Ether
Ethoxyethane
Ethyl acetate
Ethyl alcohol
Ethylbenzene
Ethylbenzol
Ethyl chloride
Ethyl-4,4-dichlorobenzilate
Ethylene alcohol
Ethylene dichloride
Ethylene diglycol
Ethylene glycol
Ethylene hexachloride
Ethylene trichloride
Ethyl ethanoate
Ethyl ether
Ethyl hexanediol
Ethyl be.ylene glycol
Ethyl methyl tetone
bis(2-ethylbe.yl)phtbalat.
di(2-ethylhe.yl)phthalate
Ethylidine chloride
Ethylidene dichloride
2-Ethyl-J-propyl-l,3-

propanediol

1

LISTED ONDER THE
FOLLOWING CHEMICAL NAME

Endrin
Endrin
Ethylene glycol
1,1,2-Trichloroethane
Ethanol
Ethanolamine
bis(2-chloroethyl) Ether
Ethyl ether
Ethyl acetate
Ethanol
Etbyl benzene
Ethyl benzene
Chloroethane
Chlorobenzilate
Ethylene glycol
1,2-Dlchloroetbane
Ethylene glycol
Ethylene glycol
He.acbloroethane
~ricbloroethylene

Bthyl acetate
Bthyl ether
Btbyl be.anedlol
Etbyl be.ane4101
Methyl ethyl tetone
bis(2-ethylhe.yl)pbthalate
bls(2-ethylhexyl)phthalate
l,l-Dichloroethane
l,l-Dichloroethane
Ethyl be.ane410l



CHEMICAL NAME/
SYNONYM/TRADI NAME

Fenoprop

Fluoranthene
Fluorocarbon 11
Fluorotrlchloromethane
Folbex
FormaJ,dehyde
Formalin
Preon-ll
Fumazone
Gesarol
Glycol
Glycol Dichloride
Glycol ethylene ether
Grain alcohol
RCB
HCBD
HOI
Helllimellitlne
aeptachlor
Septane
Hexachlorobenzene
Sexachlorobutadiene
Hexachlorocyclohexane
Hexachloroethane
Hexachloroethylene
Hexachlorophene
Hexane
Sexide
Sexone

...

8

LISTED UNDER TBB
FOLLOWING CHEMICAL NAME

2,4,S-Trlchlorophenoxy
acetic acId

Fluoranthene
Trlchlorofluoromethane
Trichlorofluoromethane"
Chlorobenzilate
Formaldehyde
POfmaldehyde
Trichlorofluoromethane
DlbrOlllochloropropane
DM'
Ethylen. glycol
1,2-Dlchloroethane
l,.-Dloxane
Ethanol
aexacblorobenzene
Sexachlorobutadl.ne
aexachlorocyclohexane
Alkyl benzene.
Septachlor
Alk.n••
aezachlorobenzene
S.xachlorobutadlene
Sexachlorocyclohexane
Sexacbloroethane
aexachloroethane
Hexacblorophene
aexane
Sexachloropbene
Methyl isobutyl ketone



CHEMICAL NAMEI
SYNONYM/TRADI NAME

beta-Hydroxyethylam!ne
2-Hydroxynitrolbenzene
Iron
Isobutanol
Isobutyl alcohol
Isobutyl ketone
Isobutyl methyl ketone
Isocyanuric acid
Isodurene
2-Isopropoxypropane
Isopropyl acetone
Isopropyl benzene
Isopropyl ether
lanechlor
Kelthane
Klorex
Kuran

Kusatol
t.ad
Lindane
Lithium
Magneslum
Mangane.e
m-chloronitrobenzene
MEl

Mendrin
Mercury
Mesitylene
Metaphor
Methacrylate

9

LISTED UNDER THE
POLLOWING CHEMICAL NAME

Ethanolamine
2-Nitrophenol
Iron
Isobutyl alcohol
Isobutyl alcohol
Diisobutyl ketone
Methyl isobutyl ketone
Cyanuric acid
Alkyl benzenes
Isopropyl ether
Methyl i.obutyl ketone
Alkyl benzene.
Isopropyl ether
Polycblorinated biphenyls
Dicotol
Sodium cblorate
2,4,5-Trichlorophenoxy

acetic acid
Sodium chlorate
Lead
Sexachlorocyclobexane
Litbi..
Magne.iwa
Mangane.e
l-Chloro-3~nitrobenzene

