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SCOPE OF DOCUMENT AND SUMMARY OF MAJOR FINDINGS

A. CLASS IDENTIFICATION

Phthalates are a olass of chemical compounds charaoterized by the

follnwin€; ohemical structure: 0
IIfr'C-O-R,

~C-O-R
II
o

R and R' can be identical or different functional groups. The functional groups

considered in this olass defini tion are composed solely of oarbon, hydrogen,

and/or oxygen, or of metallic ions such as barium, potassium, lead, or sodium.

Appendix A contains a list of all the phthalates identified by the

above definition.

B. CHEHI eALS TO BE ADDRESSED

Individual profiles have been prepared for the following phthalates:

Butyl benzyl phthalate
Diallyl phthalate
Di-n-butyl phthalQte
Di-2-ethylhexyl phthalate
Oiethyl phthalate
Oiisodecyl phthalate
01isononyl phthalate
Dimethyl phthalate
Oitridecyl phthalate
Oiundecyl phthalate
n-Hexyl n-decyl phthalate
Mixed dialkyl (C7-C,,) phthalates

Individual profiles were prepared for the above phthalates because

all, With the exception of diallyl phthalate, are produced in annually quantities

in excess of ten million pounds. Diallyl pthalate is the only phthalate produced

in million pound annual quantities which is not primarily used as a pla$ticizer.

,
I
!
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Colleatively, the above phthalate accour.t for roughly 95S of the total volume

('.29 btllion pounds) of all phthalate~ annually produced in the United States.

C. SUMMARY OF BIOLOGICAL ACTIVITY

A vast amount of information conoerning the biologioal o!ffects of

phthalates in animals has been generated in reoent years. Most of the

investigators have centered on the effects of eX·l.osure to diaHyl, di-E,-butyl,

diethyl, di-2-ethylhexyl, dimethyl, and butyl oenzyl phthalates, but limited

toxicity data is available for the diisodecyl, diisononyl, ditridecyl,

diundeoyl, ~-hexyl-E,-decyl, and mixed diall~yl (:7-C,,) compounds. Although it

is apparent that the biological effects of ms.ny of the profiled phthalates need

to be olarified in specific areas, the ourrently available information does not

suggest that any member of the phthalate ester' series considered here produced

unique toxicological effects.

rhe phthalates have a very low order of aoute toxicity; rodent oral

L050 values generally range from apprOXimately 4 g/kg (butyl benzyl and

di-£-butyl phthalates) to >50 mg/kg (diisodeoyl ~nd £-nexyl-~-decyl phthalates).

Oia11yl phthalate is the most acutely toxic of tlH, phthalate esters oonsidered in

the~e profiles (rat oral LD50's range from 0.77 to 0.97 g/kg). Histologioal

damage to the lungs, liver and kidneys has been associated with acute oral and/or

intraperitoneal exposure to diallyl, di-£-butyl, di-2-ethylhexyl, d1ethyl, and

dimethyl phthalates. Intradermal and/or topical application and ocular

instillation of many of the profiled phthalates resulted in slight skin and eye

irritat.:.on.

Liver and/or kidney effects appear to be the primary result of repeated

oral e~posure to many of the esters (butyl benzyl, diallyl, di-~-butyl,

di-2-ethylhexyl, diethy1, diisonomyl, dimethy 1, and mixed diaH:yl C
7

to C"

phthalates). NCr carcinogenicity bioassays hav~ ~lhown that butyl benzyl and

2



d1-2-ethylhexyl phthalate can induce development of, respectivelr, leukemia

(rats) apd hepatocellular carcinomas (mice). Many of the profiled phthalates

were tested for mutagenicity in bacteria (particularly Ames and !!£ assays) and

found to be negative; di-2-ethylhexyl phthalate was additionally found to be

negative in several mammalian cell assays, although positive results were

elicited in a dominant lethal assay with mice. Rodent studies with di-~-butyl,

d1-2-ethylhexyl. and dimethyl phthalatAs indicate that these compounds produce

embryotoxic effects. skeletal abnormalities, and some gross malformations at

high levels of administration. Butyl benzyl. di-~-butyl, and di-2-ethylhexyl

phthalates have further been reported to produce testicular effects.

There is a paucity of information on the effects of phthalate exposure

in :,umans. Ingestion of di-.!!-butyl phthalate reportedly caused symptoms of

nausea, diZZiness, photophobia. lacrimation, and conjunctivitis. A respiratory

distress syndrome ("shock lung") has been observed in patients that have received

tl'ansfused blood that was stored in polyvinyl chlol"ide bags tha contained

residual di-2-ethylhexyl phthalate. Worker exposure to a mixture of phthalate

esters in production vapors has been reported to produce neurological effects,

but it 1s not known if one or more of the phthalates are responsible.

Epidemiological studies of di-2-ethylhexyl phthalate show~d no adverse health

effects attributable to eAposure, but human exposure to heated vapors of diethyl

phthalate may produce transient mucous me~brane irritation.

3



II. DAtA FOR COMMERCIALLY IMPORTANT CHEMICALS NOT INDIVIDUALLY PROFILED

Other phthalate compounds that have some commerical importance aroe pre­

sented in Tables 1-4; these compounds were not treated in individual profiles.

Table lists synonyms, CAS numbers" RTECS numbers, and chemical structures;

Table 2 presents chemical and physical properties i Table 3 lists production

volumes and uses, anj summarizes manufacturing processes i and ~able 4 lists

manufacturers.

4
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Table 1. Compounds in Phthalate Class

i
~
r
i

f~

f

\J1

Compound and Synonyms

Barium phthalate
Phthalic acid, barium salt

Benzyl alkyl (mixed) phthalates
Phthalic acid, benzyl alkyl esters

Butyl carbobutoxymethyl phthalate
Butoxycarbonylmethyl butyl

ester, phthalic acid
Phthalic acid, butyl ~ster,

ester with butyl glycolate
Phthalic acid, butoxycarbonylmethyl

butyl ester
1,2-Benzenedicarboxylic acid,

2-butyoxy-2-oxoethyl butyl ester

Butyl cyclohexyl phthalate
Phthalic acid, butyl cyclohexyl

ester
1,2-Benzenediearboxyli~acid,

butyl cyclohexyl este:"

Butyl decyl ph~halate

Phthalic acid, butyl decyl ester
Plasticizer OBP
PXllll
Oecyl butyl phthalate
Benzenedicarboxylic acid,

butyl decyl ester

CAS Number

15656-B6-7

68515-110-2

81)-70-1

84-64-0

89-19-0

RTBC5 1~:.JDber

TI0525000

TI0527000

•

Chemical Structure

---',,-,_.~,~ ••'o>~-':'" ''"; xu r 'iiIIII!r'"



Table 1. Compounds 1n Phthalate Class (Cont'd)

0'1

Compound and Synonyms

Butyl octyl phthalate
Butylethylhexyl phthalate
Phthalic aCid, butyl octyl ester
1,2-Beuzenecarboxylic acid, butyl

2-ethylhexyl ester

Di(2-butoxyethyl) phthalate
Phthalic aCid,

bis(2-butoxyethyl)ester
Bis(2-butoxyethyl) phthalate
beta-Butoxyethyl phthalate
Butyl 'Cello30lve' phthalate
Butyl glycol phthalate
Dibutyl 'Cellosolve' phthalate
Dlbutyl glycol phthalate
Ethanol, 2-butoxy-, phthalate (2:1)
Kesscoflex
Kronlsol
Benzenedicarboxylic acid,

bis(2-butyoxyethyl) ester

CAS Number

85-69-8

117-83-9

RTECS Number

TI0175000

Chemical Structure

,
l

'~- Dicapryl phtt,alale
bis(2-0ctyl)phthalate
1,2-Benzenedicarboxylic acjd,

bis(1-methylheptyl)ester
Dlcapryl 1,2-benzene dicarboxylate
Hanaplex DCP
Phthalic aCid, dicapryl ester
Phthalic acid,

bis(l-methylheptyl)ester

Dicyclohexyl phthalate
Phthalic acid dicyclohexyl ester
1,2-Benzenedicarbaxylic acid,

dicyclohexyl ester

131-15-7

811-61-7

n0360000

l
.~·O~.-J'~9lI1_iII ,r L

, ,.:..~- ~~-



Table 1. Compounds in Phthalate Class (Cont'd)

..

I

f
~,

l

-J

Compound and Synonyms

Didecyl phthalate
Phthalic acid, dedecyl ester
Di-~-decyl phthalate
1,2-Benzenedicarboxylic acid,

didecyl ester
DDP

Didodacyl phthalate
Phthalic acid, didodecyl ester
1,2-Benzenedicarboxylic acid,

diddodecyl ester

Diheptyl phthalate
Phthalic acid, dihevtyl eser
1.2-Benzenedicarboxylic acid,

diheptyl ester

Dihexyl phthalate
Phthalic a~id, dihexyl ester
1,2-8enzenedicarboxylic acid,

dihexyl ester

Diisobutyl phthalate
Phthalic acid, diisobutyl ester
Hexaplas M/18
1,2-8en~enedicarboxylic ~cjd,

bis(2-methylpropyl)ester

Diisohexyl phthalate
Phthalic aciJ, diisohexyl ester
1,2-8enzenedicarboxylic acid,

diisohexyl ester

CAS Number

&4-71-5

2432-90-8

3648-21-3

811-75-3

84-69-5

146-50-9

RTECS Number

TI09QOOOO

TI1100000

TI1225000

Chemical Structure

'_._~.....""-~~.::-:.~~ ..~. =,. F •
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Table 1. Compounds In Phthalate Class (Cont'd)

~.

Compcund and Synonyms

Diisooctyl phthalate
Phthalic acid, d~isoctyl ester
l,2-Benzenedicarboxyli~acid,

diis':Joctyl ester

Dimethoxyethyl phthalate
Phthalic acid, di(methoxyet~yl)ester

1,2-Benzeneuicarboxylie,
bis(2-methoxyethyl)ester

CAS Number

2155~-26-3

117-82-8

HTKCS Number

Tl1400000

Chemical Structure

Ol

Dinonyl phthalate 84-16-4
Oinonyl ester phthalic acid
Biscflex 91
Dinonyl 1,2-benzenedicarboxylate
D1-~-nonyl phthalat;e
Benzenediearboxylle acid, dinonyl ester

TI1600000

Dioctadecyl phthalate
Phthalic acid, dioctadecyl ester
1,2-Benzenecarboxylic acid,

dioctadecyl ester

Di-~-octyl phthalate
Dioetyl ester phthalic acid
Q-Benzenedicarboxylic acid,

dioctyl ester
Celluflex DOP
Dioctyl 2-benzp.nedicarboxylale
Dioctyl phthalate
~-Dioctyl phthalate
Octyl phthalate
Pla3tici~er 162; PX-138

'4111-96-5

117-84-0 TI1925000

..........., •. -~.,.~,.,.,..."..... l ["I.
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Table 1. Compounds 1n Phthalate Class (Cont'd)

r
~

Compound anti SynonY&is

Diphenyl phthalate
Phthalic acid, diphenyl ester
1.2-Benzenedicarboxylic acid,

dlphenyl ester

Isodecyl Detyl phthalate
Phthalic acid, isodecyl octyl ester
1,2-8enzepe~icarboxylicacid,

isodecyl oetyl ester

CAS Number

84-62-8

1330-96-1

RTECS Numf)p.r Chemical Structure

'--0

Isooctyl benzyl phthalate
1,2-8enzenediearboxylic acid,

isooctyl benzyl ester
-------------------------------------,----------------------

I
i

Isooctyl isodecyl phthalate
Phthd~ic acid, isocctyl

isodecyl ester
1,2-Benzenedi~arboxylicacid,

isodecyl isooctyl ester

Lead Phthalate, dibasie
Phthalic acid, lead salt, dibasic

:;2343-35-1

17976-1j3-1 2PbO.Pb(02C)2C6"4"'/2H20

{
•

~-.--",

Mixed alkyl (C... -C1J ) phthalates 68648-91-9
Phthalic aci~. alkyl esters (C

7
-C 11 )

---~--~----------------------------------------

Monobutyl phthalate 131-70-4
1,2-Benzenedicarboxylic acid,

monobutyl ester

__.....,~_.~~o- ~--='-,~ ... _-... __ J ¢!IIIIlI1(
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Table 1. Compounds in Phthalate Class (Cont'd)

--

---- -------------- ----------t
~

I
!

Compounu and Synonyms

Monodecyl phthalate
1,2-Benzenedicarboxylic acid,

monodeeyl ester

~0nopotassium phthalate
1 ,?-Benzenedicarboxylic acid,
mo~opotassium salt

CB Number

245~9-60-4

817-24-7

RTECS Number Chemical Structure

,

l

!

i

o

~-Octyl ~-~~Cfl phthalate 119-01-3 TI0550000 .--------
Phthalic aci~, ~-octyl ~-decyl ester
l,2-Benzenedic~~bnxylicacid,

decyl octyl e3tel
Decyl oetyl phth~late

Dinopol 235
Octyl decyl phthalate
Polycizer 532
Polycizer 562
Staflex 500

JiJ.
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Table Z. Phthalate Coapounds: Che.lcal and Phyaloal P~rtl.s

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

C""'I'0uud

lIarlwo phthalate

lIen~yl alkyl (.Ixe~)

phthalate:!

Butyl earbobutoxy .ethyl
phthalate

O"scrlptJon

80111118
Point

( ·C)

Neltlns
Point

( ·C)
Vapor

Pre••ure
Waler

Solubillty
Spec I ftc
Gravity

Holeey!ar
lIelsht

lOI .....

variable

J20.31

f
r

t

D"l~l eyel"h'.,.yl i'hthalal..

Butyl decy I phU.iilate

Butyl octyl phthalate

01 (2-butoxyelhyll phLhalat..

Olc~l'ryl ~Ithalate

lJicycluh"xyl phthalate

Oldecy l I'lIthdlaL"

Dhlo<l""y 1 phtha 1al"

Olhel'lyl phthalate

clear liquId 189-222 --- --- --- 1.076 (25·C)
(5 - 118)

11 quId 220 (5 _ Kg) -50 --- --- 0.991 125·C)

water-uhlt" liqUid 225 (5 _ I\s\ <-')0 _J --- 0.993 125·C)

colorles,. :.tquld 210 -'j5 --- --- 1.06 (20·C)

rlearly colorles~, 221-2111 --- --- IMOI. 0.965
vi"cous l1quld (~.5 - 118)

uhlle granular aolld 212-218 58~65 --- Inaol. 1.1..8 120·C)
(5 _ 111'1)

light colored liquid 261 (5 _ "8) --- D.) _ HI lnsol. 0.9615 (20·C)
1200"C)

]011 .~

352.116

33.....11

366.50

390.62

)]0.11

11116.66

1198.711

)62.6

L
,~"

Olhexyl I'hthalal..

01 bobuly I phthalat ..

01 bohexy I phthalate

I'dle yellow liquid

liQuId

]50 (135 - 111'1)

321

1.01

1.0110 {20·C)

b ..50

2:'8.38

33'1.50

. ,~~-
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Table 2. I'htha!.ate COIIpounds: Che.laill and Physloal Properties (Coot'd)

-

J

r
l
t
I
~.

~

k

N

COIIpound

DlI"oocty I phthalate

111Iu,tho~~ethyl phthalate

UlnaRyl r~Lhalate

Dloct..decyl phthalate

1l1-!!-octyl phthalato!

Dlphenyl phthalate

bodecyl octyl phthalate

hooctyl uen"yl phthalate

Is"ocly I L,odcc} I pllthalate

I.ead phthalate (diba"lc)

Hlxed alkyl (C
1

-C
11

)
phthalate"

Hanubutyl pI.thalate

"onudecyl "hth.. lat ..

Hunopotas:oiull pllthalattl

n-Octyi n-decYl phthalate
----------------

0""",'1 pt Ion

nearly colorless.
visco"" ilquld

011 Y liquid

colu,·l .."" I1quld

liquid

yellow-White powder

olear liquid

white c,'ystalline powder

solid

clear, ally liquId

80111ns
Point

( "C)

]10

]110

20';-20'0
;1 _ Ita)

220-2118
(II _ Hg)

1105

2]5-2118
(II - Ita)

2':iO (':i _ HII)

HelU,.
Point

("C)

<-50

-115

-25

68~0

-II!!

7]-1'1

-26

Vilpor
Presaure

<0.2 torr
(l':iO"C)

lIatar
801u1>111t,

Inso1.

] -all
(25"C)

Inaol.

Im.ol.

Speolrto
Or. IIIt,

0.986 (lO"C)

1.112 (2O"C)

0.91'J (2'j"C)

0.918 (20"C)

1.28 (lO·(.~

0.961 (25"C)

'1.6

0.970 (l'j"C)

HoI.aular
We1811t

]90.62

282.]2

1118.68

611.10

]9l}.62

]IB.:J

1118.61

]80./11

1118.61

826. 81

variable

222.211

30'>.38

2011.21

1118.68



Table 3. Iron COIIpowlds: ProducUOII. UM.... "'nutllClturlq Nethoda

r
!,

t

UJ

CompOU'"''

lIa,'lu," phthalate

Bt:llzyl alkyl (.. ixed) phLll&lJate9

Butvl earbobutoxy -ethyl
phthalate

liutyl eyelol18.lyl phthalate

Butyl "'eeyl phthalate

Butyl oetyl phthalate,

0, (2 -but.)xyeth~l )phthalate

!lleBpr'yl phthalate

Dlcyclohexyl phthalate

P,'oduct Ion

19.,.,: 1-·10 thou,""nd 1b
(U.S. EPA, 1980)

1911: 1-10 million lb
(U.S. EPA. 19801

1911: 1-10 millIon lb
(!I.S. EPA, 1980)

1911: 0.1-1.0 m11110n lb
ilLS. EPA, 1980)

~ot Ilvallable

191]: r.- ml11ton lb
(USITC, 1915)

19Tf: 2.1-21 8Ul1c~ lb
(U.S. EPA, 1980)

1917: 20-200 thousand Ib
(U.S. EPA, 1960)

1911: 10-100 thousand Ib
(U.S. E!'A, 1980)

~917: >1 _1111on Ib
(U.S. EPA, 1980)

1919 l_,ort: 0.196 811110n lb
1918 Import: 0.]11 mIllIon 1b

(US lTC, 1980b, 1919b I

Ue.

Not BVIIUabie

PlastloJ:."r

Pla~tlolzer tor cellulo.e aoatete.
.styrene••

Plaalotcer (or pol,..,.. 8IICI
.Iaatoaers; nltrooellulo". laoquera
(Halll.,. 1917).

Plastlolzer tor PVC and oopolymer
reslns (1111111.,. 1911)

Plastlol~er tor wln,1 resina
(Hallley. 1977)

PlastIcIzer tor pvr, pol,.lo,1
aoetate, and other raalna
(Hallley. 1977).

Honoaerl0 plastlolzer tor vin,l and
cellullse realns (Hallley, 1977).

Speciality pla"tiolaer 1n nitro­
cellulo"e lacquers end adh..l.es
(frey. 1916).

Maroufaoturl. Method.

Fro. phthal!o anhydride

Slmilar to prooass in Appendix 8.

leaotlon ot phthallo arlhYlirlde.
but,l aloohol, and -..onla•
tollowed br heaUna lIlth
C1CII"C02Bu (U_ra and
Maoln. 19')2).

Sl.llar .~ process ln Appendl. B.

Similar to prooess In Appendl. B.

Similar to procesa ln Appendi. B.

From pt.thallo anh,drida

See Appendh B.

See AppllDlU. B.

--.... --..-'-- --
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Table 3. Iron COlIl;Wund": P'"oducUon, UM, and ttanuraotu..lna Methoda (Cont'd)

----- ---- -----------------------

t
t,,

e

COIIII'0und

Dtdecyl phthalate

Dl.Jodecyl phthalate

Olhepty 1 phthal ate

L1thexyl phthalate

OJj~obutyl phthalate

011 sohe.yl ptlthalate

DJJsooctyl phthalale

DI"",tho·Yf>hthalat..

Dlno"yl pllthalale

Oloclad,wyl I'hlh.. l~te

Dt-.!!-octyl phUlelale

--------,----------------

ProductIon

19T1: 1-10 aHUon Ib
(U.S. EPA, 1')80)

1'.177: 10-100 thousand Ib
(U.S. ";PA, 1980)

Not a~allable--but 1" a
Huns""to'" component or
Hen"a"to'" "I.ud Dlalkyl
Phtll~late" esters ("1313
Individual profIle).

19'1'1: 0 .2-2 .1ll1on IblO
(U.S. EPA, 1980)

1914 Import: 26 thousand lb
(USlTC, 1916)

1917: >1 .11110n Ib
(lI.S. ";PA, 1980)

Not avaIlable

1917: 1-10 altllon lb
(U.S. EPA, 1980)

1911: 1-10 militon Ib
(U.S. ~PA. 1980)

Not avallable--but 1" a com­
pone"t or Han"a"t,,· .. "1I:ed
DJajkyl Phthalate e"ter.. ( ......
I"JI~ldual prurUe).

19T1: 1-10 mIllIon Ib
(U.S. EPA, 1980)

1911: 1-10 .Iliion Ib
19n Import: 4-4(1 thou~alld lb

(U.S. ErA, 1980)

UII.

Plaatlolzer, .speolally ror .In,1
r."lna (Hawley, 1911).

P1astiolzer

Pla~t101zer

Pla.tlolz~r ror pl••tleola and
carpet baokooatlnc- (Frey, 1916),

Plasticizer (Hawler, 1911).

Pl ..stlelzer

Pla"tJolze~ r~~ .Inrl, oelluI03lc, and
aQr,l~te realna and .ynthetlo rub~~r

(Ilawll", 1911).

Plastlolzer, espeolalI, for oellulose
acetatei "olyenL (Rawle,. 19111.

General-purpose l_-yolatJle
pla~tlclz~r tor .In,l ..."lnai pure
srade aa atatlona.., liquId phase
In chrolllatugraph, (Hawle" 1911).

PlasUCl:l:llr

P1asticlzer

Kanur..cturlna Method.

See Append": B.

See APPllndlX 8.

See Appendix B.

See Append!r B.

S_ AppendIx B.

See Appcndb B.

See Appendix B.

See Appendix B.

See A,)pendix B.

Se.. Appendix B.

See Appendix B.
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Table]. Iron Coepound9: ProductIon, Use, and Manutaoturlna Met~. (Cont'd)

._-------------------------

~

rf<
~

\J1

COlIpGl.lild

Dlphenyl phthaldle

bodecyl octyl phth"late

19uoctyl benzyl phthalate

I90vctyl l"odecyl phthalate

lead ptlthalate

HI~ed alkyl (C
1

-C
ll

)
phthalate9

l1.:.n"butyl phthalate

Hollodeoyl phthalate

Honoputa""lu. phthalate

!!-Oclyl !!-decyl phthalate

Producllon

19n: 0.1 to 1.0 aU 11on Ib
(U.S. EPA, 1980)

1971; 1-10 allll~n Ib
(U.S. EPA, 1980)

Hot av.. llable

Hot ava Uable

Not .. vallable

1917 : 1-10 .1lUon Ib
(U.S. EPA, 19801

1911 : 10-100 thuu:>and Ib
(U.S. EPA, 1980)

l'JH Iliport: 10-100 thou9and Ib
(U.S. EPA, 1980)

19"17: ~IO Ihou3and III
(U.S. EPA, 1980)

19"11 : 1.1-11 .Illion Ib
(U.S. EPA, 1980)

U.e

Gener'al-purpoH pla.t!otur IIbtoo
whIch has uaes 10 .peelal1t,
dcryllcs and O8llulos10.
(Touchette, 1918).

