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1. SCOPE OF DOCUMENT AND SUMMARY OF MAJOR FINDINGS

A. CLASS IDENTIFICATION

Phthalates are a ¢lass of chemical c¢oampounds characterized by the

following, chemical structure: 8
C-0-R

C—D-Rl
I

0

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

considered in this class definition are composed solely of carbon, 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. CHEMICALS TO BE ADDRESSED

Individual profiles have been prepared for the following phthalates:

Butyl benzyl phthalate
Diallyl phthalate
Di-n-butyl phthalate
Di-2-ethylhexyl phthalate
Diethyl phthalate
Diisodecyl phthalate
Diisononyl phthalate
Dimethyl phthalate
Ditridecyl phthalate
Diundecyl phthalate
n-Hexyl n-decyl phthalate
Mixed dialkyl (C7-C11) 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 i3 not primarily used as a plasticizer.
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Colleantively, the above phthalate accourt for roughly 95% of the total volume
{(1.29 billion pounds) of all phthalates annually produced in the United States.
€. SUMMARY OF BIOLOGICAL ACTIVITY

A vast amount of information concerning the biological affects of
phthalates in animals has been generated 1in recent years. Most of the
investigators have centered on the effects of ex.osure to diallyl, di-n-butyl,
diethyl, di-2-ethylhexyl, dimethyl, and butyl benzyl phthalates, but limited
toxlcity data is available for the diisodecyl, diisonenyl, ditridecyl,
diundecyl, n-hexyl-n-deeyl, and mixed diallkyl (:7-C11) compounds. Although it
is apparent that the biological effects of many of the profiled phthalates need
to be clarified in specific areas, the currently available information does not
suggest that any membar of the phthalate ester series considered hers produced
unique toxicological effects.

The phthalatas have a very low order of acute toxicity; rodent oral
LD5C values genarally range from approximately 4 g/kg ({(butyl benzyl and
di-n-butyl phthalates) to >50 mg/kg (diisodecyl znd n-hexyl-n-decyl phthalates).
Diallyl phthalate is the most acutely toxiec of tlie phthalate esters considered in
these profiles (rat oral LD50's range from 0.77 to 0.%7 g/kg). Histological
damage to the lungs, liver and kidneys has been associated with acute oral and/or
intraperitoneal exposure to diallyl, di-p-butyl, di-2-ethylhexyl, diethyl, and
dimethyl phthalates. Intradermal and/or topical application and ocular
instillation of many of the profiled phthalates resulted in slight skin and eye
irritat.con.

Liver and/or kidney effects appear to be the primary result of repeated
oral axposure to many of the esters (butyl benzyl, diallyl, di-n-dutyl,

di-2-ethylhexyl, diethyl, diisoncmyl, dimethyl, and mixed dialkyl C, to

7 i
phthalates}, NCI carcinogenicity bioassays have shown that butyl benzyl and
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di-2-ethylhexyl phthalate can induce development of, respectively, leukemia
{rats) and hepatocellular carcinomas {(mice). Many of the profiled phthalates
were tested for mutagenicity in bacteria (particularly Ames and rec 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-n-butyl,
di-2-athylhexyl, and dimethyl phthalates indicate that these compounds produce
embryotoxic effects, skeletal abnormalities, and some gross malformations at
high levels of administration. Butyl benzyl, di-n-butyl, and di-2-ethylhexyl
phthalatas have further been reported to produce testicular effects.

There is a paucity of information on the effects of phthalats exposure
in lwumans. Ingestion of di-n-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
transfused blood that was stored in polyvinyl chloride bags tha contained
resldual di-2-ethylhexyl phthalate, Worker exposure to a mixture of phthalate
esters in production vapors has been reported to produce neurological effects,
but it is not known 1If one or more of the phthalates are responsible.
Epidemiological studies of di-2-ethylhexyl phthalate showed no adverse health
effects attiributable to eiposure, but human exposure to heated vapors of diethyl

phthalate may produce transient mucous membrane irritaticn.
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II. DATA FOR COMMERCIALLY IMPORTANT CHEMICALS NOT INDIVIDUALLY PROFILED

Other phthalate compounds that have some commerical importance are pre-
sented in Tables t-4; these compounds were not tréated in individual profliles.
Table 1 lists syncnyms, CAS numbers, RTECS numbers, and chemical structures;
Table 2 presents chemical and physical properties; Table 3 lists production
volumes and uses, and summarizes manufacturing processes; and Table U4 1lists

manufacturers.
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Table 1.

Compounds in Phthalate Claas

Compound and 3ynonyms

CAS Number

RTECS li-mber

Chemical Structure

Barium phthalate
Phthalic acid, barium salt

15656-86-7

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

68515-40-2

Butyl carbobutoxymethyl phthalate
Butoxycarbonylmethyl buuyl
ester, phthalic acid
Fhthalie acid, butyl ester,
ester with butyl glycolate
Phthalie acid, butoxyecarbonylmethyl
butyl ester
1,2-Benzenedicarboxylic acid,
2-butyoxy-2-coxoethyl butyl ester

85-70-1

T10525000

BulLyl cyclohexyl phthalate
Phthalic acid, butyl cyclohexyl
ester
1,2-Benzenedicarboxyliz acid,
butyl cyclohexyl este:

84-64-0

Butyl decyl phihalate
Phthalic acid, butyi decyl ester
Plasticizer DBP
PX114
Decyl butyl phthalate
Benzenedicarboxylic acid,
butyl decyi ester

89-19-0

TI052T000




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

Compound and Synonyms CAS Number

RTECS Number Chemical Structure

Butyl octyl phthalate 85-69-8
Butylethylhexyl phthalate
Phthalic acid, butyl octyl ester
1,2-Benzenecarboxylic acid, butyl
2-ethylhexyl ester

Di(2-butoxyethyl) phthalate 117-83-9

Phthalic acid,
bis{2-butoxyethyl)ester

Bis(2-butoxyethyl) phthalate

beta-Butoxyethyl phthalate

Butyl ‘'Cellosolve' phthalate

Butyl glycol phthalate

Dibutyl 'Cellosolve' phthalate

Dibutyl glycol pathalate

Ethanol, 2-butoxy-, phthalate (2:1)

Kesscoflex

Kronisol

Benzenedicarboxylic acid,
bis(2-butyoxyethyl) ester

TID175000

Dicapryl phthalate 131-16-7

bis{2-Octyl)phthalate

1,2-Benzenedicarboxylic acid,
bis{1-methylheptyllester

Dicapryl 1,2-benzene dicarboxylate

Monoplex DCF

Phithalic acid, dicapryl ester

Phthalic acid,
bis{1-methylheptyl)ester

T10360000

Dicyclohexyl phthalate B8Y-61-7
Phthalic acid dicyclohexyl ester
1,2-Benzenedicarboxylic acid,

dicyclohexyl ester




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

Compound and Synonyms CAS Number

RTECS Number

Chemical Structure

Didecyl phthalate 54-77-5
Phthalic acid, dedecyl ester
Di-n-decyl phthalate
1,2-Benzenedicarboxylic acld,
didecyl ester
DDP

TIG900000

Didodecyl phthalate 2432-90-8
Phthalic acid, didodecyl ester
1,2-Benzenedizarboxylic acid,

diddodecyl ester

Diheptyl phthalate 3648-21-3
Phthalic acid, diheptyl eser
1,2-Benzenedicarboxylic acid,

diheptyl ester

Dihexyl phthalate 8H-75-3
Phthalic acid, dihexyl ester
1,2-Benzenedicarboxylic acid,

dihexyl ester

TI1100000

Diisobutyl phthalate 84-69-5
Phthalic acid, diisacbutyl ester
Hexaplas M/1B
1,2-Bengenedicarboxylic acid,
bis(2-metaylpropyllester

TI1225000

Diisohexyl phthalate 146-50-9
Phthalic aciJd, diisohexyl ester
1,2-Benzenedicarboxylic acid,

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

Compcund and Synonyms

CAS Kumber RTECS Number

Chemical Structure

Diisooctyl phthalate 27954-26-3
Phthalic acid, diisoctyl ester
1,2-Benzenedicarboxylic acid,

diisnoctyl ester

Dimethoxyethyl phthalate i17-82-8
Phthalic acid, di({methoxyethyllester
1,2~Benzenedicarboxylic,

bis(2-methoxyethyl)ester

T11400000

Dinonyl phthalate 8u-76-4
Dinonyl ester phthalic acid
Biacflex 91
Dinonyl 1,2-benzenedicarboxylate
Di-n-nonyl phthalate
Benzenedicarboxylle acid, dinonyl ester

T11800000

Diccetadecyl phthalate 14117-96-5
Phthalic acid, dioctadecyl ester
1,2-Benzenecarboxylic acid,

dioctadecyl ester

Di-n-cctyl phthalate 117-84-0
Dioctyl ester phthaliec acid
o-Benzenedicarboxylic acid,

dioctyl eater
Celluflex DOP
Digctyl o-benzenedicarboxylate
Dioctyl phthalate
n-Dioctyl phthalate
Octyl phthalate
Plasticizer 162; PX-138

TI1925000
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Table 1. Compounds in Phthalate Clasa (Coni'd)
Compound and Synonyms CAS Number RTEGS Number Chemical Structure
Diphenyl phthalate 84_-62-8 _—
Phthalic acid, diphenyl ester
1,2-Benzenedicarboxylic acid,
diphenyl ester
Isodecyl octyl phthalate 1330-96-7 —_—

Phthalic acid, idodecyl cctyl ester
1,2-Benzenedicarboxvlic acid,
igodecyl octyl ester

Isooctyl benzyl phthalate
1,2-Benzenedicarboxylic acid,
isooctyl benzyl ester

Isooctyl isodecyl phthalate
Phthaiic acid, isocetyl
isodecyl ester
1,2-Benzenedicarboxylic acid,
isodecyl isooctyl ester

52343-35-1

Lead Phthalate, dibasic
Phthalic acid, lead salt, dibasic

17975-U3-1

2Pb0-Pb(02C)2C6Hu-1f2H

20

Mixed alkyl (C,,-C1 } phthalates
Phthalic acid, kyl esters (C7-C

11

686u48-91-9

Monobutyl phthalace
1,2-Benzenedicarboxylic acid,
monobutyl ester

131-70-4
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Tab'e 1. Compounds in Phthalate Class (Cont'd)

Compounu and Synonyms CA3 Number RTECS Number Chemical Structure

Monodecyl phthalate 2h529-60-Y4 _—
1,2-Benzenedicarboxylic acid,
monodecyl ester

Moncpotassium phthalate 877-24-7 —_—
1.7-Benzenedicarboxylic acid,
mo:opotassium salt

n-Octyl n-d=cyl phthalate 113-07-3 TI0550000
Phthalic aci?, n-octyl n-decyl ester
1,2-Benzenedicarboxylic acid,
decyl octyl ester
Decyl octyl phthialate
Dinopol 235
Octyl decyl phthalate
Polycizer 532
Polycizer 562
Staflex 500

Cl




©pi RiNE B

Li

Compound

Bariuwe phthalate

Henzyl alwyl {mlxed)
phthalates

Butyl carbobutoxy melhyl
phthalate

pulvl cyclohexyl phlihalate

Hutyl decyl phthslate
Butyl octyl phthalale
pi(2-butoxyethyl) phthalate

Dicapryl phthalate

Dicyclohexyl phthalate

Dldecyl phthalate

Didadecyl phthalate
Bineplyl phithalate
Dihexyl phthalale
Diisobutyl phthalatas

Dilsohexyl) ghthalale

Chemical and Physical Properties

Table 2. FPnthalate Compounds:
Bo1ling Melting
Point Polat Vapor Water Specific Molecular
Description {°c) (*c) Preasurs SolublljLy Gravity Walght
- - - -— - -— 301 .4
- --- ——- -—— -—- -—- variable
- - -—- -— — - 320.37
clear liquld 189-222 - —— -— 1.076 (25°C) 04 .4
(5 me lg)
1iquid 220 (5 wm Hg) -50 - —— 0.99 {(25°C) 352.46
wakter-uhite liguid 225 (% ma lg) <-50 L —- 0.993 (25%C) KELALL]
colorless iiguid 270 -55 -— ——— 1.06 (20°C) 366.50
nearly coloriess, 227-234 -—- - insol. 0.965 390.62
viacous liguid (4.5 mm fig)
white granular solid 212-218 SA-6% -— insol, 1. 148 (20°C) 330.4
(5 am Hg)
light colored liquid 261 (5 am HE) -— 0.3 = Hg tnaol. 0.9675 {(20°C) 44p 66
{200=C)
- — —— _— - - 498 .74
_— —- —— -— -—-- —— 362.6
pale yellow liguid 356 (739 wm lig) -——- -——- -— 1.01 35..50
liquid 327 — [— —— 1.040 (28°C) 278 .38
—— _— _— 334.50

n e A g B
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Table 2. Phtha'ate Compounds:

Chealoal and Physicsl Properties (Cont'd)

Bolling Melting
Potnt Point Vapor Water Specifio Holedular
Coapound Deycription {("C) (*°C) Fressurs Solubllity Gravity Meigne
Dilsooctyl phithalats nearly colorless, 370 <-50 - insol. 0.986 (20°C) 3%0.62
viscous ilquid
Dimethoxyelhyl phthalate olly liquid 340 -45 —_— - 1.172 (20=C) 282,32
uvinonyl phthalate coloirluss liquid 205-220 —_— —_— —_— 0.979 (25°C) N16.60
1 omm lg)
Dloctadecyl phthalate - - -—- - — -— BTV. 10
Pi-n-oclyl phthalate liquid 220-248 =25 0.2 torr 3 mg/l 0.978 (20°C) 390.62
(4 am Hg) (150°c) i25%C)
Diphenyl phthalate yellow-white powder uos 63-80 -— insol, 1.28 (20°C} 318.5
lusodecyl octyl phthalate - ——= - _— -— ——— N18.61
Iscoctyl benzyl phthalate -—- -—— -— —_— -— - 380.47
Isaoctyl laodecyl phthalate clear liquid 235-244 ~-h4 -— — 0.956T7 {(25°C) N8 6
(4 mm Hg)
Lead phthalate (dibasic) white crystalline powder -— — —— insol. 4.6 826. 87
Mixed Alkyl (C?_c") - - — —_— — -- variable
phthalates
Monobutyl phthalate salid -— T3-T4 - - -— 222.24
Monodecyl phthalate - - —— - - -— 305.35
Hunopotassium phthalate -—- -— [ —-——— —— - 204 .21
clear, oily liquid 250 (5 mm Hg) -28 - - 0.970 (29°C) 418.68

n-Uckyl n-decyl phthalate
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Table 3. Iron Compauwnda:

Production, Use, and Manufsaturing Methods

Compound

Piroduction

Manufacturing Methods

Barium phthalate

Benzy) alkyl {mixed) phthalates

Butyl carbobutoxy methyl
ghthalate

Butyl cyclohaxyl phihalale

Butyl Jecyl phthalate

Butyl uebtyl phthalates

Di(2 -butoxyethyl)phthalate

Dicapryl phthalate

Dicyclohexyl phthalate

197¢: 1-10 thousand 1lb
(U.5. EPA, 1980)

1977: 1-10 midlion b
{u.5. EPA, 1980)

1977: 1-10 million 1b
(Y.5. EPA, 1980)

1977: 4.1-1.0 atlllon 1b
{v.5. EPA, 1980)

Not aveilable

1973: 7.4 million 1b
{US1TC, 1975)

1977: 2.1-21 aillien 1b
(U.S. EPA, 1980D)

1977: 20-200 thousand Lb
{U.s5. EPA, 1980)

1977: 10-100 thousand lb
(U.5. EMA, 1980)

'977: > million 1b
(U.S. EPA, 14980)
1979 imoort: 0.396 million b
1978 import: 0.311 million 1b
(usiTC, 1960L, 1979b)

Not available

Plastlaszer

Plastigizer for cellulose scstates
atyrenes.

Plaslaizer far polysars and
elaatomsrs; nitrocellulose lasaquera
(Hauley, ¥977).

Plasticizer [or PVC and agpolyser
resins (llauley, 1977)

Plastiolzer for vinyl resins
(Hawley, 1977)

Plaaticizer for PY¥C, polyrinyl
acetate, and other resina
(Hawley, 1977).

Monomeric plasttcizer for vinyl and
cellulcse resins (Haulay, 1977).

Speciality plastiaizer in nitro-
cellulose lacquars and aghssives
(Froy, 1976).

Froa phthalic anhydrida
S3imiler to proceas im Appendix B,

Reaption of phthalio anhyaride,
butyl alaohol, and amsonia,
followed by heating with
CICH_CO Bu (Umemura and

Hanl‘, €952l‘

Similar Lo procesa in Appendix B.

Similar to process in Appandix B.

Similar to proceaa in Appendin D.

From ptithalic anhydride

3eo Appendix B,

See Appendix B.
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Compound

Table 3. Iron Compounds: Production, Use, and Manufaoturing Methods (Cont'd)

Production

Manufacturing Melhods

Didecyl phthalate
Didodecyl phthalate

Diheptyl phthalata

bihexyl phthalate

Diiscbutyl phkthalale
DPlisohexyl pnthalate
Diisvoctyl phthalate
Dimethuxyphilhalale

Dinonyl phihalate

Dioctadecyl phihalake

Di-p-octyl pnthalate

1977:  1-10 million 1b
(U.S. EPA, 1980)

1977 10-400 thousand 1b
(0.S. EPA, 1980)

Not avasilable--but is a
Monaento®s component of
Monsunto's Mixed Dialkyl
Phthalates esters (asee
tndividual profile).

1WIT: 0.2-2 million lbe
(u.s. EPa, 1980)

1474 import: 26 thousund 1lb
(USITC, 1976)

1977:. >0V millicon 1b
(1.5. EPA, 1980)

Not avallable

1977: 1-10 aillion Ib
(U.5. EPA, 1980)

1977z 1-10 mlllion 1b
(u.S. EFa, 1980)

Hot available--but is a com-
ponenl of Moonsants's Hixed
Dialkyl! Phthalate esters [ave
fudlvidual profile).

1977: V-10 mlllion 1b
{(U.s. EPA, 7980}

1977: 1-10 sillion 1b
1977 import: 4-40 thousand 1b
(U.S. EPA, 1980)

Plaatiolzer, especiully for vinyl
reslos {(Hawley, 1971).

Plasticizer

Plastiolzer

?laaticizar for glastiacls and
carpst backcoatingas {Prey, 1976).

Plasticlzer (Hawley, 1977).

Plasticizer

Plastiotzer fur vinyl, cellulasaic, and
aarylate resina and synthetic rubtar
(Hawley, 1977).

Plasticizer, esapepially for cellulose
acetata; solvent {Hawley, 1977).

General-purpose low-volatile
plasticlzer for vicyi resine; pure
grade as statlonary 1liguid phasea
In chromatography {(Hawley, 1977).

Plasticlzear

Plasticlzer

See Appendix B.

See Appendix B.

See Appendix B.

3e0 Appendir B.

Jou Appendix B.

See Appendix B.

Ses Appendix B.

3ae Apperndin B.

See Appendix B.

Seu Appendiz B.

See Appendix B.
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Compcund

Table 3. Ilron Compounds:

Production, Use, and Manufacturing Meathods {Cont'd)

Productlon

Manufacturing Methods

Diphenyl phihalate

isodecyl octyl phthalate

lavocty)l benzyl phthalata
Isocuctyl lacdecyl phthalate

Lead phthalate

Mixed alkyl (C

€9
phithalates

7
Honcbutyl phthalate
Monodecyl phthalate

Monopotasslum phthalate

n-Octyl n-decyl phithalale

1977: 0.1 to 1.0 million lb
(U.S. EPA, 1980)

1977: 1-10 milllon b
(U.5. EPA, 1980)

Not available

Not available

NoL available

1997: 1-1d million b
(U.8. EPA, 1980)

1977: 10-100 thuusand 1b
(U.S. EFA, 1980)

1977 impart: 10-100 thousapnd 1b

(U.S., EPA, 1980)

1977: »>10 thousand 1b
{(U.S. EPA, 1980)

1977: 1.1-11 million b
(U.S. EPA, 1980)

General-purpone plasticizer which
which has uses in spociality
scrylica and cellulasles
(Touchette, 1978).

Plasticizer

Flasticlzer
Plastioizer (Hadley, 1977).

Sta-ilizer in PYC vwire insulatlon
(Toule eL 51., 1968)

Plasticizars

Captive use by mamufacturer
(s.S. EPA, 1980).

Hot available

Not available

Plastiaizar for PYC and other
vinyls {Hawley, 1977).

3ee Appendix B.