Metbyl ethyl ketone
Indr!n
Mercury
Alkyl benzene.
Methyl parathion
Methacrylic acid



CHEMICAL NAMEI
SYNONYM/TRADB HAM!

Methacrylic acid
Methacryllc acid, methyl ester
Methanal
Methanecarboxylic acid
Methane dichloride
Methanol
Methylacrylic acid
Methyl alcohol
Methyl benzene
Methyl chloride
Methyl chloroform
2-Methyl dodecane
3-Methyl hexane
2-Methyl pentane
3-Methyl pentane
2-Methyl tetradecane
2-Hethyl trldecane
2,2-Methylene-bis(3,4,6-

trichlorophenol)
Methylene chloride
Methylene dicbloride
Methyl ethyl benzene
Methyl ethyl ketone
Methyl isobutyl ketone
Methyl methacrylate
Methyl-2-.etbyl-2-propenoa~e

Methyl parathion
4-Methyl-2-pentanone

10

LISTED UNDER THE
POL"LONI NG CHEM! CAL NAME

Methacryllc acid
Methacrylic acid
Pormaldehyae
Acetic acid
Methylene chloride
Methanol
Methacryllc acid
Methanol
Tol~ene

Methyl chloride
l,l,l-Trichloroethane
Alkane.
Alkane.
Alkan••
Alkan••
Alkan••
Alkan••
Hexachloroph.ne

Methylene cbloride
Methylene chloride
8thyl toluene
M.thyl ethyl ketone
Methyl i.obutyl ketone
Metbacryllic acid
Methacryllic acid
Methyl paratbion
Methyl isob~tyl ketone



CHEMICAL NAME/
SYNONYM/TRADE NAME

2-Methyl propanol
2-Methyl-2-propenoate
MIBK
MIl
Mitigan
Monochlorobenzene
Monochloroethane
Monochloroethylene
Monochloromethane
Monoethanolamine
Moth balls
Nabac
Naphthalene
Naphthene
NOMA
Nemag~n

Neocid
Nickel
Nitrocellulose
Nitrochlorobenzene
Nitro cotton
2-Nitrophenol
Nitrosodimethylamine
n-Methyl-n-nitrolomethanamine
n-Nitrosodi.etbylaalne
N,N-Oimetbylbenzeneamlne '
n,n-dimetbylnltrol..ine
N-phenyldimetbylaalne
Octyl phthalate
Orthophosphoric acid
1,l'-Oxybis(2-cbloroethane)

LISTED UNDER THE
POLLOWING CHEMICAL NAME

Isobutyl alcohol
Methacrylic acid
Methyl isobutyl ketone
Methyl isobutyl ketone
Oicofol
Chlorobenzene
Chloroethane
Vinyl chloride
Methyl chloride
Ethanolamine
Naphthalene
aexachlorophene
Naphthalene
Naphtbalene
Dimethylnitrosamine
oibromochloropropane
DM'
Nickel
Nitrocellulole
l-Chloro-J-nitrobenzene
Nitrocelluloae
2-Nitrophenol
Dimethylnitrosamine
Dimethylnitrosamine
Dimethylnitrosamine
oimetbylanlline
Dimethylnitrosamine
Dimetbylanillne
n-oloctyl phthalate
Phospboric acid
biaC2-Cbloroethyl) ether



CHEMICAL tWm/
SYNONYM/TRADE NAME

2,2-0xydiethanol
PAR

Paranaphthalene
PCB
PCOD

PCE
pcp

p-Dioxane
Pegalan
'entachlorophenol
'entadecane
'erchlorobenzene
'erchlorobutadlene
'erchloroethylene
'erchloromethane
'henaclde
Phenanthrene
'henol
Phenol trinitrate
'henox

'henozybensene
'henyl chloride
Phenylc!i.ethylamine
'henylethane
Phenyl ether
'henylmethane
Phoaphoric acid
phoaphorua (wbite)

..