PlasUc1zer

Plastioizer

Plutlo1zer (lIallle,. 1911),

Sta~tlt&er In ~VC wire tnaulation
(Towl. !! !!., 1968)

Pla3Uo1zers

CaptIve use by aanu(acturer
(U.S. EPA, 1980).

Hot a"aUable

Hot a".Uable

Pla3tlo1zer ror PVC and otber
vInyls (Haule,. 1911).

HBnu(acturlns Methode

See Appe"dh B.

Slatlar to prooe•• In Appenclil 8.

Slallar to prooe•• In Appandll B.

Slallar to prooes. In Appandt. B.

Fr'DII phlhalaUc anh,drlde

Siallar to prooe•• In Appendl. e.

Statlar to prooes. In 'ppandi. 8.

Stellar to prooe3s In Appencllz B.

Fr08 "lIt .... 110 anhydride

Slal1al" to prOOilSS In Appam'li 8.

_....._ •.•• ....,e- ._ .......,_.-._...II!I .......



Table ij. Manufacturers
(U.S. EPA, 1980; SRI International, 1980j USI!C, 1980a)

CompoU!.ld

Barium phthalate

Benzyl alkyl (mixed) phthalates

Butyl carbobutoxymethyl phthalate

Butyl cyclohexyl phthalate

Butyl decyl phthalate

Butyl octyl phthalate

Di(2-butoxyethyl)phthalate

Dieapryl phthalate

Dicyclohexyl phthalate

Didecyl pr,t.halate

Didodecyl phthalate

Diheptyl phthalate

Dihexyl phthalate

Diisobutyl phthalate

Dilsohexyl phthalate

Manufacturer (Location)

Witco Chemical Corp. (Brooklyn, NY)

Monsanto Co. (Bridgeport, NJ)

Mvns~nto Co. (St. Louis, MO)

CPS Chem. Co. (Old Bridge, NJ)

Reiehhold Chem. (Carteret, NJ)

Hatco Chem. (Fords, NJ)
Tennessee Eastman (Kingsport, TN)
~eichhold Chem. (Carteret, NJ)
U.S. Steel Chem. (Neville Island,
PAl

C.P. Hall Co. (Chicago, IL)
Reichhold Chem. (Carteret, NJ)
Armak Ind. Chem. (Philadelphia, PAl

Union Camp Corp. (Dove~, OH)

Monsanto Co. (Everette, MA)
Pfizer (Greensboro, NC)
Stepan Chem. Co. (Elwood, IL)
LOF ~lastics Inc. (Auburn, ME)

Eastman Kodak (Rochester, NY)
Monsanto (Texas City, TX)
Tenneco (Chestertown, MO)
Continental Oil Co. (Aberdeen, MS)

Eastman Kodak (Rochester)
U.S. Steel Chem. (Pittsburg, PAl

Monsanto Co. (Texas City, TX)
Tenneco (Chestertown, MD)

Interstab Chem. (New Brunswick, NJ)
U.S. Steel Che~. (Neville Island, P~)

Hateo Chem. (Fords, NJ)
Ashland Chern. (Mapleton, IL)

Exxon Chem. (Baton Rouge, LA)
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Table 4. Manufacturers (Cont'd)
<U.S. EPA, 1980j SRI International, 1980j USITC, 1980a)

Compound

Diisoootyl phthalate

Dimethoxyethyl phthalate

01nonyl phthalate

010ctadecyl phthalat~

Oi-g-ootyl phthalate

Diphenyl phthalate

Isodecyl oetyl phthalatp.

Isooctyl benzyl phthalate

Isooctyl isodecyl phthalato

Lead phthalate

Mixed alkyl (C7-C 11 ) phtha~ates

Monobutyl phthalate

Monodecyl phthalate

Monopotass1um phthalate

~-octyl ~-decyl phthalate

Manufacturer (Location)

Re1chhold Chem. (Carteret, NJ)
Teknor Apex (Hebronville, MA)
U.S. Steel Chem. (Neville Island, PA)
Tenneco (Chestertown, MD)
Hateo Chem. (Fords, NJ)

Tennessee Eastman (Kingsport, TN)

Monsanto (Texas City, TX)
Eastman Kodak (Rochester, NY)
Tenneco (Chestertown, MD)

Henkel Inc. (importer) (Teaneck, NJ)

Eastman Kodak (Rochester, NY)
Monsanto (Texas City, TX)
U.S. Steel Chem. (Pittsburg, PA)
Tenneco (Chestertown, HD)

Monsanto (St. Louis, MO)

U.S. Steel Chem. ~Pittsburg, PAl

Monsanto (Bridgeport, NJ)

Reichhold Chem. (Carteret, NJ)

Not ava:ilable

Tenneco (Chestertown, MD)

Eastman Kodak (Rocheste~, NY)
DuPont (Toledo, OH)

DSM-U.S.A (Importer) (Atlanta, GA)

Eastman Kodak (Rochester, NY)
Fisher Scientific (Fairlawn, NJ)
G. Fredrick Smith Chem. (Columbus, OH)

Reichhold Chem. (Carteret, NJ)
Teknor Apex (Hebronville, NJ)
U.S. Steel Chem. (Neville Island, PA)
Monsanto (Texas City, TX)
Tenneco (Chestertown, MD)
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III. INFORMATION PROFILES

A. 'BUTYL BENZYL PHTHALATE

1. Chemical Name: Butyl Benzyl Phthalate

2. Chemical Structure:

3. Synonyms: Benzyl butyl phthalate
1,2-Ben~ene carboxylic acid,

butyl phenylmethyl ester
NCI-CS4375
Palatinol BB
Phthalic aC1d, butyl benzyl ester
Sant1cizer 160
Siool 160
Un1moll B8

4. Chemioal Abstracts Service (CAS) Numbel:: 85-68-7

5. Registry of Toxic Effects of Chemical Substances (RTECS) Numbe~:

TH9990000

6. Chemical and Physical Properties:

Description:

Molecular Weight:

Boiling Point:

Melting Point:

Vapor Pressure:

Solubility:

Specific Gravity:

Stability:

7. Production

clear, oily liquid

312.40

370°C

greater than -35°C

2.9 mg/l in water

1.111 (25°C)

combustible;
Flash point; 390°F

In 1974, an estimated 110 million pounds of butyl benzyl

phthalate were manufactured (Frey, 1976).
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In 1974, 1.' million pounds of butyl benzyl phthalate wel"e

imported (USITC, 1976).

Data available fl"om the U.S. EPA (1980a) regarding producel"s of

butyl benzyl phthalate anti production volumes are presented in Table 5.

According to Modern Plastics (l978), butyl benzyl phth~late can

be eApected to increase its share o. the phthalate plasticizer market because the

manufacturer (Monsa~to) has recently increased plant capacity.

8. Use

Butyl benzyl phthalate i5 used predominantly as a plastici~er 1n

vinyl flQoring, often in combination with dioctyl phthalate. It is also used in

vinyl fOdDlS, coatings, polyvinyl acetate adhesives, and acrylic call1king Qom-

pounds (Frey, 1976). It has minor iJse:s as a chemical intermediate (Hawley,

1977) •

9. Manufacturers and Distributor~

Butyl benzyl phthalate is manufactured and distribut.ed by the

following company (SRI International, 1980):

Monsanto Co. Sauget, IL
Bridgeport, NJ

It is also distributed by (1980-81 OPO Chemical =uyers Director,

1980j Chem Sources--USA, 1980):

Chem Services
Helm NY
ICN/K and K

10. Manufacturing Processes

Pfaltz and Bauer
Polysciences
Sat tva Trading Co.
Union Chemical

Butyl benz)l phthalate is manufactured from butyl alcohol, benzyl

chloride (hydrolyzed to benzyl ~lcohol), and phthalic anhydride (Ringk, 1978).

The reaction is typical of the esterification that produces the dialkyl

19



Table 5. P~oduce~s of Butyl Benzyl Phthalate and Produotion Ranges
(U.S. EH, 1980a)

Producer Type of Production 1977 Production Range

Monsant.o Co.
Bridgeport, NJ Manufactur-er 100 ·500 million lb
Sauget, IL Hanufact'Jrer 1-10 million lb

reI Americas
Wilmington, DE Importer conr~dential
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phthalates. The prooess operations are also similar to the dialkyl phthalate

operations shown in Appendix B.

For phthalates in general, the anhydride is reacted with an

alcohol under N~latively mild conditions to produc, the monoester, which may be

tl"ansfe.·red to anothAr vessel for conversion to theiiester. If a mixed diester

such as butyl benzyl is desired, remnants of the firs~ alcohol will be removed

from the monoester before reaction with the second alcohol. Usually a~ excess of

alcohol 1s used and the uilreacted portion is recycled. Water fOl'lI!ed by the

second esterification is removed from the syst~m to drive the reaction to com-

pletion (Thompson, 1977).

11. Impurities or Additives

There is no evidence in the literature searched to indicate the

pres~nce of impurities or deliberate additives in commerci~lly produced butyl

benzyl phthalate.

12. Occupational Exposure

The National Occupational Hazard Survey indicates that

68,488 workers are potentially expos~d to butyl benzyl pr.thalate.

13. Control Technology and Work Praotice

Specific factors that may contriJute to or prev~nt employee expo-

sure to butyl benzyl phtha~ate weru not found in the literature searched.

14. Biological Effects

a. Animal Studi~s

(1) Acute Expcsures

The acute letha: effects of butyl benzyl phthalate are

summarized in Table 6. Oral and intraperitoneal ad1llinistraUon of the compound

indicate a relatively low lave: of toxicity in comparison to o~her phthalate!.
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oral rat

ori.l r .• t

oral ,Dice (male)
N
ru mice (fema Ie)oral

Lpo mi..::e

Lp • = intraperitoneal

r
l
I
l
~

~.

f
I

I
t
l..,

r
1

H'Jute Species

Table 6.

Acute Lethal Effects of Butyl Denzyl Phthala~e

Dose Response Reference
(g/kg)
--
18 LD50 Shibko and Blumenthal, 1973

2.33 LDSO NTP. 1981a

6016 LD50 NTP. ~981a

/J o 17 LD50 NTP. 1981a

3016 LD50 Ca l.ley et a1., 1966



Intradermal injection of 20 mg butyl benzyl phthalate

into rabbits ~aused a mild infl~atory response at the injection site (Calley

~ al., 1966). A Russian abstract has reported that the compound produces skin

irritation, but not sen::iitization, when applied· topically to mice and rats

(Statsek, 1974).

(2) Subchronic Exposures

Two subchronic feeding studies were conducted by the

NTP (1981a) to determine the concentrations of butyl benzyl phthalate to be used

in a carcinogenesis bioassay (Section 14.a.4). In a 14-day study, groups of 5

male and 5 female rats (F344) and mice (B6C3F1) were a~"inistered the compound 1n

the feed at concentrations ranging from, respectively, 12,500-100,000 ppm and

1,600-?-5,000 ppm. In the second study, diets containing 1,600-25,000 ppm butyl

oenzyl phthalate were fed for 13 weeks to similarly sized groups of rats and mice

of each sex. The results of these studies are summarized in Table 7.

Dietary administration of butyl benzyl phthalate to

rats for 90 days has also been reported to produce increased liver weights at

levels of 1.0, 1.5, and 2,01 of the compound, but no histopathological effects

~ere observed (Monsanto, 1972), Similar studies with dogs did not show adverse

hematopoietic system or liver and kidney funct:on tests, or gr'os~ or histopatho-

logical tissue changes at dietary levels of 1. 0, 2. a 01" 5.0% butyl benzyl

phthalate (Erikson, 1965; Monsanto, 1972). l)ased on the Erikson (1965) study,

the FDA has estimated a no-effect level for subacute feeding of butyl benzyl

phthalate to be 250 mg/kg/day for dogs (Shibko and Blumenthal, 1973).

Daily interperitoneal injection of 500 mg/kg butyl

benzyl phthalate into mice for 6 weeks was reported to cause peri tanitis and

extramedullary hematopoiesis in the liver and spleen, and periportal hepatitis

(Calley ~ al., 1966).
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Table 7. Subchroni~ Feeding Studies of Butyl Benzyl Phthalate
in Rats al.J Mice (NTP, 1981 a)

Speoies

14-day Study

Rats

Mice

13-week Studyb

Rats

Mice

Dose

, 00, 000 Ppl.~

50,000 or 'O~,UOO ppm

~25,OOO ppm

1,600-25, 000 ppm

25,000

1,600-12,500 ppm

1,600-25,000 ppm

Response

weight loss, thymic atrophy

testicular atrcphy

depressed weight gain in both
sexes

;::::;:r,,;~,:;-I ··-ight "ain (not dose
related), no compound-related
effects at necropsy

depressed weight gain and testicular
testicular degeneration in males,
no compound related effects in
females

no compound-related effects at
necropsy

depressed weight gain; no other
compound related effects

aDoses of 0, 12,500, 50,000 and 100,000 ppm were administered to groups of
5 rats and 5 mice of ea~h sex; no significant mortality.

bOoses of 0, 1600, 3100, 6300, 12,500, and 25,000 pr 1 we~e administered to
groups of 5 rats and 5 more of each sex; no significan~ mortality.
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(3) Chronic Effeots

No information was found in the literature searched.

(4) Carcinogenicjty

The NT? has recently completed a carcinogenesis

bioassay of butyl benzyl phthalate (NTP, 1981a). In this study, groups of 50

F344 rats and 50 B6C3F1 mice of each sex were exposed to 6,000 and 12,000 ppm

levels of the compound by lifetime feeding (28-103 weeks). Results indicated

that under the conditions of the bioassay, butil benzyl phthalate was probably

c~roinogenic for the female f'ats at the 12,000 ppm level, causing an increase1

r
rI I

/
I
I

inc'.dence of myelolDonooyt~c leukemias. The male rat study was considered

inadequate for evaluation due to compound-related toxicity and mortality (due to

internal hemorrhaging). Butyl benzyl phthalate was not carcinogenic for mice of

either sex.

(5) Mutagenicity

Butyl benzyl phthalate did not induce reverse mutation

in §. typhimurium, and was negative in differential growth inhibition assays with

wild Rnd DNA repair-deficient stl a '.ns of §.. coli and ~. subtilis (Table 8).

Butyl benzyl phthalate has been scheduled for lIIuta-

genicity testing in Salmonella by the NTP (1980).

(6) Teratogenicity

Injection of =50 mg of bu:yl benzyl phthalate into

fertilized eggs failed to produce malformations or g~neral toxicity in

developing chick embryos (Bower ~ al., 1970).

(7) Reproductive Effects

TwO of the subchronic 5tudi.es summarized in

Section 14.a.3.indicated that testicular atrophy resulted in rats fr~m eKfosure

to high (~25,000 ppm) dietary levels of butyl benzyl phtha:~ate (NiP, 1981a).

25
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Table 8. Mutagenicity of Butyl Benzyl Phthalate

Type of Assay Organism Strain Activation Dose Result ifeference

Reverse Mutation ~. typhimurium TA9d .! 1000 jjg/plate - Rubin et aI., 1979
TA100 + 1000 J.II!/plate - Rubin et a1., 1979-

Reverse Mutation E. coli wild - 30 mg/plate - Kurata, 1975
uvr A- 30 mg/plat.'! Kurata, 1975- -

I\) DNA damage/repair B. subtilis rec A- - 30 mg/plate - Kurata, 1975
a-

E" coli uvr A- - 30 mg/plate - Kurata, 1975
Pol A- - 30 mg/plate - Kurata, 1975
rec A- - 30 mg/plate - Kurata, 1915

...



(8) Other Relevant Information

Butyl benzyl phthalate was eliminated primarily

unchanged (87-~lJ) in the feces of dogs following oral administration (Erickson,

1965) •

b. Human Studies

(1) Pharmacokinetics

No information was found in the literature searched.

(2) Health Effects

No information was found 1n the literature searched.

(3) Target Organ Toxicity

No information was found in the liter-ature searched.

(4) Epidemiology

No information was found in the 11 tera'.ure searched.

15. Ongoing Studies

No current toxicological or environmental studies of butyl benzyl

phthalate were found.

16. Exposure StandQ(ds

No recommended or promUlgated occupational exposure standards for

butyl benzyl phthalate were found.

17. Sources of Additional Relevant Information

Comprehensive reviews of phthalate esters have been

completed by Peakall (' 975), Daniel (1978), Lawrence (, 978), Thomas et a1.

(1978), Lawrence and Tuell (1979), and the U.S. EPA (1980'0).

18. Other Pertinent Data

No other information that would aid in the assessment of butyl

benzyl phthalate as an occupational hazard was found in the literature searched.

27

t'
I
I
t
!



B. DULLYL PHTHALATE

1. Chemical Name: D1811y1 Phthalate

2. Chemical Structure:
J
Ii

O
C-OCH -CH = CH

2

~ ::C · O:H -CH · eH11 2 2
o

3. Synonyms: l,2-Benzene dicarboxylic acid, di-2-propenyl ester
DAP
Dapon H
Dapon 35
NCI-CS0657
P~thalic acid, diallyl ester

4. Chemical Abstraots Service (CAS) Number: 131-17-9

5. Registry of Toxic Effects of Chemical Substances (RTECS) Number:

CZ4200000

6. £!Iemical and Physical Properties:

Description:

Molecular Weight:

Boiling Point:

Melting Point:

Vapor- Pressure:

Solubility:

S~eciric Gravity:

Stability:

7. Production

nearly colorless, oily liquid

246.30

290°C (1600C at 4 mm Hg)

_70°C

insoluble in water; limited solubility
in gasoline, mineral Oil, glycerin,
glycols, and certain amines; soluble in
most other organic liquids

201.12020
combustible;
Flash point: 330°F

Pr-oduction of diallyl phthalate in 1974 was estimated to be about

5 million pounds (Blacvford. 1975).

Importation of jiallyl phthalate in recent years is as follows

(USITC, 1980b, 1978b, 1977b) ~
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i
1,

l!!!:
1979
1977
1976

Importation
(in millions of pounds)

0.0110
1.121
0.992

I
I
i
1

Data available from the U.S. EPA (1980a) regarding producers of

diallJl phthalate and production volumes are presented 1n Table 9.

8. ~

Diallyl phthalate is one of the few commercially ~roduced

phthalate esters that is not used primarily as a plasticizer. It 1s a monomer

chiefly used as a cross-linking agent in the manufacture of unsaturated polyester

resins; it is also used as such to make molded articles (particularly for the

eleotronics industry) and to make 1~,u1ating varnishes (Blaokford, 1975).

Diallyl phthalate also has minor use as a dye carrier (Wannemaoher and Demaria,

1979) •

9. Manufacturers and Distributors

SRI International (1980) lists the following as manufaoturers of

diallyl phthalate:

Ethyl Corp.
Hardwicke Chem. Co.

FMC Corp.

Elgin, SC

Baltimore, MD

Distributors include (1980-81 OPD Chemical B~yers Directory,

1980; Chemical Week: 1981 Buyers' Guide Issue, 1980: Chern Sources--USA, 1~80):

'h.,

Allied Chem.
Anachemia Chem.
Ashland Chem.
Atomergic Chemetals
Chemisphere Corp.
Chern Services
Durez Div. Hooker
Eastman Kodak
EM l.ab
Fehr Bros. Inc.
F'hlher Sci.

GLS Chern.
The C.P. Hall Co.
Helm NY
Lachat Chem.
MCB Reagents
Monomer-Polymer and Dajac
Pfaltz and Bauer
Polysciences
Miki Sangyo (USA)
Solchem
Tridom Chem.
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Table 9. Producers of D1al1yl Phthalate and Production Ranges
( U•S. EP AIJ. 1980)

Producer Type of Production 1977 Production Range

FMC Corp.
Sal timore, MD

Monsanto Co.
Miamisburg, OH
St. Louis, lMO

Haven Chemical
Philadelphia, PA

Hardwicke Chemical Corp.
Elg1n, SC

Lonza Inc.
Fairlawn, NJ

NichilDen Co.
New York City, NY

Rhone-Poulenc
New Yor~ City, NY

Manufacturer 1-10 mlllionlb

Manufacturer 1-10 thousand Ib
Manufacturer none

Manufacturer confidential

Manufacturer 0.1-1.0 m11lion Ib

Importer confidential

Importer under 1000 lb

Importer none
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10. Manufacturing Processes

Oia11yl phthalate is manufaotured by the -esterification reaotion

of allyl alcohol and phthalic anhydride. The process operations are similar to

those for the dialkyl phthalates.

Appendix B diagrams the typical process by which all commercial

dialkyl phthalates are made. Plants are designed to allow any of the phthalate

esters to be made in the same equipment. giving flexibility to production. While

many plants pNduce phthalates by batch cethods. other newel" plants operate

continuously and are highly automated (Lowenheim and Moran, 1975).

1'. Impurities or Additives

No information was found in the literature sparched.

12. Occupational Exposure

The National Occupational Ha;:;",rd Survey indicates that

'1.451 workers are potentially exposed to diallyl phthalate.

13. Control Technology and Work Practices

Specific factors that may contribute to or prevent employee

exposure to diallyl phthalate were not found in the literature searched.

14. Biological Effects

a. Animal Studies

(1) Acute Exposures

The acute lethal and irritant effects of diallyl

phthalate are summarized in Table 10. Oral administration and intraperitoneal

injection of the compound into mice has demonstrated that this compound is the

most aouteJ{ toxic of the phthalate esters. Following oral administration of a

single lethal dose of compound (970 mg/kg) to ra~s, liver, lung, and intestinal

lesions were noted at necropsy (Carter et !l., 1978). These lesions represented
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Table 10. Acute Lethal and Irritant Effects of 01allyl Phthalate

Route Specie3 Dose Response Reference
(g/kg)

oral rats 1.68 LOLa HCOmie. 19!16

oral rats 0.77 LOSO Hagen et al •• 19!19

oral rats 0.91 LOSO Carter et a1., 1978

oral rabbits 1.68 LOLa HcOmle. 1946

Lp. a mice 0.67 LOSO MCOmle. 1949w
I\)

b rabbit 1. 12 LOLa McOmie, 19!16s.c.

dermai rabbits 3.36 LOSO HcOmle, 1949

dermal rabbits 3. lit LOLa McOmie, 1946

ocular rabbits 0.1 ml undiluted mild and transient McOmie, 191j6
(0.11 g) conjunctivitis

ocul~:' rabbits 0.5 ml undiluted mild irritation Carpenter and Smyth.
(0.56 g) 1946

a i . p• = intraperitoneal.
bs.c. = ~u ~utaneOU3
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nemorrhage in the lungs, liver, and intestinal tract, congestion of the liver,

and edema of the lungs.