Similar Lo procaess in Appendix

Similar to process in Appendix
Simllar to process in Appendix

From phthalatic mnhydride

Simtlar to prooeas in Appendizx

Siailar to process in Lkppendlix

Similar to proce=s in Appendix

From phthalie anhydride

Similar Lo proocoss In Appendix
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Table U,

.

Manufacturers
(U.S. EPA, 1980; SRI International, 1980; USITC, 1980Qa)

Compoud

Manufacturer (Location)

Barium phthalate

Benzyl alkyl (mixed) phthalates
Butyl carbobutoxymethyl phthalate
Butyl cyclohexyl phthalate

Butyl decyl phthalate

Butyl octyl phthalate

Di(2=butoxyethyl)phthalate

Dicapryl phthalate

Dicyclohexyl phthalate

Didecyl prithalate

Didodecyl phthalate

Diheptyl phthalate

Dinexyl phthalate

Diiscbutyl phthalate

Diischexyl phthalate

m;.,.-m_k el

e e e
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Witgo Chsmical Corp. (Brooklyn, NY)
Monsantc Co. (Bridgeport, NJ)
wonsanto Co. (St. Louis, MO)

CP3 Chem. Co. {0ld Bridge, NJ)
Reichhold Chem, (Carteret, NJ)

Hatco Chem. (Fords, NJ)
Tennessee Eastman (Kingsport, TN)
Meichhold Chem. (Carteret, NJ)

U.S. Steel Chem. (Neville Island, *
PA)

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

Unicon Camp Corp. (Dover, OH)

Monsanto Co. (Everette, MA)
Pfizer (Greensboro, NC)

Stepan Chem. Co. (Elwood, IL)
LOF Plasties Ine. (Auburn, ME)

Eastman Kodak (Rochester, NY)
Monsanto {Texas City, TX)

Tenneco (Chestertown, MD)
Continental Qil Co. (Aberdeen, MS)

Zastman Kodak (Rcchester)
U.S. Steel Chem. (Pittsburg, PA}

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

Interstab Chem. (New Brunswick, NJ)
U.S. Steel Chem. (Neville Island, PA4)

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

Exxon Chem. (Baton Rouge, LA)




Table U4.

Manufacturera (Cont'd)

{U.S. EPA, 1980; SRI International, 1980; USITC, 1980a)

Compound

Manufacturer (Lecation)

Diisooctyl phthalate

Dimethoxyethyl phthalate

Dinonyl phthalate

Dioctadecyl phthalate

Di-n-oqtyl phthalate

Diphenyl phthalate

Iscdecyl octyl phthalate
Isooctyl benzyl phthalate
Isooctyl isodecyl phthalato
Lead phthalate

Mixed alkyl (C.,-c”) phthalates

Monobutyl phthalate

Monodecyl phthalate

Monopotassium phthalate

n=0ctyl n-decyl phthalate

Reichhold Chem, (Carteret, NJ)

Teknor Apex (Hebronville, MA)

U.S. Steel Chem. {Neville Island, PA)
Tenneco (Chestertown, MD)

Hateco Chem. (Fords, NJ)

Tennessee Eastman (Kingsport, TN}
Monsanto (Texas City, TX)

Eastman Kodak (Rochester, NY)
Tanneco (Chestertown, MD)

Henkel Inc. (importer) (Teaneck, NJ)
Eastman Kodak (Rochaster, NY)
Monsanto (Texas City, TX)

U.S. Steel Chem. (Pittsburg, PA)
Tenneco (Chestertown, MD)
Monsante (St. Louia, MO)

U.S. Steel Chem. [Pittsburg, PA)
Monsanto (Bridgeport, NJ)
Raichhold Chem. (Carteret, NJ)
Not available

Tenneco (Chestertown, MD)

Eastman Kodak (Rochester, NY)
DuPcnt (Toledo, OH)

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

Eastman Kodak {Rocheater, NY)
Fisher Scientifie (Fairlawn, NJ)
G. Fredrick Smith Chem. (Columbus, OH)

Reichhold Chem., (Carteret, NJ}

Teknor Apex (Hebronville, NJ)

U.S5. Steel Chem. (Neville Island, PA)
Monsanto (Texas City, TX)

Tenneco {(Chestertown, MD)
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IIT. INFORMATION PROFILES
A. BUTYL BENZYL PHTHALATE
1. Chemical Name: Butyl Benzyl Phthalate

2. Chemical Structure:

C-O-CHZCGHS

\.‘-
c-0 C439

3. Synonyms: Benzyl butyl phthalate

1,2-Benzene carboxylic aciq,
butyl phenylmethyl ester

NCI-C54375
Palatinocl BB
Phthalie ac¢ad, bLutyl benzyl ester
Santicizer 160
Sicol 160
Unimoll BB

4. Chemical Abstragts Service (CAS) Number: 85-£8-7

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

TH9990000

6. Chemical and Physical Properties:

Description: ¢lear, oily liquid
Molecular Weight: 312.40

Beiling Point: 370°C

Melting Point: greater than -35°C
Vapor Pressure: -—

Solubility: 2.9 mg/]l in water

Specific Gravity: 1.111 (25°C)

Stability: combustible;
Flash point. 390°F

7. Production

In 1974, an estimated 110 million pounds of butyl benzyl

phthalate were manufactured (Frey, 1976).
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In 1974, 1.1 million pounds of butyl benzyl phthalate were
imported (USITC, 1975).

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

butyl benzvyl phthalate and production volumes are presented in Table 5.

According to Modern Plasties (1978), butyl benzyl phthalate can

be sxpected to increase its share o: the phthalate plasticizer market because the
manufacturer (Monsarto) has recently increased plant capacity.

8. Use
Butyl benzyl phthalate is used predominantly as a plasticizer in
vinyl flooring, often in combination with dioctyl phthalate. It is also used in
vinyl foams, coatings, polyvinyl acetate adhesives, and acrylic caulking ocom=

pounds (Frey, 1976). It has minor uses as a chemical intermediate {(Hawley,
1977).

q. Manufacturers and Distributors

Butyl benzyl phthalate is manufactured and distributed by the

following company (SRI International, 1380):

Monsanto Co. Sauget, IL
Bridgeport, NJ

It is =also distributed by (198C-81 OPD Chemical Zuyers Director,

1980; Chem Sources-~USA, 1980):

Chem Services Pfaitz and Bauer
Helm NY Polysciences
ICN/K and K Sattva Trading Co.

Union Chemical

10. Manufacturing Processes

Butyl benzyl phthalate is manufactured from butyl alechol, benzyl

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

The reaction is typical of the esterification that produces the dialkyl

19

W rrreme o e e o ¢ e ol



Table 5. Producers of Butyl Benzyl Phthalate and
(J.S. EPA, 1980a)

Production Ranges

Producer Type of Production

1977 Production Range

Monsanto Co.

Bridgeport, NJ Manufactursr
Sauget, IL Manufacturer

ICI Americas
Wilmington, DE Importer

100 £00 million 1b
1-10 million 1b

confidential




phthalates. The process operations are also similar to the dialkyl phthalate

operations shown in Appendix B.

For phthalates in general, the anhydride i3 reacted with an
alecohol under relatively mild conditions to preduc: the moncester, which may be

tranafe.red to another veasel for conversion to the iliester, Il a mixed diester

auch as butyl benzyl is desired, remnants of the firs: alcochol will be removed

from the monoester bafore reaction with the second alechol. Uaually an excess of
aleohol 1s used and the uareacted portion is recycled. Water formed by the
second esterification is removed from the syst2m to drive the reaction to com-
pletion (Thompson, 1977).

11, Impurities or Additives

There is no evidence in the literature searched to indicate the

presence of impurities or deliberate additives in commercially produced butyl

benzyl phthalate.

12. Qecupational Exposure

The National CQccupational Hazard Sarvey indicates that
68,488 workers are potentially exposed to butyl benzyl prhthalate.

13. Control Technology and Work Practice

Specific factors that may contrioute to or prevent employee expo-
sure t& butyl benzyl phthalate wery not found in the literatura searched.

14, Biclogical Effects

a. Animal Studies
(1) Acute Expcsures
The acute lethal effects of butyl benzyl phthalate are

summarized in Table 8. Oral and intraperitoneal administration of the compound

indicatz a relatively low level of toxicity in comparison to other phthalates.
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Table 6.

Acute Lethal Effects of Butyl Denzyl Phthala‘e

Route Species Dose Response Reference
(g/kg)

oral rat 18 LD50 Shibko and Blumenthal, 1973
ori.l rat 2.33 LD50 NTP, 1381a

oral mice {male) 6.16 LD50 NTP, '981a

oral mice (female) v, 17 LD50 NTP, %981a

i.p. mice 3,16 LD50 Catley et al., 1966

i.p. = intraperitoneal T




Intradermal injection of 2C mg butyl benzyl phthalate
into rabbits oaused a mild inflammatory response at the injection aite (Calley
et al., 1966). A Russian abstract has repertad that the compound produces skin
irritation, but not sensitization, when applied topicelly to miece and rats
(Statsek, 1974).

{2) Subchreonic Exposures

Two subchronic [{eeding 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 achinistered the compound in
the feed at concentrations ranging from, respectively, 12,500-100,000 ppm and
1,600-25,000 ppm. In the second study, diets containing 1,600-25,000 ppm butyl
benzyl phthalate were fed for 13 weeksa to similarly sized groups of rats and mice
«f each sex. The results of these studies are summarized in Table 7.

Dietary administration of butyl benzyl phthalate to
rats for 90 days has alsc been reported to produce increased liver weights at
levels of 1.0, 1.5, and 2.0% of the compound, but no histopathological effects
were observed (Monsanto, 1972). Similar atudies with dogs did not show adverse
hematopoietic system or liver and kidney function tests, or gross or histopatho-
logical tissue changes at dietary levels of 1.0, 2.0 or 5.0% butyl benzyl
phthalate (Erikscn, 1965; Mcnsanto, 1972). ©Dased on the Erikson (1§965) study,
the FDA has estimated a nco-effect level for subacute feeding of butyl benzyl
phthalate te be 250 mg/kg/day for dogs (Shibke and Blumenthal, 1973).

Daily interperitcneal injection gf 500 mg/kg butyl
benzyl phthalate into mice for 6 weeks was reported to cause peritonitis and

extramedullary hematopoiesis in the liver and spleen, and periportal hepatitis

(Calley et al., 1966).
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Table 7. Subchronis Feeding Studies of Butyl Benzyl Phthalate
in Rats aud Mice (NTP, 1981a)

Species Dose Response
14-day Study 3
Rats 100,000 ppi: weight loss, thymic atrophy !
50,000 or 100,000 ppm testicular atrcphy
>25,000 ppm depressed weight gain in both
sexes
Mice 1,600-25,000 ppm Soprogssd -~ight galn (not dose

related), nco coppounc-relzted
affects at necropay

13=week Stugxb

Rats 25,000 depressed weight gain and testicular
testicular degeneration in males,
no compound related effects in

females i
1,600-12,500 ppm no compcound-related effects at ‘
necropsy
Mice 1,600-25,000 ppm depressed weight gain; no other

compound related effents

qposes of 0, 12,500, 50,000 and 100,000 ppm were administered to groups of
5 rats and 5 mice of each sex; no significant mortality.

bDoses of 0, 1600, 3100, 630G, 12,500, and 25,000 pr were administered to
groups of 5 rats and 5§ more of =ach sex; no significant mortality.
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(3) Chronic Effects
Ne information was found in the literature searched.
{4) Carcinogenicity
The NTP has recently completed a carclnogenesis
biocassay of butyl benzyl phthalate (NTP, 198ta). 1In 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 conditiocns of the bloassay, butyl benzyl phthalate was probably
carcinogenic for the femal2 rats at the 12,000 ppm level, causing an increased
incidence of myelomonocytic leukemias. The male rat study was considered
inadequate for evaluation due to compound-related toxieity 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 putation
in §. typhimurium, and was negative in differential growth inhibition assays with
wild and DNA repair-deficient stia‘ns of E. coli and B, subtilis (Table 8).
Butyl benzyl phthalate has been scheduled for muta-
genicity testing in Salmonella by the NTP {1980).
(6) Teratogenicity
Injection of =50 mg of butyl benzyl phthalate into
fertilized eggs failed to produce malformations or general _toxicity in
developing chick embryos (Bower et al., 1970).
{7} Reproductive Effects
Two of the subchronic studies summarized in
Section 14.a.2.indigated that testicular atrophy resulted in rats fr~m exrosure

to high (225,000 ppm) dietary levels of butyl benzyl phthalate (NTP, 1981a).
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Table 8. Mutagenicity of Butyl Benzyl Phthalate

Type of Aasay Organism Strain Activation Dose Result deference
Reverse Mutation S. typhimurium TA9d + 1000 pg/plate - Rubin et al., 1979
TA100 + 1000 pg.'plate - Rubin et al., 1979
Reverse Mutation E. coli wild - 30 mg/plate - Kurata, 1975
uvr A” - 30 mg/plata - Kurata, 1975
DNA damage/repailr B. subtilis rec A” - 30 mg/plate - Kurata, 1975
E. coli uvr A~ ~ 30 mg/plate - Kurata, 1975
Pol A” - 30 mg/plate - Kurata, 1975

rec A~ - 30 mg/plate - Kurata, 1975




(8) Other Relevant Information

Butyl ©benzyl phthalate was eliminated primarily
unchanged (87-01%) in the feces of dogs following oral administration (Erickscn,

1965).
b. Ruman Studies
(1) Pharmacckinetics

No inf'ormation was found in the literature searched.

(2) Health Effects
No information was found in the literature searched.
(3) Target Organ Toxicity

No information was found in the literature searched.
(4) Epidemiology
No information was found in the litera.ure searched.
15, Ongoing Studies

No current toxicological or envirommental studies of butyl benzyl

phthalate were found.

16. Exposure Standards

No recommended or promulgated occupational exposure standards for

butyl benzyl phthalate were [ound.

17. Sources of Additional Relevant Information

Comprehensive reviews o¢f phthalate esaters have Dbeen
completed by Peakall (1975), Daniel (1978), Lawrence (1978), Thomas et al.
(1978), Lawrence and Tuell (1979), and the U.3. EPA (1980b).

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.
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B. DIALLYL PHTHALATE
L Chemical Name: Diallyl Phthalate
2. Chemical Structure:

B
_C-OCH,-CH = cH,

~ = OCH,-CH = CH,

2 2
0
3. Synonyms: 1,2-Benzene dicarboxylic acid, di-Z2-propenyl ester
DAP
Dapon R
Dapon 3%
NCI-C50657

Phthalic acid, diallyl ester

u. Chemical Abstracts Service (CAS) Number: 131-17-9

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

Cz4200000

6. Chemical and Physical Properties:

Desc¢ription: nearly colorless, oily ligquid
Molecular Weight: 246.30

Boiling Point: 290°C (160°C at 4 mm Hg)

Melting Point: ~70°C

Vapor Pressure: —-—

Solubility: insoluble in water; limited solubility

in gasoline, mineral oil, glycerin,
glycels, and certain amines; soluble in
most other organic liquids

Speeific Gravity: 1.12038

Stability: combustible;
Flash point: 330°F

7. Produgtion
Production of diallyl phthalate in 1974 was estimated to be about
5 million pounds {Blaekford, 1975).

Importation of diallyl phthalate in recent years is as follows

(USITC, 1980b, 1978b, 1977b):
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Importation
Year (in millions of pounds)
1979 0.040
1977 1.121
1976 0.992

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

diallyl phthalate and production volumes are presentsd in Table 9.
8. Use

Diallyl phthalate 13 one of the few commercially produced
phthalate esters that is not used primarily as a plasticizer. It is a monomer
chiefly used as a cross-linking agent in the manufacture ¢f unsaturated polyester
resine; it is also used as such to make molded articles (particularly for the
slectronics industry} and te make insulating varnishes (Blackford, 1§75).
Diallyl phthalate also has minor use as a dye carrier (Wannemacher and Demaria,
1879).

9. Manufacturers and Distributors

SRI International (1980) lists the following as manufacturers of

diallyl phthalate:

Ethyl Corp.
Hardwicke Chem. Co, Elgin, SC

FMC Corp. Baltimore, MD

Distributors include (1980-81 OPD Chemical Buyers Directory,

1980;: Chemical Week: 1981 Buyers' Guide Issue, 1980;: Chem Sources--USA, 1680):

Allied Chem. GL3 Chem.
Anachemia Chem. The C.P. Hall Co.
Ashland Chem. Helm NY
Atomergic Chemetals Lachat Chem,
Chemisphere Corp. MCB Reagents
Chem Services Monomer-Polymer and Dajac
Durez Div. Hooker Pfaltz and Bauer
Eastman ¥Xodak Polysciences

EM Lab Miki Sangyoc (USA)
Fehr Bros. Inc. 3clchem

Fisher Sci. Tridom Chem.
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Table 9. Producers of Diallyl Phthalate and Productiocn Ranges
(U.5, EPAu 1980)

Producer Type of Production 1977 Production Range
FMC Corp.

Baltimore, MD Manufacturer 1-10 millionlb
Monsanto Co.

Miamisburg, CH Manufacturer 1-10 thousand lb

8t. Louls, 1M Manufacturer none
Haven Chemical

Philadelphla, PA Manufacturer ¢onfidential
Hardwicke Chemical Corp.

Elgin, SC Manufacturer 0.1=-1.0 millieon 1b
Lenza Ine.

Fairlawn, NJ Importer confidential

Nichimen Co.
New York City, NY Importer under 1000 1lb

Rhone-Poulenc
New York City, NY Importer nene
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10, Manufacturing Processes

Diallyl phthalate is manufactured by the esterification reaction
of allyl alcchol 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 flexibllity to production. While
many plants produce phthkalates by batch netheds, other newer plants operate
continucusly and are highly automated (Lowenheim and Moran, 1975),.

11. Impurities or Additives
No information was found in the literature searched,
12. QOccupational Exposure

The Nationmal Occupational HazZard Survey indicates that

11,451 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 pnthalate wers not found in the literature searched.

t4, Blological Effects

a. Animal Studies
{1} Acute Exposures
The acute 1lethal and irritant =effeects of diallyl
phthalate are summarized in Table 10. Qral administration and intraperitoneal
injection of the compound into mice has demonstrated that this compound is the
most asutely toxic of the phthalate esters. Following oral administration of a
single lethal dose of compound (970 mg/kg) to rats, liver, lung, and intestinal

lesions were noted at necropsy (Carter et al., 1978), These lesions represented
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Table 10. Acute Lethal and Irritant Effects of Diallyl Phthalate
Route Species Dose Response Reference
{g/kg)
orai rats 1.68 LDLo McOmie, 1946
oral rats 0.77 LD50 Hagen et al., 1949
oral rats 0.97 LD50 Carter et al., 1978
oral rabbits 1.68 LDLo MeOmie, 1946
i.p.® mice 0.67 LDS0 McOmie, 1949
s.C. rabbit 1.12 LDLo McOmie, 1946
dermati rabbits 3.36 LD50 McOmie, 1949
dermal rabbits 3.14 LDLo McOmie, 1946
ocular rabbits 0.1 ml undiluted mild and transient McOmie, 1946
(0.11 g} conjunctivitis
ocular rabbits 0.5 ml undiluted mild irritation Carpenter and Smvth,
(0.56 g) 1946
ai.p. intraperitoneal. -

G.C.

Ju :utaneous

-




hemorrhage 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-
tively of U256 mg/kg to the shaved back skin (apbroximately 14% of the body
surface} {(MoOmle, 1946); autopsies 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 5% of the bedy
surface. One guinea pig died after 7 toplecal applications of 6160 mg/kg, but 3
others asurvived 12 exposures ranging from 2352-448 mg/kg. It should be noted
that the frequency of exposures in the aforementioned experiments (McOmis, 1946)
were not stated.

Instillation of undiluted diallyl phthalate
(=0.1~-0.55 g) into the conjunctival sacs of rabbits caused mild irritatien
{Carpenter and Smyth, 1946; McOmie, 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-iS50), micro-
somal protein content, and increases in liver weight (Carter et al., 1978). The
liver weight increase 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 literature searched.
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testing in 3almonella by

15,

(5)

\5)

(73

(8}

Mutagenicityv

Dially! phthalate has been
the NTP (1980).
Teratogenicity

Mo information was found in
Reproductive Effects

No information was found in
Other Relevant Information

No information was found in

b. Human Studies

(1)

(2)

(3)

(4)

P. armacokinstics

No information was found in
Health Effects

No information was found 1in
Target Organ Teoxicity

No information was found in
Epidemiclogy

No information was found in

Ongoing Studies

A long-term carcinogenesis bicassay of diallyl phthalate adminl-

scheduled for mutagenicity

the

the

the

the

the

the

the

literature

literature

literature

literature

literature

literature

literature

searched.