12
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LISTED ONDER THE
rOLLOWING CHEMICAL NAME

Diethylene glycol
,olycyclic aromatic

hydrocarbons
Anthacene
Polychlorinated biphenyls
'olychlorlnated d1benzo-

p-diozina
Tetrachloroethylene
'entachlorophenol
1,4-Dioxane
Methacryilc ac1c!
pentachlorophenol
Alkane.
Rezachlorobenzene
Rexachlorobutadiene
Tetrachloroethylene
Carbon tetrachloride
Toxaphene
Phenantbrene
'henol
Picric acid
2,4-Dicblorophenoxyacetlc

acid
,henyl ether
Chloroben.ene
Dimethylaniline
Alkyl benzenea
Phenyl ether·
Toluene
Phoaphoric acid
Phoaphorua (white).
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CHEMICAL MAME/
SYNONYM/TRADE NAME

bis(2-ethylhexyl) Phthalate
Picric acid
PNA

Polychlorinated biphenyls
Polychlorinated 6ibenzo

p-dioxin
Polycyclic aromatic

hydrocarbons
Polynuclear aromatic

hydrocarbons
Preventol
Propanone
2-Propenal
Properenitril.
2-Propenenltrile
2-Propen-l-one
Propyl carbinol
Propylenecbloride
Propylenedicbloride
PseudocWlene
Rat Rip
Rutger. '-12
Selenium
Sil.er
Sil.ex

Soda chlorate
Sodlwa
SodilDl chlorate
Soluble gun cotton

13

LISTED ONDER THE
FOLLOWING CHEMICAL NAME

bis(2-ethylhexyl) Phthalate
Picric acid
Polycyclic aromatic

hydrocarbons
Polychlorinated biphenyls
Polychlorinated dlbenzo~

p-dioxin
Polycyclic aromatic

hydrocarbons
polycyclic aromatic

hydrocarbons
2,4,5-Trichlorophenol
Acetone
Acrolein
Acrylonitrile
Acrylonitrile
Acrolein
l-Butanol
1,2-Dlchloropropane
1,2-Dlcbloropropane
Alkyl benlene.
Phospborus (white)
Ithyl bexanediol
SelenlUil
Silver
2,4,5-Trlchlorophenoxy

propionic acid
Sod!,. chlorate
Sodi,.
Sodiwa chlorate
Nitrocellulose
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CHEMICAL lWtZ/
SYNONYM/TRADE NAME

Stoddard lolvent
Strobane-T
Sym-trlazinetrlol
2,4,S-T

Tar camphor
2,3,I-TBA

1,1,l-'!'CA
Tel
'l'CE

TCDD

TCPPA

'ttL

Telone
1,2,4,5-~etrachlorobenzene

2,3,7,8-Tetrachlorodibenzo-
p-c!1oxln

1,1,2,2-Tetrach1oroethane
Tetrachloroethen.
Tetrachlorothylen.
"etrachlora..tbane
"etradioxin ..