Two rabbits died after 3 and 5 applications respec-

t1vely of 4256 lII8/kg to the shaved back slcin (approximately 14J of the body

surfaee) (HeDmie, 1946); autoplll1es revealed mild skin inflammation in the

exposed area, hepatitis and lung congestion. Two other rabbits survived without

apparent effect 12 exposures to 1792 mg/kg on approximately 51 of the body

surface. One guinea pig died after 7 topical applications of 6160 mg/kg, but 3

others survived 12 exposures ranging from 2352-448 mg/kg. It should be noted

that the frequency of exposures 1n the aforementioned experiments (HoDmie, 1946)

were not stated.

!
!

Instillation or undiluted diallyl phthalate

(:10.1-0.56 g) into the conjunctival sacs or rabbits caused mild irritation

(Carpenter and Smyth, 1946; MoOmie, 1946),

(2) Subchronic Exposures

Repeated oral dosing (schedule not specified) of rats

with diallyl phthalate at 250 to 300 mg/kg levels has been reported to produce

decreases in liver enzyme activity (ethyl morphine demethylase, P-450), micr"o-

somal pl'otein content, and increases in liver weight (Carter .!~ al., 1978). The

liver weight increa"e was due to fluid accumulation, and the lungs were also

found to have an increased fluid content.

(3) Chronic Exposures

No information was found in the literature searched.

(4) Carcinogenicity

No information was found in the 11 terature searched.
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(5) Mutaaenicitv

Dially~ phthalate has been scheduled for mutagenicity

testing in ~almonella by the NTP (1980).

\6) Terat?genicity

No information was found in the literature searched.

(1) Reproductive Effects

No information was found in the literature sear~hed.

(8) Other Relevant Information

No information w~s found in the literature searched.

b. Human Studies

( 1 ) P~arll18cok1net ios

No information was f':)und in the literature searched.

(2) Health Effects

No informati,on was found ~n the literature searched.

(3) Target Organ Toxicity

No information was found in the ~iterature searched.

(4) Epidemiology

No information was found in the literatur~ ~earched.

15. Ongoing Studies

A long-term carcinogenesis bioassay of diallyl phthalate admini-

stered by gavage to rats and mice is currently underway ~NTP, 1981b).

16. Exposure Standards

No recommended or promulgated ~ccupational exposure standards for

diallyl phthalate were found.

r
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17. ~uroes of Add~tional Relevant Information

Comprehensive reviews of phthalate ester~ have been oompleted by

Peakilll (1975) I [laniel (' 978); I..awrence (, 978), Thomas li a1. (' 978) I Lawrence

and Tuell (1979), and t~e U.S. EPA (1980b).

18. pther Pertine~t D~ta

No ether information that would aid in the assessment of diallyl

phthalate as a~ occupational hazard was round in the literature searched.
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c. D1-~-BUTYL PHTHALATE

3.

Chemical Name: D1-n-Butyl Phthalate
- 'J

Chemical Structure: or~-O(CH ) ,CH,o .2,;

~-G(CH2){H3

u
Synonyms: Benzene-£-dicarboxylic acid, 1i-~-butyl ester

Celluflex DBP
OBP
Dibutyl phthalate
El...ol
Ge.,oplast 8
Hexapla:o MIS
Palatir-,ol C
Phthalio acid, dluutyl ester
Polyc1zer DBP
PX 104
a··Benzen" d1carboxylic acid, dibutyl "':.ter Stafiex DBP
Unimoll DB
Wi tcher 300

ll. Chemical Abstracts Service (CAS) Number: 84-','4-2

5. Registry of ToxioJ ~ffects M Chemical SUbstances (~TECS) Number:

TI087;OOO

6. Chemical and Physical P~ooerties:

Description:

Molecular Weight:

Boiling Point:

Mel ting Poi nt:

Vapor Pressure:

Solubili ty:

Speclf1.C GraVity:

Stabili ty:

colorless, oily liquid

278.35
3cOoC (76 !lim Hg)

-3:; to -40°C

0.01 mm Hg (20°C)

13 m~/l (25°C) water;
very soluble in acetone, benzune,
alcohel, etht:r'j
soluble 1n most. orga:lic solvents anj

oils

1.Ojn~O

combusl~ible;

Autoignition temperature: z750~F,

Flash point (CDC): 340°F
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7. Production

Recen~ production figures for di-E-butyl phthalate are as follows

(USITC, 1980'1, 1979a, 1978a, 19·..·,·a):

Production
Year (in millions of pounds)

1979 17.2
1978 16.9
1977 16.6
1976 13.7

Data available from the U.S. EPA (1980a) regarding producers of

dibutyl phthalate and production volumes are presented in Table 11.

Jleoent data regarding lL,:'portat1on of di-,n-butyl phchalate are as

follows (USITC, 1980c, 1979b, 1978b, 19770):

I
I
\

8. Use

!!!.!:
1979
1978
1977
1976

PrC'Ciuction In
Millions or Pounds

1.004
0.931
1.645
0.205

Di-n-butyl phthalate is used primarily as a plasticizer in poly-

vinyl acetate emulsions; small amounts ~re consumed in specialized vinyl com-

pounds (Frey, 1976).

Di-~-butyl phthalate is used in nail polish removers; a typical

nail polish remover formula is ethyl acetate 40~, acetone 30%, carbitol 19~,

dibutyl-~-phthalate lO~, sesao£ 011 l~ (19aooff, 1979).

D1-n-butyl phthalate can also be used as an insect repellent; it

is usually impregnated into clothing as a chigger repellent (Spence!", 1968;

Meister, 1976). Thi3 use of the chemical is minor. Other minor uses of

di-E,-butyl phthalate include solid rocket propellents, solvent for perfume oils,
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Table 11. Producers of Di-n-Buty~ Phthalate Qnd Production Ranges
(u •S. EPA, 1980a)-

, ~

Produoer Type of Production 1971 Production Range

~ ..

Hatco Chemical Div.
Fords, NJ

Haven Chemical
Philadelphia, PA

Monsanto Co.
St. Louis, MO

Tennessee Eastman
Kingsport, TN

u.s. Steel Corp.
Pittsburg, PA

Sherwin-Williams Co.
Chicago, IL

'l'enneco Chem.
Chestertown, MD

Morganton Plant
Morganton, Ne

Hooker Chemical
North Tonawanda, NY

Reichhold Chemical
Carteret, NJ

IMC Chemical
Terre Haute, IN

Henkel Inc.
Teaneck, NJ

CellofUm Corp.
Wood-Ridge, NJ

Fayette Chemical
l~oodRidge I NJ

Fallek Chemical
New York City, NY

BASF Wyandotte
Parsippany, NJ

Manufacturer confidential

Manufac tUl"er confidential

Manufacturer none

Manufacturer 1-10 million lb

Manufacturer 10-50 million lb

Manufacturer 1-10 million Ib

Manufactuer none

Manufacturer 10-100 thousand Ib

Manufacturer-Not distributed la-lOa thousand lb

Manufacturer 1-10 million It

Manufacturer none

Importer under 1000 lb

Importer none

Importer none

Importer none

Importer none
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Table 11. Producel"s of Di-n-Butyl pl-,chahte and Production Ranges
(U.S. EPA, 1980a) lCont'd~

,
I,

Produoer

DuPont
Wilmington, DE

Thorson Chemical
New York City, New York

Synarome Corp.
New York City, NY

Proprietary Perfumes Limited
Maywood, NJ

Type of Prr:du::::t1on

Importer

Importer

Importer

Importer
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under '000 lb

under 1000 lb

under 1000 lb

10_,n~ thousand Ib
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,erfume fixative, textile lubricating agent, safety glass, insecticides,

printing' inks, resin solvent, paper coatings, adhesives, lipsticks and C05-

meties, and dilutent in elasto~ers for dental materials (Hawley, 1977: Isacoff,

1965i Freeman, 1965i Paffenbarger and Rupp, 1979).

9. ManUfacturers and Distributors

The following companies manufacture di-!!-butyl phthalate (SRI

International, 1980):

Eastman Kodak (Tennessee E~stman)

The C.P. Hall Co.
Hatco Chem. Corp.
IHe Chem. Corp.
Re1ehhold Chem.
J.T. Baker Chem.
Sherwin-Williams
Union Camp Corp.
USS Chem.
BASF Wyandotte

Kingsport, TN
Chicago, IL
Fords, NJ
Terre Haute, IN
Carteret, NJ
Phillipsburg, NJ
Chicago, IL
Dover, OH
Neville Island, PA
Kearny, NJ

The Many distributors of di-!!-butyl phthalate .Lnclude (1980-81

OPD Chemical Buyez:s Directory, 1980; Cbemical Week: 1981 ~yers' Guide Issue,

1~60i Chem Sources--USA, 1980):

Aldrich CheM.
Hfa Products
A11 tech Assoc.
Alpha International
Amerchem.
Anachemica Chem.
Ashland Chem.
Atomergic Chemetals
Bentley Chern.
Sia-Clinical Lab.
CPS Chem.
CTC Organic::!
Chem SerVices
Chemical Dynamios
Chemical Industries
Chemisphere Corp.
Chemtech Industries
Crest Chern.
EM LoaD
Ea:;tel"n Chem.

Gallard-Schlesinger
Helm NY
Jobin Chem.
Lachat Cham.
LaPine Sci.
Lux Chern.
MCB Reagents
Mallinckrodt
Mitsibushi Gas Chern.
Pfaltz and Bauer
Phillip Bros. Chem.
Pionee~ Salt and Chern.
Signo Tnding
Star, Milton M. Chern.
Suburba:l Chem.
Thompson-Hayward Chern.
Tridoro Chern.
Joseph Turner and Co.
Union Chern.
Unitex Chern.
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Fi"her Sci.
GRL Chem.

10. Manufacturing Processes

Veloo Enterprises
Worth Chem.

The dialkyl phthalates, inoluding di-n-butyl phthalate. are pro-

duced by esterifying phthalic anhydride W!. th the appropriate alcohols in the

presence of catalytic amounts of sulfuric acid. The process is essentially the

same for all the lower aliphatic alcohol~, and modifications are ne~essary only

in the alcohol-recovery and product-purification systems (Lowenheim and Moran,

1975). In the case of di-n-butyl phthalate. the esterification is done with

phthalic anhydride and n-butyl alcohol.

Appendix B diagrams the typical process by which all commercial

dialkyl phthalates are made. Plants are designed to allow any of the phthalate

esters to be made ill the same equipment. giving flexibility to prc.1uction. While

many plants produce phthalates by batch methods I other newer pla.,ts operate

cont1nuou"ly and are highly automated (Lowenheim and Moran, 1975).

The production process begins by charging phthalic anhydr1d~ and

the appropriate alcohol into a reactor that is actually the still of a distil-

lation column. The reactor is equipped with an efficient agitator and internal

steam coils for heating. A stoichiometric excess of alcohol is normally

utilized. A l~ solution of concentrated sulfuric acid is added as a catalyst.

The reactor is heated to such a temperature that the azeotrope of water and

alcohol distills at the column-head. The distillate is cooled and separated by

decantation. The alcohol-rich layer is recycled to the column, ~Ihile the water-

rich layer is either wasted or sent to recovery. When the optimum amount of

water has been removed from the reactor, the residual crude phthalate (still

bottoms) is discharged to ~n alkali washer that neutralizes the s~lfuric acid

content with sodium carbonate. This neutralizing operat.ion is followed by a
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water-wasning operation. The crude phthalate is then stripped in 1 vacuum column

to separate the volatile products such as olefins, alcohol, and oth~r impurities.

When economically feasible, the alcohol 1s recovered for reuse. The phthalate

can be further purified by decolorizing w1t:\ activated charcoal (Lowenheim and

Moran, 1975; S~ttia, 1967).

". Impurities or Additives

No infonnation was found in the literature searched.

12. Occupational Exposure

The National Occupational Hazard Survey indicates th3t 905,227

workers are potentially exposed to di-~-butyl phthalate.

13. Control Technology and Work Practices

It was noted in an abstract from the Russian literature that

filters of polypropylene fibers (8-10 ~ in diameter) were effective in removing

a large percentage of dibutyl phthalate from waste gases, although this material

had a high aerodynamic resistance which increased during the test (Shkarupa and

Myagkov, 1976). Better results were obtained with filtering materials of lavaan

fibers (diameter 15-20 ~), which had a comparatively low resistance and gave 98~

purification with a linear oas stream speed of 1.42 m/sec. Filters of poly-

propylene ficers (diameters of 22 and 48 um) and of lavsan fiber (6~ ~ diameter)

had a low aerodynamic resistance, but did not acceptably filter dibutyl phthalate

from the air.

14. Biological Effects

a. Animal Studies

(1) Acute Exposures

The acute lethal and irritant effects of di-.!l-butyl

~hthalate are summarized in Table 12. Pulmonary congestion, edema and petechial

:lemorrhages I lymphocyte fragmentat ion in the spleen, and renal tubular
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Acute Lethal and Irritant Effects of Dl-~-8utyl Phthalate

Dose
Routt> Species (g/kg)

--
v""ol rats 4.0

or'al rats 8.0

oral rats 16.0

oral rats 8-16

oral rats 1O.lJ2
b

inhalation rats 61.5-79 ppm

inhalation rats saturated air x 7.5 min
.r= inhalation rats saturated air x 15 minUl

Lp. a rats 3.18

Lp. rats 3·57
Lp. mice 11.1 1•

i.p. mice 5.')

i. p. mice 4.0

i. p. mir.e 1.1j

s.c. rats <6.2

intradermal mice 5.2

r
I

t

i
Jo
(c

l
(
;;

ocula~

Table 12.

l'abbits not 5tated

Response

0/3 died

"/9 died

6i6 died

LD50

LD50

LD50

0/6 died

6/6 died

LD50

LD50

LD50

LD50

LD50

1 of 3 died

LD50

no dermal or
visceral organ
irritation

no irritation

Reference

Smith, 1953

Smith, 1953

Smith, 1953

Shibko and Blumenthal,
1973

Bornmann et al., 1956

Spasovski, 1964

Shaffer et al., 19"5

Shaffer et al., 1945

Singh et al., 197~

Lawrence et al., 1975

Karel et al., 19"7

Hodge et al., 19112

Calley et al., 1966

Nematoliahi et al., 1967

Kowalski and Bassendowsa,
1965

Lawrence et al., 1975

Lawrence et al., 1915

L

aLp. = intraperitoneal; s.c. = subcutaneous.

bTtJe toxicity for rabbits and dogs was reported to be the same as that found for rats.
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degeneration were observed 1n mice wi thin 72 hours of injection of

intraper1tonal medtan lethal doses of dl-n-butyl phthalate (Karel!! !l., 19~7).

Intradermal injection of di-.!!-butyl phthalate

(5.2 gllcg) into mic" '",as non-irritaUng to the skin, and there was no histo-

logical damage to the pe~itoneal organs (Lawrence ~ al., 1974). Instillation af

undiluted compound (volume not stated) into the eyes of rabbits did not result 1n

grossly observable irr1tation (Lawrence !1 !l., 1975).

(2) Subchronic Exposures

Oral administration of di-Q-butyl phthalate to rats at

a level of 2.5 DIg/kg/day for 6 months has been reported to produce no toxic

effects (Maslanko, 1968). Three-month studies With the compound fed at 0.12 and

1.20 g/kg/day levels produced a significant increase in the liver weight or rats,

but no histologic evidence of changes in any of the tissues examined (Nlkonorow

.ll !!., 1973>.

Repeated intraperitoneal injection (5 days/week for

25 weeks) of di-.!!-butyl phthalate into mice produced a progressive decrease in

the oalculated LDSO value (Lawrence at !l't 1974); the 3uthors suggested that

this repre$ents a cumulative effect. A nearly 3-fold change in the LOSO value

was observed, but this decrease is smaller than that i)cserved for e1 ther

di-2-ethylhexyl or dioctyl phthalates.

3. Cnronic Exposures

Dietary administration of di-~-butyl phthalate to rats

at concentr'ations o. J.O" 0,05, or' 0.25% for 1 year did not affect growth,

survival, hematologic paraMeters or organ histology, although 1.25J levels did

cause SO% mortality (Smith, ~953), Resul~8 similar' to these (i.e" no observable

toxic effects) were also found 'Iii th rat.5 follololiilg oral. exposure tCl 500 and

1000 mg/kg (twice weekly, gavage) for 1 year (Bornmann et &" 1956), O.125~
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(diet) for 1 yea' (Nikonorow et !!., 1973), 0.01 and 0.03S (dietary) for 21

months (LeBreton, n.d.), or 0.05$ (diet) for 15 months (LeBreton, n.d.).

Based on data from 1 year feeding studies, the FDA has

estiJ1ated a no-effel.3:' level of 125 mg/kg/day for d1-Q-butyl phthalate in loats,

and 18 mg/kg/day for the oompound 1n dogs (Sh1bko and Blumenthal, 1973).

(4) Carcinogenioity

A oaroinogenicity investigation of di-Q-butyl

phthalate was conducted at the Villejuif Cancer Institute in France (LeBreton,

n.d.) and summarized by LeFaux (1968). Wistar rats were maintained for 21 months

on diets containing 100 and 300 ppm di-~-butyl phthalate, and for 15 months on a

diet containing 500 ppm. It was ooncluded that di-.!!-butyl phthalate was not

carcinogenio und~r these conditions, but it should be noted that additional

information on ~he experimental design was not presented in the LaFaux (1968)

sUllllllary.

(5) Mutagenioity

Di-Q-butyl phthalate was negative in reverse ~utation

assays with~. typhimurium, ~. coll and ~. cerevisiae, and in differential growth

inhibitor assays with wild and DNA repair-deficient strains ~f ~. £2li and B.

subtilis (Table 13). Yagi et al. (1976a) has indicated in a pr~lirninary report

that the moncester metabolite, mono-n-butyl-phthalate, showed some actiVity at a

level of 10 mg/disk in the ~-assay with ~. subtilis.

(6) Teratogenicity

Oral administration of di-n-butyl phthalate to rats

throughout pregnancy at ~oses of 120 and 600 mg/kg/day failed to produce

te~atogenic effects, but increased resorptions and ,jecreased fetal weights were

caused by th~ higher dose (Nikonorow ~t. al. I 1973). When di-.Q-butyl phthalate

was fed to p~egnant mice at dietary concentrations of 1.0% (a~proximately
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Table 13. Mutagenicity of Di-~-Buty1 Phthalate

Type of Assay Organism Strain Activation Dose Result Reference

Reverse Mutation ~. lyphimurium TA98 + 10 mg/p1ate - Kurata, 1975
TA100 + 10 mg/plate - Kurata, 1915

~. typhimurium TA98 .! 1000 ~/plate - Rubin et al., 1919
TAlOO .! 1000 Jl8/plate - Rubin et al., 1979

s. typhimurium n.a. n.a. n.a. - Yagi et aI., 1976a

E. coli WP-2 n.a. n.a. - Yagi et a1., 1976a
~

- --
'" s. c€revisiae XV185-14C +- n.a. - Shahin and- von Borsted, 1978

DNA damage/repair E. coli uvr A- - 10 mg/plate - Kurata, 1975
Pal A- 10 mg/plate Kurata, 1975- -
rec A- 10 mg/plate Kurata, 1975- -

B. subtills rec A- 10 mg/plat'? Kurat3, 1975- -
B. subtilis rec A n.a. n.a. - Jagi et al •• 1976a

Chromosome damage Cultured Chinese CHL n.a. 0.03 mg/ml !:. Ishidate and
Hamster fibroblasts Odashima, 1917
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2100 mg/kg) throughout pregnancy, however, marked embryotoxicity and a

marginally significant increase in exencephaly was observed (Shiota .!! a1.,

1980); treatmen~ at this dose level also resulted in marked embryotoxicity (fetal

resorptions and 1ead fetuses).

Skeletal abno.'".aali ties have been reported in l",n':! off-

spring of rats injected (intraperitoneal) with di-.!1-butyl. phthalate at levels of

r'
i
\
'~

=300-1000 mg/kg on days 5, 10, and 15 gestation. At the highest level

administered, a significant. ir;crease in fetal resorption was alsu nottld (Singh

II a1., 1972). Injection of rats with 2.1 and 4.2 mg/kg dibutyl phthalate on

days 3. 6. and 9 of gestation markedly reduced the number of implants and the

number of pups weaned per litter (Peters and Cook, 1913).

Injection of =104 mg dibutyl phthalate into fertilized

eggs failed to produce malformations in de~eloping chick embryos (Bower.!! a1.,

1910).

(1) Reproductive Effects

Adverse reproductive effects were not observed in rats

administered di-.!1-buty1 phthalate orally at levels of 500 or 1000 mg/kg (tWice

weekly) for 1 year (Bornmann ~ !l. I 1956) I 300 or 500 ppm/ day (diet) for 3

generations (LeBreton, n.d.), or 100 ppm (diet) for 5 generations (LeBreton, no

date). Dietary administration of the compound at levels of 10 and lOa mg/kg/day

to mice for 3 generations has, however, been reported to increase the formation

of renal cysts in the F1 and F2 generations (Onda ~ a1., 1974).

IntUbation of di-~-butyl phthalate to young male rats

(2000 mg/kg/day for 4 days) produced testicular atrophy which was demonstrable

by morphological damage and loss in organ weight (Cater ~!l., 1977). There was

also ~n increase in the urinary excretion of zinc with a decrease in testic~lar

zinc conter.t.
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(8) Other Relevant !nforMation

Animal studi':!s indicate t~at di-!l.-butyl phthalate lS

metabolized rapidly, prima"ily to the monoester form, and exc~~ted in ~hd urine.

Tissue retentlon and accamuldtion of the compound appear to oe Jew (Albro and

Moor, 1974; Williams and Blanchfield, 1915; Tanaka et, al., 1978).

b. numan Studies

(1) Pharmacoktnetics

Systemic levels of compound following ingesc.ion of :00':

containing di-~-outyl phthalate indicate that absorption from ~he ;ast~o-

intestinal tract. occurs (Tomita !! !1.., 1977); blood leve 15 or dl-E-hutyl

phthalate were reported to exceed those ~easured in ingesteci food.

Measurable quantities of orlthalate

(0.-144 !J8/:Dg lipid) werE. founei in the triglyceride f':-acti::'ns 0; otl1'l::1ca1 and

medullary tissues from 4 "f 15 kidneys ohtained from autopsie::: rOver"c.:.lrf ~ a1. I

1979). Two of the kidneys were histologically norrolal and two were neph!'o-,

sclerotic, and none of the 15 kidneys were obtained f':"ClD donora with recent

histories of Medical or occupational exposure to phthal.~tes.

(2) Health Effects

A clinical report of a sing:e incident in whlcn a

chemical worker swallowed 10 g of di-Q-butyl phth?late descr'ibed symptoms of

nausea, ,jizziness, photophobia, lacrimation, and conjunctivitis; recovery was

rapid (Cagianut I 1954).