3earzhed.

searched,

gearched.

searched.

saarcned.

searched.

stered by gavage to rats and mice 1s currently underway (NTPF, 1981b).

16.

Exposure Standards

No recommended or promulgated occupaticnal exposure standards for

diallyl phthalate were found.
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17. Sourcea of Add’tional Relevant Information

Comprenensive reviews of phthalate esters have been completed by
Peakall (1975), Daniel (1978); Lawrence (1978), Thomas 2t al. (1978), Lawrence
and Tuell (1979), and the U.S. EPA (1980b).

18. Other Pertine.at Data

No cother information that would aid in the assessment of diallyl

phthalate as an occupational Rrazard was found in the literature searched.
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Di-n-BUTYL PHTHALATE

1

l“nl

Chemical Name: Di-n-Butyl Phthalate

Chemjical Structure:

0

1l

C-0(CH,) (CH,
J -

F—G(CHQ)QCH

1 PU

3

0

Synonyms: Benzene-o-dicarboxylic acid, di-n-butyl ester

Celluflex DBP
DBP

Dibutyl phthalate

Elaol

Geaoplast B
Hexaplas M/B
Palatirol C

Phthalie acid,

Polycizer DBP
PX 104

g--Benzens dicarboxylic acid, dibutyl ~ster Stafiex DBEP

Unimoll DB
Witclzer 300

dibutyl eater

Chemical Absiracts Service (CAS) Number: B84-7u4-2

Registry of Toxi: Rffects of Chemical Substances (RTECS) Number:

TI0875000

Chemical and Physical Properties:

Description:
Molecular Weight:
Bojling Point;
Melting Point:
Vapor Pressure:

Solubility:

Specific Gravity:
Stability:

coleorless, oily liquid
278.35

3L0°C {76 mm Hg)

=35 to <40°C

0.01 mm Hg (20°C)

13 mz,1 (?5°C) water;

very scluble 1in acetone, benzune,

aleohcl, ether;

scoluble in most orgaiic solvents and
olls

20
1.034'7u

combustible;
Autoignition temperaturs: =750°F,
Flash point (CCC): 340°F
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T. Production

Recenu production figures for di-n-butyl phthalate are as follows

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

Production
Year (in millions of pounds)}
1979 17.2
1978 16.9
1977 16.6
1976 13.7

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

dibutyl phthalate and production volumes are presented in Table 11.

Recent data regarding .lcportation of dien-butyl phthalate are as
follows (USITC, 1980rt, 1979b, 1978b, 1977>1);

Production In

Year Millions of Pounds
1979 1.004
1978 0.931
1977 1.645
1976 0.205

8. Use

Di-n-butyl phthalate is used primarily as a plasticizer Iin peoly-
vinyl acetate emulsions; small amounts =re consumed in apecialized vinyl com-
pounds (Frey, 1976).

Di-n-butyl phthalate is used in nail polish removers; a typical
nail polish remover formula is ethyl acetate 40%, acetone 30%, carbitol 19%,
dibutyl-n-phthalate 10%, sesame oil 1% (Isacoff, 1979).

Di-n-buryl phthalate can also be used as an insect repellent; it
i3 usually impregnated into clothing as a chigger repellent (Spencer, 1668:
Meister, 1976). This use of the chemical is minor., Other minor uses of

di-n-butyl phthalate include solid rocket propellents, sclvent for perfume oils,
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Table 11. Preducers of Di-n-Buty® Phthalate and Production Ranges
(U.S. EPA, 1980a)

Producer

Type of Production

1977 Produeticon 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

Tenneco Chem.
Chestertown, MD

Morganton Flant
Morganton, NC

Hooker Chemical
North Tonawanda, NY

Reichhold Chemical
Carteret, NJ

IMC Chemical
Terre Haute, IN

Henkel Inec.
Teanack, NJ

Cellofilm Corp.
Woocd-Ridge, NJ

Fayette Chemical
WoodRidge, NJ

Fallek Chemical
New York City, NY

BASF Wyandotte
Parsippany, NJ

Manufacturer

Manufacturer

Manufacturer

Manufacturer

Manufacturer

Manufacturer

Manufactuer

Manufacturer

Manufacturer-Not distributed

Manufacturer

Manufacturer

Importer

Importer

Importer

Importer

Importer
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¢confidential

confidential

none

1-10 millien 1D

10-5C millien 1b

1=10 million 1b

none

10~100 thousand 1lb

10~-100 thousand 1b

1-10 million lb

none

under 1000 1lb

none

none

none

none
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Table 11. Producers of Di-n-Butyl Phchalate and Production Ranges
: (U.S. EPA, 1980a) (Cont'd}

Producer Type of Prnduction 1977 Production Range
DuPont
f Wileington, DE Importer under 1000 1@
f Thorson Chemical
; New York City, New York Importer under 1000 1b
Synarome Corp.
t New York City, NY Importer under 1000 1b
Proprietary Perfumes Limited
Maywood, NJ Importer 10101 thousand lb
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perfume fixative, textile lubricating agent, safety glass, insecticides,
printing’ inks, resin solvent, paper cocatings, adhesives, lipsticks and cos-
metiecs, and dilutent in elastowers for dental materials (Hawley, 1977; Isacoff,
1965; Fresman, 1965; Paffenbarger and Rupp, 1979).

9. Manufacturers and Distributors

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

International, 13980):

Eastman Kodek (Tennessee East¢man) Kingsport, TN

The C.P. Hall Co. Chicago, IL

Hatco Chem. Corp. Fords, NJ

IMC Chem. Corp. Terre Haute, IN
Reichhold Chenm. Carteret, NJ

J.T. Baker Chem. Phillipsburg, NJ
Sharwin-Williams Chizago, IL

Union Camp Corp. Dover, OH

USS Chem. Neville Island, PA
BASF Wyandotte Kearny, NJ

The many distributors of di-n-butyl phthalate include (1980-81

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

1960: Chem Sources--US4, 1980):

Aldrich Chem.

Alfa Products
Alltech Assoc.
Alpha International
Amerchem.
Anachemica Chem.
Ashland Chem.
Atomergic Chemetals
Bentley Chem.
Bio=Clinjcal Lab,
CPS Chem.

CTC Organics

Chem Services
Chemical Dynamics
Chemical Industries
Chemisphere Corp.
Chemtech Induatries
Crest Chem.

EM Lab

Eastern Chem.

Gallard-3chlesinger
Helm NY

Jobin Chem.

Lachat Chem,

LaPine 3ci.

Lux Chem.

MCB Reagents
Mallinckrodt
Mitsibushi Gas Chem.
Pfaltz and Rauer
Phillip Bros. Chen.
Pioneer 3Salt and Chem.
Signo Trading

Star, Milton M. Chem.
Suburban Chem.
Thompscon-Hayward Chen.
Tridom Chem.

Joseph Turner and Co.
Union Chem.

Unitex Chemn.
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Fisher Sci. Velco Enterprises
GAL Chem. Worth Chem.

10. Manufacturing Processes

The dialkyl phihalates, 1including di=-p-butyl phthalate, are pro-
duced by esterifying phthalic anhydride with the appropriate alecchols in the

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

[}

ame for all the lower aliphatic alcohcls, and modifications are necessary 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 aleochol.

Appendix B diagrams the typical process by which all commercial
dialkyl phthalates are made. FPlanta are designed to allow any of the phthalate
esters to be made iu the same eguipment, giving flexibility to prcduction., While
many plants produce phthalates by batch methods, other newer plants operate
continuously and are highly automated (Lowenheim and Moran, 1975).

The preoduction process begins by charging phthalic anhydride and
the appropriate aleohol inte a reactor that is actually the still of a distii-
lation eclumn. The reactor is equipped with an efficient agitator and internal
steam coils for heating. A stoichiometric excess of alcochol 18 normally
utilized. A 1% solution of concentrated sulfuric acid is added as a catalyst.
The reactor is heated to such a temperature that the zzectrope of water and
aleohol distills at the column-head, The distillate is cocled and separated by
decantation. The aleohol-rich layer is recycled to the column, while 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
bottoma) is discharged to .n alkali washer that neutralizes the sulfuric aeid

content with sodium carbonate. This neutrallzing operation is followed by a
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water-washing operation. The crude phthalate is then stripped in a vacuum column
to separate the volatile produsts such as olefina, alcohol, and othar impurities.
When economically feasible, the alcohol ls recovered for reuse. The phthalate
can be further purified by decolorizing with activated charcoal (lowenheim and
Moran, 1975; Sittigz, 1967).

11. Impurities or Additives

No information was found in the literature searched.

12. Qccupational Exposure

The National QOccupational Hazard Survey indicates that 905,227
workers are potentially exposed to di-n-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 um 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 lavsan
ribers (diameter 15-20 ux), which had a comparatively low resistance and gave 98%
purification with a linear gas stream speed of 1.42 m/sec. Filters of poly-
propylene fivers (diameters of 22 and 48 um) and of lavsan fiber (&0 um diameter)
had a low aerodynamic resistance, but did not acceptably filter dibutyvl phthalate

from the air,

14, Biclogical Effects

a. Animal Studies
(1) Acute Exposures
The acute lethal and irritant effects of di-n-butyl
nhthalate are summarized in Table 12. Pulmonary congestion, edema and petechial

hiemcrrhages, lymphocyte fragmentation in the gpleen, and renal tubular

u2
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l Table 12. Acule Lethal and Irritant Effects of Di-n-Butyl Phthalate

Dgse
Rotite Species (g/kg) Response Reference
, -
; cral rats 4.0 0/3 died Smith, 1953
oral rats 8.0 4/9 died Smith, 1953
oral rats 16.0 6/6 died Swmith, 1953
oral rats 8-16 LD50 Shibko and Blumenthal,
1973
oral rats 10.42° LD50 Bornmann et al., 1956
inhalation rats 6$1.5-79 ppm LDR0 Spasovski, 1964
3 inhalation rats saturated air x 7.5 min 0/6 died Shaffer et al., 1945
& inhalation rats saturated air x 15 min 6/6 died Shaffer et al., 1945
i.p.® rats 3.18 LD50 Singh et al., 1972
i.p. rats 3.57 LDS0 Lawrence et al., 1975
i.p. mice 4.4 LD50 Karel et al., 1947
ip. mice 5.5 LD50 Hodge et al., 1942
i.p. mice 4.0 L.DS0 Calley et al., 1966
i.p. mice 1.4 1 of 3 died Nematollahi et al., 1967
f s.c rats <6.2 L.D50 Kowalski and Bassendowsa,
1965
intradermal mice 5.2 no dermal or Lawrence et al,, 1975
viaceral organ
irritation
ocular rabbits not stated no irritation Lawrence et al., 1975
ai.p. = intraperitoneal; s.c. = subcutaneous.

bThe toxicity for rabbits and dogs was reported to be the same as that found for rats.



degeneration were observed in mice within 72 hours of 1injection of
intraperitonal median lethal doses of di-n-butyl phthalate (Karel et al., 1947).

Intradermal injection of di-n-butyl phthalate
{5.2 g’xg) into micw was non-lrritating to the skin, and there was no histo-
logical damage to the psritoneal organs (Lawrence et al., 1974). Instillation of
undiluted compound (volume not atated) into the eyes of rabbits did not result in
grossly observable irritation (Lawrence et al., 1975).

(2) Subchronic Exposures

Oral administration of di-n-butyl phthalate to rats at
a lavel of 2.5 mg/kg/day for 6§ months has bean reported to produce no toxic
effects (Maslenko, 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 of rats,
but no histclogic evidence of changea in any of the tisaues examined {Nikonorow
et al., 1973).

Repeated intraperitoneal injection (5 days/week for
25 weeks) of di-n-butyl phthalate into mice produged a progressive decrease in
the calculated LD50 value (Lawrence et al., 1974); the authors suggested that
this represents a cumulative effect. A nearly 3-fold change in the LDSC wvalue
was observed, but this decrease is smaller than that ocserved for either
di-2-athylhexyl or dioctyl phthalates.

3. Chronic Exposures

Dietary administration of di-n-butyl phthalate to rats
at concentrations o. 3.01, 0.05, or 0.25% for 1 year did not affect growth,
survival, hematclogic parameters or organ histology, although 1.25% levels did
cause 501 mortality (Smith, 1953). Rasulta similar %o these (i.e., n¢o observable

toxic effecty) were also found witn rats fellowing cral exposure to 500 and

1000 mg/kg {(twice weekly, gavage) for 1 year (Bornmann et al., 1956), 0.125%
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(diet) for 1 yea- (Nikonorow et al., 1973), 0,01 and 0.03% (dietary) for 21
months (LeBreton, n.d.), or 0.05% (diet) for 15 months (LeBreton, n.d.).

Based on data from ! year feeding studies, the FDA has
eatinated a no-effect level of 125 mg/kg/day for di-n-butyl phthalate in rats,
and 18 mg/kg/day for the compound in dogs (3hibkc and Blumenthal, 1973).

(4) Carcinogenicity

A carcinogenicity investigation of di-n-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-n-butyl phthalate, and for 15 months on a
diet containing 500 ppm. It was concluded that di-n-butyl phthalate was not
carcinogenic undrr these conditions, but it should be noted that additional
information on :he experimental design was not presented in the LaFaux (1968)
summary.

(5) Mutagenicity

Di-n-butyl phthalate was negative in reverse mutation

assays with 3. typhimurium, E. coli and S, cerevisiae, and in differential growth

inhibitor assays with wild and DNA repalr-deficient strains of E. coli and E.

subtilis {(Table 13), Yagi et al. (1976a) has indicated in a preliminary report
that the moncester metabolite, mono-n-butyl-phthalate, showed some activity at a
level of 10 mg/disk in the rec-assay with B. subtilis.
{6) Teratogenicity

Cral administration of di-n-butyl phthalate to rats
throughout pregnancy at «<osea of 120 and 600 mg/kg/day failed to produce
teratogenic effects, but increased resorpticns and Jdecreased fetal weights were
caused by the higher dose (Nikonorow et al,, 1973). When di-n-butyl phthalate

wag fed to pregnant mice at dietary concentrations of 1.0% (arproximately

o
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Table 13. Mutagenicity of Di-n-Butyl Phthalate
Type of Assay Organism Strain Activation Dose Result Reference
Reverse Mutation S. typhimurium TA98 + 10 mg/plate - Kurata, 1975
TA100 + 10 mg/plate - Kurata, 1975
S. typhimurium TA98 * 1000 pg/plate - Rubin et al., 1979
TA 100 + 1000 pg/plate - Rubin et al., 1979
5. typhimurium n.a. n.a. n.a - Yagi et al., 1976a
E. coli WpP-2 n.a. n.a - Yagi et al., 1976a
S. cerevisiae XV185-14¢C + n,a ~ Shahin and
von Borsted, 1978
DNA damage/repair E. coli uvr A7 - 10 mg/plate - Kurata, 1975
Pal A~ - 10 mg/plate - Kurata, 1975
rec A~ - 10 mg/plate - Kurata, 1975
B. subtilis rec A” - 10 mg/platz - Kurata, 1975
B. subtilis rec A n.a. n.a. - Yagi et al., 197ba
Chromoscme damage Cultured Chinese CHL n.a. 0.03 mg/ml + Ishidate and

Hamster fibrobhlasts

Odashima, 1977




2100 mg/kg) throughocut pregnancy, however, marked embryotoxicity and a
marginafly significant increase in exencephaly was observed (Shiota et al.,
1980); treatmen: at this dose level also resulted in marked embryotoxicity (fetal
resorptions and dead fetusea).

Skeletal abno-aalities have been reported in a2 off-
apring of rats injected (intraperitoneal) with di-n-butyl phthalate at levels of
2300-1000 mg/kg on days 5, 10, and 15 gestation. At the highest level
administered, a significant ircrease in fetal resorption was ailsvo noted (Singh
et al., 1972). 1Injection of rats with 2.7 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 ook, 1973).

Injection of =104 mg dibutyl phthalate into fertilized
eggs falled to produce malformations in developing chick emdbryos (Bower et al.,
1970).

{7) Reproductive Effects

Adverse reproductive effects were not cbserved in rats
administered di-n-butyl phthalate orally at levels of 500 or 1000 nmg/kg (twice
weekly) for 1 year (Bornmann et al., 1956), 300 or 500 ppm/day (diet) for 3
generations {LeBreton, n.d.), or 100 ppm (diet) for 5 generations (LeBretcn, no
date). Dietary administration of the compound at levels of 10 and 100 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 et al., 1974).

Intubation of di-n-butyl phthalate to young male rats
(2000 mg/kg/day for 4 days) produced testicular atrophy which was demonstrable
by morphological damage and los3 in organ weight (Cater et al., 1977). There was

also an increase in the urinary excretion of zine with a decrease in testicular

zinc content.
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{8) Other Relevant Information
Animal studies indicate that di-n-butyl phthalate is
metabolized rapidly, primacily to the monoesater form, and excrated in ~he vrine.
Tissue retention arnd accumulation of the compound appear to ce Jcw (Albro and
Moor, 1974; Williams and Blanchfield, 1975; Tanaka gt al., 1978}.
b. human Studies
(1) Pharmacokinetics
Systemic levels of compound following ingescion of Jood
containing di-n-outyl phthalate indicate that abscorption from *he gastro-

=

intestinal tract occurs (Tomita et al., 1977); blood levels of dian-tutyl

phthalate were reported to exceed those measured in ingesteu food.

Measurable quantities of di-n-rutyi ortthalate
(0.-144 ug/mg lipid) were fount in the triglyceride fracti:rns oI cnrtical and
medullary tissues from 4 ¢f 15 kidneys obtained from autopsies /Cveriurf et al.,
1979). Two of the kidneys were histologically nornmal and two were nepharo-
sclerotic, and none of the 15 kidneys were obtained frcm donors with recent
histories of medical or occupational exposure to phthalates.

(2) Health Effects

& clinical report of a single incident in whictt a
chemical worker swallewed 10 g of di-n-butyl phthalate described symptoms of
nausea, dizziness, photophobia, lacrimation. and conjunctivitis; recovery was
rapid (Cagianut, 1954),

Widespread topical use of the compound during World War

II as an insect repellent did not result in cvert toxicity (ACGIH, 1979).
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Two studies of workers in phthalate plasticizer manu-
facturiﬂg or use plants have reported symptoms of motor and motor-sensory poly-
neuropathies in exposed populations. Exposure was shown to involve primarily
di-n-butyl ohthalate, but also a variety of other'phthalate esters, at levels
{total pnthalates) of up to 70 mg/m3 (Gilioli et al., 1978; Milkov et al., 1969).
The incidence of neurologlical symptoms was reported in both studies to increase
with increasing duration of employment. Abstracts of two Russian studies
indicate that efforts are being made ts correlate cccupational exposure to
di-pn-butyl phthalate with neurological symptoms; however, these articlss were
not aveilable for evaluation (Milkov and Aldyieva, 1979; Turbin, 1979).

(3) Targe! Organ Toxicity
The previously cited reports of Gilioli et ml. (1978)

— ———

and Mi.<ov et al. {1969) indicate peripheral nervous system effects of the

compound.
(':) Epidemiology
No information was found in the literature searched.
15. Ongoing Studies

No ~urrent toxicological «r envirormental studies of di-n-butyl

phthialate were found.

‘6. Exposure Standardas

The ATGIE (19831} cuirently recomnends and OSHA (1976) has promul-
gated a Time-Weiznted Averagze {(TWA) exprsure limit of 5 mg/n:3 for occupa:ional

gxposure tn di-n-butyl phthalate; a Short-Term Exposiwe Limit [STEL) of 10 mg/m3

has also been recommerded by the ACGIH.
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17. Sources of Additional Relevant Informaticn

»

The abstrscts of two Russian satudies (Milkov and Aldyreva, 1979;
Turbin, 1979) disecussad in the Health Effects section indicate that those
articles may provide epidemiologic informatlion for di-n-butyl phthalate.

A health hazard evaluation/toxicity determination relating to
dibutyl phthalate has bean conducted at Jeffery Bigelow Design Group, Inc., an
acrylic furnisure manufacturing plant in Washington, D,C. (HEE No. 76-92-363).

Compreher.sive reviews of phthalate esters have been zompleted by
Peakall (1975), Daniel (1978), Lawrance (1978), Thomas st al. (1978}, Lawrence
and Tuell (1979), and the U.S. EPA (1980b}.