Tetraethyl lead
"etraethyl plumbaft.
'1'etrahydroluran
"etram.thyl benzene
Tetra••thy1en. oxid.
ThalllUJ1

LISTED ONDER THE
FOLLOWING CHEMICAL NAME

Stoddard solvent
Toxaphene
Cyanuric acid
2,4,S-~richlorophenoxy-

acetic acid
Naphthalene
2,3,S-Trichlobenzo!c

acid
1,1,l-Trichloroethane
Trlchlorobenzene
Trichloroethylene
2,3,7,8-~etrachlorodlbenzo-

p-diozin
2,.,S-Trichlorophenozy

propionic acie!
Tetraethyl lead
1,3-Dichloropropene
1,2,4,5-~etrachlorobenzene

2,3,7,8-Tetrachlorodlbenzo-
p-diozln

1, 1,2, 2-Tetrach1oroethane
.Tetrachlorothylene
"etrachlorothy1ene
Carbon tetrachloride
2,3,7,8-"etrachlorodibenzo-

p-dlozin
Tetraethyl lead
Tetraethyl lead
"etrahydrofuran
Alkyl benzene.
"etrahydrofuran
ifhalliua

~ .



CHEMICAL RAMEl
SYNONYM/TRADE RAMI

l-Thia-3-azaindene
Titanium
Toluene
Toluol
Toxaphene
2,4,S-TP

1,3,S-Triazine-2,4,'
(lR,3R,SR)-trione

Trichlorobenzene
2,3,S-Trichlorobenzoic acid

l,l,l-Trichloroethane
1,1,2-Trichloroetbane
Trichloroethene
Trichloroethylene
Trichlorotluoromethane
Trichloromethane
2,4,S-Trichloropheno1
2, 4, 5-Trichlorophenozy-

acetic acid
2,C,S-Trichlorophenozy

propionic acic!
Tricre.o1
Tricyanic acid
Triethylene glycol c!ich1ortde
Triglyco1 dichloride
Trihydroxycyanidine
2,4,'-Trihydroxyl-l,3,5-

trialine

15
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LISTED ONDER THB
'OLLOWING CHEMICAL RAM!

Benzothiazole
Titanium
Toluene
Toluene
Toxaphene
2,C,5-Trichlorophenoxy

propion-ic acid
Cyanuric acid

Trichlorobenzene
2,3,'-Trichlorobenzoic

acid
l,l,l-Trichloroethane
l,l,2-Tricbloroethane
Trichloroethylene
Trichloroethylene
Trichlorotluoromethane
Chloroform
2,4,5-Trichlorophenol
2,4,5-Trichlorophenozy

acetic acid
2,4,5-Trlchlorophenozy

propionic aci4
Cre.ol
Cyanuric acid
bis(2-Chloroetholy)ethane
bil(2-ehloroethoxy)ethane
Cyanuric acid
cyangric acid



CHEMICAL MAMBI
SYNONYM/TRADI RAMI

'Trlmethyl benzene
2,4,6-Trlnltrophenol
TRIS

Trls(2,J-Dibromopropyl)
pholphate

Tris(2,J-lbromopropyl)
phosphoric acid elter

Try.ben

Ondecane
vanadiWII
vinegar acid
vinegar naphtha
VC

we
Vinyl chloride
Weedar

Yellow Pho.phoru.
Vinyl cyanide
vinylidene chloride
Vinyl trichloride
Wofatoa
Wood alcohol
Xylene
2,4-Xylenol
Xylol
Zinc

"

11
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LISTED ONDER THE
'OLLOWING CHEMICAL RAM!

Alkyl benzene.
Picric acic!
Trls(2,J-Dlbromopropyl)

phosphate
Tril(2,J-Dibromopropyl)

phosphate
Trll(2,3-dibromopropyl)

pholphate
2,3,I-Trichlorobenzolc

acid
Alkane.
Vanadia
Acetic acid
Ethyl acetate
Vinyl cbloride
l,l-Dichloroethylene
Vinyl cbloride
2,4,5-Trichlorophenoxy-

acetic acid
Pho.phoru. (white)
Acrylonitrile
l,l-Dichloroethylene
1,1,2-Tricbloroetbane
Methyl paratbion
Methanol
Xylene.
2,4-Di.ethylphenol
Xylene
Zinc

,J



APPENDIX A

HAZARD CRITERIA

It is usually difficult to give a simple yes or no answer

to the question of whether or not a chemical is hazardous because

in most cases, gradations exist in such things as the quality

of data or species-specificity of the effects. In addition,

the degree of hazard posed by a chemical depends on the dose

or environmental concentration and on the duration and other

circumstances of exposure. In order to provide a dichotomous

response in these cases, it is necessary t~ determine general

criteria for classifying chemicals as having specific toxicity.