Widespread topical use of the compound during World War

II as an insect repellent did not result in vvert toxicity (ACGIH, 1979).
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Two studies of workers in phthalate plasticizer manu-

facturing or lIse plants have reported symptoms of motor and motor-sensory poly-

neuropathies in exposed populations. Exposure was shown to involve primarily

di-n-butyl ,htha1ate, but also a variety of other phthalate esters, at levels

(total phthalate!) of up to 70 mg/m3 (01l101i et al.> 1978; Mj]kov et al., 1969).--' --
The incidence of neurological symptoms was reported in both studies tu increase

with increasing duration of employment. Abstracts of two Russian studies

indicate that efforts are bei:lg made to correlate occupational exposure to

di-n-butyl phthalate with neurolog1cal symptoms; however, these artic1ss were

not aV6~lable for evaluation (Milkov and AldYleva, 1979; Turbin, 1979).

(3) Targe~ Organ Toxicity

The prev1ou~ly cited reports of Oili021 et al. (1978)

and Mi':'"ov el', a1. (1969) indicate periphe:-al nervous sys t.em effects of the

compoulld.

(';) Epid~miology

No inform&tion was found in the literature searched.

No '~urrer.t toxic()ll.'lgical ".r envirorJllental studie~ of di-.!!-butyl

phthalate ~ere found.

i6. Exposure ~tandards

The A':GIB (19S1) ClU rently recr'm&l:ends ar.d OSHA (~976) has promul­

gated ~ Tim~-Wei~hted Averale (TWA) exp0sure limit of 5 mg/m3 for occupa~ional

ax;;:;o:;;,;,:"e to di-n-bu ty1 phthalate; a Short-Term E,lCposl:!'e Limi t ~ STEL) of 10 rog/m3

has also been recollllTJer. '.1ed by the JlCCiIH.
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17. Sour'ces of Additional Relevant Information

The abstracts of two Russian studies (Milkov and ALdyreva, 1979i

Turbin, 1979) discussed in the Health Effects section indicate that those

articles may provide epl1emiologic inrormatio~ for di-~-butyl phthalate.

A health hazard evaluation/toxicity determination rdating to

d1butyl phthalate has been condu~tp.d at Jeffery Bigelow Design Group, Inc., an

ar~y11c rurnj~ure manufacturing plant in Washington, D.C. (HEE No. 76-92-363).

COlDpreher..,i ve revit::ws ':If phth2.late esters have been completed by

Peakall (1915), Dan1el (1978), Lawr3nce (1978), Thomas et a1. (1978), Lawrence

and Tuel~ (1979), and the U.S. EPA (1980b).

10. Other Pert1nen! Data

No other inror=a~ion that would ald 1n the assess~ent or

di-!l-buty1 ;:lhthalate as an ocr.:up.. t1onal hazard was found in t~e literature

searched.
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D. DI-2-ETHYLHEX'YL PHTHALATE

1 •

2.

C~lelD1cal Nall'Je: !)i-2-Ethylhexyl Phthalate

Chem1c.!~~lcture:

3. Synonyms: bis(2-ethylhexyl)ester
1,2-Benzenecarboxy11c acid,
bis(2-Ethylhexyl)esteT', phthalic ocid

bis (2-2-Ethylhe:4yl) phthalate
B1soflex 81
Bisofle:-< OOP
Compound 689
DEHP
DOP
Dl(2-ethrlhexyl)orthophthalate
Divotyl phthalate
Di-sec-octyl phthalate
Ev1plast 80, 81
F'leximel
Fle.'<ol DO?
Herco Flex 260
Kodaflex DOP
Octail
Pala~inol AH
P1ttsbu~g PX--138
RC ?Jasti~iz~T' D>P
Si.co~ 150
.:3tafle:c DOP
Trllflex DOP
Vestlnol AH
Vinicizer 80
Witcizer 3i2

4. Chemical Ab:".li:.I"'""ct~ ,~,:::e (CAS) t~umber: 117-81-7

5. l!!si3try of Toxic EffEct:3 of Chemi~al SUDst:...nces (RTEC~~:
T!035CJOOO

Desc:"i~t.io;.:

Molecular We~ght:

30ilinl!?; Poin':.:

M€'llUng Point:

~ea~:y :::olorless viscous liqUld

3<;0.54

-46°C t.o - 50 Os
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Solubil1ty:

Specific Gravity:

Stability:

'7. Production

0.4 mg /1 (25 0 C)water; soluble 1n most
organic solvents; virtually insoluble
1n glycerol and glycols

200.98620
combustible;
F1ashpoint: 425°F.

, ,

t,

Flecent production figures for di-2-ethylhexjl phthalate are as

follows (USITC J 1980a I 1979a, 1978a. , 977a) :

?roduction
1!!! (in Million or Pounds)
1979 300.6-
1978 408.6-
1977 388.5
1976 296.7

-Figure includes other dioctyl phthalates 1n
addition to uE!~

Data available from the U.S. E?A (l9dOa) regarding producers of

di-2-ethylhaxyl phthalate and production vcl~e~ are presented in Table 14.

Dioctyl phthalates--d1-2-ethylnexyl phthalate in particular--account

for approximately one-third of all phthalate production. Future growth of the

dioct.yl ph thalat.e (DO?) market can probably be e)',pected t.o be less th:m the

genel"al phthalate mariCet due to tht:"! dvailability of low-cost imj)orts and a

pressure on suppliers to find alternati"es to DOP (Modf:r·n ?'.c:.~tics, 1978>'

Recent import data for di-2-ethylhexyl phthalat~ (ard other dioctyl

phthalates) follow (USITC, 1980b, 1979b, 1978b):

Year

"1979
197B
, 977
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Table 14. Producers of Di-2-ethylhexyl Phthalate
and Production Ranges (U.S. EPA, 1980R)

f
)~~.

, .:~

.~~i,l
I .. '1

I
:j~

l i'l,
'."1

I
"

: ~~
"

!

Producer Type of Production 1977 Production hange

Importer

Importer

Importer

Manufacturer

1 to 10 willion Ib

1 to 10 million lb

confidential

none

cone

confidential

10 to 50 million lb

50 to 100 million lb

none

Manufacturer

:1anufacturer

Ashland Chemical
Dublin, OH

BASF Wyandotte
ICearny, NJ

SF Goodrich Chemical
Avon I.ake, OH

A. Campbell and Co.
Cleveland, OH

Cellofllm Corp.
Woodridge, NJ

Continental Oil Co.
Aberdeen) HS

FaJette Chemical Importer
Woo4r1CSCe , NJ

Hateo Chemical Division Manufacturer
Fords, NJ

Haywood Co. Manufacturer
Brovnsvllle, TN

JSR America Importer
New York, NY

I.illy Industrial Coatings Importer
Indianapolis, IN

Mobay Chemical Importer
Pittsburg, PA

Reichhold Chemical HanufactlJl'er
Carteret~ NJ

Teknon Apex Co. M~uracturer

Atterbow, MA

Tenneco Chemical Manufac~urer

Chestertown, MD

Tenness~e :astman ~anufacturer

IC1ngsport, TN

U.S. Steel GorporCl.tion foianufact'll"cr
Pittsburg, ?A

under 1000 lb

r'lone

under 1000 lb

10 to 50 milli~n Ib

1 to 10 ~111ion lb

confidential

5G to 100 million Ib

50 to 100 m111icn Ib

------------------ .._.-
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8. .y!!

Di-2-ethylhexyl phthalate is the mast widely used general-purpose

plasticizer for polyvinyl chloride. It 1s used in products such as automobile

vinyls and plastics, wire a.nd cable insulations, and a wide variety of' consumer

goods and home ~~rnish1ngs (Frey, 1916).

Di-2-ethylhexyl phthalate is also used as a dlelectric fluid com-

ponent in capacitors as a replacement for PCBs (Versar, 1976). The volume of

di-2-cthVlhexyl phathalate consumed annual~y for capacitor applications 113 on

the crder ~f 1 million pounds (SRe estimate). This is a minor u~e compared to the

p13sti~1zer uses, ~hloh consume nearly 300-400 million pounds annually.

9. ~~aoturers and Distributors

The follOWing oompanies manufacture di-2-ethylhexyl phthalate

(S~: !r.ter'l'lAt::'.:ona)" 1980; USITC, 1980a):

l . ~I\ ,;

t
I

RASF Wyand~tte Corp.
Continental eil Co.
East~an r.odak (Tp.nn~ssee Eastman)
aF Goodrich
Hatco Chem. Corp.
Honsa""ltr.
Reichtootd Chem.
'fekncl" f,pex :';0.

USS Chemical

Kearny, NJ
.~t' 3r je~n, tiS
K:.ng::zport, TN
A\'on Lake, OH
Fords, NJ
Tex"\s City, TX
Carte!"et, .'1A
Hebron'w'ille, MA
Neville Islalld, PA

hQ.':.~o C''rletT!. i~ ':.h.J li"rgest volume produ'::er of the chemical,

.'.'llloued ~,'i U3S C:-ltLeJ'l, BA.sl~ ~"iandotte, and Tennes3ee Eastman. Combined, theJe

fOlJl" compar.1e5 pro'lu~.€l on t.he ordt.r of 831 of ail dj -2-ethj'lhexyl phthalate

(Fr f.:¥ I 1976).

The distributors of di-2-ethylhexyl phthalate inclucle (, 980-81

opr, Chl;lmical Buyers Direct;)I"'Y, 1980 i Chemical Week: 1981 BI1yer!3' Guide Issue I

1980; Gnem So~r~es--USA, 1980):
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Alltech A~sOQ.

Anaohemia Chem.
Ashland Chem.
Chemisphere Corp.
Chem Service
Eastern Cham.
Fallek Cham.
Fehr Bros. Chem.

10. ~uracturin! Procesces

OR!. Chem.
The C.P. Hall Co.
ICN/K and K
MCB Reagents
Mltsubishi Gas Chem.
Pfaltz and Bauier
Polyscienoes
Star, Milton M. Chem.

The 11alkyl phthalates, including dl-2-ethylhex:rl phthalate, are

produced by esterifying phthalic anhydride with the appropriate alcohols in the

presence of catalytio amounts of sulfuric acid. The process is essentially the

same tor all the lower al1p;1atic alcohols, and modifications are necessary only

1n the alcohol-recovery and p~oduot-purlricat1on systems (l.owenheim and Moran,

1975). In the case of di-2-ethylhexyl phthalate, the esterification is done with

phthali~ ~nhydrlde and 2-~~~ylhexyl alcohol as follows:

C....H~I';' :J

ZliOCH..,CHC/H9.. ..

Appendix B diagrams the typical pr'ocess by which all commercial dialkyl

phthalates are made. Plants are de9ignerl to allow any of the phthalate esters to

be made in the same equipment, .;iving flexibility to production. WhilE many

plants produce phthalates by batch methods, other ~ewer plants operate

continuously and are h:'ghl~' autolllat.E"d (Lowcnhei.m and Mcran, 19"(5).
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The pl'"oduction pr'ocess begins by chal'"ging phthalic anhydride and

th~ appropriate alcohol !nto a I'"eactor that is actually the still of a

d1s~111ation column. The I'"eactor 1s equipped with an efficient agitatol'" and

inte!"nal steam coils for heating. A stoichiometric excess of alcohol is normally

utilized. A 1J solution or concentrated sulfuric a~id is added as a catalyst.

The r~actol'" is heated to such a temperature that the azeotrope of water and

alcohol distills at the column-head. The distillate is cooled and separated by

decantation. The alconol-rich layer 1s reoyoled to the column, while the watel'"-

rich layer is either wasted or sent to reoovery. When the optimum amount of

water has been removed from the reactor, the residual crude phthalate (still

bott~ms) is d1soharged to 5n alkali washel'" that neutl'"alizes the sulfuric acid

content wj·., sodiL"JII carb.,nate. This neutral1zing operation 1s rollowed by a

water-wa~h1ng operation. The crude phtnalate is then stripped in a vacuum column

to separate the volatile products such as olefins, alcohol, and other impurities.

When economically feasible, the aloohol 1s recovered for reuse. The phthalate

can be further purified by decolorizing with activated charcoal (Lowenheim 3nd

Moran, 1975; Sittig, 1975).

11. Impurities O~ Additives

No information ~as found in the literat~re 3earched.

i2. occupatiC'nat EXPo.'3ure

Tbe N'ticnal Occupational Hazard Survey indicates that 612,'06

""erker's il!"t. notenl.:l"::I.11!, ~xposed to ,H-2-ethylhexyl phthalat~.

13. ££ntrol r~~~}~

SpecifiC factClrs that lDay contribute t.o or pre lent employee

~:~pos ... rE" tJ 'L-2-e::.hylhexyl J:-htha':'al",e were n('lt f(lL'nd ill thp. ~i':.er::iture 3,~arci,ed.

56



14. Biological ~ffects

a. Animal Studies

(1) Acute Exposures

f
!
\

The acute lF thal and irritant effects of

dl-2-ethylhexyl phthalate are summarized in Table 15. As indicated,

di-2-ethylhexyl phthalate has been demonstrated to produce a low level of acute

toxicity, particularly when compared with other phthalates. Histological

examination of rats following single lethal oral dose::! of di-2-ethylhexyl

phthalate revealed clcudy swelling of the liver and kidneys accompanied by

granular secretion in the tubules (Shaffer ~!1., 1945). Single non lethal oral

doses (2 g/kg) ~aused an increase in liver and brain weight in rats after 7 days.

but the weights and gross patholoty of other organs. hepatic microsomal enzyme

aotiv1ty and hematological indices were not affected by exposure (Chu !! al ••

1980.

Inhalation exposure of rats to a mist containing high

levels of d1-2-ethylhexyl phthalate (exact concentration unknown) has been

reported to produce fatalities in 4 hours; animals exposed for 2 hours showed no

lethal effects (Shaffer ~ al., 1945).

Intradermal injection of undiluted di-2-ethylhexyl

phthalate (4.93 g/kgj to mice was non-irritating to the skin, although there was

SOlDe histological evidence of transient irritation to the peritoneal organs

(Lawrence ~ 01.1, 1974). Instillation of 0.5 ml of undiluted di-2-ethylhexyl

phthalate (=0.49 g) into the conjunctival sacs of rabbits has resulted in slight

eye irritation (Shaffer ~ !l., 1945; Carpenter and Smyth, 1946).

(2) Subchronic Exposures

Ten days to three-month fe~(j1ng of di-2-ethylhexyl

phthalate to rats at a dietary level of 0.2 to 5.0J has caused liver enlargement

and related hist~l~gical and biochemical changes (Table 16).
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Table 15. Acute Lethal and Irritant Effects of Diethylhexyl Phthalate

Route Species Dose
(g/kg)

30.6

79.5

33.9

saturated atmos­
phere X 2 hrs.

saturated atmos­
phere X ~ hra.

14.2

37.8

>49.3

30. 'f

0·3

4.9

Response

LOSO

8/10 died

L050

0/6 died

6/6 died

L050

LD50

L050

L050

LOLo

no dermal irri­
tation, but slight
transient irri­
tation to the peri­
toneal organ:!.

Reference

Shafrer et al., 19~5

Shaffer et al., 19~5

Shaffer et al., 1945

Shaffer et al., 1945

Shaffer et al., 1945

Calley et al., 1966

Lawrence et !l., 1975

Slngh et al., 1912

Shaffer et al., 19q5

Shaffer et al., 19~5

Lawrence et al., 1975

dermal rabbits 2/l.6

dermal guinea pigs 10.0

ocular rabbits 0.5 m! ~ndiluted

ocular rabbits 0.5 mf. undiluted

ocular rabbit3 not stated

-
a i . p • = ~ntraperltoneal

b1.v. = i.ntravencus

LD50

L050

transient con­
gestion of the lid:!

slight irritation

no ! rritation

Shaffer et al., 1945

Krauskopf. 19'13

Shaffer, et al., 1945

Carpenter and Smyth, 19ij6

Lawrence ~ !., 1915

!
.i
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Table 16. Effects of Subchronic EKpoaure to DI-2-Ethylhexyl Phthalate

Principle rindings Reference

~~

I."-
?

Ul
-.0

oral
(diet)

oral

0.25 and 2.51 fo~

3 months

1.4 and 10 g/kg for
3 weeks

Retarded growth at the Shaffer et al., 19~5
three highest doses. No
effect on h~matology or
micropathology of heart.
liver, kidney or spleen, but
testicular degeneration was
noted.

Increased liver weights Nikonorow, et al., 1973
at 0.3' g/kgi 15/20 deaths -- --
in 3.q a/kg group; effects
included congestion of the
small intestine. 10s8 of
mucosa in the stomach and
parts of the intestine,
purUlent pneumonia and endome-
tritis. No hiatopathologic
alterations in the liver,
spleen or kidneys in either
group.

Increase in the weight of Ohta et al., 1973
the kidneys and format ton
of renal cysts •

Increased liver weight at Yamada. 1974
4 g/kg. At 10 g/kg, signi-
ficant increase in mortality
and liver weight, with a
proliferation of the bile
duet and Kupffer's cells

._- -~...._._-~'" ~ 1'!'''
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Tabie 16. Effects of Subchronic Exposure to Dl-2-Ethylhexyl Phthalate (Cont'd)

Route

01',- '

(diet)

oral
(del)

Species

rats

rats

Exposure

0.5 and 2.5J for 21
weeks

0.2, 1, and 5% for
3 months

Principle Findings Reference

Enlarged livers, elevated Yamada et !l., 1914
serum alkaline phosphatase,
cloudy swelling and necrosis
liver cells and renal tubule
epitheleal cella, and absence
of spermatogenesis in both
groups.

Increased liver weight and Yamada at al., 1975
drug metabolism enzyme
activities (not specified)
in all groups. Atrophy of
testes in the 5J group.

G

0'
o

oral rats
(' r-.tubation)

oraL rats
(diet)

2 g/kg/day for 21
days

0.5% for 10 days

Progressive liver enlarge- Lake et al., 1915
ment, hypoactlvity of
proliferated smooth endo-
plasmic reticulum, and
diminished enzy.a activity
resulting from mitochondrial
changes

Liver enlargement and a Yanagita et al., 1918
significant increase 1n -- --
hepatic phospholipids

r
:t~

inh~lCot.lon

Lv.

i.p.

mict~

dog:J

mice

saturated air for
2 hrs/day, 3 days/week
for ~ to 16 weeks

0.5, 0.75, and 1.4
mg/kg/day (in cani71e
plasma) for 21 days

250 mg/kg/day for 6
weeks

No compound-related
histological alterations
in lung or other tissues.

No effect on behavior,
hematology, clinical
chemistry, body or organ
weights or histomorphology

Nearly all organs showed
cloudy sedImentation.
adhesions of the diaphram,
liver and intestines.

Lawr'ence et al.. 1975

Rutter, 1915

Calley, et al., 1966



Repeated intraperitoneal injection (5 days Iweak for 12

weeks) of'the compound into mice has resulted in a significantly lowered LD50

value (approximately ZO-fold) (Lawrence !l. al., 1974); the investigators

believe that this reflects an ability of di-2-ethylhexyl phthalate to

accumulate.

(3) Chronic Ex~osures

Long-term feeding studies (1-2 years' duration) in

several species with di-2-ethylhexyl phthalate (0.1 to 0.5~ dietary levels) have

indicated that the compound may produce liver and kidney effe~t~ as indioated by

I
I
I
i
I

f.

increased weights of those organs (Carpenter .!! !.!. I 1953 j Lefaux, 1968j

N1konorow!1 !l., 1973). Based on these ohronic 9tudies, the FDA has estimated

no-effect levels for di-2-ethylhexyl phthalate to be 60 mg/kg/day for rats and 65

mg/kg/dAy for dogs (Shibko and Blumenthal, 1973).

(4) Carainogenic1ty

Two-year NCl carcinogenicity bioassays of

di-2-ethylhexyl phthalate with B6C3F1 mice and F344 ~ats have been completed, but

the report is currently in review (NT?, , 981 b). Fifty animals/sex/dose were

tested, and preliminary ~esults (NCI, 1980) indicated ~hat the admi~istration of

3000 and 6000 ppm dietary levels of di-2-ethylhexyl ~hthalate to mice of both

sexes produced a marked illcrease in the incidence of hepatocellular cQrcinomas.

Rats f~d dietary l.::vel.s of 6000 ppm di-2-ethylhelCyl phthalate also showed an

increase in hepatocellular carcinomas. Stati3tical evaluation of these results

was not available 1n the preliminary report.

A carCinogenicity invegtigat~on of di-2-ethylhexyl

phthalate was conducted at the Vl1lejuif Cancer Institute in France and

summarized by LeFaux (196B). In this study, rats were apparently maintained on
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diets containing 500 ppm of the compound for a period of 21 mOllths. It was

concludetl that the phthalate was innocuous and noncarcinogenic under these

conditions, but it should be noted that additional information regarding

experimental design was not presented in the Lefaux (1968) summary.

(5) Mutagenticity

Reverse mutation and differential growth inhibition

(DNA damage/repair) assays of di-2-ethylhexyl phthalate with bacteria were

negative, and the compound failed to produce lncreased aberrations 1n cultured

Chinese hamster fibroblasts, human leokocytes or human fetal lung cells

(Table 17). Singh .!1!l. (1974) have, however, reported positive mutagenic

effects in the dominant lethal assay following a single intraperitoneal

injection of di-2-ethylhexyl phthalate into mice at 1/3, 1/2, or 2/3 of the LOSO

level (12.5, 19 and 25 mglkg, respectively).

Di-2-ethylhexyl phthalate has been schedule for mutagenicity

testing in Drosophila by the NTP (1980).

(6) Teratogenicity

Embryotoxic and teratogenic effp.~ts have been observed

following oral and intraperitoneal administration of di-2-ethylhexyl phthalate

to rats and mice (Table 18).

Injection of 0.05 ml (0.49 g) undiluted 1i-2-e~hylhexyl

phthalate into the yolk sacs of 3-day old developing chicken eggs resulted in

marked embryolp.thality (51%), but no eviderce of gross malformations (Lee ~!l.,

1974). Teratogenic effects (clubbed feet I neuromuscular' disorders) were

observed, howev~r, following inje~tion of 0.05 ml of chick Ringer's solution that

was saturated with di-2-ethylhexyl phthalate.
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Table 17. Mutagenicity of Di-2-Ethylhl.!xyl P'lthalate

.------- -------

t,
l
f

t a­
U)

Type of
Assay

Reverse
mutation

DNA damage I
repair

Chromosome
damage

Dominant
lethal

Organism

s. typhimurium

s. typhimurium

s. typhimurium

E. coli

B. subtilis

Cultured Chinese
hamster fibrobla3ts

Cultured human
leukocytes

Cultured human
fetal lung cells

micp.

Strain

TA 98,
TA 100
TA 98,
TA lOa,
TA 1535,
TA 1531

n.a.

WP-2

ree A-

CHL

n.a.

n.a.

HarlanlICR
Swiss
albino

Activation

.:t.

.:!:.

n.a.

n.3.

n.a.

n.a.

+

Dose

100(J JJ8/plate

n.a •

n.a.

11.a.

n.a.

o. Hj mg/mi

O.t to 60 l-iJ!/ml

6.0 jJg!ld

~ 2 .1 :'0 c><;. 3
mg.'icg, sing1€:
dose, lop.