~

19, Other Pertinent Data

No other information that would aid in the assessment ol
di-n-butyl phthalz2te as an ocrupational hazard was found in the literature

gearched.
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DI-2-ETHYLHEXYL PHTHALATE

1. Cilemical Name: Di-2-Ethylhexyl Phthalate

2. Chemjcal 3. ucture:

”~

3. Synonyms: bis(Z«ethy

<::::> | o
C--OCHZCHCZ‘H9

0 C,H

lhexyl)aster

1,2-Benzenecarboxylic acid,
bis{2-Ethylhexy!)ester, phthalic acid

pis(2-2-Ethylhesyl)phthalate

Bisoflex 8

1

Bisoflex DOP
Compound 389

DEHP
DOP

Dif2-ethylhexyl)orthophthalate

Divctyl ph

thalate

Di-gec~octyl phthalate
Eviplast 80, &1

Fleximel
Flexel DO?2
Herco Flex

260

Kodaflex DOP

Qetoil

Palatincl AH
Pittsburg P¥-.138

RC Plastic
Sicoi 150

izear D>P

3taflex DOP
Triiflex DOP
Veztinol AR

Vinicizer
Witcizer 3

g, Chemical Abstracts S

80
i2

ervize (ZAS) kumber: 117-81=7

5.  Registry of Toxic Effects of Chemical Suostances (RTECS) Jumver:

TIN350000G

6. Chemical and Physica

L Propuerties:

Descriprion:
Moloeular Weight:
doiling Point:
Melting Point:

Vapcr Preassure:

Mearly 2olorless viscous ligu:id
360.54

384°C

=46°C ta - 50°C

1.2 me Hg (200°0)
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Solubility: 0.4 mg /1 (25°C)water; soluble in most
organic solvents; virtually insoluble
in glycerol and glycols

Specific Gravity: 0.98628

Stability: - combustible:
Flashpoint: 425°F,

T. Production

Recent production figures for di-2-ethylhexyl phthalate are as

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

rroduccion
Yzar {in Million of Pounds)
1979 300.6
1978 408,6¢
1977 388.5
1976 266.7

SFigure includes other dioctyl phthalates in
addition to LENF

Data available from the U.S. EPA {19d0a) regarding producers of
di-2-etnylhexyl phthalate and production velumes are presented in Tabhie 14,

Dioetyl phthalates--di-Z-ethylhexyl phthalate in particular--account

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

dicatyl phthalate (DDP) market can probably he expected to be less thun the

general phthalate marxet due to the availability of low-cost ilmports and a

pressure on suppliers to find alternatives to DOP {Modern 2lesticsa, 1678).

Recent impert data for di-Z2-ethylhexyl phthalate (and other dioctyl

phthalates) follow (USITC, 198Qb, 197Gb, 1978b):

importatior ir

Year Millions of Pounds
1579 2,246
1972 11.290
1877 0.57<
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Table 14,

Producers of Di-2-ethylhexyl Phthalate
and Production Ranges (U.S. EPA, 1980a)

Producer

Type of Production

1977 Preduction nange

Ashland Chemical
Dubliin, OH

BASF Wyandotte
Kearny, NJ

BF Gocdrich Chemical
Avon Lake, OH

A. Campbell and Co.
Cleveland, OH

Cellofilm Corp.
Woodridge, NJ

Continental 0il Co.
Aberdeen, MS

Fayette Chemical
Woodridge, NJ

Hateo Chemical Division

Fords, NJ

Haywood Co.
Brownsville, TN

JSR America
New York, NY

Lilly Industrial Coatings

Indianapolis, IN

Mobay Chemical
Pittaburg, PA

Reichhold Chemical
Carteret, MNJ

Teknon Apex Co.
Atterbow, MA

Tenneco Chemical
Chestertown, MD

Tennessye Castman
Kingsport, TN

U.3. Steel Corporation
Fittsburg, PA

Importer

Manufacturer

Manufacturer

Importer

Importer

Manufacturer

Importer

Manufacturar

Manufacturer

Importer

Importer

Importer

HManufacturer

Maaufacturepr

Manufacturer

Manufazturer

Manufaeturer

none

50 to 100 million 1lb

10 to 50 million 1b

confidential

none

1 to 10 million 1b

rnone

confidential

1T to 10 willion 1b

under 1000 1b

none

under 1000 1b

10 to 50 million 1b

1 to 0 million 1b

confidential

SC to 100 million 1

50 to 100 millien 1b

. e L S
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8. Use

Di-2-athylhexyl phthalate is the most widsly used general-purpese

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

R VPP

vinyls and plastics, wire and cable insulations, and a wide variety of consumer
goods and home furnishings (Frey, 1976).

Di-~2=-ethylhexyl phthalate is also used as a dielectric fluid com-
ponent in capacitors as a replacement for PCBs (Versar, 1976). The volume of
di-2-ethyihexyl phathalate consumed annually for capacitor applications is on
the crder nf 4 million pounds (SRC eatimate). This is a minor use cogpared t¢ the
plastizizer uses3, Jhich consume nearly 300-400 million pounds annually.

9. Manufacturers and Distributors

The feollowing companies manufacture di-zZ-ethylhexyl phthalate
fSRY Irternatlonz), 193Q; USITC, 1980a):

BASF Wyandotte Corp. Kearny, NJ
Continental Cil Co. Atirdeen, MS
Eastman Fodak (Tenneasee Eastman) Kzng=port, TN
BF Goodrien Avon Lake, OH
Hatco Chem. Corp. Fords, NJ
Monsantc Texas City, TX
Reichbhcld Them, Carterst, MA
Tekncr fLpex Lo. Hebronville, MA

USS Chemical Neville Island, PA

hatro Them. 13 %h2 largest volume produser cof the cinemieal,
in1lowed by U332 Ulwa.crl, BADK Wyandotte, and Tenneszee Eastman. Combined, theae
four acmpanies produce op the order of 83% of all di-2-ethylhexyl phthalate

(Frey, 1976€),

The distributors of di-2-ethylhexyl phthalate ineclude (1980-81
(OP" Chemical Buyers Directory, 1980; Chemical Week:

1981 Buyers' Guide Issue,

1980; inem SoJdrzes--1USA, 1980):

54

P o i o il
- " i el i s st R, Fi i1 : —
hf#‘._* e b o Lo U Al e o bl P b i § v oA RS i K ey



Alltech As330q. GRL Chen,

Anachemia Chem. The C.P. Hall Ce.
Ashland Ches. ICN/K and K
Chemisphere Corp. MCB Reagents

Chea Service Mitsubishi Gas Chen.
Eastern Chem. Pfaitz and Bauler
Fallek Chem, : Polysciences

Fehr Bros. Chem. Star, Milton M, Chem.

10, Manufacturing Processes
The dialkyl phthalates, including di-2-ethylhex+l phthalate, are
produced by esterilying phthallec anhydride with the appropriate alcohols in the
prasence of catalytic amounts of sulfuric acid. The process is essentially the
same for all the lower aliphatic alcohols, and modifications are necessary only
in the alcohol-recovary and product-purification systems (Lowenheim and Moran,

1975). 1In the case of di-2-ethylhexyl phthalate, the esterification is done with

phthalic anhydride and 2-ethylhexyl aleohol as follows:

0 c.d

.8, | 2%
€O | H,50, ~OCH,,CKC | H
/O + ZHDCH,CH0489 ———es - “H - H’ZD
: ~OCH,CHC
; 2BHC 3y
cC |] ' '
0 C.i,

Appendix B diagrams the typical procesas by which all commercial dialkyl
phthalates are made. Planta are designed to allow any of the phthalate esters to
be made in the same eguipment, gziving flexibility %to produntion. While many
vlants produce phthalates by batch methoda, other newer plants operate

continuously and are highly autowated (Lowenhelm and Mcran, 1975).
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The production proceas begins by charging phthalie anhydride and
the appropriate aleorel 'nto a reactor that is actually the still of a
disvillation column. The reactor is eguipped with an efficient agitator and
internal steam coila for neating. A stoichiometric excess of alcohol is normally
utilized. A 1% solution of concentrated sulfuric acid is added as a catalyst.
The reactor is heated to such a temperature that the azeotrope of water and
alecohol distills at the column-head. The distillate is cooled and separated by
decantation. The alconol-rich layer is recyoled to the column, while the water-
rich layer is either wastad or sent to recovery., When the cptimum amount of
vater has been removed [rom the reactor, the residual crude phthalate (still
bottnms) is diszharged to an alkall washer that neutralizes the sulfuric acid
content wi .. sodium carbonate. This neutralizing operaticn is followed by a
water-washing operation. The crude phtnalate i1s then stripped in a vacuum column
to separate the volatile products such as olefins, aleohol, and other impuritiss,
When sconomically feasible, the alcohol is recovered for reuse. The phthalate
can be further purified by decolorizing with activated charcoal (Lowenheim and
Moran, 1975; 3ittig, 1975).

11, lopurities c<r Additives

No informabtion was found in the liteprature aearched,

12. Oceupaticonal Exvoaure

The N-ticnal Uccupational Hazard Survey indicates that 612,100
Workers are potent.ially axpesed to di-2-ethylhexyl phthalate.

13, Control Taecnnology

Specific' facters that may contribute to or preresnt employee

axposure () dl-2-eihylhexyl phthalate were not found in the litersture 32apcined.
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14. Biclogical ZIffects
a. Animal Studies

(1) Acute Exposures

The acute lethal and irritant affects of
di-2-ethylhexyl phthalate are summarized in Table 15. As indicated,
di=2-sthylhexyl phthalate has been dermonstrated to produce a low level of acute
toxicity, particularly when compared with other phthalates, Histological
examination of rats following single lethal c¢ral doses of di-Z2-ethylhexyl
phtha2late revealed clcudy swelling of the liver and kidneys accompanied by
granular secretion in the tubules (Shaffer et al., 1345). Single non lethal oral
doses (2 g/kg) caused an increase in liver and brain weight in rats after 7 days,
but the weights and gross pathology of other organs, hepatic microsomal enzyme
activity and hematological indices were not affected by exposure (Chu et al.,
1981).

Inhalation exposure of rats to a mist containing high
levels of di«2-ethylhexyl phthalate (exact concentration unknown) has hteen
reported to produce fatalities in U4 hours; animala exposed for 2 hours showed no

lethal effects (Shalfer et al., 1945),

Intradermal injection of undiluted di-2-ethylhexyl
phthalate (4.93 g/kg, to mice was non-irritating to the skin, althcugh there was
some histological evidence of transient irritation te the peritoneal crgans
(Lawrence et al, 1974). Instillation of 0.5 ml of undiluted di-2.ethylhexyl
phthalate (=0.Y49 g) into the conjunctival sacs of rabbits has resulted in slight
eys irritation (Shaffer et al.,, 1945; Carpenter and Smyth, 1946).

{2) Subchronic Exposures
Ten days to three-month fe2qing of di-2-ethylhexyl

phthalate to rata at a dietary level of 0.2 to 5,0% has caused liver enlargement

and related histolegical aad biochemical changes (Table 16},

57

[N T

- 'JMM



 epemnT e

85

Table 15. Acute Lethal and Irritant Effects of Diethylhexyl Phthalate
Route Species Dose Response Reference
(g/kg)
oral rats 36.6 LD50 Shaffer et al., 1945
oral rats 19.5 8/10 died Shaffer et al., 1945
oral rabbits 33.9 LD50 Shaffer et al., 1945
inhalation rats saturated atmos- 0/6 died Shaffer et al., 1945
phere X 2 hra.
inhalation rats saturated atmos- 6/6 died Shaffer et al., 1945
phere X U hrs.
i.p.2 mice 4,2 LDS0 Calley et al., 1966
i.p. mice 37.8 LD50 Lawrence 2t al., 1975
i.p. rats >49.3 LD50 Singh et al., 1972
i.p. rats 30.7 LD50 Shaffer et al., 1945
1.v.? rats 8.3 LDLo Shaffer et al., 1945
intradermnal mlee 4.9 no dermal irri- Lawrence et al., 1975
tation, but siight
transient irri-
tation to the peri-
toneal organa.
dermal rabbits 2h.6 LD5G Shaffer et al., 1945
dermal guinea pigs 10.0 LD5G Krauskopf, 1973
ocular rabbits 0.5 mg undiluted transient con- Shaffer, &t al., 1945
gestion of the lids
ccular rabbits 0.5 mf undiluted slight irritation Carpenter and Smyth, 1946
ocular rabbits not stated no ieritation Lawrence et a., 1975
a, ]
i.p. = intraperitoneal
bi.v. = intravencus
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Table 16. Effects of Subchronic Exposure to Di-2-Ethylhexyl Phthalate

o

Houte Specles Exposure Principle Findings Reference
oral rats 0.375, 0.75, 1.5 Retarded growth at the Shaffer et al., 1945
(diet) and 3.0% for 90 days three highesat doses. No
(0.2, 0.4, 0.9 and effect on h2matology or
1.9 g/kg/day, micropathology of heart,
respectively liver, kidney or spleen, but
testicular degeneration was
noted.
oral rats 0.34 and 3.40 Increased liver weights Nikonorow, et al., 1973
{gavage) g/kg/day for 90 at 0.34 g/kg; 15/20 deaths
days in 3.4 g/kg group; effects
included congestion of the
small inteatine, loss of
mucosa in the stomach and
parts of the intestine,
purulent pneumonia and endome-
tritis. No histepathologic
alterations in the liver,
spleen or kidneys in either
group,
oral 0.25 and 2.5% for Increase in the welght of Ohta et al., 1973
(diet) 3 months the kidneys and formation
of renal cysts.
oral 1,4 and 10 g/kg for Increased liver weight at Yamada, 1974

3 weeks

4 g/kg. At 10 g/kg, signi-
ficant increase in mortality
and liver weight, with a
proliferation of the bile
duct and Kupffer's cells
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Tabie 16. Effects of Subchronle Exposure to Di-2-Ethylhexyl Phthalate (Cont'd)
Route Species Exposure Principle Findings flaference
ore." rats 0.5 and 2.5% for 21 Enlarged livers, elevated Yamada et al., 1974
{diet) weeks serum alkaline phosphatase,
cloudy swelling and necrosis
liver cells and renal tubule
epitheleal cells, and absence
of spermatogenesis in both
groups.
oral rats 0.2, 1, and 5% for Increased liver weight and Yamada et al., 1975
{ciet) 3 months drug metabolism enzyme
activities {not specified)
in all groups. Atrophy of
testes in the 5% group.
oral rats 2 g/kg/day for 21 Progressive liver enlarge- Lake et al., 1975
(‘ntubation) days ment, hypoactivity of
proliferated smooth endo-
plasmic reticulum, and
diminished enzyme activity
resulting from mitochondrial
changes
orat rats 0.5% for 10 days Liver enlargement and a Yanagita et al., 1978
(diet) significant increase in
hepatic phospholipids
inhalation mice saturated air for No compound-related Lawrence et al., 1975
2 hrs/day, 3 days/week histological alterations
for ¥ to 16 weeks in lung or other tissues.
i.v. dogo 0.5, 0.75, and 1.4 No effect on behavior, Rutter, 1975
mg/kg/day (in canine hematology, eclinical
plasma) for 21 days chemistry, body or organ
weights or histomorphology
i.p- mice 250 mg/kg/day for b Nearly all organs showed Calley, et al., 1966

weeks

eloudy sedimentation,
adhesions of the diaphram,
liver and intestines.
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Repeated intraperitoneal injection (5 days /week for 12
weeks) of the compound into mice has resulted in a significantly lewered LDSQ
value (approximately 20=-fnld) (Lawrence et., al,, 1974); the investigators

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

accumulate.
(3) Chronic Exposures

Long-term feeding studies (1-2 years' duration) in
several specles with di-2-ethylhexyl phthalate (0.1 to 0.5% dieilary levels) have
indicated that the compound may praduce liver and kidney effecis as indicated by
increased weights of those organs (Carpenter et al., 1953; Lefaux, 1968;
Nikonorow et al., 1973). Based on these chronic studies, the FDA has estimated
no-effect levels for di-2-athylhaxyl phthalate to ba 60 mg/kg/day for rats and 65
mg/kg/day for dogs (Shibko and Blumenthal, 1973).

(4) Carcinogenicity

Two-year NGl carcinogenieity bioassays of
di-2-ethylhexyl phthalate with B6C3F1 mice and F344 rats have been completed, but
the report is currently in review (NTP, 1981b). Fifty animals/sex/dose were
tested, and preliminary results (NCI, 1980) indicated that the admiaistration of
3000 and 6000 ppm dietary levels of di-2-ethylhexyl »shthalate to mice of both
sexes produced a marked increase in the incidence of hepatocellular carcinomas.
Rats fad dietary levels of 6000 ppm di-2-ethylhexyl phthalate also showed an
increase in hepatocellular carcinomas. Statistical evaluation of these results
was not available in the preliminary report,

A carcinogenicity investigation of di-2-ethylhexyl
phthalate was conducted at the Villejuif Cancer Institute in France and

summarized by LeFaux (1968)., In thias study, rats were apparently maintained on

61

ot ks '*n“a@ﬂthWw!#; Pt




dists containing SC0 ppm of the compound for a peried of 2! months. It was
concluded that the phthalate was innocuous and noncarcinogenic under these
conditions, but it should be nocted that additional information regarding
experimental design was not presented in the Lefaux (1968) summary.

(5) Mutagenticity

Reveras nmutation and differential growth inhibition
(DNA damage/repair) assays of di-Z-ethylhexyl phthalate with bacteria were
negative, and the compound failed to produce increased aberrations in cultured
Chinese hamster fibroblasts, human leokocytes or human fetal lung cells
(Table 17). Singh et al. (1974) have, however, reported positive mutagenic
effectz in the dominant lethal assay f{ocllowing a single intraperitoneal
injection of di-2-ethylhexyl phthalate into mice at 1/3, 1/2, or 2/3 of the LD50
level (12.5, 19 and 25 mg/kg, respectively).

Di-2-ethylhexyl phthalate has been schedule for mutagenicity
testing in Drosophila by the NTP (1980).
(6) Teratogenicity

Embrycotoxic and teratogenic effects have been observed
following oral and intraperitoneal administration of di-2-ethylhexyl phthalate
to rats and mice (Table 18).

Injection of 0.05 m} (0,49 g) undiluted 4i-2-e.hylhexyl
phthalate inteo the yolk sacs of J-day old developing chicken =ggs resulted in
marked embryolaethality (51%), but no eviderce of gross malformations (Lee et al.,
1974). Teratogenic effects (clubbed feet, neuromuscular disorders) were

observed, however, follswing injection of 0.05 ml of chick Ringer's sclution that

was saturated with di-Z-ethylhexyl phthalate,

&2




£9

Table 17. Mutagenicity of Di-2-Ethylhexyl Phithalate
Type of
Assay Organism Strain Activation Dose Result Reference
Reverse S. typhimurium TA 98, + 100C pg/plate Rubin et ar., 1979
mutation TA 100
S. typhimirium TA 98, + n.a. - NTH, 1980
TA 100,
TA 1535,
TA 1537
S, typhimurium n.a, n.a. n.a, - Yagl et al., 1970a
E. coli Wp-2 n.a. n.a. - Yagi ec al., 197va
DNA damage/ B. subtilis rec A n.a n.a. - Yagzi et al., 1976a
repair
Chropmosome Cultured Chinese CHL n.a. 0.1% mg/ml - Nde<hima arni Iskidcte,
damage hamster fibroblasts 115
Cultured human n.a = 0.6 to 60 ug/ml - Peterscn et al., 1975
leukocytes i
Cultured human n.a. -— 6.0 pg/ml - Peteraon et al., 1975
fetal lung cells
Dominant mice Harlan/ICR + 12.7 L0 #R.3 + Singh et al., 10714
iethal Swiss mg kg, single
albino dose, t.n.
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Table 18. Embryotoxic and Teratogenic Effects of Di-2-Ethylhexyl Phthalate

Species figute Exnosure Principal Findings Reference
rats oral 0.0L, 0.13 and 0. U% No effect upon total nuaoer  Carpenter et al., 1953
(diel) for 2 yeara of pups horn, mean number

of litters, mean size of
litters, or incidence of

stitlborna
: rats oral 0.34 or 1,70 g/kgrday  Decreased fetal anc Nikonorow et al., 1973
E (gavage) for 3 months pr.or placental weights and
: to conception increased number of
P

resorptions; no gros=s
abnormalities osbserved.

o rats oral 2.5 or 5 mg/kg/day Increased fetal Nakayama, 1968
= on days 7-13 of mortality and
gestation, resorptions,
mire oral 2.5 to 10 g/kg/day on Unspecifiec external and Yagi et al., 197ba,
days 6-10 of gestation skeletal malformations 1976b

in offspring of mice
exposed to 7.5 g/kg on
day 8, but no other details

reported
E mice oral 0.0, 0.1, 0,2, 0.4 Marginally significant Shiota et al., 1980
g {diet) and 1.0 wt$ through- increase in malformations
E out gestation {primarily exencegphaly
; (ca. 70, 190, uco and spina bifida) at 0.2%;
830 and 2200 mg/kg, all implanted ova died in
reapectively) utero at 0.4 and 1.03

o



Table 18. Embryctoxic and Tera.ogenic Effects of Di-2-Ethylhexyl Phthalate {Cont'd)

Exposure

Principal Flndinga

Reference

Species Route
mice oral
rats 1.D.
rats i.p.a
rats i,v.b

0.05, GL.1, or 1.0 g/ke
on day 7 of gestation

ca. 5 and 10 mg/kg/day
on days 5, 10 and 15
nf geatation

2 and 4 g/kg/day on
days 3, 6, and 9 of
gestation

1.3, N.T,Cand 5.3
mg/kg day  on days
6 to 15 of gestation

Fetal mortality at 0.1 and
1.0 g/kg. Gross and skeletal
abnormalitiea at 1.0 g/kg
{elongated and fused ribs,
absence of tall bones,
abnormal or incomplete skull
bones, incomplete or missing
leg bcnes)

hemangiomas &nd twisted
hind legs at 10 mg/kg.
Resorptiona at both doses
but no dead fetuses

Adversely affected
implantation and
perturition.