The criteria used in this system for determining whether a

chemical poses a particular type of hazard are outlined below.

Carcinogenicity

A compound is classified as a carcinogenic if it is a

known or suspected human carcinogen, if it has been shown to

be carcinogenic at a particular site 1n more than one species

or sex in an animal bioassay, or if it has been shown to increase

the incidence of site-specific malignant tumors in a single

species or .ex, and there is a statistically significant dose

response relationship in mOre than one exposed group. Obser

vations sucb as site of application tumors in a skin painting

study or sporadic significant results in a bioassay will not

be considered indications of carcinogenicity unless supported

by other evidence.

-rr .,...
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Reproductive Toxicity/Teratogenicity

Chemicals are classified as teratogens and reproductive

toxins if there is suggestive evidence" of an effect in humans

or if at least one study in whole animals is clearly positive.

Unsupported in vitro evidence is considered sufficient to clas

sify a chemical as a reproductive toxicity/teratogenicity hazard.

Mutagenicity

A chemical is classified as mutagenic if it has given

a positive result 1n at least on. oe the mammalian in vivo

or bacterial or mammalian cell in vitro .s.ays eor mutagen

icity. Bowever, negative studies will b. considered, and in

some cas.s may outweigh a w.ak positiverespon.e.

ACute Toxicity

A compound will be considered to be acutely toxic if it

has an oral LDSO ~ 100 mg/kg, an inhalation LC SO ~ 400 mg/m 3,

or a dermal LD SO ~ 400 mg/kg.

Chronic Toxicity

Chemical. will be considered to cau.e cbronic toxicity

if they cause serious irreversible ettects otber than cancer

or reproductive etfects after extended exposure to oral doses

of le.s than 100 at/kg/day, inhalation concentrations less

than 400 mg/.3, or dermal do.es less than 400 mg/kg/day.,

Domestic Ani••l Toxicity

A chemical will be considered to be toxic to domestic

ani.als it a demonstrated serious toxic effect ha. been seen

in the field. Also, chemical. that cau.e reproductive toxicity,



teratogenicity, or subchronic toxicity at oral doses of less

than 100 mg/kg/day will be considered as domestic animal hazards

unless they are unlikely to be pre~ent at toxic levels off sIte.

Environmental Toxicity

A chemical is classified as hazardous to aquatic wildlife

if an acute Le SO value 1n aquatic organisms 1s less than 1000 ~91

liter, or if the chemical has chronic effects at less than

100 ~g/liter.

A chemical is classified as hazardous to terrestrial wild

life if toxicity has been seen in the field or if the chemical

is acutely toxic or causes reproductive toxicity/teratogenicity

to representative species at oral doses less than 100 mg/kg

body weight.

Chemicals that are persistent in the environment and that

are toxic at levels up to 10 times less than those indicated

above, are also classified as hazardous to the environment.

3
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HAZARD CLASSIPICATION

Haaard

oo-e.tlc Envlron-
C.rclno- Reproduct 1vel Mutagen- Acut. Chronic Anlaal Mntal

Ch••lcal CIS lluaber geniclty 'l'eratogenlclty iclty Todclty Effect Toxlclty Todelty

Aeenaphth.ne 8J-12-'

Acenapbthy1.... 208-"-'

Acetic acid '4-1'-1

Acetone 61-64-1,

ACro1.in 101-02-8 X X

ACrylonitrU. 101-1J-1 X X X X

Aldrin )0'-00-3 X X • • X X •
'.
- AU.....

Alkyl ben...... .
Anthracen. 130-12-1 •
Antlaony 1UO-16-0 X X •
Araenlc "40-38-2 X X • I • •
Aabe.toe U12-21-4 X X

a.rlu. 7"0-1'-1 I x

~
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Hazard

oc-e8tic Envll
Carcino- Reproductive/ Hutagen- Acute Chronic An...l ..nt.