Re3CJH

+

Reference

Rubin ~~ aL'i 1979

N'!'},. 1980

Yag1 et al., 1976a

Yag1 ~~ al., lq7~a

Yagi at al., 1976a

~d?~~ima ar.j Ishidete,
j(5

Petersun at al., 1915

Peterson at al., 1975

~!;'~h et al., IS"'!;

i
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T3011' 1R. t":mt1r]otoxic and Teratogenic Effects of Di-2··Ethylhexyl Phthalate

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

t

l

i
r
f,
I

l

0'
-&=

Spe;;i~3

rd.ts

rats

rats

mi~e

mice

fio<.lle

or'al
( 'EeL)

oral
(gavage)

0l'a1

oral

oral
(diet)

8x:~osllre

J.O~, 0.13 and O,~,

for 2 years

O.jIJ or 1.10 g/kg/day
for 3 months pr~or

to conception

2.5 or 5 mg/kg/day
on days 7-13 of
gest.ation.

2.5 to 10 g/kg/day on
days 6-10 of gestation

o.0':., o. " 0.2, 0.11
and 1.0 wt$ through­
out gestation
(ca. 70, 190, 1100
830 and 2200 mg/kg,
respE;cti vely)

Principal Findings

No effect upon total nu~ocr

of pups ~orn, mean number
of litters, mean size of
litters r or incidence of
stillborns

Decreased fetal an~

placenta] weights and
increased nu~ber of
resorptlons; no Kro~s

abnormalities observed.

Increased fetal
mortality and
rp.:Jorptlons.

UnspecifieG external and
skeletal malformations
in offspring of mice
exposej to 7.5 g/kg on
day 8, but no other details
~eported

Marginally significant
iocr"ease in malformati ons
(primarily exencephaly
and spina bifida) at 0.2';
all implanted ova die~ in
utero at O.~ aDd 1.0J

Reference

Carp~nt~l et al., 1953

Nikonorow et al., 1973

Nakayama, 1968

Yag! et al •• 1976a,
1976b -

Shiota et al., 1980
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Table 18. Embryotoxic and Tera~ogenic ~ffects of Di-2-Ethylhexyl Phthalate (Cont'd)

-----------------.._------------ ---------
Species

mice

Route

oral

Exposure

0.05, 0.1, or 1.0 g/kg
~n day 1 of ge3tation

Principal Findings Reference

Fetal mortality at 0.1 and Nakamurap.t aI., 1919
1.0 g/kg. Or"oss and skeletal
abno~a11Lies at 1.0 g/kg
(elongated and fused ribs,
absence of tail bones,
abnormal or incomplete skull
bones, incomplete or missing
leg bones)

Adversely affected Peters and Ceok, 1973
implantation and
p2rturition.

'"'"

rats

rats

l.p.

. a
lop.

ca. 5 and 10 mg/kg/day
on days 5, 10 and 15
f)f gestation

2 and ~ g/kg/day on
days 3, 6, and 9 of
gestation

hemangiomas and twisted
hind legs at 10 mg/kg.
Resorptions at both dose~

b~t no dead fetuses

Singh et al., 1972

rats . bt.v. 1.3, 4.7, and 5.3
cmg/kg day on days

6 to 1~ of gestation

No effe~t on numbers of Lewandowski at a1., 1980
live ~nd resorbed fetuses,
fetal weights and sizes, or'
the incidence of gross exter-
nal skeletal and vis(~eral

malCormatlons

a intraperitoneal
b .

Int~lvenou~

c Poly~i.lyl chloride (PVC) plastic~ which contained DEHP as a plasticizer were extract~d with rat plasma
to yield t~e administered ~0IJcentratiop.s of DEHP; pvt bags are widely used to collect and store blood and
parente~al solutions.

. ~ --.......""IfIi,."_.
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(7) Re~roductlve Effects

Oral and intra.per1 t.oneal exposure to high level:! of

di-2-ethylhexyl pnthalate have produ~ed tubular changes in the teste"

testicular atrophy and i~palred spermatogensis in rat$ (Table 19).

Results o~ a three-generation re~roduction study

conducted loll tn rats maintained on diet3 containing di-2-et.'1ylhexyl phthalatE~

nave sho~. a lowdred mating index in females expcsed t~ 1500 ppm levels of the

c~mpound (Induscr1al Biotest, 1978), Normal reproduction, parturition and

nur~i~g were reported in rats exposed to 500 p~m di-2-ethylh~xyl phthalate for 4

generat10ns (LeFaux, 1966),

Di-2-ethylhex:'1 phthalate has been sele~ted fo!" testing

for eff~ots on reproductiv~ funot~cn oy ttJ NT? (1980).

(8) Other Belev~nt Information

The i.v, a'.iministration of di-2-ethylhe>:yl phthalate

(:: 20C to 300 mg/kg), solubi :'ized in .Jon-ionic detergents, res'llted in immediate

respirato~j distress and sUbsequ~nt death due to pulmonary ede~~ in male rats

(Schulz .!!!1. I 1975 i Rubin and Chang, 1976) • The plll monary pathology was

charactel"'lzert by an inflammatory state c.:ommonly ('eferred to as "shock lung"

(edematous thicken 1 ng of the interalveolar septa and marked engorgement of th~

pulMonary v;il_~.:.:ulature 'lith polymorphom;clear leukocytes). The sync!rome 'las not

elicited when di-2-ethylhexyl phthalate ~as injected wlthout solubil:zer,

although more recent results confirm the pulr.lOnary toxicity in rat::! when the

compound is solubilized directly in plasma ~ithout the adcition of a detergent

(Rubin and Chang, 1978),

~i-2-ethylhexyl phthalate is exte'lsively metabolized

to the corresponding monoester, mono-2-ethylh~xyl phthal~t8, and to the acid,

alcohol and ketone resul ting from the side chain oxidat ion 0 f the monoester
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Table 19. Peprodu,_tive Effects of" Di-2-Ethylhexyl Phthalate

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

rats

RCJte

oral
(diet)

E'xpo~ure

O.37~, 0.75, 1.5
and 3.0'1 for 90
ddy::' (0.2, 0.4,
0.9 and 1.9 g/kgl
day, r~3pectively)

Prin.,ipal
Findings

Tubular atrophy and
degcnera ticn in the
testes

Referer,~e

Shaffer et aI, 19~5

r3ts oral
(diet)

rats oral
(diet)

0-
--.;j rats oral

(diet)

0.5 and 2.5S for
21 week~

0.2, 1, and 5~ for
90 days

0.2, 1.0 and Z.OS
for 17 weeks

Absence of spermato­
genesis in both gro~os

Atrophy of th~ testes
in the 5. group

Severe seminlf~-ous

tubular atrophy and
~essation or sperma­
togenesis at 1.0 and
2.0%; evi1ence of
decreased ~permato­

genesis at 0.2'

Yamad~ et al., 197q

Yam~da et al., 1975

Cray et al., 1977

rats

rats

oral
(diel)

or,l.l
( intubation)

o. 2 and 1. at
fo!' 90 days

2.8 g/kg/day for
1G 1ay:.,

Testicular atrophy;
damage produced In 2
weeks at 1.0'

reversible a~e-depen~

de~t seminiferous
tubular atrophy; effect
most pronounced at ~

weeks; no damage in 15
week old rats

Cater et al., 1977

Gray and
Butterwo~th, 1960
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(Albr0.!1 aI., 1973; Dani'!l and Brat~, 1974; La~,<= II a1., 1':':5). Both di- ano

mono-2-ethyl\'l~'X:1l phthalate are rapidly lDetab.... '.i,:.-.ed and excreted after oral or

intravenous admin1strilti.oll in rats, and high leve:"! of administererl

d1-2-etnylhexyl pht,Hlate may saturate the li"er c.learan\,;e capability in this

species fS<::h~1.z and Ru'...~n, 1973: Dani.el and Bt'stt, 1974; I,,;hu ~ a1., 1978>.

Distribution studie.::; following the 1. r. injection of

radiolabeled ~l-2-ethylhexyl phthalate into pregnant rats ha~e indicated 'hat

the compound crosse~ the placental barrier (~irgh et al., 1975); the

disappearance hal~-life for the compounu was estimated to be 2.33 days.

b. Human Studies

(1) Pharmacokinetics

Reports on the accidental ingestion or largE doses

(5 g, 10 g) of di-2-ethylhexyl phthalate (Shaffer!! .!!., 1945) and systemic

levels or di-2-ethylhexyl phthalate folloWing ingestion of food oontaining the

, .\

,

. " J
;

t

\

compound (Tomita !.~.!!., 1977) indicate that absorption from the

gastrointestinal tract occurs. Neurological sYtllptoms in wo~kers exposed to

phthalate plasticizers i~dicate that phtnalate esters may be absorbed through

the respiratory tract (Milkov, 1969; Giliol~ ~t al., 1978).

Di-2-ethylhexyl rhthalate residues hd,e ~'~n detected

in plasma, liver, kidney, s~leen, lung, and abdQ~lnal rae samples at au~opsy

(Jaegar and Rut-in, 1972; Napier, 1976; Overtu: f et ~l., 1979:. An increased

incidence of positi're saepies ha.!' been repor':.ed in l')atients receiving blood

transfusions (Naoier, 197b; Hillman!! !l., 1975), ~ut r2sidues have also been

detected in tissue::> of individuals with no kno;.·n transfusi on history (Miripol

Lewis .il a1. ( 1978) have reported that 1'011 owing

.,If')"c1 ]'wel:=; or ;"'nmrol.i1Q ,~_. :!:Ig patient hemodialysi::3,

L......
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dl-2-ethylhexyl phthalate was oleared rapidly from the blood w1~nin 5 to 7 hours.

A blood naIf-life of 28 minutes has been estimated for d1-2-ethylhexyl phthalate

1n patients that have reoeived transfusions (Rubin and Schiffer, 1976).

1n two patients who swallowed 5 to 10 g of d;-2-ethyl­

hexyl pbthalate, about 4.51 of the dose was recovered in the urine as phthlate

equivalents in 24 hours (Shaffer !£ 3.1., 1945). Two leukemia pat.ients given

platelets stored in vinyl plast:c bags excreted 60J and 9C$ of the infused dose

of di-2-ethylhexyl phthalate as unJhanged compound, and as phthalate metabolites

in the urine within 24 hours of transfusion (Rubi~ and SGhiffer, 1976).

(2) Health Effects

~i-2-ethylhexyl phthalate has been shown to cause

pulmonary reactions leading to respiratory distress in animals (Section 14.a.8)i

this res~nge may relate to "shock lung" syndrome observed in 30me patients that

have ~eceived transfused blood (Tll~mas ~ al., '978) tha~ wa~ stoed in polyvinyl

chloride bags that contained res1dul;:ls of the compollud. Respiratory distress may

re~ult from in~reased platelet aggregation produceJ by di-2-ethylilcxyl phthalate

(Pr.tersen~! !l., 1975) or from ef!ects of ~he compound on histamine release and

metabolism (Ch~ng and Rubin, 1979).

When undiluted di-:-ethylhexyl phthalate was app~ied to

the t>acks of 23 sUbjects duri11b patch tests. left in contact for 7 days and

r~applied on the same spcts 10 days later, no er'ythe~a or other dermal reaction

was observed (Shaeffer ~ a1., 1945).

(3) Target Organ Toxicity

No information was found in the literature searched.

(4) Epidemiology

A morbidity study of 101 worker exposed to very low

atmospheric lev£ls (0.0006 to 0.01 ppm) of di-'!-ethylhex~l phthQ.late for an
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average of 12 years revealed no significant health eff~cts "~urological

abnoJ"'lJl811.ties, premature births or lDiscarriages) and no increase 1n ohromosomal

aberrat1~LS (Thiess ~ 81., 1978). ~orkers were exposed for periods of 4 months

to 35 years in a di-2-ethylhexyl phthalate production plant.

Two epidemiological studies of workers exposed to

ai-2-ethyhexyl phthalate as well as several other phthalate esters (dibutyl,

b~tyl benzyl, diisooctyl) have indicated an increased incidence of polyneuro-

pathies of toth tha sensory and motor-sensory types (Milkov et a~., 1969; Gi1io11

et a1., 1970). The Italian study (Gi11011 !1 a1., 1978) indicated that 12 of 23

phthalate plasticizer workers exposed to atlDospheric levels of phthalates

ranging from , mg/m3 to 60 mg/m3 suffered neurological disturbances. Workers

exposed for 2 to 3 years showed symptoms 1n 2~~ of the cases examlned, while

those exposed for longer than 3 years showed SymptOll1S in 46.6% of the cases

;,
!

investigated. Exposure of the Russian workers (Mikov ~ ~., 1969) in an

artificial leather and film production plant invol/ed atmospheric levels that

l"~nged from 1.7 lDg/m3 to 60 mg/m3• The incidence of SUbjective symptoms

increased i'rom 57% in those employed 6 to 1U years to 82% in those employed for

~ore than 10 years.

15. Ongoing Studies

The distribution, biotransfor~ation, ;>nd elimination

characteristics of di-2-ethylhexyl. phthalate in pl:"im<'lt~s (including man) ars

currently being studied by Peck and Odom (1981).

16. Exposure Stan1a~ds

The ACGIIi (' 98 1) cur~:;mtJ y recolllmends and OSHA ~ 1976' has

promulgated a Time-WeiglJted ;,vera.ge :TWA) ex~osure lirnit of 5 mg/m3 for

occupational exposure to di-2-ethylhexyl phthalate; a Short-Term Exposure Lj.~it

(STEL) of 10 Illg/3 has also been re,::omrnended bv the ACG~ "1.

71



17. 30urces of Additional Relevant Information

Comprehensive reviews of phthalate esters have been completed by

Peakall (1975), Daniel (1978); Lawrence (1978); Thomas !l al. (1978), Lawrence

and Tuell (1979), and the U.S. EPA (198Db).

16. Other Pertinent Data

No other information that would aid in the assessment of

di-2-ethylhexyl phthalate as an occupational hazard were found in the literature

searched.
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E. DIETHn. PHTHALATE

1. Chemical Name: Diethyl Phchalate

2. Chemical Structure:

o
II

o:~::::
o

3. Synony!!: Anozol
',2-Benzenedicarboxylic acid, diethyl ester
DEP
Diethyl E:
Diethyl o-ph~halate

Ethyl pnthaldte
Neantine
Palatinol A
Phthalic acid, diethyl ester
PI'\thalloil
Placidol E
So!.vanol
Unimoll DA

4. Chemical Abstracts ~ervice (CAS) Number: 84-66-2

5. Registry of Toxic E:ffects cf Chemical Substances (RTECS) Number:

TIl050000

6. Chemical and Physical Properties:

De3cription: water-white, odorless Liquid

Molecular Weight: 222.24

BoEing Poi .It: 296-293°c

Melting Point: -4J.5°C

\lapor Prt::ssure: 1 mm rig (108.8,)C)

Solubili toy: 89(; mgll (25°C) water;
soluble in acetone, benzene;
~lscible with alcohol;
soluble in all proportions of
ether

Specific Gravity: 1.118

f
\
~
I

Stability: ':lombustible;
Flash point: 325°F (C.C.)
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7. Production

Recent production figures for diethyl phthalate are as follows

(USITC, 1980a, 1979a, 1978a, 1977a):

Year

1979
1978
1977
1976

Production
(in mi~1tons of pounds)

22.3
17.5
16.1

Data available from the U.S. EPA (1980a) regarding produ~ers of

diethy~. phthalate and production volumes are presented 1n Table 20.

Recent import figures are as follows (USITC, 1980a, b, , 979b,

1978b, 1977b):

8. Use

.!!!!:
1979
1978
1977
1976

Importation in
Millions of Pounds

0.131
0.010
0.270
0.161

,W' g

The major use of diethyl phthalate is as a plasticizer; in this

application, it is used almost entirely for cellulose ester plastics, with small

amounts used in polyurethane casting compounds (Frey, 1976).

Minor uses of dietnyl phthalate include use as a dye clarrier I

sol vent for cellulosics, wetting agents, insecticidal sprays, camphor sub-

5tH-utes, pei""fumery, alcohol denaturant, mosquito repellents, and elastomer

diluent in dental materials (Wannemacher and DeMaria, 1979; Hawley, 1977i

Freeman, 1965; Gontz and Ellis, 1965).

9. Manufacturers and Distributors

Diethyl phthalate is manufaotured by the following companies (SRI

International, 1980; USITC, 1980a):
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Table 20. Producers of Diethyl Phthalate and Production Ranges
(U.S. EPA, 1980a)

Manufacturer none

~.anuracturer 0.1-1.0 1lI1l1i.on lb

Manufacturer confi<.iential

Manufacturer 1-10 million Ib

Manufacturer 1-10 million Ib

Manufacturer confidential

Manufacturer confidential

IllIporter none

Importer confidential

Importer 1-10 thousand Ib

Importer under 1000 Ib

Importer confidential

Importer confidential

Inc.
Importer confidential

Ltd
Importer 1- 10 thousand Ib

Importer 1-10 thousand Ib

Producer

Allied Resins
Connt!aut, OH

Kay-Freis Chemicals
Stony Point, NY

Fritzsche Dodge and
Olcott
East Hanover, NJ

Pfizer ~nc.

Greensboro, He
Polak's Frut.al WoriCs

H1ddletown, NY

Monsanto Co.
St. Louis, MO

Tennessee Eastman
Kingsport, TN

Nlckstadt-Moeller
Ridgefield, NJ

Finetex Inc.
Elmwood, NJ

Polyesther Corp.
Southhampton, NY

i:~ Laboratories
Elmsford, NY

Ungerer and Co.
Totowa, NJ

Syrarome Corp.
New York City, NY

Solchem. Inc.
New York City, NY

V. Mane Fils Inc.
Fairfield, NJ

Roure Bertrand DuPont
Teaneck, NJ

Proprietary Perfumes
Maywood, NJ

Dragoco Inc.
Totowa, NJ

Type of Production

Manufacturer

Manufacturer

75

1977 Production Range

10-100 thousand Ib

confidential



1
I
I

Eastman Kodak (Tennessee Eastman)
Kay-Fries, Inc.
Monsanto
Pfizer
Sybron (Tanatex)

Kingsport, TN
Stony Point, NY
St. Louis, Me
Greensboro, NC
Lyndhurst, NJ

The distributors of diethyl phthalate include (1980-81 OPD

Chemical Buyers Directory, 1980; Chemical Week: 1981 Buyers' Guide Issue, 1980;

Chem Sou~ces--USA, 1980):

Aldrich Chem.
Alra Prod.
Anachemla Chem.
Ashland Chem.
~comerglc Chemetals
J.T. Baker Chem.
Berje Chem.
Bio-Clinical Labs
CPS Chem.
eTC Organics
Chem Services
Davos Chem.
EM Labs
Eastern Chem.
Fallek Chem.
Fehr Bros. Chem.
Fisher Sci.

1~. Manufacturing Processes

GRL Chem.
Gallar~-Schlesinger

Haarmann and Reimer
LaPine Sci.
Lach;..t Chem.
Lux Chem.
MCB Reagents
Mallinckrodt
Pfaltz and Bauer
Philipp Bros. Chem.
Pioneer Salt and Chem.
Polyesther Corp.
?olys':liences
Solchem
Thompson-Hayward Chern.
Tridom Chelll.
Unichellla International
Union Chern.

The dialkyl phthalates, including diethyl phthalate, are produced

by esterifying phthalic anhydride with the appropriate alcohols in the presence

of catalY~i~ amounts of sulfuric acie. The process is essentially the same for

all th~ lower aliphatic alcohols, and modifications are necess~ry only in the

alcohol-recovery and product-purification systems (Lowenheim and Moran, 1975).

In the case of diethyl phthalate, the esterification is done with phthalic

anhydride and et~yl alcohol.

Appendix B diagrams the typical process by which all commercial

dialkyl phthalates are made. Plants are designed to allow any of the phthalate

esters to be made in the same equipment, givinl; flexibility to production.
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While many plants produce phthelates by batch methods, other newer plants operate

continuously and are highly automated (Lowenhelm and Moran, 1975).

The production proce~s begins ,y charging phthali' anhydride and

the appropriate alcohol into a reactor that is actually the still of a distilla-

tion column. lhe reactor is equipped ",:an an efficient agitator- and internal

steam coils for heating. A stoichiomet!"'ic excess of aloohol is normally

utilized. A l' solution of co~centrated sUlfuric acid is added as a catalyst.

The reactor is heated to such a temperature that the azeotrope of water and

alcohol distills at the column-head. The distillate is cooled and separated by

deoantation. The aloohol-rich layer i~ recycled to the column, while the water-

rich layer is ei ther wasted or sent to recovery. When the optimum am('\unt of

water has been ,.emoved from the reactor, the residual crude phtha,late (still

bottoms) 1s disoharged to an alkali washer that neutralizes the s~lfuric acid

content with sodium carbonate. Thil'l neutralizing operation is followed by a

water.washing operation. The crude phthalate :s then stripped 1n a va~uum column

to separate the volaUle produots such as olefins, alcohol, and other impurities.

When economically feasible, the alcohol is recovered for ~euse. The phthalate

can be further purified by decolorizillg wHh 8c:1vated charcoal (Lowlmheim and

Moran, 1975; Sittig, 1967).

Manufacture clf diethyl phthalate is normally done by batch

esterification. Benz~ne is usually introduced into the r~actor ~olumn to reduce

the partial pressur~ of tile alcohol; therefore, the disti.llate is a ternary

mixture of water, aloohol, and benzene. The benzene is separated frOll! the water-

alcohol mixture by decantation. The ben.,.ene is r-ecycled to the co1'.1II1n; the

alcohol and water are reotified to recover the alcohol for re~s~ (Lowen~eim and

Moran, 1975).
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(1. Impurities or Addi~

No information was found in the literature searched.

12. Occupation~l Exposure

The ,National Occupational Hazard Survey indicates that

889,365 workers are potentially exposed to diethyl phthalate.

'3. Contro~chnology and Work Practices

Specific factors that may contribute to or pr'!vent employee

expnsure to diethyl phthalate were not found in the literature searched.

14. Biologic~l Effect3

a. Animal Studies

(lj Acute Exposures

The acute Lethal and irritant effects or d1ethyl

phthalate are summarized in Table 21. Pulmonary congestion, edema and petechial

hemorrhages I lymphocyte fragmentation in the spleen, and renal tubular

degeneration were ohsel"ved iu mice within 7: :ours of injection of intraperi­

toneal median let~al doses of diethyl phthalate (Karel !! ~., 1947).

Intrad'9rmal injection of I.mdiluted diethyl phthalate

into mice (2.24 g/kg) pr'oduced irdtation, but no histological damage to the

peritoneal organs (Lawrence e: a1., 1915). Instillation of 0.1 m1 undiluted

diethyl phthalate (=0.1 g) into the conjunctival sac of rabbits has been reported

to cause mild irritation (Draize et ~:., 1944).