No effe2t on numbers of

live und resorbed fetuses,
fetal weights and sizes, or
the incidence of’ gross exter-
nal skeletal and visceral
malformations

Nakamura et al., 1979

Singh et al., 1972

Peters and Cook, 1573

Lewandowski et aj., !980

a . . ;
intraperitoneal

intravenous

¢ Polyviayi chloride (PVC) plastics which contained DEHP as a plasticizer were extracted with rat plasma
to yield the administered concentrations of DEHP; PVC bags are widely used to collect and store blood and

parenteiral solutions,
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(7) Resroductive Effects

Oral and intraperitoneal exposure to high levels of
di-2-ethylhexyl phthalate have producsed tubular changes in the testes,
testicular atrophy and impaired spermatogensis in rats (Table 19).

Results 0©0f a three-generation reproduction astudy
conducted witn rats maintained on dietz containing di-2-etnylhexyl phthalate
rave shown a lowered mating index in females expcsed to 1500 ppm levels of the
sompound (Industrial Biotest, 1978}, Normal reproduction, parturition and
nur3ing were reported in rats exposed to 500 ppr di-2-ethylhzxyl phthalate for U
gonerations (LeFaux, 1968},

Di-2-ethylhexvl phthalate has been selected for testing
for effacts on reproductive function oy tka NTP (1980).

(8} Other Relevant Information

The i.v. administration of di-Z2-ethylhexyl phthalate
(= 20C to 300 mg/kg), solubilized in .ion-ionie detergents, resulted in immediate
respiratory distress and subsequent death due to pulmonary ederz in male rats
(Schulz et al., 1975; Rubin and Chang, 1976). The pulwonary pathology was
characterized by an inflammatory state commonly referred to as "shoek lung”
(edematous thickening of the interalveolar septa and marked engorgement of the
pulmonary vasculature rrith polymorphonuclear leukocytes). The syndrome was not
elicited when di-2-ethylhexyl phthalate was injected without solubilizer,
although more recent results confirm the pulmonary toxicity in rats when the
compound is solubilized directly in plasma without the addition of a detergent
(Rubin and Chang, 1978).

Ji-2~ethylhexyl phthalate is extensively metabolized
te the corresponding monoeater, mono-2-ethylhexyl phthalate, and to the acid,

alcohol and ketone resulting from %the side chain oxidation of the monoester
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Table 13. PReprodu-.tive Effacts of Di-2-Ethylhexyl Phthalate
Prin~ipal
Species Rcute Exposure Findings Referenae
rats oral 0.375, 0.75, 1.5 Tubular atrophy and Shaffer et al, 1945
(diet) and 3.0%7 for 90 degeneraticn in the
days (0.2, 0.4, testes
0.¢ and 1.9 g/kg/
day, respectively)
rats oral 0.5 and 2.5% for Absence of spermato- Yamada et al., 1974
{diet) 21 weeka genesiz in both grouns
rats oral 0.2, 1, and 5% for Atrophy of the testes Yamada et al., 1975
{diet) 90 days in the 5% group
rats oral 0.2, 1.0 and Z.0% Severe seminife-ous Gray et al., 1977
{diet) for 17 weeks tubular atrophy and
nrassation of sperma-
togenesis at 1.0 and
2.0%; evidence of
decreased spermato-
genesis at 0.2%
rats oral G,2 and 1,02 Testicular atrophy; Cater et al., 1977
(diet) fer 90 days darage produced in 2
weeks at 1.0%
rats oral 2.8 grugsday for leversible age-depen- Gray and
{intubation) 16 day. deat seminiferous Butterworth, 1980

tubular atrophy; effeet
most pronounced at 4
weeksa; no damage in 15
week old rats

e e R e o
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Taty. 4. Reproductive Effectis of Dpi-2-Ethylhexyl Phthalate (Cont'd)

Principal
Species Route Exposure Findings Reference
rats oral 2% (=1,2 g/kgsaay Testicular effects not Gray and
(di=t} for 10 days influenced by simul- Butterworth, 1980

taneous administration
of testosterone or
follicle stimulating

hormone
rats i.p.t 5 ¢/kg on days Degenerated semini- Seth et al., 1976
1, 9, and 10 of ferous tubules in males
the scudy; rats No apparent histopatholo-
sacrificed on day gic alterations in ovaries
22
rats i.p. 1.25 g/kg/day for Decrease in reating Oishi and
5 days and human chorionic Hiraga, 1979

gonadotropoin-stimu-
lated testosterone
plasma levels

i.p. = intraperitcneal



(Albro et al., 1973; Daniel and Bratt., 1974; Lake et al

.
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1775). Both di- and
mono-2-ethylhexyl phthalate are rapidly metab~'iuzed and excreted after oral or
intravencus admipistration in rats, and high leveis of administered
di-2-ethylhexyl phta-late may saturate the liver clearance capability in this
species ‘Schulz and Rulin, 1973; Daniel and Bratt, 1974; chu et al., 1978).

Distribution studies following the i.p. injeetion of
radiolabeled c¢i-2-ethylhexyl phthaiate inte pregnant rats have indicated ‘hat
the compound c¢rosses the placental barrier (Sirgh et al., 197%5); the
disappearance half-life for the compound was estimated to be 2,33 days.

b. Human Studles
(1) Pharmacokiretics

Reports on the accidental ingestion of large doses
(5 g, 10 g) of di-2-ethylhexyl phthalate (Shaffer et al., 1945) and systemic
levels of di-2-ethylhexyl phthalate following ingestion of food containing the
compound (Tomita et al., 1377) indicate that absorption from the
gastrointestinal tract occurs. Neurclogical symptoms in workers exposed to
phthalate plasticizers indicate that phthalate esters may be absorbed through
the respiratory tract (Milkov, 1369; Giliol! et al., 1978).

Di-2-ethylhexyl rhthalate residues have P a2n detected
in plaswa, liver, kidney, spleen, lung, and abdominal facr samples at au.opsy
(Jaegar and Rubin, 1972; Napier, 1976; Overtu:rf et al., 1979). An increased
incidence of positive samples has been reperted in patients receiving blood
transfusions (Napier, 197b; Hillman et al., 1975). hut r2sidues have also been
detected in tissues of individuals with no Kknown transfusion history (Miripol

et al., 1775,

Lewis 2t al. (1978) have reported that rollowing

elstallon . udmnd lavels ©f  rfomrarad oo ing patient  hemodialysis,
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di-2-athylhexyl phthalate was cleared rapidly from the blood wivnin 5 to 7 hours.
A blood nalf-life of 28 minutss has been estimated for di-2-ethylhexyl phthalate
in patients that have received transfusions (Rubin and Schiffer, 1976).

in two patients who swallowed S to 10 g of di-Z2-ethyl-
hexyl phthalate, about 4.5% of the dose was recovered in the urine as phthlate
equivalents in 24 hours (Shaffer et =l., 1945), Two lsukemia patients given
platelets stored in vinyl plastic bags excretad 603 and 9C% of the infused dose
of di-2-ethylhexyl phthalate as unchanged compound, and as phthalate metabolites
in the urine within 24 hours of transfusion {Rubia and Schiffer, 1976).

(2) Health Effects

Ni-Z2-~ethylhexyl phthalate has been shown to cause
pulmonary reactions leading to respiratory distress in animals (Section 14.a.8);
this response may relate to "shock lung" syndrome observed in some patients that
have received transfused blood (TLomas et al., 1978) that was stoed in polyvinyl
chloride bags that contained residues of the compound. Respiratory distress may
reault from inoreased platelet aggregstion produced by di-2-ethyliiexyl phthalate
{Petersen et zl., 1975) or from effects of rhe compound on histamine release and
metabolism (Chang and Rubin, 1979).

dhen undiluted di-"-ethylhexyl phthalate waz applied to
the nacks of 23 subjects duriang patch tests, left in ccontact for 7 days and
reapplied on the same spots 10 days later, no erythema or other dermal reaction

was observed (Shaeffer et al., 1945).

(3) Target Organ Toxicity
No information was found in the literature searched,
(4) Epideminlogy

A morbidity study of 101 worker exposed to very 1low

atmospheric levels (0.0006 to 0.01 ppm) of di-J-ethylhex:l phthalate for an
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average aof 12 ymars revealed no significant health efracts ‘-3jurolegical
abnormalities, premature births or miscarriages) and no .increase ln chromosomal
aberratiors (Thiess et al., 1978). wWorkers were exposed for periods of U months
to 35 years in a di-2-ethylhexyl phthalate production plant.

Twe epidemiological studies of workers exposed to
ai-z=ethyhexyl phthalate as well as several other phthalate esters (dibutyl,
tutyl benzyl, diisooctyl) have indicated an increased incidence of polyneuro-
pathies of toth the sensory and motor-sensory types (Milkov et al., 1969; Gilioli
et al., 1978), The Italian study (Gilioli et al., 1978) indicated that 12 of 23
phthalate plasticizer workers exposed to atmospheric levels of phthalates
ranging from 1 ms/m3 to 6C mg/m3 suffered neurological disturbance8. Workers
exposed for 2 to 3 years showed aymptoms in 2% of the cases examined, while
those exposed for longer than 3 years showed symptoma in 46.6% of the cases
investigated. Exposure of the Russian workers (Mikov et zl., 1969) in an
artifieial leatner and film production plant involved atmospheric levels that
ranged from 1.7 mg/m3 to 60 mg/mB. The inecidence of subjective symptoms
increased (rom 57% in those employed & to 10 vears to 82¢ in those employed for

more than 10 years.

15, Qngoing 3tudies

The distribution, biotransforaation, and elimination
characteristics of di-zZ-ethylhexyl phthalate in primatas (including man) ars
currently being studied by Peck and Cdom (1981),

16, Exposure Standards

The ACGIH (1081} currently recommends and OJSHA 71976"  has
promuigated a Time-Weighted Average (TWA) exnosure limit of § mg/m3 for
occupational exposure to di-2-ethylhexyl phthalate; a Short-Term Exposure Lizit

(STEL) of 10 mg/3 has alsc been rezommended bv the AGCG] 1.

T
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17. 3Sources of Additional Relevant Information

Comprehensive reviews of phthalate esters have been completed by

Feakall (1975), Daniel (1978); 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

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

searched.
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E. DIETHYL. PHTHALATE

T Chemical Name: Diethyl Phchalate

2. Chémical Structure:

O
)

C-OCZHS

<::::> E-OC2H5

o

3. Synonyms: Anozol
1,2-Benzenedicarvoxylic acid, diethyl ester
DEP
Diethyl E
Diethyl ¢o=-phthalate
Ethyl pnthalste
Nesantine
Palatinol A
Phthalic acid, diathyl ester
Phthalul
Placidol E
Solvanal
Unimoll DA

4, Chemical Abstracts fervice (CAS) Mumber: B84-56-2

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

TI1053000

6. Chemical and Physical Properties:

Description: water-white, odorless liquid
Moleoular Weight: 222.24

Boiling Pojuas: 296-293°C

Melting Point: =4).5°%C

Yapor Pressure: 1 mm Hg (108.8°C)
Solubility: 890 mg/l (25°C) water:

spluble in acetone, benzene;
miscible with alcohol;

soluble in all proportions of
ether

Specific Gravity: 1,118

Stability: 2ombustible;
Flash point: 325°F (0.C.)
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7. Production

Recent production figures for diethyl phthalate are as f{ollows

(USITC, 198Da, 197%9a, 1978a, 1977a):

Production
Year (in miilions of pounds)}
1979 -
1978 22.3
1977 17.5
1976 16,1

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

diethyl phthalate and productien velumes are presented in Table 20,

Recent import figures are as follows (USITC, 1980a,b, 1979b,
1978b, 1977b):

Importation in

Yoar Millions of Pounds
1979 0.131
1978 0.010
1977 0.270
1976 5.161

8. Use

The major use of diethyl phthalate is as a plasticizer; in this
application, it is used almost entirely for cellulose ester plastics, with smalil
amounts used in polyurethane casting corpounds (Frey, 1976).

Minor uses of dietnyl phthalate include use as a dye carrier,
solvent for cellulosics, wetting agents, insecticidal sprays, camphor sub-
stitutes, perfumery, alcohol denaturant, mosquite repellents, and elastomer
diluent in dental materials (Wannemacher and DeMaria, 1979; Hawley, 1977;
Freeman, 1965; Gontz and Ellis, 1§65).

g. Manufacturers and Distributors

Diethyl phthalate is manufactured by the following companies (3RI

International, 1980; USITC, 1980a):

T4
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Table 20.

Producers of Diethyl Phthalate and Production Ranges
(U.S. EPA, 1980a)

Producer

Type of Production

1977 Production Range

Allied Reains
Conneaut, CH

Kay-Freis Chemicals
Stony Point, NY

Fritzsche Dodge and
Olcott
East Hanover, NJ

Pfizer Tne,.
Ureensboro, NC

Polalc's Frutal Works
Middletown, NY

Monsanto Co.
3t. Louis, MO

Tennessee Eaatman
Kingsport, TN

Nickatadt-Moeller
Ridgefield, NJ

Finetex Inec.
Elmwood, NJ

Polyesather Corp.
Southhampton, WY

~vq

et Laberatories
Elmsford, NY

Ungerer and Co.
Totowa, NJ

Syrarome Corp.
New York City, NY

Sclchem, Ine.
New York City, NY

V. Mane Fils Inc.
Fairfield, NJ

Roure Bertrand DuPont Inc,

Teaneck, NJ

Proprietary Perfumes Ltd

Maywood, NJ

Dragoco Inc,
Totowa, NJ

Manufacturer

Manufacturer

Manufacturer

Manufacturer

Manufacturer

Manufacturer

Manufact urer

Manufacturer

Manufacturer

Importer

Importer

Importer

Importer

Importer

Importer

Importer

Importer

Importer

10-100 thousand 1lb

confidential

nocne

0!1-110 Inilli.on lb

confidential

1=10 million 1b

1=10 million 1lb

eonfidential

confidential

none

confidential

1«10 thousand lb

under 1000 1b

confidential

confidential

confidential

1-10 thousand 1lb

1-10 thousand 1lb
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Eastman Kodak (Tennessee Eastman) Kingsport, TN

Kay=-Fries, Inc,
Monsanto

Pfizer

Sybron (Tanatex)

Stony Point, NY
St. Louis, MO
Greenaboro, NC
Lyndhurst, NJ

The distributors of diethyl phthalate include (1980-81 OPD

Chemical Buyers Directory, 1980; Chemical Week: 1981 Buyers' Guide Issue, 1580C;

Chem Sources-=USA, 1980):

10,

Aldrich Chem.

Alfa Prod.
Anachemla Chem.
Ashland Chemn.
Lcomergic Chemetals

GRL Chem.
Gallard=Schlesinger
Haarmann and Reimer
LaPine Sci.

Lachat Chen.

J.T. Baker Chem. Lux Chem.
Ber je Chem. MCB Reagents
Bio-Clinical Labs Mallinckrodt

CPS Chem.

CTC Drganics
Chem Services
Davos Chenm.

EM Labs

Eastern Chem.
Fallek Chem.
Fehr Bros, Chem.
Fisher Sci.

Manufacturing Processes

Pfaltz and Bauer
Philipp Bros. Chem.
Pioneer Salt and Chem.
Polyesther Corp.
Polys~iences

Solchem
Thompson-Hayward Chenm.
Tridom Chem,

Unizhema International
Union Chemn.

The dialkyl phthalates, including diethyl phthalate, are produced

by esterifying phthalic anhydride with the appropriate alccohols in the presence
of catalytic amounts of sulfurie acid. The process is essentially the same for
all the lower aliphatic alcohols, and modifications are necessary only in the
alcohol-recovery and product-purification systems (Lowenheim and Moran, 1975),
In the case of diethyl phthalate, the esterification is done with phthalie
anhydride and ethyl alconel.

Appendix B diagrams the typical process by which all commercial
dialkyl phthalates are made, Plants are designed to aliow any of the phthalate

esters to be made in the same equipment, giving flexibility to production.
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While many plants produce phthalates by bateh mothods, other newer plants operate
econtinuously and are highly automated (Lowenheim and Moran, 1975).

The production process begins by charging phthali» anhydride and
the appropriate alcohol into a reactor that is actually the still of a distilla-
tion column. 7Yhe reactor is eguipped with an efficlent agitator and internal
steam c¢coils for heating. A stoichiometric excess of alacohol is normally
utilized. A 13 solution of concentrated sulfurie acid is added &5 a catalyst.
The reactor is heated to such a temperature that the azeotrope of water and
aleohol distills at the ¢olumn-head. The distillate is cooled and separated by
decantation. The alcohcl-rich layer i3 recycled %o the column, while the water-
rich layer is either wasted or sent to recovery, When the optimum amrunt of
water has been removed from the reactor, the residual crude phthslate (still
bottoma) is discharged to an alkall washer that neutralizes the sulfuric acid
content with sodium carbonate, This neutralizing operation 1s followed by a
water-washing operation. The crude phthalate is then stripped in a vazuum column
to separate the volatlle products such as olefins, alcohol, and other impurities.
When economically feasible, the alecchol is recovered for reuss. The phthalate
can be further purified by decolerizing with ac<ivated charcoal (Lowenheim and
Moran, 1975; Sittig, 1967).

Manufacture of diethyl phthalate is normally done by batch
esterification, Benz=ne is usually introduced into the reactor column to reduce
the partial pressure of the alcohol; therefore, the distillate is 23 ternary
mixture of water, alcohol, and benzene. The benzene is separated frow the water-
aleohol mixture by decantation, The benzene ia recycled to the eolumn; the

aleohol and water are reztified to recover the alcchel for reuse (Lowenaeim angd

Maran, 1975).
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“1., Impurities or Additives

No information was found in the literature searched.

12. Occupationnl Exposure

The , National OQOccupational Hazard Survey indicates that
889,365 workers are potentially exposed to diethyl phthalate.

13. Control Technology and Work Practices

Specific factors that may contribute to or prevent employee
expnsure to diethyl phthalate were not found in the literature searched,

4. Bioclogical Effects

a. Animal Studies
{1} Acute Exposures
The acute iethal and 1irritant effects of diethyl
phthalate are summarized in Table 27, Pulmonary congestion, edema and petechial
hemorrhages, lymphocyte fragmentation {n the spleen, and renal tubular
degeneration were ohserved ia mice within 7. wours of injecticn of intraperi-
toneal median letral doses of diethyl phthalate (Karel et al., 1947).
Intradermal injection of undiluted diethyl phthalate
into mice (2.24 g/kg)} produced irritation, but no histological damage to the
peritoneal organs (Lawrence e% al., 197%). Instillation of 0.1 ml undiluted
diethyl phthalate {=0.1 g} into the conjunctival sac of rabbits has been reported
to cause mild irvitation (Draize et al., 194u],
(2} Subchronic Exposdres
Dietary administration of diethyl phthalate to rats at

5.0% lavels for 1% weeks has been reparted to increase liver and kidney weights

in both sexes. Histologic examination demonstrated fatty degeneration and
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Table 21. Acute Toxieit, of Diethyl Phthalate

Route Species Dose Re=ponse Reference
(g/kg!
oral rats 5.5h8 LDSO Tyson, 1972
oral rabtits 1.0 LDAC Fassett, 1967
i.p.° mice 2.75 LD50 Karel et al., 1947
1.p. mice .22 LD50 Lawrence et al., 1975
i.p. mice 2.8 LD50 Calley et al., 1966
iaps rats 5. 6% LD50 Singh et al., 1972
intradermal mice 2.24 dermal irritation, Lawrence et al., 1974
but no visceral '
organ irritation
scular rabbits 0.1 ml undiluted mild irritation Draize et al., 19Uy
{=0.1 g)
ocular raoobits not stated no irrtitation Lawrence et al., 1975
ai.p. intraperituneat
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alight vacuelizatlon of the liver, and pyelonephritis and lymphoeytic infiltra-

tion of the kidney (Brown et al., 1978).