Ch••lcal CAS .....r genieUy Tel'atogenielty lcity Toddty Bffect Toxicity Toxic

.ena.... 71-0-2 Jl Jl Jl X

....a ldIn. 92-81-5 Jl Jl X

"'80(.) antbl'acene 56-55-3 Jl •
"nao(.)perri.... 1'1-24-2 •

~

~\
Benao(.)pyr.... , 50-32-. • Jl •
.en8O(k)f1uoranth.ne 201-08-'

len.othia.ole 95-16-9

l.rylU.. '''0-41-7 Jl X X

ga_-BIIC eUndan.) 58-89-' Jl Jl Jl X X

i-.utano1 71-36-3

di-n-.utr1 phthal.te 84-74-2 I I

cadai.. '''0-43-9 Jl I I I X

Carbon tetrachlol'lde §6-23-5 I I

Chlordane 57-14-' I Jl Jl X X

Chlorine 1182-50-5 X I



Ha••rd

oc.e.Ue !nviron-
carclno- Reproduct1vel Mutagen- Acute Chronic An1Jul Mntal

Che.leal CAS HUliber genlclty Teratogenlelty lclty Todelty affect To. lclty 'fOdclty
I

Cb1~robena_e 101-90-1

Ch1orobenaUate 510-15-6 I

Chloroetbane 15-00-1

bleCZ-eh1oroetbo-r)etbane 112-26-5

ble (Z-eb1oroethy1) etber 111-44-4 X I,

Ch1orofor. 61-66-1 Jl

\0 ~loro-e-cre801 59-50-1 I
~
(;~\" l-eb1oro-l-nltrobenaene 121-11-1 I

Cbrc.ic acid 1118-94-5 I

CMc.l.. 1UO-t'J-1 Jl X Jl I I

Chly.ne Z18-01-9 Jl X

~lt 1440-.8-.

Copper 1440:'50-8 I

Cresol 1319-11-1

Cyanide 51-12-5 X I X

Cyanuric acld 108-80-5

\'"'~
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H••ard

oc-estic Environ
carclno- Reproductlve' Mutagen- ACute Chronic Ani_l _ntal

Cbeaical CAS NWlber gentcity Teratogenicity tclty ~Klclty Bffect 'I'oKlclty 'IlOdcltl

1,)-Dtchloropropue 542-15-' •
Dic»fol 115-12-2 • •
Dieldrin 60-57-1 • • • •
Dietbylpbtbalate ••-"-2 • •
DUIIObuty1 ketone , 108-83-'

~ Dlaethyl_lnoethyl
ZUt-lS-2-tl _theel'y1.te

DiMthylanUlne Ul-69-7

DlMtbylnitroaaaine 62-75-' • • • •
3,4-DiMtby1pbeno1 105-67-'

n-DlQcty1 pbth.1.ate 117-••-0 •
1,t-D loaaDe 121-91-1 I I

Dlphenylethane 101-29-7

Bridrln 71-20-. I • • • •
Bthanol 64-17-5 • •
Bthanolaalne UI-U-5



Haurd

Doaestic Environ-
Carcino- ReprodUctive' Mutagen- Acute Chronic Ani..l ..ntal

Che.ical CAS .-.ber geniclty Teratogenicity iclty Toxicity Effect To.lcity 'I'oxiclt3

..c. (Dlbra.)Chloropropane) "-12-18 I I I

p,p'-IJOB U-55-' I I X I X

p,p'-DPD -U-54-8 I I X X I

o,p'-ODD 53-1'-0 I I X X I

DOl' (p,p') , 5O-2'-J I I I X I

o,p'-DDt 78'-02-' I I X I I

G', - O~ao(a,b)&nthracene 53-70-J I I
(" .....~ ....