(2) SUbchronic Expo~ure3

Dietary actminlstration of diethyl phthalate to rats ~t

5.0% levels for 16 weeks has been reported to increase liver and kidney weights

in both sexe~. His tologic elCamina ticn dernonstra ted fatty degenerat..ion and
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Table 2'. Acute Toxicitj of Diethyl Phthalate
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slight vacuolization of the liver, and pyelonephritis and lymphocytic i~filtra­

tion of the kidney (Brown et al., 1978).

Repeated intraperitoneal injection (5 days/week for 14 w~eks) of

mice wit~ dlethyl phthalate resulted in a progressive decrease in observed LD50

values over this period (=2-fold) (Lawrence ~ al., 1974). The authors suggest

that this effect is rrlated to cumulative toxicity of ~he compound; the diethyl

este.r shows a much smaller change in LD50 than that observed for either

di-2-ethylhexjl or the di-~-octYl phthalates (Lawrence ~ al., 1975).

(3) Chronic Exposure~

Oral administration of diethyl phthalate to rats at a

level of 1250 mg/kg for 2 years has beer. reported tn produce no significant toxic

effects; a similar lack of toxicity was reported in a l-year study with dogs

maintained orally at 625 mg/kg l~vels of diethyl phthalate (Shibko and

Blumenthal, 1973).

(~) Carcinogenicity

No information was found in th~ litera~ure ~earched.

(5) Muta~enlcity

Diethyl phthalate has been re~0r~ed to be mutagenic to

§,. typhicurium TA100 when tested Ioiithout met.aboli· -vr.iv3.tion at a dose ::if

1000 ~g/plate (Rubin et ~1., 1979), but testing in strain TA100 with activation

at this dose and i0 other strains at l~wer doses was neg~tiv~ ~Table 22). The

compound was also n':lgative in reverse mutat ion tes~i ng wi th E. coli (no

activation) and :n differential growth inhibition assays wi th wild and DNA

"'epair-deficient 3tra':'n~ of E. coli and l2.. sub':. 1. lis . AdC::Uion of diethyl

phthalate at concentrations up to 0.25 mg/ml to cultured Chinese Hamster ~ells

dii not prortuce an in~rease i~ chrc~cso~e gaps or breaks (Odashima and I3hidate,

1975) .
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Table 22. Mutagenicity of Diethyl Phthalate

-~-

Type or Assay Ol'ganism Str'ai n Activation lJose 'iesult Reference
---
-~---

Re"erse ;? typhimur'ium TA9a + 1000 \18/plate - Rubin et a1., 1979
Mutation - 1000 ~/plate - Rubin ~t al., 1919

','A 100 + 1000 I'.g/plate - Rubin et al., 1979
1000 l18/plate + Rubin et ~., 1919

§.. !.i'..e-himurium TA98 ~ 667 J.I8/plate - Florin et a1., 1990
TA100 + 667 lJ8/plate - Florin et:: a1., 1980
TA1535 .!. 661 lJ8/plate - Florin et al., 1980
TA1537 + 667 jJ8/plate - Florin et a1., 1980-

ill ~. typhimuriu,!! TA9a + 10 mg/plate - Kurata, 1975
TA 100 + 10 mg/plate - Kurata, 1975

Eo col i wild - 10 mg/plate - Kurata, 1975
uvr A- 10 mg/plate Kurata, 1975- -

DNA damage l Eo cel i uvr A- 10 rug/plate Kurata, 1975- -- --- -repair' Pol A - lC mg/pla 'J - Kurata, 1915
rec A- 10 mg/plat p Kurata, 1975- -

B. sublilis rec A-
10 m~/plflte Kll~a t :}, 1975- ------

ChrOi!l0S0me Cultured Chinese CHI. r! 3- 0.25 mg/ml - Odashima .. wi

da:l1age Hamster fibi'obl asts 15hidate. ;975

------~-------------- ------- -- ---- ~"------

...._~.,- • .,.. -- -'-................=.=-.---,.;";41. Ji_JlAtf"'~
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Diethyl plthalate ha~ been scheduled for mutagenicity

testic g 'in Salmonella by the NTP (1980).

(0) r~rato~eniclty

Intraperitoneal injection of diethyl phthalate on days

5, 10, and 15 cf ge5tat1o~ have produced teratogenic effects i~ rat~ at levels of

1,130 mg/kg and 560 rng/kg. Skeletal abnormalities s'loh as elongated and fused

ribs were observed. The lowE'r dose of the compound also produc<::."; a sign1f1cnnt:.

increase in the number of fetal resorptions (Singh ~ !!., 1912).

Diethyl phthalate produced a low incider."e (lIlO) of

teratogenic effects in developing chiok em~ryos following d single injection of

28 mg of compound into fertile eggs (Bower ~ !l., 1970). The congenital defect

observed involved malrotation of the left leg.

(7) Repl'oductive Effects

Oral intubation of diethyl :;:hthalate into rats at a

level of 1.t g/kg/day for ij ~ays had no effect on testis weight, testis pathology

or urln~ry excrGtion of zinc (Fo:.~~r et al., 1980).

(e) Other Relevant Information

Distribution stU/hes follOWing the i. p injection of

radlolabeled diethyl phthalate into pregnant rats have indicated tnRt the ~om-

pound passes across tne pla~~ntal barrie~ (Singh ~ al. I 1975): the disappearance

half-life for' the compounu was estimated 1'0 be 2.2 d3.Ys.

b. Human 3tudles

(1) Pha'macokinetics

Nc ~nfor~ation was fownd in top liLer~ture sen~ched.

(2) Heal~h Effects

A preliminary repor':. f:'om Eastman :<C.,:L!K, reported by

ACGIH (1979) I has indicated that 150 to 250 workers exposed to a mixture of'
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phthalates including dietnyl phthalate at rapor level.s of 1-:· ~OCl .,howed no

phthala~es in blood and no evidence of per'ipheral polyneuritis. Human exposu~e

to heated vapors of tha compound lDay produce some t~';l;lsient irl"it;3.tion of the

nose and throat (ACCIH j 1979\.

(3) Ta,'get Organ ":'oxici ty

"10 informatio,) was found in tbe liter,.ture sea.~ch~(L

(4) ~p~demiology

No information was ~~und in the literature se~rched.

15. Ongoing Studies

A carcir.;)gene:51s bio.;,.ssay of rlie .1yl p'ntholate has been started

by the NTP (1981 b). prec.,ronlc testing is C'lrrE':. toly in ~r'ogres~. The compound :. s

being administered to rats and mic~ in the f~a

16. Exposure Standards

ThE' ACGIH (1981) currenf"ly reco:"'mends ar 3~hour 7i1ll6-Wei~htel..

Average (TWA~ limit of 5 mg/m3 for uc~upational exposur~ to d;ethyl phthalate;

the recommended Short-Term Exposure Limit (STEL) i~ 10 mg/m3,

17. Sources of Additional Relevant ~ma~ion

Compre~ensive reviews or phthalat& bsters have been completed by

Peaka1l (1975), Daniel (1978), Lawrence (1978), Thomas et a1. (1978), Lawrence

and Tuell (1979\, and the U.S. EPA (1980b),

18. Other Pertinent Data

No other information that would a:d in the assessment of diethyl

phthalate as an occupational hazard was founl1 in the literature searched.
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F. DIlSOOE..:.. Y'L PHTHALATE:

,. Chemical Name: Diisodecyl Phthalate

2. rhemical Structu!!:

3. Synonyms:', 2-Bel'Jzeneaica.~bc.xyl10 acid, di1sode~yl ester
Phthlaic acid, dissodecyl ~ster

4. Chemica~ A3btract Service (CAS) Numbe~: 26761-40-0

5. Reg!~!l vf Toxic Effects of Chemical Substan:es (RTECS, Numbe~:

Not listed

6. Chemical and Physical Properties:

Description:

Molecular Weight:

Boiling Point:

Melting Point:

Vapor Prpssure:

S~hbllity:

Specjfic Gr~vity:

St"bil1t.y:

liquid

446.7

255°C (51D1!1 Hg)
_48°C

<1:J mmHg (2S0C)

insoluole in water

0.9"'625

combustible;
Flash point 4S0o~

Domestic pr~ducti~n in recent years is as fellows (USITC, 1980a,

197 ja. 1978a, 1977a:,:

Year

, 97°
1971:3
1917
, 976

Productioo
(in million 7bsl

174. ?
170.8
160.6
~ 1.\ 3 . 1

, jJ,'.,.



Data available from the U.S. EPA (1980a) regarding producers of

di1sodecyl phthalate and product1?n volumes are presJnted in Table 23.

8. ~

Diisociecyl phthalate is used as a plasticizer for rilms and

calendered gc~ds, bUiid~ng wire9, appliance wires, and communication wire (21'ey,

1976).

9. Manufacturers and Distributors

Comercial manuf.....::t:Jrers include (SRI International, 1930; USITC,

1980a) :

, ,:1
,I•

BASF Wyandotte
Continental 011 Co.
Exxon Corp.
Hatco Chem.
Reichhold Chem.
Teknor Apex Co.
Tenneco Chem.
US Steel Corp.

Also see Table 23.

Other distributors include

Kearny, I:J
Aberdeen, MS
Baton Rouge, LA
Fords, NJ
Carteret, NJ
He':>ronvllle, MA
Chestertown, MD
Neville Island, PA

1980-81 OPr. Chuical Burel's

Qirectory, 1980; Chemical Week: 1981 Buyers' Guide Is!~, 1980; ~

Sources--USA, 1980):

American Can (Ino:ex)
All tech ;'3S'l~.

Chem Services
lCN/1< and 'I.
Pfa~t~ and 9auer
Pioneer Salt and ~)em.

I-J\; I:"1tern"'~iol"\a_

Amr,'1 cher:,
As~land_l1~aJ.

:::;10.... eM".
M'"'r, Real1~nts

P;j,zer
P~lysc' 'mce:3
Hvhm aA Haa'

r.l.Sso'e~yl phth 'ate '.S made D: thf' est. -ifica -,ior :"'eacth'nJf

phthalic anhydride with .:odet J 1. 3. ~ohl):'.

manuractur:ng o~e~ations.

11. Impurities ar Ada~tive~

~peil,:.ix 8 out:.1.ne.s tI':e gen3ral

No data available fro~ the literaturJ sBarched.
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Table 23. Producers of Dilsodecyl Phthalate and Production Ranges
(U.S. EPA, 1980a)

· .~'

Prodl:.cers

Continent2ll Oil Co.
Aberdden, MS'

C•P• Hall Co.
Chicago, IL

Hateo Chemical
fords ~J

Haywood Co.
arown3vllle, rN

Reichhold Chemical
Carteret, NJ

Teknan Apex :0.
Atterbow, MA

Tenneco Ct.3111
Chestertown, Me

(J.S, ;:iteel Corp.
Pittsburg. PA

Type of ?rod~ction

Manufacturer

Manufacturer

Hanu*acturel'"

Manufacturer

Manufacturer

Manufacturer

Manufacturer

r~anuract ure I'"

1977 Productlo~ Range

1 to 10 million Ib

under 1000 Ib

confidential

0.1 - 1.0 million lb

none

1 to 10 ~illion lb

10 to 50 million Ib

10 to 50 million Ib



'2. ~aat~onal Exposure

The National OCCUP'lt ional Hazar-d Survey indicates that 40, 164

workers are potentially expose1 to jilsod~cyl pbthalate.

'j 3. l.o!ltrol Technology

Specific factors that may contribute to or prevent emp10yee

~xposure to dii~ndecy~ phthalte were not f~und n the literature searchea.

a. Animal Stu~ie5

The ..~ut,e lettlal and irrita!lt effects of diisodecyl

phthalate are summarized in Table 24. As incti~dted, the avail~ble data indicates

that this phthalate 15 not highly toxic.

,
~ (

i,
i

Intradermal injection of undiluted dUsodecyl

phthalate (concentration not stated) into mice was non-irritating to the skin,

and did not ~ause histologic damage to the peritoneal organs (Lawrence ~ ~.,

1975). Instillation of undiluted compouna (volume not stated) into the eyes of

rabbits did not result in grossly obse~vable irritation.

(2) Subchronic Exposures

A 14-week feeding study with rat3 and dogs established

a no-effect level of 0.1 g/kg of body weight for both speci~3 (Dewey and Alma,

1968). Liver!;! were mar'lCedl~' he;.vier than thosE' of con':.rols in rats rnainca!.ned on

a d.l.ets, but no histQlcgic;al changes ..ef'8 observed. A sl::'ghtly ele'lawed

liver/body weight ratio lias noted in dogs fed a simila.r concentration of

diisodecyl phthalate, but pa.thological examination of the livers reveale1

swollen and vacuolated hepatocytes. Additional detai,ls or: the experimental

design of this study ard results were not available for review.
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Table 24. Acute Toxicity of Diisodecyl Phthalate

Route

oral

~.. rala

ol'ul

Species

rat

rat

rat

D03e
(g/kg)

29

>6.2

64

Response

All survived

LD50

L~O

Reference

Younger, 1961

Smyth et al., 1962

Shibko and
Blumenthal, 1973

OI'~d rabbit
w t;cc i. p. mouse

inl r'ader'ma I mouse

21.7

>100

undiluted, volume
'1Jt 3tated

mini~um lethal dose

LD50

no dermal or visceral
organ irritation

Younger, 1961

Lawrence et al., 1975

Lawrence et ~!., 1975

oC'llar rabbit undiluted, volume
I'!ot stated

no irritation Lawrence et al., 1975

---------------------------------------------
a
di-(decyl)~~ter tested; isomer not stated

b i.p. = ~ntl~peritoneal



(3) Chronic exposure

Nc information was found in the literature searched.

(4) Caroinogenicity

No information was found in the literature searched.

(5) Mutagenicity

Diisodecyl phthalate did not inhibit the growth of DNA-

repair deficient ~train~ of ~. sUbt11is and ~. £2li, and did not induce reverse

mutations in~. typhimurium or ~. coli (Table 25).

(6) Teratogenicity

Injection of o. 05 ml undiluted diisodecyl phthalate

(O.O~8 g) into the y~lk sacs of 3-jay old developing chicken eggs resulted 1n

marked embryolethal1 ty (63'), but no evidence of gross malformations (Lee

at al., 1974). Teratogenic effects were observed, however, following injection

of 0.05 ~ chick ~inger's solution that was satur~ted with diisodecyl phthlate;

twisting 01" "clubbing" of one or both feet and neuromusculur disorders were the

commonest abnormalities observed in hatched chicKS.

(7) Reproductive Effects

No information was found in the literature searched.

(8) Other Relevant Information

No lnformation was found in the literature searched.

b. Human Studies

(i) Pharmacokinetics

No information was founJ in the literature searched.

(2) Health Effects

NO :~formation wa3 found in the literature searched.

r ~,
\ ,.,)1 Target O~g2n Toxicity

No in[oi'rnation was found in the l:.te:"ature searched.
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Table 25. H~~agenlc ActlvLty of Dllsodecyl Phthalate

Type af
Assay Organism Strain Activation Dose Result Reference

Reverse ~. typhimlli rum TA 100 yes 10 mg/rlate - Kurata, 1915
Mutation

S. typhimur'ium TA 98 yes 10 mg/plate - Kurata, 1975

E. col i wild na ~O mg/plate - Kurata, 1975

E.. cali uvr A- na 10 mg/plate .. Kurat,-_, 19'15

DNA damage/ B. subtilis rec A- na 10 mg/plate -- Kurata, 1975
\D repair0

E. coli uvr A- 10 mg/p13te Kurala, 1975no -

E. coli Pol A- 10 mg/plate Kurata, 1975no -
E. col i rec A- 10 mg/plate Kurata, 1975na -



(~) Epidemiology

No information was found in the literature searched.

15. Ongoing Studies

No information was found in the literature searched.

16. Exposure Standards

Mo information was found in the literature searched.

17. Sources of Additional Relevant Information

Comprehensive reviews of phthalate esters ha"e been completed by

Peak&ll (1975), Daniel (1978), Lawrence (1978), Th~mas !! al. (1978), Lawrence

and Tuell (1979), and the U.S. EPA (1980b).

'8. other Pertinent Data

No information was found in the literature searched.
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G. DIISONONYL PHTHALATE

1. Chemical Nam.: D1130nonyl ?hthalate

3. Syno::~: 1,2 - Benze. ,edicarboxylic acid, diisononyl ester
Phthalic aci 1, d11.30nonyl ester

4. Chemioal i'bstraet Service {CAS) Number: 28553-12-0

5. Registry of Toxic Effects of Chemical Substanoes (RTECS) t:umb..!!::

~ Chemioal and Physical Properties:u.

Descr1ption:

Molecular Weight:

Boiling Point:

Melting Point:

Vapor Pressure:

Solubility

Specific GraVity:

Stability:

7. Production

418.6

combustible

Production of diisononyl phthal~te in 1974 was about 100 million

pounds (Frey, 1976).

Production ran~e3 are not available fr~m the U.S. EPA (1980).

In 1976,3.3 rnUHon poullds were imported (USITC, 1977b).

8. Use

Diisononyl phthalate is used as a ger•.~ral-purpose plasticizer

(Inchalik and Rubin, 1975).

It has a minor use as a dielectri~ fluid in capacitors as a

repl~cement for PCB's (Versar, 1976).
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'980a) :

9. ~ufacturers and Distributors

.~lol1m.rc1al manufacturers inolude (SRI International, 1980 i USI~' . I
•

b;,..on co.. ".
D.3. S:-e~l Corp.

Baton Rouge, LA
Neville Island, PA

1)istrlbutor~ ""\d~de <, 980-81 OPO Chel'\ical Buyers' Directory,

I ~~'1: ~hem. Sources· ., ' 1980) ;

AaLl and c.. ••emica.l
..,r';~~ =~:r"Vtnes

10. ~utactur1ns Proces~e!

D11"ononyl phthalate is made by tnl:l esterL'!cation reaction of

phthalic anhydride wi tn 190nonyl aloohol.

m~~ufacturing operations.

'1. Impur~t1es or Additives

Append1x ::I outlines the seneral

No informat1on was found in the literature searched.

12. Occupatiqnal EXp~s~!~

The National Occupati.,~n'1l Hazard Survey indicates that 1:; ,022

workers are potentiallY exposed to dlisononyl phthalate.

Specific factor:' that lDay contribute to cr prevent employee

exposure to diisononyl phthalate were not found in the literaLure searci,ed.

14. Biological Effects

a. Animal Studies

(1) Acute Exposures

An oral L050 of ,,0 g/kg has been re~orted for rats

(Livingston, 1911). The only symptom noted following administration of single

oral do~es of 5 or 1n g/kg co rats was oily fur.
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(2) Subchronic Exposures

Oral administration of 500 mg/kg/day diisononyl

phtna1ate for 13 weeks caused an increase in liver weights and a slight loss in

body weight gain in rats of both sexes (Livingston, 1971). Doses of 50 mg/kg/day

or 150 mg/kg/day were apparently without effect.

Increased liver weights, decreased body weights, and

histologic cl.anges in the liver, gall bladder, spleen and kidney were induced in

4 dogs by the dietary administration of diisononyl phthalate (Livingston, 1971).

In this experiment, 2~ levels or the compound were fed for 8 weeks; the dose was

subsequently increased to 41 for 9 to 13 weeks. Administration of 0.51 diisonoyl

phthalate in the diet tor 13 weeks caused a liver weisht :_~crease, but 0.1251 of

the compound had no observable toxic effect.

(3) Chronic Exposures

No information was found in the literature searched.

(4) Carcinogenicity

No information was found 1n the literature searched.

(5) Mutagenicity

No information was found in the literature searched.

(6) Teratogenicity

No information was found in the literature searched.

(7) Reproductive Efrect~

No information was found in the literature searched.

(8) Other Relevant Information

No information was found in the literature searched.

b. Human Studies

(1) Pharmacokinetics

No information was found in the literature searched.
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(2) Health Effects

No 1nformat1l'\n was fc'md in the lit,u·atlJ.r~ searched.

(3) Target Organ Toxicity

No information was found in the literature searched.

(4) Ep1do~101ogy

No information \as found in the literature searched.

15. Ongoing Studies

No current toxicological or environmental studies of diisononyl

phthalate were found.

'6. Exposure Standards

No reoommended or pro~ulgated occupational exposure standards for

diisononyl phthalate were found.

17. Souroes of Additional Relevant Infor~at1on

Comprehensive reviews of ptthalate esters have been completed by

Peakall (1975), Daniel (1978), Lawrence (1978), Thomas !! al. (1978), Lawrence

and Tuell (1979), and the U.S. EPA (1980b).

18. Other Pertinent Data

No other information that would aid 1n the assessment or
diisononyl phthalate as an occupational hazard was found in the literature

searched.
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H. DIM!'1'HYL PHTHAU'i'E

,. Chemical Name: DiJllet'lyl Phthalate

2. Chemical Stru~:

o

(jr
u

( C-CCHto C-OCH]
'..,/ " 3o

3. SynonY!3: Avolin
1,2-Benzene dicarboxylic acid, dimethyl ester
Dimethyl l,2-benzene dicarboxylate
Dimethyl benzene orthod1carboxylate
flMP
Methyl phthQld~e

Phthalic .cid. methyi ~ster

4. Chemical Abstracts Service (CAS) Number: 131-1'-3

5. Registry of Toxic Effects of Chemical Substance: (RTECS) Number:
TI157500Q

6. Chemical and Phvsical Properties:

I

\

I
i
I
I

Description:

Molecular Weight:

Boi11ng Point:

Melting Point:

Vapor Pressure:

Solubility:

Specific GraVity:

Stability:

7. Production

colorless, odorless liQuid

194.16

282·C

Q·C-5.5°C

<0.01 mm Hg (20·C); lmm Hg (100.3°C)

0.5 g/100 ml water (20°C);
miscible with alcohol,
ether, chloroform; practically
insoluble in petr~leum ether and
paraffin hydrocarbons

1.192

combustible;
Autoignition telllpel'ature: 1032°F.
Flash point: 300°F

Recent production figures for dimethyl phthalate are as follows

( UST1 C, 1980a , 197 9a , 1978a , , 977a) :
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1979
1978
1977
1976

Production
(1n ml11~ons of pounds)

10.5
9.6
9.9
8.8

Data available from the U.S. EPA (1980a) regard1ng producers 1n

dimethyl ~hthalate and production volumes are presented in Table 26.

8. y.!!

The major use of dimethyl phthalate is as a plasLlcizerj in this

applioation, it is uaed almost entirely for cellulose ester plastics (Frey,

1976). Dimethyl phthalate is a commercially used dye carrier (Wannemacher and

DeMaria, 1979).

Dimethyl phthalate 1s also uaed 1n relatively small amounts as an

insect repellent. It 1s effective as a fly repellent for horses and cows and as a

biting-insect repellent for humans j it can be incorporated into creams or

oombined with other chemicals for military use (Spencer, 1968; Meister, 1976).

Other minor uses of dimethyl phthalate include ~olid rocket propellents,

laoquers, coating C'.gents for polyv1nyl1dene fluoride polYlDers I safety glass,

molding powders, and perfumery (Hawley, 1977; The Merck Index, 1976j Barnhart and

Hall, 1966>'

9. ManUfacturers and Distributors

Dimethyl phthalate is manufactured by the follClw:Lng companies

(SRI International, 1980):

I..