Rkepeated intraparitoneal injection {5 days/week for 14 weeks) of
mice with diethyl phthalate resultad in a progressive decrease in observed LD50
values over this period (=2-fold) {(Lawrence gt al., 1974). The authors suggest
that this effect is related to cumulative toxicity of “he compound; the diethyl
ester shows a much smaller change in LD50 than that observed for either
di«2-ethylhexyl or the di-n-octyl phthzlates (Lawrence et al., 1975).

{3) Chronic Exposures

Oral administration of diethyl phthalate to rata at a

level of 1250 mg/kg for 2 years has beer. reported Ln produce no significant toxie
effects; a similar lack of toxieity was reported in a l-year study with dogs
maintained orally at 625 mg/kg levels of diethyl phthalate (Shibko and
Blumenthal, 1973).

(4) Carcinogenicity
No information was found in the literavurs searched.

[5) Mutagenieity

Diethyl phthalate has been repcrted to be mutagenic te

S. typhiourium TAI00 when tested without metaboli- -~.tivation at a doss of

1000 ug/plate (Rubin et al., 1979), but testing in strain TA100 with activation
at this dose and in other strains at lower doses was negztiva [Table 22). The

compound was also nsgative in reverse mutation testing with E. coli (no

activatien) and 'n ditfsrential growth inhibition assays with wild and DNA
repair-deficient atrains of E. ¢coll and B. subtilis, Adaition of diethyl
pnthalate at concentrations up teo 0.25 mg/ml to cultured Cninese Hamsater cells

dit not proruce ar invrease ia chreocseane gana or breaks (Odashima and Ishidate,

1975} .
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Table 22. Mutagenicity of Diethyl Phthalate

Type of Assay Organism Strain Activation Dase Yesult Reference
Reverse S. typhimurium TA98 + 1000 pg/plate - Rubin et al., 1979
Mutation - 1000 ug/plate - Rubin et al., 14979
TA100 + 1000 pg/plate - Rubin et al., 1979
- 1000 pg/plate + Rubin et al., 1579
$. typhimurium Tay8 + 667 pg/plate - Florin et al., 1930
TA100 + 667 ug/plate - Florin et al., 1980
TA1535 + 667 pg/plate - Florin et al., 1580
TA1537 + 667 pg/plate - Florin et al., 1980
S. typhimurium TA98 + 10 mg/plate - Kurata, 1975
TA130 + 10 mg/plate - Kurata, 1975
E. coli wild - 10 mg/plate - Kurata, 1975
uvr A~ - 10 mg/plate - Kurata, 1975
DNA damage/ E. coli uvr A~ - 10 mg/piai=e - Kurata, 1975
repair Pol A~ - 1C mg/pla‘te - Kurata, 1975
rec A~ - 10 mg/plate - Kurata, 1975
B. subtilis rec A - 10 mg‘plate - Kurata, 1975
Chromoscome Cultured Chinese CHL n i. 0.25 mg/mt - Odashima and

damage Hamsater fibiroblasts Ishidare, 1975




Diethyl pithalate has been sacheduled for mutagenicity

testi: g 'in Salmonella by the NTP (1980).
(6) Teratogeniclity

Intraperitoneal injection of diethyl phthalate on days
5, 10, and 15 cf gestation have produced teratogenic effects in rata at levels of
1,130 mg/kg and 560 mg/kg. Skeletal abnormalities such as elongated and fused
ribs were observed. The lower dose of the compound alsec produce.: a signifiecantc
increase in the number of fetal resorptions (Singh et al., 1972).

Diethyl phthalate produced a low incidenne (1/10) of
teratogenic effects in developing chick emoryos following a single injection of
28 mg of compound into fertile eggs (Bower et al., 1970). The congenital defect
obssrved involved malrotation of the left leg.

(7) Repioductive Effects

Oral intubaticn ¢f diethyl »hthalate inteo rats at a
level of 1.€ g/kg/day for 4 “ays had no effect on testis weight, testis pathology
or urinary excretion of zinc (Forncer et al., 1980).

{8Y Other Aelevant Information

Distribution studies following the i.p injection of
radiolabeled diethyl phthalate int¢ pregnant rats have indicated tnai che 2om-
pound passes across tne placcntal barrier (Singh et al., 1975); the disappearance
half-life for the compouny was estimated vo bhe 2.2 days.

b. Human 3tudies
(1) Pha-macckinetics
Nc information was found in tne literature searched.
{2) Heal:h Effects
& preliminary report from Eastman Xodak, reported by

ACGIH (1979), has indicated that 150 to 2%G workers exposed te 3 wmixture of



phthalates including diethyl phthalate at sapor levels of 1-¢ owm showed no

phthalates in blood and no evidence of peripheral polyneuritis. Human exposure

to heated vapors of tha compound may produce some transient irritation of the
nose and throat (ACCIH, 1979).
{3) Target Organ Toxicity
¥o informaticn was {ound in the literature sea~chad.
(4) GEprdemiology
No information was Tound in the literature searched.
15. Ongoing Studies
A carcirogenesis bicassay of die i3yl phathalate nas bsen started
by the NTP (19881b), prec.ronic testing is ¢urrently in srogress. The compound 3

being administered to rats and mice in the o2

16. Expeosure Standards

The ACGIH (1981) currently recormends ar 3-hour Time-Weizhtsc
Average (TWA. limit of 5 mg/m3 for vecoupational exposurs to diethyl phthalate;

the recommended Shert-Term Exposure Limit (STEL) ic 10 mg/m3

17. Scurces of Additional Relevant Information

Comprenrensive reviews oY phthalate esteérs have been completed by
Feakall (1975), Daniel (1978), Lawrence (1978), Thomas et al. (1978), Lawrence
and Tuell (1979}, and the U,3. EPA (1980b).

18. Qther Pertinent Data

No other information that would a:id in the assessment of di=sthyl

phthalate as an occupational hazard was found in the literature searched,
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F. DI1SODE_YL PHTHALATE

. 1. Chemical Name: Diisodecyl Phthalate

2. "hemical Structure:

R CH.
[

I ]
C-0-CH,-(CH,)  ~CH-CH,

i
‘\//L |(|1—0~CH:-(CH2) b~}u.»c5.3
Q CH,
3
3. Synonyms: 1,2-Benzeneaica~bcxylic acid, diisodeczyl ester
Phthlaic acid, disaodecyl aster

L, Chemical Aabtract Service (CAS) Number: 26761-40-0

Fe Hegistry of Toxic Effects of Chemical Substanzes (RTECS) Number:
Not listed

6. Chemical and Physical Properties:

Description: liquid

Molecular Weight: 446.7

Boiling Point: 255°C (Smm Hg)
Melting Point: -48°c

Vapor Pressure: <10 mmHg (25°9C)
Solublility: insoluple in water
Specific Gravity: o.l;cﬁég'q

St-pility: combustible;

Flash point U30°F

Dogestie productisn in recent years is as follows {(USITC, 1980Ca,

1973a, 1978a, 1977a;:

Production
Year (in miilion Iba)
1974 1747
1978 170.8
1977 160.6
1976 TR

34
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Data available from the U.3. EPA (1980a) regarding producers of
diiandecyl phthalate and production volumes are presonted in Table Z3.

8. Use

Diisodecyl phthalate i3 used as s plasticizer for films and

calendered gczds, building wires, appliance wires, and communication wire (Frey,

1976),

9. Manufacturers and Distributors

Commercial manuf.cturers include {SRI International, 1880: USITC,
1980a):

BASF Wyandotte

Kearny, YJ
Continental 0il Co.

Aberdesan, MS
Exxon Corp. Baton Rouge, LA
Hatco Chem, Fords, NJ

Reichhold Chem,
Teknor Apex Co.
Tenneco Chem.

U8 Steel Corp.

Carteret, NJ
Hebronville, MA
Chestertown, MD
Neville Island, PA

Also see Table 23.

Other distributors include ( 1980-81 OPlL Cheaical Buyers

Directory, 1980; Chemical Week: 198t Buyers' Guide Issue, 1980; Chem,

Sources--S4, 1980):

American Can (Inc.ex)
Alltech Aslace.

Chem Services

ICN/% and &

Pfait~ and Yauer
Pioneer Zal: and Zhaem.
Fd) Intapnrriona.

Ame richer.
Aghland wnem,
5L Cherm.

M™% Reacgents
P izer
Polysc 2nces
Hohm a.,d Haa

10. Manufachturing Proczsses

Ciaso'2cyl phth 'ate s made o, %he astr - ifica-ior reaction of

phthalic anhydride with =edec¢,l a. :chnl, apen.ix B outlines {he gens2ral

manuracturing orerations.

11, Impurities »r Adaitives

No data available ¢rom the literatur. searched,.
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Table 23. Producers of Diisodecyl Phthalate and Productien Ranges
(U.S. EPA, 1980a)

Producers Type of Production 1977 Production Range

Continental 0il Co. Manufaeturer 1 to 10 million lb
Aberdaen, M

C.P. Hall Co. Manufacturer under 1000 lb
Chicago, IL

Hatco Chemical Manu "acturer confidential
Fords NJ

Haywood Ca. Manufacturer 0.1 = 1.G million 1b
drownsville, TN

Reichhold Chemical Manufactursar none
Carteret, NJ

Teknon Apex Co. Manufacturer 1 to 10 million 1lb
Atterbow, MA

Tenneco Ck2am Manufacturer 12 to 50 million 1b
Chestertown, MD

1.8, 3teel Corp. Manufacturer 10 to 50 millien 1lb

Pitcaburg, PA




‘2. Qccupational Exposure

The National Occupational Hazard Survey indicates that 40,164
workers are potentially exposed to dilsod-cyl phthalate.

i3. ientrel Technology

Specific factors that may contribute to or prevent employee
a2xposure to diiundecy. phthalte were not found n the literature searchea.

14, Biological Effacts

a. Animal Studies
1) Actte Evnosures

The scute lethal and irritant effects of diisodecyl
phthalate are summarized in Table 24, As indicated, the availzable data indicates
that this phthalate 1s not highly toxio.

Intradermal injection of undiluted diisodecyl
phthalate {concentration not stated) into mice was non-irritating to the skin,
and did not 2ause histologic damage to the peritoneal organs (Lawrence gt al.,
1975). Instillation of undiluted compouna {volume not stated) into the eyes of
rabbitas did not result in grossly obse:rvable irritation.

{2) Subchronic Expcsures

A 14-week feeding study with rats and dogs established
a no-effect level of 0.1 g/kg of body weight for both species [Dewey and Alma,
1968). Livers were markedly heavier than those of controls in rats maincained on
1% diets, but no histolcgical changes «ere observed. A slightly eleva.ed
liver/body welght ratio was noted in dogs fed a similar concentration of
diisodecyl phthalate, but pathological examinaticn of the Llivers revealed
awollen and vacunlated hepatocytes. Additional details orn the

experimental

design of this atudy ard results were not available for review.
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Table 24. Acute Toxicity of Diiscdecyl Phthalate
Dose
Route Species (g/kg) Response Reference
oral rat 29 Ajl survived Younger, 1961
aral? rat >6.2 LD50 Smyth et al., 1962
oral rat 64 LD&50 Shibko and
Blumenthal, 1973
srul rabbit 21.7 minimum lethal dose Younger, 1961
i.p.li mouse >100 LD50 Lawrence et al., 1975
intradermal mouse undiluted, volume no dermal or visceral Lavwrence et al., 1975
not atated organ irritation
ocualar rabbit undiluted, volume no irritation Lawrence et al., 1975

not stated

adi-(decyl)cster tested; isomer not stated

b .
i.p. = rntraperitoneal



(3) Chronic exposure
N¢ information was found in the literature searched,.
(47 Caroinogenicity
No information was found in the literature searched.
{5) Mutagenicity
Diisodecyl phthalate 4id not inhibit the growth of DNA-
repair deficient strains of B. subtilis and E. coli, and did not induce reverse
mutations in S. typhimurium or E. coli (Table 25).

{6) Teratogenicity

Injection of 0.05 ml undiluted diisodecyl phthalate

(0,048 g) into the ynlk sacs of 3-day old developing chicken eggs resulted in
marked embryolethality (63%), but no evidence of gross palformations (Lee
et al., 1978). Teratogenic effects were observed, however, following injection
of 0.05 2l chick Ringer's solution that was saturated with diiscdecyl phthlate;
twisting or "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 information was found in the literature searched,

b. Human Studies
{1) Pharmacokinetics

No information was found in the literature searched.

{2) Health Effects

Ne nformation was found in the literature searched.
{3} Target Organ Toxicity

No information was found in the literature searched.
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Table 29. Mutagenic Activity of Diisodecyl Phthalate

Type of
Assay Organism Strain Activation Dose Result Reference
Reverse S. typhimulrum TA 100 yes 10 mg/rlate - Kurata, 1975
Mutation
5. typhimurium TA 98 yes 10 mg/plate - Kurata, 1975
E. coli wild no 10 mg/plate - Kurata, 1975
E. coli uvr A” no 10 mg/plate Kuratz, 1975
DNA damage/ B. subtilis rec A” nc 10 mg/plate - Kurata, 1975
P repair
E. coli uvr A~ no 10 mg/plate - Kurata, 1975
E. coli Pol A~ no 10 mg/plate - Kurata, 1975
coli rec A” no 10 mg/plate - Kurata, 1975

k3]




(4) Epidemiology

No information was found in the literature searched.

15. Ongoing Studies

Ne 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 have been completed by
Peakall (1975), Daniel (1978), Lawrence (1278}, Thumas et al. (1978), Lawrence

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

18. Other Pertinent Data

No information was found in the literature searched.
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G. DIISONONYL PHTHALATE

T,

2.

3.

“n
5-

~

Ja

7

pounda (Frey,

Chemical Nama: Diisononyl Phthalate

Chemical Strycture:
Q cn
i ) 3
C-O—-CH:(CHZ)SCHCH3

ﬁ-O_CH2(CH2)5$HCH
0 CH

3

1

Synenvmg: 1,2 - Benzenedicarboxylic aeid, diisononyl ester
Phthalie acit, diisononyl eater

Chemical .bstract Service [CAS) Number: 28553-12-0

Registry of Toxic Effects of Chemical Substances (RTECS) lumbder:

Chemical and Physical Properties:

Description: ———
Molecular Weight: 418.6
Boiling Point: -——
Melting Point: ——

Vapor Presasure: -
Solubility R
Specifiic Gravity: —
Stabllity: combustible

Production

Production of diisononyl phthalate in 1974 was about 100 million
1976).
Production rankges are not availaple from the U.S. EPA (198Q0).

In 1976, 3.3 million pounds were imparted (USITC, 1977b).

Use

Diisononyl phthalate is used as a genzral-purpose plasticizer

(Inchalik and Rubin, 1975;.

It has a minor use as a dielectric fluid in capacitors as a

repluacement for PCB'a (Versar, 1976).
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S. Manufacturers and Distributors

suiwmereial manufacturers inelude (SRI International, 1980; USI™ .

1980a):
Exadn Coirp. Baton Rouge, LA
7.3. $resl Corp. Neville Island, PA
Distributors - nclude (1980-81 OPD Chemical Buyers' Directory,
1900 Chzﬁ Scurces- - .- 1980).

tghland Cuemical
LHep Cerviaes

10. Mg wfacturing Processes
Diiscnonyl phthalate {s made Ly the eateri’ication reaction of
phthalic anhydride with iscononyl alcoheol, Appendix 3 outlines the general

@masufacturing operations,

11, Impurities or Additives

No information was found in the literature searched.
12. Decupational Exprsure
The National Occupat.icnal Hazard Survey indicates that 17,022
workers are potentially exposed to diisononyl phthalate.

13. Centrol Tec»onology and Work Practices

Specific faector: that may contribute to ¢r prevent employee
exposure to dilsononyl phthalate were nof found in the literature searcied.

: 14. Biological Effects

a. Animal Studies
(1) Acute Exposures

An oral LDSO of >10 g/kg has been reported for rats
(Livirngaton, 1971). The only symptom noted following administration of single

oral doses of 5 or 10 g/kg to rats was oily fur.
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(2) Subchronic Exposures
. Oral administration of S00 mpg/kg/day diisononyl
pnthalate 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 cunanges 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 of the compound were fed for 3 weeks; the dose was
subsequently increased to 4% for § to 13 weeks. Administration of 0.53 diisonoyl
phthalate in the diet for 13 weeks caused a liver weight _-crease, but 0.125% of
the compound had no observable toxic effect.

(3) Chronic Exposures

No information was found in the literature aearched.

(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

(1) Pharmacokinetics

No information was found in the literature searched.
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(2) Health Effects
No information was fcund in the literature searched.
(3) Target Organ Toxicity

No information was found in the literature searched.

(4) Epidealology
No information 1as found in the literature searched.
15, Ongoing Studies

No current toxieological or anvironmental studies of diiscnonyl

phthalate were found.

16. Exposure Standards .

No recommended or promulgated occupational exposure standards for

diisononyl phthalate were found.
17. Sources of Additienal Relevant Information

Comprehensive reviews of phthalate esters have been completed by
Peakall (1975), Daniel (1978), Lawrence (1978), Thomas et al. (1978), Lawrence
and Tuell (1979), and the U.S. EPA (1980b),

18. OQther Pertinent Data

No other information that would aid Iin the assessment of

diisononyl phthalate as an occupaticnal hazard was found in the literature

searched.
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H.

(USTIC,

DIMETHYL PHTHALAE

1.

2.

T

1980a,

Chemical Name: Dimet';yl Phthalate

Chemical Structiire:

i
/‘j C-CCH3
l\\ﬂ- '(’:-GCH3
0

Synonyms: Avolin
1,2-Benzene dicarboxylic acid, dimethyl ester
Dimethyl 1,2-benzene dicarboxylate

Dimethyl benzene orthodicarboxylate
hMP

Mathyl phthalate
Phthalic acld, methyi eater

Chemical Abstracts Service (CAS) Number: 131-1'-3

Registry of Toxic Effects of Chemical Substances (RTECS) Number:
TI1575000

Chemical and Phvsical Properties:

Description: colorless, odorless liguid

Melacular Weight: 194,18

Boiling Point: 282°C

Melting Peint: N°C-5.5°C

Vapor Pressure: <0.01 mm Hg (20°C): 1mm Hg (100.3°C)

Solubility: 0.5 g/100 ml water (20°C);
miscible with alcohol,
ether, chloroforu; practically
insoluble in petraleum ether and
paraffin hydrocarbons

Specifie Gravicy: 1.192

Stability: combustible;
Autoignition tempeiatura: 1032°F,
Flash point: 300°F

Erodugtion

Recent production figures for dimethyl phthalate are as {ollows

1979a, 1978a, 1977a):
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Production

Year (in_millions of pounds)
1979 10.5
1978 9.6
1977 9.9
1976 8.8

Data avallable from the U.S, EPA (1980a) regarding producers in
dimethyl rhthalate and producticn volumes are presented in Table 26,

8. |Use

The major use of dimethyl phthalate is as a plasiicizer; in this
applicacion, it is used almost entirely for cellulose ester plastics (Frey,

1976). Dimethyl phthalate is a commercially used dye carrier (Wannemacher and
Detdaria, 1979).

Dimsthyl phthalate is also used in relatively small amcunts as an

inssot repellent. It is effective as a fly repellent for horses and cows and as a

biting~-insect repellent for humans; it can be Iincorporated into c¢reans cr

combined with other chemicals for military use {(Spencer, 1968; Meister, 1976).
Othar minor usaes of dimethyl phthalate include solid rocket propellents,

laaquers, coating agents for polyvinylidene flucride polymers, safety glass,

molding powders, and perfumery (Hawley, 1577; The Merck Index, 1376; Barnhart and
Hall, 1966},

9. Manufacturers and Distributcrs

Dimethyl phthalate is manufactured by the following companies
(SRI Internaticnal, 198Q):

Eastman Kodak (Tennesses Eastman) Kingsport, TN

Kay-Fries Ine. Stony Point, NY
Monsanto 5t. Louis, MO
Pfizer Greenaboro, NO
Sybron (Tanatex) Lyndhurst, NJ
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Table 26.