\:"l) Dlcblorobena.e '5-50-1

l,l-Dlcbloro.thane 75-U-J

1,2-Dlcbloroetbane 107-0'-2 I I I

1,1-Dlchloroethylene 75-J5-. I I I

l,2-tran8-Dlchloroethylene 156-60-5

2,.-Oicblocopbenol 120-81-2 I

a,t-oichlorophenoxy '.-15-1 I X

aceUc Kid

l,2-0ichloropropane 18-81-5 I X

L
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Ha.ard

oo.e.tlc Invlron-
carclno- Reproductive' MutaC)en- Acute Chronic Anl..l _ntal

ate.leal CAS .....r C)enlelty 'l'ecatogenlelty Iclty 'rodelty Bffeet 'rodclty 'rodclt)

8thyl acetate Itl-11-1

Btbylben.ene 100-41-4 I

athylene glycol 101-21-1 I I

athyl ethel' 10-21-1 I

athyl he.anedlol
,

'4-"-2

6"" ble-2-Bthylhe-Vl phthalate 111-81-1 I I
0
-0 Pluoranthene 20l-U-o

Pluorene 86-73-1

for..ldehyde 50-00-0 I I I I

.eptachl_ 7'-U-I I I I I I I I

.e.achloroben.ene 111-"'-1 I I I I I

•••achlorobutadlene 11-11-) I I X I

•••achlorocyclohe.an. 108-73-1 I I •
He.aehloroethane 61-72-1 I

He••ehlorophene 70-10-. I X

He.ane2 110-5.-) I I



Hazard

oc.e.Uc Bnvhon-
C8rclno- Reproductlvel MuUljen- Acute Chronic Anl..l _ntal

ctae.leaI CAS .....r genlclty Teratogenicity Iclty '!'odclty Bffect Todclty 70dclty

IndenoCi,2,l-ed) Prl.n. Itl-)'-5 I I

Iron n1'-I'-6

IHbutyl alaohol 11-1)-1 I

I-.OW1 • ther 101-20-)

..ad '."-'2-1 I I I I

. Llthl.. lt19-')-2 • I

Magnaal.. 1U'-'5-.

.....'.n... lt19-'6-5 I

llercury 1U,-'1-6 I I • I I I

llethacryllc actd 1t-U-. •
Methanol 61-56-1 I

Methyl cblor Ide It-I1-1 I • • I

Methylene chloride 15-0'-2 I I

Methyl ethyl ketone 78-91-1 I

Methyl Isobutyl ketone 108-10-1

\-..:>0
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aaaard

oaeeaUe Bnviron
CareI no- Reproductive' Mutllgen- Acute Chronic AnI..1 ..ntal

Chellleal CAS llu.ber genlelty ".ratogenlelty lclty 'fodelty aUect 'I'oIclclty 'foldclt:

Methyl ..thaerylate .-62-' I I

Metbyl paratbion 2'1-00-0 I I I

M.phthaIe. 11-20-1 I

Mlcllel 1UO-o2-o I I I I

,
Mltrocellula.e toO"-10-o

~

2-IUtroph.nol 11-15-5

.-tlltr••nol 100-02-1

Pentachlorophenol 11-1'-5 I I

....nuthren. 15-01-1 I

....nol 101-'5-2

....nyl.ther 101-1"-1

Iboepborlc acid 16'.-11-2

Phoaphorue (whit.) 172)-U-o I I I I •
Picric acid 18-89-1 •
Polychlorinated }])6-16-3 I I I

biphenyls



lIeaerel

Doaestlc Bnvlron-
carcino- Reproducti"e/ Hutegen- Acute Chronic Ani..l ..ntel

Ch..lcal CAB llu.ber geniclty ".retogeniclty lclty 'fodelty Sffect Toxicity Toxicity

Polychlor InateeS • • • • I •
dlbenao-p-dlo.in.