Eastman Kodak (Tennessee Eastman)
Kay-Fries Inc.
Monsant.o
Pfizer
Sybron (Tanatex)
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Table 26. Produoers of Dimethyl Phthalate and Production Ranges
(U.S. EPA, 1980a)

Producer

Carroll Products
Wood River Junction, HI

A. Campbell and Co.
Cleveland, OH

DJ"'lgco Inc.
Totowa, NJ

GAF Corp.
Rensselaer, NY

Kay-tries Chemicals
Stony Point, NY

D.H. Litter and Co.
New York, NY

Monsanto Co.
St. Louis, MO

Pfizer Inc.
Greensboro, NC

Soltex Polymer Corp.
Deer Parle, TX

Sybron Corp.
Lyndhurst, NJ

SynarJlDe Corp.
Np", York, NY

Tennessee Eastl'3an
Kingsport, TN

Type of Production

Importer

Importer

Importer

Manufacturer

Manufacturer

Importer

Manufacturer

Manufactur~r

Importer

Manufacturer

Importer

Manufacturer
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1971 Producticn Range

none

confidential

under 1000 lb

none

confidential

1 t~ 10 thousand lb

1 to 10 million lb

0.1 to 1.0 million Ib

under 1000 lb

0.1 to 1.0 million lb

under 1000 lb

1 to 10 million Ib



The distributors ot dillethyl phthalate include ( , 980-8' ·OPD

Chem1cal Buyers Directory, 1980; Chemical Week: 1981 Buyers' Guide Issue, 1980;

Chemical Sources--USA, 1980):

Alta Prod.
Alcir10h Chem.
Anaohem.1a Chem.
Ashland Chelll.
Atomerlie Chametals
JUt Baker Chem.
Bentley Chem.
9io-Clinic:.al L.ab.
Carroll Products
Chem. Services
CPS Chelll.
Crest Chu.
I)avos Chea.
EM Lab
Electron Mioroscopy Sci. Star,

,o. Manufacturing Prooessea

FaUek Chem.
Fisher Sc1.
GRL ChelD.
Gallard-5chelsinler
Haarmann and Reimer Corp.
LaChat Chem.
LaPine Sci.
Lux Chem.
Mallinahrodt
MCB Realents
Pfaltz and Bauer
Pioneer Salt and Chem.
Polysc1enoes
Sol.chem Ino.
Milton M. ChelD.
Tridom ehem.

The d1alkyl phthala'i;,es, ~.ncluding dimethyl phthalate, are

produced by esterifying phthalic anhydrid· w1th the appropriate alooh~ls 1n the

prasence of ca~alytio amounts of sulfur10 acid. The process is essnntially the

same for alJ the lower aliphatic alcohols, ~. ~ modlficat~ons are necessary only

in the aloohol-recovery and product-purification systems (Lowenheim and Moran,

In the case of dimethyl phthalate, the esterification is done with

phthalic anhydride and methyl alcohol.

Appendix B diagrams the typical process by which all commercial

dialkyl phthalates are made. Plants are designed to allow any of the phthalate

ester5 to be made in the same equipment, giving flexibility to production. While

many plants produce phthalate!! by batch methods, other newer plants operate

continuously and are highly automated (Lowenheim and Moran, 1975).

The production process begins by charging phthalic anhydride and the

appropriate alcohol into a reactor that is actually the still of a ~istillation
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Impurities or Additives

No information was found 1n the literatur-e searched.

column. The reactor is equipped with with an etficient agitator and internal

3team co11s for heating. A ~toichiometric excess of alcohol is normally

'-,til:ized. A 1S solution of concentrated 5ulfuric acid is added as a catalyst.

The reactor is heat(.d to such a temperature that the azeotrope of water and

alcohol distills at the column-head. The distillate is cooled anu separated by

decantation. The alcohol-rich layer is recycled to the column, while the water­

rich layer is either wasted or 3ent to r~covery. When the optimum amount of

water has been removed from the reactor, the residual crUde phthalate (still

bottoms) is discharged to an alkali washer that neutralizes the sulfuric acid

content with sodium carbonate. This neutraliZing operation is followed by a

water-waShing operation. The crud~ phthalate is then stripped in a vacuum col~

to separate the volatile products such as olefins, alcohol, and other impurities.

When economically feasible, the alcohol is recovered !'or reuse. The phthalate

can be further purified by decolorizing with activated charcoal (Lowenheim and

Moran, '975; Sittig, '967).

Manufacture of dimethyl phthalate is usually done by batch

esterification. Benzene is usually introduced into the reactor column to reduce

the p~.!"':.1al pressure of the alcohol; therefore I the distillate is a ternary

mixture of water, alcohol, and benzene; the benzene is separated from the water­

alcohol mixture by decantation. The benzene is recycled to the column, while the

alcohol and water are rectified to recover the alcohol for reuse. (Lowenhei~ and

Moran, 1975).

,,,

12. Occupational Exposure

The National Occupational Hazard Survey indicates that S3, 096

workers are potentially exposed to dimethyl phthalate.
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13. Control Technology ana Work Practices

Specific ractor~ that may contribute to or prevent employee

exposure to dimethyl ptcnalate were not found in the literature searched.

14. Biological Effects

A. Animal Studi83

1. Acute Exposures

The acute lethal and i~ritant effects of dimethyl

phthalate are summarized in Table 27. Pulmonary congestion and atelectasis,

lymphocyte frugmentation in the ~pleen and lymph nodes. and renal tubular

necrosis were ()bserved in mice wi thin 72 hours of inject10n of 1. p. median lethal

doses of di~et~yl phthalate (Karel !l !l., 1947).

Intradermal injection of undiluted dimethyl phthalate

produced irritation, but no histological damage to the peritoneal organs

(Lawrence ~~., 1975). When 0.1 ml (Draize ~ !l., 1944) or 0.5 ml (Carpenter

and Smyth, 1946) undiluted dimethyl phthalate (=0.12 and 0.6 g, respectively)

was instilled into conjunctival sacs of rabbits, mild irritation was observed.

2. Subchronic Exposure

Repeated intr3peritoneal injection (5 days/week for 18

weeks) with dimethyl phthalate produced a progress:.ve decrease in the calculated

L050 value in mice (Lawren'~e et !l.., 1974) j th':l authors suggested that this

represents a cumulative effect. The nearly 3-fold change in the LD50 value is

smaller than that observed for di-2-ethylhexyl phthalate (Lawrence ~ a1..

1914 ).

A Ru~sian report has indicated that daily inhalation (5

hrs/day) of dimethyl phthalate at levels of 0.5 and 2.0 mg/m 3 (=0.06 and 0.25

ppm, respectively) produced nervous system effects, liver effects, and blood

changes in unspecified exp~riLlental animals (Timofievskaya and Aldyrwa, 1972).

'01
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Tabl~ 21. Acute Lethal and Irritant Effects of Dimethyl Phthalate

Route Species Dose Response RefeC'ence
(g/kg)
----

oral rats ==2.86 LOSO Hodge !t; al., 19112

oral rats 6.22 LD50 Dralze et aI., 19:j8

oral mice B.58 LD50 Drahe et !.!., 19Jt8

oral guinea pigs 2.86 LD50 Draize et al., 19118

oral rabbits 5.25 LD50 Draize et aI., 19118

i.p.
a rats 4.02 LD50 Singh !!. al., 1972

Lp. mice 3.6 LD50 Karel ~ 81., 19117

Lp. mice 1.58 LD50 Calley et al., 1966
0
I\) Lp. mice 3.98 LD50 Lawrence et al., 1975

intradermal mice not stated skin irritation Lawrence et al., 1975, but no visceral
i

r
organ irritation

dermal rabbits 11.9 LOSO Ora ize et aI., 19118
f
i ocular rabbi ts 0.1 III undiluted mild irrJtation Draize et a1., 19lflf

(0.12 g)

ocular rabbits 0.5 ml undiluted mild irritation Carpenter and
(0.6 g) Smyth, 19116

ocular rabbi ts not stated no lrritat ton Lawrence at al., 1975
.._-



Dal1y applioation of 11.0 ml/kg (:=11.8 g/kg) dimethyl

phthalat, to the clipped intaot skin of rabbits fo~ 90 days has been reported in

a brief 3U1l111l8.ry to C81,lSe pulmonary edema and slight kidney da'llage, but not

dermatitis (Draize!1 !l" 19118).

(3) Chronic Ex~o~ures

Two-year feeding studies with 8' dimethyl phthalate in

the diet p~oduoed signifioant kidney damage in rats. Administration of the

compound at 4' dietary levels produced a slight reduction in g~owth, While 2~

levels of oampoun", did not result in overt toxiC1 ty (Autian, 1973) • Oroal

administration of 1000 mg/kg/day for 103 weeks has been reported to produce no

significant toxic effects in rats (Lehman, 1955).

Based on 2-year feeding stuJies 1n rats, the FDA has

estimated a no-effect level of 1000 mg/kg/day for dimethyl phthalate In rats

(Sh1bko and Blumenthal, 1973).

(11) Carcinogenicity

No information was found 1n the literature searohed.

(5) Mutagenicity

Rubin !l!l. ~1979) have reported that dimethyl 100,

without metabolic activation, at levels up to 1000 ~g/platei testing in strain TA

100 with activation and in st~ain TA 98 with or without activation was negative.

It was noted in a Russian abstract (Yurchenko, 1977)

that repeated application of dimethyl phthalate to rat skin produced mutag nlc

effects in hepatocytes, but no other details of this study were prOVided.
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(6) Teratogenicity

Intraperitoneal injection of pregnant rats on d~ys 5,

10, and 15 of gestation with dimethyl phthalate at 400 to 1300 mg/kg levels bas

been reported to produce teratogenic eff9cts. Congenital anomalies included

missing tails, missing eyes, and skeletal abnormalities (fused ribb, inco~plete

ribs, and incomplete skulls). At the lowest and highest doses of the ~~~pound

ellbryotox1c effects were also noted (Singh et 8.1., 1972). A slight effect on

implantation was observed 1n rats following intraperitoneal lnject1on~ of 600 to

2400 mg/kg of compound on days 3, 6, and 9 of gestation (Peters and Cook, 1973).

Injection of 0.05 ml (20.0~ g) dimethyl phthalate into

the yolk sacs of 3-day old developing chick eggs resulted 1n marked

ellbryoletbality (69'), but no evidenoe of gross malforoDations (Lee ~!!., 1974).

Teratogenic effects were ob$e~ed, however, following injection of 0.05 ml chick

Rinser's Solution that was saturated with dimethyl phthalate; twisting or

"clubbing" of one or both feet and neuromuscular rtisol"ders were the commonest

abnormalities observed in hatched chicks.

(7) Reproductive Effects

Oral intubatlcn of dimethyl phthalate into r'ats a~ a

level of 1.6 glkglday for 4 days had no p.ffect on testis weight, testis pathology

or urinary excretion 0: zinc (Foster!! !l., 198J).

(8) Other Rele~ant Information

Following oral administration of dimetLyl phthalate to

rats, significant amounts of unchanged compound were detected in the urine (Albro

and Moore, 1974).
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b. Human Studies

(1) Pharmacokinetics

A Russian abstract has indioated that following dermal

application of d~ethyl phthalate to human volunteers, the compound was absorbed

and then rapidly eliminated from the body (Gleiberman!l !1., 1978).

(2) P ~al tn Effects

Repeated inhalation of the vapor of dimethyl phthalate

~ay cause irritation of the nasal mucous membrane and upper respiratory tract.

Prolong~d inhalation may lead to central nervous system depression and eventual

~
;......

para; va1s (Autian, 1973). The compound does not exist in the vapor state I

how-ver, unless heat is applied (ACaIH, 1979).

Use of the compound dermally as an insect repellent has

not been r&ported to produce skin irritation or sensitization; some skin

abso~ption may occur (ACGIH, 1979).

(3) Target Organ Toxicity

No information was found in the literature searched,

(4) Epidemiology

tio inform~tion was found in the literature searched.

15. Qn~oing Studies

No current toxicological or enVironmental studies of di.;;ethyl

phthalate were found.

16. Exrosure Standards

The ACGIH (1981) currently recommends and OSHA (1976) has

promulgated a Time-Weighted AV6!'age (TWA) exposure limit of 5 mg/m3 for

occupa~ional expos~re to dimethyl phthalate; a Short-Term Exposure Limit (STEL)

of 10 mg/m3 ha:' also been recomIn'jnded \)1 the ACGIH.
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17. Souroes of Additional Relevant Information

Comprehensive reviews of phthalate esters have been core~leted by

Peakall (1975), Daniel (1978), Lawrenc~ (1978), Thomas !! ale (1978), Lawrence

and Tuell (i979). and the U.S. EPA (1980b).

18. Other Pertinent Data

No other information that would aid in the assessment of dimethyl

phthalate as an occupational hazard was found 1n the literature searched.
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t=.. DITRIDECYL PHTHALATE

i..'•

"'i!_

1•

2.

3•

4.

5.

6.

Chemical Name: Ditridecyl Phthalate

Chemical Structure:

Synonyms: 1,2-Benzenedicarboxylic acid, dltridecyl ester
DTDP
Phthalic acid, ditrldecyl ester
Polyc1zer 962-BPA
Stanex DTDP
1-Tr1deaanol, phthalate
Truf'lex DTDP

Chemical Abstract Se~vice (CAS) Number: 119-06-2

Registry of Toxic Effects of Chemical Substances (RTECS) Number:
111950000

Chemical and Physical Properties:

7.

Description:

Molecular Weight:

Boil1ng Point:

Melting Point:

Vapor Pressure:

Solubility:

Specific GraVity:

Stability:

?roduction

liquid

530.92

>28Soc at 5 mm Hg

-37°C (pour point)

200. 951 20
combustible;
Fl3Sh point: 460°F

1977a):

Production in recent years is as follows (USITC, 1980a, 1978a,

.1
"i,,

Year

1979
1978
1977
1976
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Production
(in Million Puunds)

27.4

23.3
iO.S



Data avai).•oh frol1l the U.S. EPA (1980a) regarding producers of

ditrideeyl phthalate ~nd ~~oduot1on volumes are presented 1n Table 28.

8. u
-

os--
Citrideoyl is used as a plascieizer in high-temperature wire and

cable (Inchalik and Rubin, 1975; Frey, 1976).

9. Manufacturers and Distributors

Commeroial manufacture~s include (SRI International, 1980; USITC,

1980a):

Exxon Corp. Baton Rouge, LA
Hatco Chemical For-c1a, NJ
Reiohholc1 Chem. Carteret, NJ
Telmor Apex Co. Hebronville, Hi
Tenneco Chemical Chestertown, Me
U.S. Steel Corp. Nev1lle Isla.nd, PA

Other distributors include (~hemioal Week: '981 Buyers' Guide

~, 1980j fh!!-Sourees--USA, 1980):

Ashland Chem.
Chem Services
The C.P. Hall Co.
Hooker Chemical, Rueo Div.
Polysoiences
Union Chem.

10. Manufacturing P~ocess:

Ditridecyl phthalate is made by the esterification reaction of

pthalic anhydride and di tridecyl alcohol.

manUfacturing operations.

". Impurities or Additives

Appendix B outlines the general

No information was found in the literature searched.
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Table 28. Produoers of Ditridecyl Phthalate and Production Ranges
(U •S• EPA, 1980 )

?roducer

Diamond Shamrook
Cleveland, OH

Finetex Ine.
Elmwood Park. NJ

Hatco Chemeal
P'orda ~ NJ

Haywood Co.
Brownsville. TN

Mobil Chemical
Edison, NJ

Re1chhold Chem1cal
Carteret. NJ

Telmon Apex Co.
Atterbow, HA

Tenneco Chemical
Chestertown, MD

u.s. Steel Corp.
Pittsburg. PA

Type of Production

Importer

Manufacturel'"

Manufacturer

Manufacturel'"

Manufacturer

Manufacturl!r

Mal'lufa,<:turer

Manufacturer
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1977 Production Range

none

confjdent1.al

confident1al

v.l to 1.0 Million Ib

10 to laO thousand lb

0.1 to 1.0 m111ion Ib

0.1 to 1.0 m111ion lb

1 to 10 ~il11on Ib

, ~o 10 million Ib
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12. Occupational Exposure

The National Occupational Hazard Survey' indicates that 25,215

workers are potentially exposed to ditridecyl phthalate.

13. Contro: TnohOnolOgy

Specific factors that may contribute to or pr-event employee

exposure to d1tridecyl phthalate were not foun1 in t~e literature searched.

14. Biological Efrects

a. Animal Studies

(1) Acute Exposures

The only tOXicity information fo~ ditridecyl phthalate

tnat was found in the literature searched was reported by Smyth!!!!. (1962).

ThiS data 1s sUIDIDa'l'ized in Table 29.

(2) Subchrontc Exposures

No information was found in the literature searched.

(3) Chronic Exposures

No info.~tion was found in the literature searched.

(4) Caroinogenicity

No information was found 1n the literature searched.

(5) Mutagenicity

No information was found in the literature searched.

(6) Teratogenicity

No information was found in the li~erature searched.

(7) Reproductive Effects

No information was found in the literature searched.

(8) Other Relevant Information

No information was foun1 in the literature searched.
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Table 29. Acute Lethal and Irritant Effects of Ditridecyl Phthalate

Dose
Route Species (g/kg) Response Reference

ora; rat >60.9 LDSO Smyth et al., 1962

dermal rabbit >19 LDSO Smyth et al., 1962

dermal rabbit 0.01 ml, uncovered slight irritation Smyth et al., 1962
("'0.01 g)

oC:Jlar rabbit 0.5 ml (0.48 g) mild corneal necrosis Smyth et al •• 1962



i.,

b. Human Studies

(1) Pharmacokinetics

No information wa3 found 1n the literature searched.

(2) Health effects

No information was found in the literature searched.

(3) Target Organ Toxic~ty

No information was found in the literature searched.

(4) Epidemiology

No information was found in the literature searched.

15. Ongoing Studies

N~ current toxioolog1cal or environmental stUdies of ditr1decyl

phthalate were found.

16. Exposure Standards

No recommended or promulgated occiJpational exposure standards for

ditridecyl phthalate were found.

17. Sources of Additional Rel~~:nrormat1on

Comprehensive reviews of ph'~halate esters have been completed by

Peakall (1975), Daniel (1978), ~awrence (1976), Thomas !l!!. (1978), Lawrence

and Tuell (1979), and the U.S. EPA (1980b).

18. Other Pertinent Data

No other information that would aid in the asse~5ment of

ditridecyl phthalate as an occupational hazard was found in the literature

searched .
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J. DIUNDECYL PHrHAUTE

1. Cheadcal Name: D1undecyl Phthalate

2. Chemical Structure: 0or ~-<l-Cll "23

tVlrr-O-CllH23
o

3. Synonyms: 1,2-Benzene dicarboxylic acid, dlundecyl ester
~hthalic acid, d1undecyl ester
Santicizer 7"

4. Chemical Abstract Serviae (CAS) Number: 3643-20-2

5. of Chemical Substances RTECS) Number:

6. Chemical and Physical Prop!rll!!:

Description:

Molecular We1ght: 424.3

Boiling Point:

Melting Point:

Vapor Pressure:

Solubility:

Specific Gravity:

Stab1lity: combustible

7. Production

Data available from the U.S. EPA (1980a) regarding producprs of

diundecyl phthalate and production volumes are presented below:

Monsanto Co. (Texas City, TX)
Manufacturer

1977 Production: 10 to 50 million lbs.

Tenneco Chem Inc. (Chestertown, MD)
ManUfacturer

:977 Produotion: under 1000 lbs.
8. .!:!!!

Diundecyl phthalate is used as a plasticizer in high-temperature

wire and cable (Inchalik and Rubin, 1975).
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g. M&nufactur~"dD1~~ributors

The manufacturers are listed above in the production section.

Cham Services is a distributor (Chem Sources-wUSA, 1980).

10. Manufacturing Processes

Dlundecyl phthalate is made by the esterification reaction of

phthalic anhydride and diundecyl alcohol.

manufanturlng operations.

11. I~purltles or Additives

Appendix B outlines tho general

No information was found in the literature searched.

12. Occupational Exposure

The National OccupaUonal Hazard Survey indicates that 5,2 14

workers are potentially exposed to dlundecyl phthalate.

13. Control Technology

Specific factors that may contribute to or prevent employee

exposure to diundecyl phthalate were not found in the literature searched.

14. Biological Effects

a. Animal Studies

(1) Acute Exposures

The acute lethal and irritant effects of diundecyl

phthalate are summarized in Table 30.

Monsanto (1975) Exposed male rats to an atmosphere that

was nearly saturated with diundecyl phtbalate vapor heated to 1l19 D C (nom:.nal

vapor concentration of 1.85 mg/l (~'07 ppm). After 4 hours the animals appeared

slightJy ~ethargic, but all rats survived a 6 hour exposure and a subsequent 10

day ob~ervation period.
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Table 30. Acute Lethal and Irritant Effects of Dlundecyl Phthalate

Dose
Route Species (g/kg) Re8ponse Reference

oral rats 15.8 not lethal Monsanto, 1975

inhalation rats 1.85 mgll no otservable effects Monsanto, 1975
(=107 ppm) except lethargy after
6 hours 4 tours

Lp. mice 2.1 0/3 died Nematollahi, et al., 1967

l.p. mice >100 1.D50 Lawrence et !l., 1975
~

VI
intradermal mice undiluted, volume no dermal or ~isceral Lawrence et al., 1975

not stated organ irritation

dermal rabbits 7.9 not lethal Monsanto, 1975

ocular rabbits undiluted, volume slight irritation Monsanto, 1975
not stated (see text)

ocular rabbits undiluted, volume no Irritation Lawrence et al., 1975
not stated

r."~""""· ~ ........~_..._ ....................~~.--_~ ...._ ...-----_•••••
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Intradermal injection of undiluted diundecyl phthalate

(volume ·not stated) into mice was non-irritating to the skin and did not cause

histologic damage to the peritonea~ or~ans (Lawrence !! a~., 1975).

Instillation of undiluted diundecyl phthalate into the

conjunctival sacs of rabbits was reported by one source (Monsantn, 1975) to cause

a slight degree of irritation 1 hour after treatment (maximum score of 4.0 on a

scale of 110.0), but all eyes regained a normal appearance 48 hours af,er dosing.

Lawren~e !!!!. (1975) found that instillation of undiluted compound into the

eyes of rab~its did not result in grossly observable irritation.

(2) SUbchronic Exposures

No information was found in the literature searched.

(3) Chronic Exposures

No information was found in the literature searched.

(4) Carcinogenicity

No information was found in the literature searched.

(5) Mutagenicity

No information was found in the literature searched.

(6) Teratogenicity

No information was found in the literature searched.

(7) Reproductive Effects

No information was found in the literature searched.

(8) Other Relevant Information

No information was found in the literature searched.

b. Human Studies

No information was found in the literature searched.

(1) Pharmacokinetics

No information was found in the literature searched.
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(2) Health Effects

No information was found in the" 11terature searched.

(3) Target Organ Toxioity

No information was found 1n the literature searched.