1980a)

Producers of Dimethyl Phthalate and Production Ranges
(U.5. EPA,

Producer

Type of Preoduction

1977 Producticn Range

Carroll Productsa

Wood River Junction, RI

A. Campbell and Co.
Cleveland, OH

Drageco Ine.
Totowa, NJ

GAF Corp.,
Rensselaer, NY

Kay-rries 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 Park, TX

Sybron Corp.
Lyndhurat, NJ

Synarome Corp.
Nes York, NY

Tennessee Eastman
Kingsport, TN

Importer

Importer

Importer

Manufacturer

Manufacturer

Importer

Manufacturer

Manufacturer

Importer

Manufacturer

Importer

Manufacturer

none

conflidential

under 1000 ib

none

confidential

1 to 10 thousand 1lb

1 to 10 million 1b

0.1 to 1.0 million 1b

under 1000 1lb

0.1 to 1.0 million 1b

under 1000 1lb

to 10 million 1b
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The distributors of dimethyl phthalate include (1980-81 -OPD
Chemical Buyers Directory, 1980; Chemical Week: 1981 Buyers' Guide Isasue, 1980;

Chemical Sources-=-USA, 1980):

Alfa Prod. Fallek Chem,

Aldrich Chen. Fisher Sel.

Anachemia Chen. GRL Chem.

Ashland Chen. Gallard-Schelsinger

Atomergiec Chemetals Haarmann and Reimer Corp.

JLTL Baker Chem. LaChat Chem.

Bentley Chem. LaPine Sci.

8io-Clinical Lab. Lux Chen.

Carroll Products Mallinchrodt

Chem. Services MCB Reagents

CPS Chem. Praltz and Bauar

Crest Chea. Pioneer Salt and Chem.

Daves Chem. Polysciences

EM Lab Solchem Inc.

Electron Microscopy Sci, Star, Milton M. Chem.
Tridom Chen.

10. Mnufscturing Processes

The dialkyl phthalates, ‘ncluding dimethyl phthalate, are
produced by esterifying phthalic anhydrid: with the appropriate alecohols in the
prasence of catalytio amounts of sulfuric acid. The process is essentially the
same for al) the lower aliphatic alcohols, &« . modificat.ons are necessary only
in the alcohol-recovery and product-purification systems (Lowenheim and Moran,
1975). 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
eaters to be made in the same equipment, giving flexibility to production. While
many plants produce phthalates by batech methods, other newer plants operate
continuously and are highly automated (Lowenheim and Moran, 1375).

The production process begins by charging phthalic anhydride and the

appropriate alcohel into a reactor that is actually the 3till of a distillation
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column. The reactor is equipped with with an efficient agitator and internal
steam colls for heating. A stoichiometric excess of aleohel is normally
wegilized. A 13 solution of concentrated sulfuric acid is added as a catalyst.
The reactor is heatcd to such a temperature that the azeotrope of water and
alechol Aistills at the column-head. The distillate is cooled anu separated by
decantation. The alcchol-rich layer is recycled to the column, while the water-
rieh layer is either wasted or sent to rz2covery. 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 neutrallzes the sulfuric acid
content with sodium carbonate. This neutrallzing operation is followed by a
watar-washing operation. The crude pihthalate is then stripped in a vazcuum coluan
to separate the volatile products such as ¢olefins, alcohol, and other impurities.
When economically feasible, the alcohol is recovered ror reuse. The phthalate
can be further purified by decolorizing with activated charccal (Lowenneim and
Moran, 1975; Sittig, 1967).

Manufacture of dimethyl phtnalate is usually done by bateh
easterification. Benzene is usually introduced into the reactor column to reduce
the par%lal pressure of the alecohol; therefore, 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. (Lowenheim and

Moran, 1975).

11, Impurities or Additives

No information was found in the literature searched.

12. QOccupational Exposure

The National Occupational Hazard Survey indicates that £3,006

workers are potentially exposed to dimethyl phthalate.
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13. Control Technology ana Werk Practices

Specific factors that may contribute to or prevent eaployee

exposure to dimethyl pt.chalate were not found in the litsrature searchned.

14, Biological Effects

A, Animal Studjies

1. Acute Exposures

The acute lethal and irritant effects of dimetinyl

phthalate are summarized in Table 27. Pulmonary congestion and atelectasis,

lymphoecyte fragmentation in the spleen and lymph nodes, and renal tubular

necrosis were observed in mice within 72 hours of injecticn of i.p. median lethal

doses of dimethyl phthalate (Karel et al., 1947).

Intradermal injection of undiluted dimethyl phthalate

produced irritation, but no histological damage to the peritoneal organs

(Lawrence et al., 1975). When 0.1 ml (Draize et al., 1944) or 0.5 ml (Carpenter

and Smyth, 1946) undiluted dimethyl phthalate (=0.12 and 0.5 g, respectively)
was instilled into conjunctival sacs of rabbits, mild irritation was observed.

2. Subechronic Exposure

Repeated intraperitoneal injection (5 days/week for 18
weeks) with dimethyl phthalate produced a progress:ve decrease in the calculated

LD50 value in mice (Lawrence et al,, 1974);

ths authors suggested that this

represents a cumulative effect, The nearly 3-fold change in the LDSO value is

smaller than that observed for di-2-ethylhexyl phthalate

1974).

{Lawrence gt al.,

A Russian report has indicated that daily inhalation (5
hrs/day) of dimethyl phthalate at levels c¢f 0.5 and 2.0 mg/m3 {(=0,06 and 0.2%
ppm, respectively) produced nervous system effects, liver effects, and blood

changes in unspecified experiuental animals (Timofievskaya and Aldyrwa, 1972).
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Table 27. Acute Lethal and Irritant Effects of Dimethyl Phthalate

Route Species Dose Response Refeirence

(g/kg)
oral rats =2 86 LD50 Hodge et al., 1942
aral rats 8.22 LD50 Draize et al., 1948
oral mice 8.58 LD50 Draize et al., 1948
oral guinea pigs 2.86 LD50 Draize et al., 1948
oral rabbits 5.25 LD50 Draize et al., 1948
i.p.? rats 4.02 LD50 Singh et al., 1972
i.p. mice 3.6 LD50 Karel et al., 1947
i.p. mice 1.58 LD50 Calley et al., 1966
i.p. mice 3.98 LD50 Lawrence et al., 1975
intradermal mice not stated skin irritation Lawrence et al., 1975

but no visceral
organ irritation

dermal rabbits 11.9 LD50 Draize et al,, 19L8
ocular rabbits 0.1 ml undiluted mild frritation Draize et al., 1944

{0.12 g)
ccular rabbits 0.5 ml undiluted mild irritation Carpenter and

(6.6 g) Smyth, 1946
ocular rabbits not stated no irritation Lawrence et al., 1975




Daily application of 4,0 ml/kg (=4.83 g/kg) dimethyl
phthalatg to the clipped intact skin of rabbits for 90 days has been reported in
a brief summary to cause pulmonary edema and slight kidney damage, but not
dermatitis (Draize et al., 1948),

(3} Chronic Exposures

Two-year feeding studies with 8% dimethyl phthalate in
the diet produced significant kidney damage in ratcs. Administration of the
compound at 4% dietary levels produced a slight reduction in growth, while 2%
levels of compoun. did not result in overt toxicity (Autian, 1973). Oral
administration of 1000 mg/kg/day for 103 weeks has been reported to produce no
significant toxic effects in rats (Lehman, 1355),

Based on 2-year feeding studies in rats, the FDA has
estimated a no-effect level of 1000 mg/kg/day for dimethyl pnthalate in rats
(Shibko and Blumenthal. 1973).

(4) Carcinogenicity

Ne information was found in the literature searched.
(5) Mutagenicity
Rubin et al. (1979) have reported that dimethyl 100,
without metabolic activation, at levels up to 1000 ug/plate; testing in strain TA
100 with activation and in strain TA 98 with or without activation was negative.
It was noted in a Russian abstract (Yurchenko, 1977)
that repeated applicaticn of dimethyl phthalate to rat skin produced mutag nic

effects in hepatccytes, but no other details of this study were provided.
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{6) Teratogenicity

Intraperitoneal injection of pregnant rats on days 5,
10, and 15 of gestaticn with dimethyl phthalats at 400 to 1300 mg/kg levels has
been reported to produce teratogenic effscts. Congenital anomalies included
missing tails, missing eyes, and skeletal abnormalities (fused ribs, incomplate
ribs, and incomplete skulls). At the lowest and higheat doses of the c~upound
embryotoxic effects were alsc noted (Singh et sl., 1972). A slight effect on
implantation was observed in rats following intraperitcneal injesctiona of 600 to
2400 mg/kg of compound or days 3, 6, and 9 of gestation (Peters and Cook, 1973).

Injection of 0.05 ml (a0.0¢ g) dimethyl phthalate into
the yolk sacs of 3e=day old developing chick eoggs resulted in markad
embryolethality (693), but no evidence of gross malformations (Lee et el., 1974).
Teratogenic effects were cbserved, however, following injection of 0.05 ml chiek
Ringer's Solution that was saturated with dimethyl phthalate; twiating or

"elubbing" of one or both feet and neurcmuscular disorders were the commonest

abnormalities observed in hatched chicks.
{7) Reproductive Effects
Oral intubaticn of dimethyl phthalate into rats at a

level of 1.6 g/kg/day for 4 days had nc effect on testis weight, testis pathology

or urinary excretion ol zinc (Foster et al., 1982),
(8) Other Relevant Information

Following oral administration of dimethyl phtnalate to

rats, significant amounts of unchanged compound were detected in the urine (Albro

and Moore, 1974),
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b. Humzn Studies
(1; FPharmacokinetics
A Russian abstract has indicated that following dermal
application of dimethyl phthalate to human volunteers, the compound was absorbed
and then rapidly eliminated from the body (Gleiberman et al., 1978).

(2) F:alth Effects

R

Repeated inhalation of the vapor of dimethyl phthalate
way cause irritation of the nasal mucous membrane and upper respiratory tract.
Prolonged inhalation may lead to central nervous aystem depression and eventual
% para’ vsis (kutian, 1973). The compound does not exist in the vapor state,
howe ver, unless heat is applied (ACGIH, 1979).

N Use of the compound dermally as an insect repelleat has
J not been reported to produce skin irritation or sensitization; some skin
absorption may occur (ACGIH, 1979).
{3) Target Organ Toxicity
. No information was found in the literature searched.
o (4) Epidemiology

Yic information was found in the literature searched.

15. Ongolng Studies

No current toxicological or environmental studies of dicethyl

phthalate were found.

16, Ex,o0sure Standards

The ACGIH (198%) currently recommends and OSHA (1976) has

promulgated a Time-Weighted Average (TWA) exposure limit of § mg/m3 for

occupational exposure to dimethyl phthalate; a Short-Term Exposure Limit (STEL)

of 10 ms/m3 has also been recommsnded sy the ACGIH.
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17. Sources of Additional Relevant Information

Comprehensive reviews of pnthalate esters have been completed by
Peakall (1975), Daniel (1978}, Lawrencr (1978), Thomas et al, (1978), Lawrence
and Tuell (1979), and the U.S. EPA (1980Db).

18, Qther Pertinent Data

No other informatien that would aid in the assessment of dimethyl

phthalate &s an occupational hazard was found in the literature searched.
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I. DITRIDECYL PHTHALATE
1. Chemical Name: Ditridecyl Phthalate
= 2. Chemical Structure:

I
C-O(CH7)12CH3

, £-0-(cH,), CH,
»f r: O

3. Synonyms: 1,2-Benzenedicarboxylic acid, ditridecyl ester
DTDP

Phthalic acid, ditridecyl ester
Polycizer 962-BPA
Staflex DTDP

1=Tridecanol, phthalate
Truflax DTDP

¥

T T e

5 4, Chemical Abstract Service (CAS) Number: 119-06-2
? 5. Registry of Toxic Effects of Chemical Substances (RTECS) Number:
B TIT950000
¢ 6. Chemical and Physical Properties:
: Description: . liquid
Molecular Weight: 530.92
Boiling Point: >285°C at 5 mm Hg
Melting Point: =37°C {(pour point)
Vapor Pressure: -—
Solubility: -
Specific Gravity: 0.95133
- Stability: combustible;
Flash point: UBQ°F
e 7. 2roduction
- Production in recent years is as follows {(USITC, 1980a, 1978a,
1977a):
& Production
Year {in Million Pounds)
- 1979 27.4
1978 ——-
. 1877 23.3
. 1976 i0.5
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Data availaole froa the U.S. EPA (1980a) regarding producers of
ditrideayl phthalalte 2nd production volumes are pressnted in Table 28,
8. Us=
Ditridecyl is used as a plasticizer in high-temperature wire and
cable (Inchalik and Rubin, 1975; Frey, 19768).

S. Manufacturers and Distributors

Commercial manufacturers include (SRI International, 1980; USITC,

1980a):
Exxon Corp. Baton Rouge, LA
Hateo Chemical Fords, NJ
Reichhold Chen, Carteret, NJ
Taknor Apex Co. Hebronville, MA
Teanneco Chemical Chestertown, MD
U.S. Steel Corp. Neville Island, PA

Other distributors include (Chemical Week: 1981 Buyers' Guide

Issue, 1980; Chem Sources--USA, 1980):

Ashland Chem.

Chem Services

The C.P. Hall Co.

Hooker Chemical, Rucoe Div.
Polyseiences

Union Chen.

10. Manufacturing Process:

Ditridecyl phthalate is made by the esterification reaction of
pthalic anhydride and ditridecyl alecohol. Appendix B outlines the general

manufacturing operations.

11. Impurities or Additives

No information was found in the literature searched.
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Table 28.

(U.S. EPA, 1980)

Producers of Ditridecyl Phthalate and Production Ranges

groducer

Type of Production

1977 Production Range

Diamond Shamrock
Cleveland, OH

Finetax Inc.
Elmwood Park, NJ

Hatco Chemical
Fords, NJ

Haywoed Co.
Brownaville, TN

Mobil Chemical
Ediscn, NJ

Reichhold Chemical
Carteret, NJ

Teknon Apex Co.
Atterbow, MA

Tenneco Chemical
Chestertown, MD

U.S. Steel Corp.
Pittaburg, PA

Importer

Manufacturer

Manufacturer

Manufacturer

Manufacturer

Manufaecturer

Manufacturer

Manufacturer

Maruiacturer

none

confidentizl

confidential

¢U.1 to 1.0 millien 1b

10 to 100 thousand lb

0.1 to 1.9 million 1b

0.1 to 1.0 million 1b

1 to 10 million 1b

1 vo 10 million 1b
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12.

Occupaticnal Exposure

The National Occupational Hazard Survey indicates that 25,215

workers are potentially expossed to ditridecyl phthalate.

13.

Control Techonology

Specific factors that may contribute to or prevent employee

exposure to ditridecyl phthalate were not found in the literature ssarched.

14,

Biological Effects

(1

Animal Studies

Acute Exposures

The only toxieity information fo- ditrideeyl phthalate

that was fcund in the literature searched was reported by Samyth et

This data is summarized

(2)

(3)

(¥)

(5)

(6)

(7

(8)

in Table 29,

Subchronic Exposures

No information was found in
Chronic Exposures

No information was found in
Carcinogenicity

No information was found in
Mutagenicity

No information was found in
Teratégenicity

No information was found in
Reproductive Effects

No information was found in
Other Relevant Information

No information was found in
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Table 29. Acute Lethal and Irritant Effects of Ditridecyl Phthalate

Dose
Route Specles (g/kg) Response Reference
ora; rat >60.9 LD50 Smyth et al.,
dermal rabbit >19 LD50 Smyth et al.,
dermal rabbit 0.01 ml, uncovered slight irritation Smyth et al.,
(=0.01 g)
ocular rabbit 0.5 ml (0.48 g) mild corneal necrosia Smyth et al.,




- Human Studies

(1) Pharmacokinetics

No infermation was found in the literature searched.

(2) Health Effects

No information was found in the literature searched.

(3) Target Organ Toxiclty

No information wa3 found in the literature searched.

(4) Epidemiology

No information was found in the literatura scarched.

15. Ongoing Studies

No current toxicological or environmental studies of ditridecyl

phthalate were found.

16, Exposure Standards

No recommended or promulgated occupational exposure standards for

ditridecyl phthalate were found,

17. Sources of Additional Relevant Information

Comprehensive reviews of phthalate esaters have been completed by

Peakall (1975), Daniel (1978), Lawrence (1978), Thomas et al. (1978), Lawrence

— p—

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

18. Other Pertinent Data

No other infeormation that would aid in the assessment of

ditridecyl phthalate as an occupaticnal hazard was found in the 1literature

searched,
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J. DIUNDECYL PHTHALATE

1.

2I

3.

Chemical Name: Diundecyl Phthalate

Chemical Structure:

i
€-0-Cy 1ty
§0 1t
0]
Synonyms: 1,2-Benzene dicarboxylic acid, diundecyl ester

Phthalie acid, diundecyl ester
Santicizer T11

Chemical Abstract Service {CAS) Number: 3643-20-2

Registry of Toxle Effects of Chemical Substances (RTECS) Number:
TI1980000

Chemical and Physical Properties:

Description: -—
Molecular Weight:  U42i.3
Beiling Point: ———

Melting Point: ———

Vapor Pressure: —
Solubility: J—
Specific Gravity: ——
Stability: combustible

Preduction

Data available from the U,S. EPA (1680a) regarding producers of

diundecyl phthalate and production volumes are presented below:

8.

Monsanto Co., {Texas City, TX)
Manufacturer
1977 Preduction: 10 to 50 million 1bs.

Tenneco Chem Ine. (Chestertown, MD)
Manufacturer

1977 Production: wunder 1000 lbs,
Use

Diundecyl pnthalate is used as a plasticizer in high-tempe%ature

wire and cable (Inchalik and Rubin, 1975),
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9. Manufacturers and Di_cributors
The manufacturers are listed above in the production section.

Chem Services ia a distributor (Chem Sourcas--USA, 1980}.

10. Manufacturing Processes

Diundecyl phthalate is made by the esterification reaction of
phthalic anhydride and diundecyl aleohol, Appendix B outlines the general
panufanturing operations.

11. Impurities or Additives

No information was found in the literature searched.
12. Occupational Exposurs
The National Occupatiocnal Hazard Survey indicates that 5,214
workers are potentially exposed to diundecyl phthalate.

13. Control Technelogy

Specifie factora that may contridbute to or prevent employee
exposure to diundecyl phthalate were not found in the literature searched.
14, Biological Effects
a. Animal Studies
(1) Acute Expcoaures

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 phthalate vapor heated to 149°C (nominal
vapor concentration of 1.85 mg/l (=107 ppm). After U hours the animals appeared
slightly Lethargic, but all rata survived a 6 hour exposure and a subsequent 10

day observation period,
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Table 30. Acute Lethal and Irritant Effects of Diundecyl Phthalate

Dose

Route Species (g/kg) Response Reference
oral rats 15.8 not lethal Monsanto, 1975
inhalation rats 1.85 mg/1 no otservable effects Monsanto, 1975
(=107 ppm) except lethargy after
6 hours 4 kours
i.p. mice 2.1 0/3 died Nematollahi, et al., 1967
i.p. mice >100 LD50 Lawrence et al., 1975
intradermal mice undiluted, volume no dermal or visceral L.awrence et al., 1975
not. stated organ irritation
dermal rabbits 7.9 not lethal Monsanto, 1976
ocular rabbits undiluted, volume slight irritation Monsanto, 1975
not stated (see text)
ocular rabbits undiluted, volume no irritation Lawrence et al., 1975

not stated




Intradermsl injection of undiluted diundecyl phthalate
{volume not stated) into mice was non-irritating to the skin and did not cause
histologic damage to the peritoneai organs (Lawrence et al., 1975).
Inatillation of undiluted diundecyl phthalate into the
conjunctival sacs of rabbits was reported by one source (Monsanto, 1975) to cause
a slight degree of irritation ! hour after treatment (maximum score of 4,0 on a
scale of 110.0), but all eyss regained a normal appearance 48 hours afver dosing.
Lawrence ot al. (1975) found that instillation of undiluted compound into the
eyas of rabdits did not result in grossly obsarvable irritation.
{2) Subchronic Exposures
No information was found in the literature searched.

(3) Chronic Exposures

Ne information was found in the literature searched.

(4) Carcinogeniecity

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 searchad.

{8) Other Relevant Information

Ne information was found in the literature searched.

h. Human Studies

No information was found in the literature searched.

(1) Pharmacokinetics

No infermation wWas found in the literature searched.
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(2) Health Effects

No information was found in the literature searched.

(3) Target Organ Toxicity

No information was found in the literature searched.

(4) Epidemiclogy

No inf'ormation was found in the literature searched.

1§. Cngoing Studies

No current toxicological or environmental studies of diundecyl

phthalate were found.