Pyr.... 121-00-0

sel.nt_ 7182-.'-2 • • I I

S11ver 7"0-22-. I,

SocIIUII C..taU 7UO-2]-5

Sodl_ chlorate 7115-0'-1 I

I Stoddard eol".nt 8052-tl-]

SUlfuric acid "6.-']-1

1.2•••5~trachloroben••n. '5-'.-]

2.1.7.I~trachloro- In6-01-6 I • I I • •
dibenao-p-dloxln

l.I.2.2~trachloroethene 79-U-5 I • I I

r.trachloroethylene 121-11-4 • I •
Tetraethyl lead 78-00-2 • x •

I,.,-~
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Haaard

oc-eaUc Bnvlrc
Carcino- Reproductive/ Mutagen- Acute Chronic an'"1 MntaJ

Chealcal CAS MUllber geniclty 'feratogenlcity icity 'fOdclty Effect ..lcity 'fOde)
.

ttetrabydrofuran 109-"-9

'rballl.. 1440-28-0 1 I 1

'l'itani.. "40-32-1

~1uen. 108-'8-1 • 1

,
'I'Oophen. 8001-35-2 1 I 1 1 1

~
'I'rlcblOroben.... 5O-ll-7

-\,l 1,1, l-'I'rlcblOroethane 71-55-6 1

l,l,2-'I'rlcbloroetbane 19-00-5 1

'I'r lcbl«oethyleM 19-01-6 I 1

'l'r lcblorofluorc.et!ume 15-19-4

a,.,S-'I'rlcbl~opb.~xy 91-1'-~ 1

ac.tlc acid

2,4,5-'I'ricbloropbenoxy 91-12-1 1 1

proploolo acld

2,.,5-'rrlcblocophenol 95-95-4 1

trls(2,)-Dlbra.opropyl)
phosphate 126-72-7 1 I.
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e....leal

Vanadt_

Vinyl c:bloc Ide

lyle...

line

Ha.ard

oo.estlc EnV(rOfl

earclno- Reproductive/ Mutagen- Acute Chronic Aftlaal ..ntal
CAS tlUllber genlclt'i Teratogenicity lclty Toxicity Effect 'rOdclty ~dclt

'1••0-62-2 I

75-01-. I I I X

1110-20-7 I

"'.0-6'-' X I

,



APPENDIX 8

CAG UNIT RISK

The Carcinogen Assessment Group (CAG) of EPA has performed
\ .

quantitative risk assessments on numerous chemicals. These

assessments were performed using data trom the best available

studies at the time the assessment was performed, the data

were fitted to the particular mathematical model considered

mOlt appropriate. A ·unit risk,· defined as the lifetime cancer

risk to humans associated with continuous exposure to a unit

dose ot 1 mg/kg/day, was calculated. The 95th percentile upper

confidence limit for unit risk is given in the tollowing table

as a slope. This value can be divided into the generally accep

table lifetime risk of 10-6 to determlne the daily dose in

mg/kg/day associated with this ri.~ level. It should be stressed

that the data used to generate the unit risk numbers and the

methods ot extrapolation are relatively inexact and utilize

conservative assumption., therefore, the unit eisk values should

only be considered as at best, ordee of magnitude appeoximations

of the upper 11alt on potential risk. Thi. i. reflected in

the last coluan of the following table, which indicates the

potency of .ach che.ical,to or4ee of magnitude on a logarithmic

scale. On this scale, a chemical with an index of +6 is about

one million (10 6) time. more potent than a che.ica1 with an

index of zero.

1
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ilLATIVE CAilCIIIOGENIC fOTEllCI!S AHONG S4 QlIHICALS IVAWATID I' TIlE CAaCINOCEN ASSESSHENT CIOUP
AS SUSPECT HIIWI CAaCIIIOCEIIS

CrouplD, Ol'del' of
Lawel baa.d OD _.allude

of .wldeDe.e IMC Slope' Hol.eulal' Potenc, (l0110c.poua_ CAS .....1' .... ADl_le edt.da (..Ik.'..,)-1 weicht IDdeae Ind••)
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