(4) Epidemiology

No information was fOlmd in the literature searched.

15. Ongoing Studies

No current toxioological or environmental studies of diundecyl

phthalate were found.

16. Exposure Standards

No reoommended or promulgated oocupational exposure standards for

diundecyl phthalate were rou~d.

11. Sources of Additional Relevant !nrorma~

Comprehensive reviews of phthalate esters have been completed by

Peakall (1915), Daniel (1978), Lawrence (1978), Thomas!!!!. (1978), Lawrence

and Tuell (1979), and the U.S. EPA (1980b).

la. Other Pertinent Data

No other information that would aid in the assessment of

dlundecyl phthalate as an occupational hazal"d was found in tha literature

searched.
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K. N-HEXYl. N-DECYL PHTHALATE

1. Chemical Name: Q-Hexyl Q-Decyl Phthalate·

2. Chemical Structure: ~

~CD-(CH2)9CH3

~CO-(CH')5CH3
II ..
o

3. Synonyms: 1,2-Benzened1carboxyllc acid, decyl hexyl ester
Phthalic acid, g-nexyl ~-decyl e~ter

4. Chemical Abstract Service (CAS) Number: 25724-58-7

5. Resistry or Toxic Effect! of-fh!mical Substances (RTECS) Number:

T10'3115000

6. Chemical and Physical Properties:

Descr1pt1:m:

Moleoular Weight:

Boiling Point:

Mel ting Point:

Vapor Pressure:

~olub111ty:

Specific Gravity:

Stability:

7. Product.ion

combustll:l1e

Production in recent years is as follows (USITC, 1979a, 1978a I

1977a):

Production
(in million pounds)

1978
1977
1976

15.5
15.2
19.8

Data available from the U.S. EPA (1980a) regarding producers of

n-hexyl ~-decYl phthalate and production volumes are presented in Table 31.
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Table 31. Producers of n-Hexyl n-Deayl Phthalate and Production Ranges
( U•S• EPA I 1980a )

Producer

Monsanto Co.
Texas City, 'l'X

Relchhold Chemical
Carteret, NJ

Tenneco Chemical
Chestertown, MD

U.s. Steel Corp.
Pittsburgh, PA

T~p~ of Product~on

Manufaoturer

Manufacturer

MaJlufac".urer

Ma.nufac turer
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1977 Production Range

none

none

under 1000 Ib

10 to SO million Ib
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8. Q.!!

n-Hexyl ~-decyl phthalate is used as a plasticizer. Specific

appli~~tions were not encountered.

9. Manufacturers and Distributors

In addition to the manufacturers listed by the U.S. EPA (1980) in

Table 31, USITC (1980a) lists Continental 011 Co. and Teknor Apex Co. as

manufacturers •

. i Chem Sel"vices is a distributor (Chem Sources--U~!, 1980).

10. Manufacturing Processes

n-Hexyl n-decyl phthalate is made by the e~tertf1catlon reactions

of phthalic anhydride with n-hexyl alcohol and ,g-decyl aJ.cohol. Appendix B

describes the general manufacturing operations for dialkyl phthalates; the

operations for n-hexyl n-decyl phthalate may require an extra step as the

phthalic anhydride 1s first reacted with only cne alcohol and then the other.

11. Impurities or Additives

No information was found in the literature searched.

12. Occupational Exposure

The National Occupational Hazard Survey does not provide an

estimate of the number of workers who are potentially exposed to ~-hexyl Q-decyl

phthalate.

13. Control Technology

Specific factors that may ~ontribute to or prevent employee

exposure to Q-hexyl Q-decyl phthalate were not found in the literature searched.

120



14. 81010810al Effects

a. Animal Studies

(1) Aoute Exposures

T~e only toxicity information for ~-hexyl n-decyl

phthalate that was found in the literature searched was reported by Smyth !l !l.

(1969). This data is summarized in Table 32.

(2) SUbchronic Exposures

No information was found 1n the literature searched.

I
\
I,

(3) Chronic Exposures

No 1nformat·ion was found in the 11 terature searched.

'.,-.

~

(4) Carcinogenioity

No information was found 1n the literature searched.

(5) Mutagen1~ity

No information was found in the literature searched.

(6) Teratog~nicity

No information was found in t'~e 11 terature searched.

(7) Reproductive Effects

No information was found in ~he literature searched.

(8) Other Relevant Information

No information was found in the literature searched.

b. Human Studies

No information was found in the literature searched.

(1) Pharmacokinetics

No information was found in the literature searched.

(2) Health Effects

No information was found in the lite.'ature searched.
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Acute Lethal and Irritant Effects of !-Hexyl !-Decyl Phthalatei

f
r

"'

Route

Table 32.

Species Dose Response Reference

oral rat 49.4 mllkg LD50 Smyth et al., 1969

inhalation rat concentrated maximum time for Smyth et al., 1969
vapor J( 8 hrs no death

dermal rabbit >20 mllkg LD50 Smyth et al., 1969
N
N

dermal rabbit 0.01 ml, slight irritation Smyth et al., 1969
uncovered

ocular rabbit 0.5 ml slight corneal Smyth et al., 1969
necrosis



(3) Target Organ Toxicity

No information was found in the literature searched.

(~) Epidemiology

No information was found in the literatyre searched.

15. Ongoing Studies

No current toxicological or environmental studies of ~-hexyl

n-deoyl phthalate were found.

16. Exposure Standards

No recommended or promulgated occupational exposure standards for

n-hexyl n-deoyl phthalate were found.

17. Sources of Additional Relevant Information

Comprehensive reviews of phthalate esters have been c~mpleted by

Peakall (1975), Daniel (1978), Lawrence (1978), Thomas!l ale (1978), Lawrence

and Tuell (1979). and the U.S. EPA (1980b).

18. Other Pertinent Data

No other information that would aid in ,he assessment or ~-hexyl

n-decyl phthalate as arl occupational hazard was found in the literature searched.
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t,. MIXED DIALKYL (C7 to c,,) PHTHALATES

,. Chemical Name: Mlx&\.' Dlalkyl (C
1

to C,,) Phthalate:!!

2. Chemical Structure: a
II

0 ,C-O-R where R \la_'ies from
C,H15 through C11HZ3

C-O-R
II
o

3. Synonyms: Phthalic acid, dialkyl esters

4. Chemical Abstract Servioe (CAS) Number:

~.

Dialkyl phthalate esters C7-C9:

Dialkyl phthalmte esters C7-C,,:

Dlalkyl phthalate esters Cg-C,,:

Dialkyl pht~~late esters C7 :

Dialkyl ~'hthalate esters Cg:

Registry of ;oxic Effects of Chemical

Not listed

68515-41-3

685)5~2-14

685 '5-43-5

68515-44-6

685'5-45-7
Substances (RTECS) Number:

6. Chemical and Physioal Properties:

Description:

Moleoular Weight:

Boiling Point:

Melting Point:

Vapor Pressure:

Solubility:

Speoific Gravity:

Stability:

7. Production

variable

combustible

Data available from the U.S. EPA (1980a) regarding producers of

mixed dialkyl phtha:ates and production volumes are presented in Table 33.

In '977, an estimated 330 million pounds of mixed linear

phthalates based on C7-C" and C6-C'0 alcohols were manufactured (Frey, 1976).
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Table 33. Producers of Mixed Dialkyl Phthalates
and Production Ranges (U.S. EPA, 19808)

Producer Type of Production 1977 Production Range

Monsanto Co. Manufacturer for CAS No. 68515-41-3
Texas City, TX 50 to 109 million lb

Monsanto Co. Manufacturer for CAS No. 68515-42-4
Texas City, TX 50 to 100 million lb

Monsanto Co. Manufacturer for CAS No. 68515-43-5
Texas City, TX 10 to 50 million lb

Monsanto Co. Manufacturel" for CAS No. 68515-44-6
Texas City, TX 10 to 50 million Ib

Monsanto Co. Manufacturel" for CAS No. 68515-45-7
Texas City, TX 10 to 50 million lb
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8. !l!!

Mixed dialkyl phthalates are heavily used as plasticizers for

llutomot1ve vinyls. They are also used for other' calendered and extruded products

and are widely used in dispersion coatings (Frey, 1976).

9. Manufacturers and Distributors

From Table 33, Monsanto can be identified as the primary

commercial manufacturer. Monsanto's product is mainly based on C7 , C9, and e"

alcohols. Continental 011 Co. also ~akes mixed dialkyl phthalates, but from C6 ,

Ca , and C,c alcohols (Frey, '976).

'0. Manufacturing Processes

Mixed dialkyl phthalates are made by the esterification reaction

of phthalic anhydride with a proprietary mixture of C7 to C" or C6 to e,c

alcohols. Appendix B outlines the general manufacturing operations.

". Impurities or Additives

No information was found in the literature searched.

12. Occupational Exposure

The National Occupational Hazard Survey does not provide an

estimate of the number of workers who are potentially exposed to mixed dialkyl

(C7-C'1) phthalate.

13. Control Technolosy

Specific factors that may contribute to or prevent employee

exposure to mixed dialkyl phthalates were not found in the literature searched.

14. 81010gical Effects

a. Animal Studies

(1) Acute Ex~osures

The acute lethal and irritant effects of mixed dialkyl

(C7 to C,,) phthalates are summarized in Table 34. These phthalate mixtures have

a
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Table 34. Acute Lethal and Irritant Effects of Mixed Dlalkyl (C
7

- C
ll

) Phthalatesa

Mixture Route Species Dose Respans'" Reference

l
t C

1
-C

9
oral rat >70-80 1811kg LD50 ~:lizaro~a, 1961

j
C1-C

9
oral rat 20 g/kg no deaths Gaunt !1 al., 1968t

~ C1-C9
oral rat 19.3 g/kg no deaths Brown !1 .!!., 1970

I • C7-C9
oral mouse >1111 ml/kg LD50 El1zarova, 1961

C7-C
9

oral mouse 20 g/kg no deaths Gaunt .!l al., 1968

! C7-C
9

or", ... mouse 19.3 g/kg no deaths Brown 8t al., 1910

C7-C9
Lp. rat 20 g/kg no deaths Gaunt 8t 81., 1968

C
7

-G
9

Lp. mouse 20 g/kg no deaths Gaunt et .!!., 1968
l
t C

7
-G

9
s.c. guinea pig O.lS (volume not no sensitization, Brown et al., 1970

~ stated), 3 days/week but sOlBe primaryN
~ -J for 3 weeks followed irritation~

l by challenge 10 days,,
later;:'

t
t-

O.lS (volume not[ C
7

-C9
dermal guinea pig no sensitization Brown et a1., 1970

stated), 3 days/week

f
for 3 weeks followed
by challenge 10 days

~ later

C
7

-C9
dermal rabbit 1.0 181, 6 hrs/day for no irri tation Brown et al., 1970

3 days, covered

C
1

-C
9

ocular rabbit 0.1 1111 no irritation Brown 8t a1., 1970
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Table 3~. Acut~ Lethal and Irritant Effects of Mixed Dialkyl (e7 - C
11

) Phthalates (Cont'd)

I
I

.,

I\)
D

Mixture

Cg , C.~
IU

Ca' C10

Ca, C,O

Ca' ClO

C8 ' ClO

C
7

, C
9

, C
11

C
9

-C
ll

C9-C 11

C9-C11

C
9

-C
11

C
9

-C 11

Route

oral

inhalation

dermal

dermal

ocular

oral

oral

oral

s.C.

dermal

ocular'

Species

rat

rat

rabbit

rabbit

rabbi t

rat

rat

mouse

guinea pig

guinea pig

rabbit

Dose

115.2 mIlkg

concentrated vapor
for 8 hours

>20 mllkg

0.01 ml

0.5 ml

20 g/kg

19.7 g/kg

19.7 g/kg

O.lS (volume not
stated). 3 days/wk
for 3 weeks followed
by challenge 10 days
later

O.lS (volume not
stated), 3 days/wk
for 3 weeks followed
by challenge 10 days
later

0.1 ml

Response

LD50

maximum time for
no death

LD50

slight irritation

slight corneal
necrosis

no effect

no deaths

no deaths

no sensitization,
but some primary
irritation

no sensitization

no irritation

Reference

Smyth et al., 1969--. -
Smyth et al., 1969

Smyth et al., 1969

Smyth et al •• 1969

Smyth et al •• 1969

Birch. 1969

Brown et al., 1970

Brown et al., 1970

Brown et al •• 1970

Brown et al., 1970

Brown 6t al., 1970

a", !Iexyl .!!-decyl phthalate addressed in a separate profile.



very low order of toxicity; signs of intoxication in rats and mice following oral

and i.p. administration of high concentrations of C7 to Cg dialkyl phthalates

included diarrhea and wet hair (Gaunt et al., '968; Brown ~ !l., 1970).

These phthalates are non-irritating to the skin and eyes of

rabbits. Repeated subcutaneous injection (Table 34) did result in some primary

irritation at the sight of injection in guinea pigs, but subcutaneous and dermal

administration did not sensitize guinea pigs (Brown !! al., 1970).

(2) Subchronic Exposures

Oral administration of mixtures of phthalate esters

(5 Ml/kg) containins 7 to 9 and 9 to l' carbon atoms to rats (S/sex/group) for 7

consecutive days did not result in overt signs of toxicity other than "general

depression" (Brown ~ !l., 1970). Histological examinations following sacrifice

on the eighth day revealed periportal cytoplasmic vacuolation in the livers of

some of the rats.

When dialkyl 79 phthalate (C
7

to Cg mixture) was fed to

rats at dietary levels of 0, 0. 125, 0.5, and 1.01 for go days, significant growth

retardation was observed in males fed at 1.0~, and a slight anemia was found at

all but the lowest level of feeding (Gaunt!! !l., 1968). Test groups consisted

of 15 Male and 15 female weanling rats. Kidney and liver weights were elevated

in both sexes at the 0.5 and 1.0~ dose levels. Male rats on the 1.0% diet also

failed to concentrate the urine prope~ly, and showed renal casts and an increased

nWlber of cells in the urine. No gross changes were seen at autopsy and

histological examination showed only an increase of hemosiderin in the spleen at

the highest level (1.0S) in both sexes.

It was indicated in an abstract by Levinskas !!. ale

('975) that inhalation of dl(C7C9C,,-alkYl)phthalate at a level of 5 or 20 mg/m3 ,
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5 hours a day tor a total of 130 days over a 6 month period, was not toxic to

monkeys, rats or guinea pigs of either sex. Although si~es of the test groups

and additional experimental design information (ur results) were not pUblished,

it was noted that no treatment related death3 occurred among any of the tested

animals.

In a skin irritation study, Brown !i ale (1970) applied

C7 to Cg and C9 to ell dialkyl phthalate ~ixtures to the uncovered back skin of

rabbits (1 ml/day) and gUinea pigs (0.5 ml/day) for 5 days per week for 3 weeks.

A daily visual assessment of gross skin damage ~as made, and on the day after the

15th application of test material blocks of skin were removed for histopathologic

examination. Results showed that both phthalate mixtures did not irritate the

skins of rabbits, and that in guinea pigs, the unc~ver~~ exposures caused slight

epidermal thickening and some sloughing of the surface layers of the epidermis.

(3) Chronic Exposures

No information was found in th~ literature s~arched.

(4) Carcinogenicity

No information was found 1n the Hterature searched.

(5) Mutagenicity

Di-.!!-octyl-Q-decy1 phthalate (Cs' C10) reportedly did

not inhibit the growth of DNA-repair deficient strains of .§.. subtil1s and

f. ~, and did not induce reverse mutation in ~. coli (Table 35).

(6) Teratogenicit:-

No information was found in the literature searched.

(7) Reproductive Effects

No information was found in the literature sear~hed.

(S) Other Relevant Information

No information was found in the literature searched.
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Table 35. HUtasenlo Actiwlt, or DI-n.oct,l-nDeo,1 Phta.late

Type of h:say Ol'lldnl:s. Strain Activation Boa. Reault R.r.rencll

------
--~---~-

ftev~rse 18ulalion ~. c"ll wild 00 ]0 .'plate - (urata, 1915

t:. CQIt uvrl no 30 "'plate - Curata, 1915

!lilA dd",a~"fr·"palr ~. slIblllu:s rec t - )0 .'plate - ~urat•• 1915no

~.~ ".rA- ]0 .'plau - lurata, 1975no

E. coll Pol A- ]0 .'plate - !'~r.t•• 1915no

~. ££!! reoA -
)0 "'plat.. luO'ata, 1915no -

- -- -- - - --- --- -------



b. Human Studies

No information was found 1n the l1teI'ature searched.

(1) Pharmaookinetics

No information was found 1n the literature searched.

(2) Health Effects

No intormation was found 1n the literature searched.

(3) Target Organ Toxicity

No information was found in the literature searched.

(4) Epidemiology

No information was found in the literature searched.

15. Ongo1ms Studies

No current toxicological or environmental studies of mixed

dialkyl (C7 to c,,) phthalates were found.

16. Exposure Standards

No recommended or promul~ated occupational exposure standards for

mixed dialkyl (C7 to C,,> phthalates were found.

17. Sources of Additional Relevant Information

Comprehensive reviews of phthalate esters have been completed by

Peakall (1975), Daniel (1973), Lawrence (1978), Thomas et al. (1978), Lawrence

and Tuell (1979), and the U.S. EPA (1980b).

18. Other Pertinent Data

No other information that would aid in the assessment of mixed

dialkyl (C
7

to C11 ) phthalates as an occupational hazard was found in the

literature searched.
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Appendix J.--Phthalates

The. following list includes all of ~he phthalates considered un~er the class

1
I
1

definition. The compound, 1n the l:!.~t were identified primarlly from the

following souroes: U.S ~PA TSCA Ust and U.S. EPA (1980a), SRI Internattonal

(1980), USITC (1980a, 1980b), Haw:.ey (.917), Chem SCiUrOe!~, (1980), and the

K1rk-Qthmer Enoyclopedia of ~hemioal Technology.

CAS numbers are given, where available, as these types of organic compounds

may be knewn by a variety of synon~.

.~.

-.
.~

~-"

Compound

I:Iar1W1l phtbalate
E"nzy1 alkyl 'm:Lxed) phtbalates
Bis(1,3-dtmethylbutyl) phthalate
B~s(2,3-epo~ropyl) phthalate
L\~(Z-(2-~thoxyethoxy»)ethylphthalate
~ls(2-ethoxyethyl) phthalate
~i~(2-ethylbutyl) phthalate
~j,S (2-hydrox1ethyl) phthalate
Bts(S-methylnonyl) phthalate
B:Jt.yl be.l~YJ. phthalate
P-,Jtyl carbobutoxymethyl phthalate
Butyl cyclohexJl phthalate
eutyl deeyl pbtbalate
Butyl iJodecyl phthalate
a~cyl isohexyl phthalate
Butyl 8 ~ethylheptyl phthal~te

!lulvl octyl phthalate
But~"J. oetyl phthalate

Calcil~ phthalate
Calc:,!.L.' phthalate
Copper phthalate
Cyclic hexamethylene pht.halate
Cyclic oxyd1ethylene phthalate

Decyl hexyl phthalate
Oeeyl pentyl phthalate
DiallYl phthalate
Dibenzyl phthalate
Di-n-butyl phthalate
D1Capryl phthalate
D1(2-butoxyethyl) phthalate
Dicyclohexyl phthalate
Didecyl phthalate
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CAS Naber

15656-86-7
68515-40-2

811-63-9
7195··45-1

117-85-1
605-54-9

7299-89-0
811-73-1
89-16-7
85-68-1
85-70-1
84-64-0
89-19-0

42343-36-2
89·14-5
89-18-9
84-78-6
85-69-8

5193-85-1
5793-86-2

Not readily accessible
16709-50-5
13988-26-6

25124-58-1
7493-81-4

131-17-9
523-31-9

84-74-2
131-15-7
"7-83-9
84-61-7
84-77-5



Didodecyl phthalate
Diethyl phthalate
Di-2-etbylhexyl phthalate
Diheptyl phthalat~

Dihexyl pbthalate
Dilsobutyl phthalate
Dilsodecyl phthalate
Dilsohexyl phthalate
Diisononyl phthalate
Dilsooctyl phthalate
Dl1sopentyl phthalate
Diisopropyl phthalate
Dimethoxyethyl phthalate
Dimethyl phthalate
D1nonyl phthalate
D1-n-octyl pthalate
DiectadecYl phthalate
Dlpentyl phthalate
Diphenyl phthalate
Dlpropyl phthalate
Dlsodlum phthalate
Dltridecyl phthalate
Dlundeeyl phthalate

Ethyl carbethoxymethyl phthalate
Ethylene dimethyl phthalate
2-Ethylhexyl 8-methylnonyl phthalate

Hexyl lsodecyl phthalate
Hexyl lsooetyl phthalate
Hexyl seo-oetyl phthalate
n-Hexyl n-ootyl ~-decyl phthalate

Isobutyl 6-methylheptyl phthalate
Isobutil 8-methylnonyl phthalate
Isodecyl oetyl phthalate
Isodecyl tridecyl phthalate
!sooctyl benzyl phthalate
Isooctyl isodecyl phthalate
Isooctyl tr1decfl phthalate

Lead phthalate

Magnesium dihydrate phthalate
5-Methylheptyl 8-methylnonyl phthalate
6-MethYlheptyl 8-methylnonyl phthalate
Mixed alkyl (C7 to e'1) phthalates
Mixed alkyl (Cg to e'l) phthalates
Mixed dialkyl ~C7 to Cg) phthalates
Mixed d1alkyl (C7 to e,,) phthalates
Mixed dialkyl (Cg to C11 ) phthalates
Mixed dialkyl (C

7
) phthalates

Mixed dialkyl (Cq ) phthalates
Monobutyl phthalate

2432-90-8
84-66-2

117-81 -7
3648-21-3

84-75-3
84-69-5

26761-40-0
146-50-9

28553-12-0
27554-26-3

605-50-5
605-45-8
117-82-8
131-11-3
84-76-4

, 17-8!i-o
'4117-95-5

131-18-0
84-62-8

'31-16-8 .
15968-01-1

119-06-2
36118-20-2

84-72-0
2055-00-7

89-13-4

61702-8'-6
Not readily aooessible

29590-41-8
Not readily aooessible

89-'1-2
89-12-3

1330-96-7
61886-60.0

Not readily accessible
42343-35-1

Not readily accessible

6838-85-3

6'50-90-9
89-15-6

" 9-05-'
68648-9'-9
68648-92-0
68515-41-3
68515-42-4
68515-43-5
68515-44-6
68515-45-7

13'-70-4



Monodeoyl phthalate
Mono{d1methylcyclohexyl) phalates
Hono(1-8thyl-l-methyl-2-propynl) phthalate
Hono{1-ethyl-l-methyl-2-propynl) phthalate, sodiWD salt
Mono[2-(2-hydroxyetbyoxy)ethylJ phthalate
Honopctass1um phthalate
Honosodium phthalate

n-octyl n-decyl phthalate
Qxyd1ethylene phthalate
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24539-60-11
1322-94-7

131-61-9
16509-28-7
2202-98-4

877-24-7
827-27-0

119-07-3
7447-67-8
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