16. Expesure Standards

No recommended or promulgated cccupational exposure standards for

diundecyl phthalate were found.

17. Sources of Additional Relevan:t Information

Comprehensive rcviews of phthalate esters have been completed by
Peakall (1975), Danlel (1978), Lawrence (1978), Thomas et al. (1978), Lawrence

and Tuell (1979), and the U,5. EPA (1980b),

18. Other Pertinent Data

No other information that would aid in the assessment of

diundecyl phthalate as an occupational hazard was found in the literature

searched,
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K. N-HEXYL N-DECYL PHTHALATE

1. Chemical Name: n-Hexyl n-Decyl Phthalate

2. Chemical Structure: 3

€o-
(CH?)QCH

O 0-
ﬁ (CHZ}SCH

0

3

3

3. Synonyms: 1,2-Benzenedicarboxyiic acid, decyl hexyl ester
Pnthalic acid, n-hexyl n-decyl ester

4, Chemical Abstract Serviee (CA3) Number: 25724-58-T

5. Registry of Toxic Effects o7 Chemical Substances {RTECS) Number:
TI0545000

6. Chemical and Physical Properties:

Deseription: ———
Molecular Weight: 366,560
Boiling Polnt: -—
Melting Point: —

Vapor Pressure: ——

Solubility: -——

Specific Gravity: ———

Stability: combustible
7. Production

Production in recent years is as follows (USITC, 197%9a, 1978a,

1977a):
Producticon
Year (in million pounds)
1978 15.6
1977 15.2
1976 19,8

Data available from the U.S. EPA (3980a) regarding producers of

n-hexyl n-decyl phthalate and production volumes are presented ian Table 31.
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Table 31. Producers of n-Hexyl n-Decyl Phthalate and Production Ranges

(U.5. EPa,

1680a)

Producer

Trpe of Production

1977 Production Range

. Monsanto Co.
Texas City, TX

Reichhold Chemical
Carterey, NJ

Tenneco Chemical
Chestertown, MD

U.S. Steel Corp.
Pittsburgh, PA

Manufaocturer
Manufacturer
Mapufacturer

Manufacturer

none

nene

under 1000 1b

10 to 50 miilien l1b
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8. Use

) n-Hexyl n-cecyl phthalate is used as a plasticizer, Specific

applirarions were not encountered.

9. Manufacturers and Distributeors

In addition to the manufacturers listed by the U.S. EPA (1980) in
Table 31, USITC (1980a) 1lists Continental 041 Co. and Teknor Apex Co. as

manufacturers.

Chem Services is a distributor (Chem Sources--USA, 1980).

10. Mznufacturing Processes

n-Hexyl n-decyl phthalate is made by the esterification reactions

of pnthalic znhvdride with n-hexyl alcohol and n-decyl aicohol. 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 is first reacted with only cne aleohol and then the other.

11. Impurities or Additives

No information was found in the literature searched.
12, Qecupational Exposure
The National Occupational Hazard Survey does not provide an

2stimate of the number of workers who are potentially exposed to n-hexyl n-decyl

phthalate,

13. Control Technology

Specific factors that may =zontribute to or prevent employee

exposure to n-hexyl n-decyl phthalate were not found in the literature searched.
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14. Bilological Effects

a. Animal Studies

m

Acute Exposures

The only toxicity

information for n-hexyl n-decyl

phthalate that was found in the literature searched was reported by Smyth et al.

(1969).

(2)

This data is summarized in Table 32.

Subchronic Exposures

No information was found in

{3) Chronic Exposurss

No information was found in
(4) Carcinogenicity

No information was found in
{5} Mutagenicity

No informatien was found in
(6) Teratogenicity

No information was found in
{7) Reproductive Effects

No information was found in
(8) Other Relevant Information

No information was found in

b. Human Studies

the

the

the

the

the

the

the

literature

literaturse

literature

literature

literature

literature

literature

searched.

searched,

searched,

searched.

searched.

searched.

searched.

No information was found in the literature searched.

(N

(2

Pharmacokinetics

No information was found in the literature searched.

Health Effects

No information was found in the literature searched.

121

i ST T




el

Acute Lethal and Irritant Effects of n-Hexyl n-Decyl Phthalate

Table 32.
Route Species Dose Response Reference
oral rat 49 .4 ml/kg LD50 Smyth et al., 1969
inhalation rat concentrated maximum time for Smyth et al., 1969
vapor x 8 hrs no death
dermal rabbit >20 ml/Kg LD50 Smyth et al., 1969
dermal rabbijt 0.01 ml, slight irritation Smyth et al., 1969
uncovered
ocular rabbit 0.5 ml slight corneal Smyth st al., 1969

necrosis




(3) Target Organ Toxicity
No information was found in the literature searched.
(4) Epidemiclogy
No information was found in the literature searched.
15. Ongoing Studies

No current toxicolegical or environmental studies of n-hexyl

n-decyl phthalate were found,

16, Exposure Standards

No recommended or promulgated occupaticnal exposure standards for

n-hexyl n-decyl phthalate were found.

17. Sources of Additional Relevant Information

Comprehensive reviews of phthalate esters have been completed by
Peakall (1975), Danlel (1978), Lawrence (1978), Thomas et al. (1978), Lawrence
and Tuall {1979), and the U.S. EPA (1980b)}.

18, Other Pertinent Data

No other information that would aid in che assessment of n-hexyl

n-decyl phthalate as an occupational hazard was found in the literature searched.
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L. MIXED DIALKYL (CT to C,,) PHTHALATES

1. Chemical Name: Mixed Dlalkyl (CT to C11) Phthalates

2. Chemical Structure: 0
)
_C-0~R
where R va.ies from
C7H15 thirough CllHZS
C-0-R
i
0
3. Synonymsa: Phthalic acid, dialkyl estera

4, Chemical Abstract Service (CAS) Number:

Dialkyl phthalate esters CT'CQ: 68515-41-3
Dialkyl phthalate esaters CT'C11: 68515 -L2-4

Dialkyl phthalate estars cg-c11: 68515-43-5

Dialkyl phthalate esters CT: 68515-U44 -6
Dialkyl rhthalate esters Cg: 68515=457
5. Registry of .oxigc Effects of Chemical Subatances (RTECS) Number:
Not listed

6. Chemical and Physical Properties:

Description: -—
Molecular Weight: variable
Boiling Point: ———

Melting Peint: N

Vapor Pressure: —
Solubility: -
Specific Gravity: —
Stability: combustible

T. Production

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

mixed dialkyl phthalatea and production volumes are presented in Table 33.
In 1977, an estimated 330 million pounds of mixed 1linear

phthalates based on C,-C,, and C.-C,, alcohols were manufactured (Frey, 1976).
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Table 33. Producers of Mixed Dialkyl Phthalates
and Production Ranges {(U.S. EPA, 1980a)

Producer Type of Production 1977 Preduction Range
Monsanto Co. Manufacturer for CAS No, 68515-41-3

Texas City, TX 50 to 100 million 1b

Monsanto Co. Manufacturer for CAS No. 68515-h2-U
Texas City, TX 50 to 109 million 1lb

Meonsanto Co. Manufacturer for CAS No, 68515-43-5
Texaa City, TX 10 to 50 million 1lb

Monsantc Co. Manufacturer for CAS No. 685315-L44-6
Texas City, TX 10 to 50 million 1b

Meonsanto Co. Manufacturer for CAS No, 68515-45-7
Texas City, TX 10 to 50 million 1b
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8. Use

. Mixed dialkyl phthalates are heavily used as plasticizers for
automotive vinyls. They are also used for other calendered ana 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 C?' Cg, and C11
alaohols. Continental 0il Co. also makes mixed dialkyl phthalates, but from 06'

Cg, and Cio aleccohols (Frey, 1978).
10. Manufacturing Processes
Mixed dialkyl phthalates are made by the esterification reaction
of phthalic anhydride with a proprietary mixture of C7 to C.l1 or CG to 010
alcohols. Appendix B ocutlines the general manufacturing operations.

11. Impuritiesa or Additives

No information was found in the literature searched.
12. Occupaticnal Exposure
The National OQOccupational Hazard Survey does not provide an

estimate of the number of workers who are potentially exposed to mixed dialkyl

(CT'C11) phthalate.

13. Control Technology

Specifiec factors that may contribute to or prevent employee
exposure to mixed dialkyl phthalates were not found in the literature searched.

14, Biological Effects

a. Animz] Studies
(1) Acute Exposures
The acute lethal and irritant effects of mixed dialkyl

(c7 to c11) pnthalates are summarized in Table 34. These phthalate mixtures have

a
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Table 3U. Acute Lethal and Irritant Effecta of Mixed Dialkyl (C, - C;,) Phthalates®

Mixture Route Species Doae Respons-~ Reference
C?-C9 oral rat >T0-80 ml/kg LD50 Elizarova, 1961
07-09 oral rat 20 g/kg no deaths Gaunt et al., 1968
C7-C9 oral rat 19.3 g/ke no deaths Brown et al., 1970
1 ' C?-C9 oral mcuse >44 ml/kg LD50 Elizarova, 1961
C,-Cy oral mouse 20 g/ke no deaths Gaunt et al., 1968
CT_C9 ora. mause 19.3 g/kg no deaths Brown et al., 1970
07—69 i.p rat 20 g/kg no deaths Gaunt et al., 1968
; C7-c9 i.p mouse 20 g/kg no deaths Gaunt et al., 1968
A
3
E C7-C9 s.c guinea pig 0.1% (volume not no sensitization, Brown et al., 1970
o stated), 3 days/week but some primary
: ~ for 3 weeks followed irritation
: by challenge 10 days
g later
3
3 C7-C9 dermal guinea pig 0.1% (volume not no sensitization Brown et al., 1970
g stated), 3 days/week
‘ for 3 weeks followed
§ by challenge 10 days
% later
; C7-C9 dermal rabbit 1.0 ml, 6 hrs/day for no irritation Brawn et al., 1970
3 days, covered
C.,-C ocular rabbit 0.1 ml no irritation Brown et al., 1970
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Table 34. Acute Lethal and Irritant Effects of Mixed Dialkyl (CT - cll) Phthalates (Cont'd)
Mixture Route Species Dose Respconse Refarence
)
Cgr C.; oral rat 45.2 ml/kg LDSO Smyth et al., 1969
CB' 010 inhalation rat concentrated vapor maximum time for Smyth et al., 1969
for 8 hours no death
Cgr €y dermal rabbit >20 ml/kg LD50 Smyth et al., 1969
CB' C]O dermal rabbit 0.01 ml slight irritation Smyth et al., 1969
Cg» Cyg ccular rabbit 0.5 ml slight corneal Smyth et al., 1969
necrosis
CT' Cg' C‘1 oral rat 20 g/kg no effect Birch, 1969
Cq'C]l oral rat 19.7 g/kg no deaths Brown et al., 1970
Cq'cll oral mouse 19.7 g/kg no deaths Brown ¢t al., 1970
09—011 s.c guinea pig 0.1% (volume not no sensitization,
stated), 3 days/wk but some primary Brown et al)., 1970
for 3 weeks followed irritation
by challenge 10 days
later
C9—C|1 dermal guinea pig 0.1% (volume not no sensitization Brown et al., 1970
stated), 3 days/wk
for 3 weeks followed
by challenge 10 days
later
CQ_CII ocular rabbit 0.1 ml no irritation Brown et al., 1970

a: lexyl n-decyl

phthalate addressed in a separate profile.



very low ordsr of toxicity; signs cof intoxication in rats and mice following oral
and i.p. adainistration of high concentrations of C7 to C9 dialkyl phthalates
included diarrhea and wet hair (Gaunt et al., 1968; Brown et al., 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

adminigtration did not sensitize guinea pigs (Brown et al., 1§70}.

{2) Subchronic Exposures

Oral administration of mixtures of phthalate =sters
(5 ml/kg) containing 7 to 9 and 9 to 11 carbon atoms tc rats (B/sex/group} for 7

consecutive days did not result in overt signs of toxicity other than "gensral

depression® (Brown et al., 1970). Histological examinations fcllowing sacrifice

on the eighth day revealed periportal cytoplasmic vacuolation in the livers of

some of the rats.

When dialkyl 79 phthalate (C7 to C9 mixture) was fed to
rats at dietary levels of 0, 0.725, 0.5, and 1.0% for 90 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 et al., 1968). Test groups consisted
of 15 male and 15 female weanling rats. Kidney and liver weights were elevated
in both sexea at the 0.5 and 1.0% dose lavels. Male rats on the 1.0% diet also

failed to concentrate the urine properly, and showed renal casts and an increased

nunper of cells in the urine. No grosz changes were seen at autopsy and

histological examination showed cnly an increase of hemosiderin in the spleen at

the highest level (1.0%) in both sexes.
It was indicated in an abstract by Levinskas et al.

{1975) that inhalation of di{(C

7Cgcn-alkyl)phthalate at a level of 5 or 20 mg/m3
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5 hours a2 day for a total of 130 days over a & month period, was not toxic to
monkeys; rats or guinea pigs of either sex, Although sizes of the test groups
and additional experimental design information (ur results) were not published,

it was noted that no treatment related deaths occurred among any of the tested

animals.
In a skin irritation study, Brown et al. (1970) applied
C7 to C9 and C9 to C,, dialkyl phthalate mixtures 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 aixtures did not irritate the
skins of rabbilits, and that in guinea pigs, the unenverz2d exposures caused slight
epldermal thickening and some sloughing of the surface layers of the epidermis.
(3) chroniec Exposures
No information was found in the literature searched,
(4) Carcinogenicity
No information was found in the literature searched.

(5) Mutagenicity

Di-n-octyl-n-decyl phthalate (C8’C10) reportedly did

not inhibit the growth of DNA-repair deficient strains of B. subtilis and
E. coli, and did not induce reverse mutation in E. goli (Table 35),
(6) Teratogenicit:

No information was found in the literature searched.

(7) Reproductive Effects

No information was found in the literature sear2hed.

{8) Other Relevant Information

No information was found in the literature searched.
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Table

35. #Mutagenio Activity of Di-n-Octyl-nDeoyl Phihalate

Type of hasay Organise Straln Activation Done Result Rolerence

Reverse mutation £. coli wila no 30 mg/plate - Kurata, 1975
E. coli uved ™ no 30 wg/plats - Lurata, 975

DHA damage/repale 8. 3ubtlitus rec no 30 mg/plate - Yurata, 1975
E. culi wved” no 30 mg/plate - Kurata, 1975
E. eolt Pold” no 30 mg/plate - Yurata, 1975
E. colt rechA” no 30 mg/plate - Kurata, 1975




b. Human Studies

No information waa found in the literature searched.

(1) Pharmacckinetica

Ne information was found in the literature searched.

(2) Health Effects

No information was found in the literature searched,

(3) Target Organ Toxicity

No information was found in the literature searched.

{4) Epidemiology

No information was found in the literaturs searched.

15. Ongoing Studies

No current toxicological or environmental atudies of mixed

dialkyl (C7 to C11) phthalates ware found.
6. Exposure Standards

No recommended or promulgpated occupational exposure standards for

mixed dialkyl (CT to C11) phthalates were found.

17. Sources of Additisnal Relevant Information

Comprehensive reviews of phthalate esters have been completed by
Peakall (1975), Daniel (1978), Lawrence (1978), Thomas et al. (1978), Lawrence

and Tuell (1979), and the U.S. EPA (1980D),

18. Qther Pertinent Data

No other information that would aid in the assessment of mixed

dialkyl (C7 te C11) phthalates as an occupational hazard was found in the

literature searched.
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Appendix h=-Phthalates

The following list includes all of the phthalates considered unuer the class

definition. The compounds in the list were identified primarily from the
following sources: U,S EPA TSCA list and U.3. EPA (1980a), SRI International

(1980), USITC (1980a, 1980b), Haw.ey (1977), Chem Scurces.-USA, (1980), and the

Kirk-Othmer Encyclopedia of ~“hemical Technology.

CAS numbers are given, where avallable, as thess types of organic compounds

may be kncwn by s variety of synonyms.

Compound CAS Number
Herium phthalate 15656-86-7
B«nzyl alkyl {mixsed) phthalates 68515-40-2
8is(1,3-dimethyldutyl) phthalate B4-63-9
Bis(2,3-epoxyoropyl) phthalate 7195-46=1
Lis{2~-(2-sthoxyethoxy)]l ethyl phthalate 117-85-1
#is{2-athoxyethyl) phthalate 605 =549
2i={2-ethylbutyl) phthalate 7294~-85-0
Jis(2-hydroxyethyl) phthalate 84-73=1
Bia{8-methylnonyl) phthalate 89~16=T7
Butyl beazyl pnthalats 85-68-7
E.tyl carbobutoxymethyl phthalate 85-70-1
Butyl cyclohexyl phthalate 84-64-0
Butyl decyl phthalate 89-19-0
Butyl isodecyl phthalate 42343.36-2
Batvl isonexyl phthalate BY=14a5
Butyl 8 methylheptyl phthalate 5¢-18-9
Puivl ectyl phthalate BU78-6
Butyl cetyl phthalate 85-63-8
Calcii.n phthalate 5793-85~1
Calc’w) phthalate 5793-86-2
Copper phthalate Not readily accesasibdble
Cyclic hexamethylene phthalate 16705=50-5
Cyclic oxydiethylene phthalate 13988-26-6
Decyl hexyl phthalate 25724-58-7
Decyl pentyl phthalate 7493-81-4
Diallyi phthalate 131-17=-9
Dibenzyl phthalate 523=-31=0
Di-pn-butyl phthalate fU-TY-2
Dicapryl phthalate 131=15=T
Di{2-butcxyethyl) phthalate 117-83-9 .
Dicyclohexyl phthalate 8U-61-7
Didecyl phthalate BUa7T~5
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Didodecyl phthalate
Diethyl phthalate
Di=2-ethylhexyl phthalate
Diheptyl phthalata
Dihexyl phthalate
Diiscobutyl phthalate
Diisodecyl phthalate
Diisohexyl phthalate
Diisononyl phthalate
Diisooctyl phthalate
Diisopentyl phthalate
Diisopropyl phthalate
Dimethoxyethyl phthalate
Dimethyl phthalate
Dinonyl phthalate
Di-p-octyl pthalate
Dicotadecyl phthalate
Dipentyl phthalate
Diphenyl phithalate
Dipropyl phthalate
Disodiuvm phthalate
Ditridecyl phthalate
Diundecyl phthalate

Ethyl carbesthoxymethyl phthalate
Ethylene dimethyl phthalate
2-Ethylhexyl 8-methylnonyl phthalate

Hexyl isodecyl phthalate

Hexyl isooctyl phthalate

Hexyl sec-cctyl phthalate
n-Hexyl n=octyl n-decyl phthalate

Isobutyl 6-methylhaptyl phthalate
Iscbutyl 8-methylnonyl phthalata
Isodecyl octyl phthalate

Iscdecyl tridecyl phthalate
Iscoctyl benzyl phthalate
Isooctyl isodecyl phthalate
Iscocetyl tridecyl phthalate

Lead phthalate

Magnesium dihydrate phthalate
S-Methylheptyl S8-methylnonyl phthalate
6-Methylheptyl 8-methylnonyl phthaiate
Mixed alkyl (CT to 011) phthalates
Mixed alkyl (C. to C, ) phthalates
Mixed dialkyl C7 to &9) phthalates
Mixed dialkyl (C7 to C1‘) phthalates
Mixed dialkyl (Cg to C,.) phthalates
Mixed dialkyl (C;) phthalates

Mixed dialkyl (C,) phthalates
Monobutyl phthalite
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Not

Not

Not

Not

readily

readlily

readily

readily

2432-90-8
84-66-2
117-81-7
36482143
84-75-3
B4-69-5
26761-U0=0
146-50=9
285583-12-0
27554=26=3
605-50-5
605=45-8
117-82-8
131=11a3
BU-TEH-U
117-84-0
14117-96=5
131-18-0
84-62-8
131-16-8 -
15968=01=1
119-06-2
3648-20-2

84-72~0
2055-00-7
89-13-4

61702-81-6
accessible
29590418
accessible

89=11-2
89~12-3
1330+96=7
61886-60-0
agecessible
423432351
accesaible

6838-85-3

6150-90-9

83-15-6

113-05=1
B8648-91-9
68648-92-0
£8515-41=3
68515-42-4
68515-43-5
6851544 -6
68515-45-7

131~70-4
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Monodecyl phthalate
Meno(dimethylcyclonexyl) phalates

Mono( 1-ethyl-1-methvl-2-propynl) phthalate

Mono{1-ethyl-i-methyl-2-propynl) phthalate, sodium salt
Mono[2-({2=hydroxyethyoxy)ethyl] phthalate

Monopotassium phthalate
Monosodium phthalate

n=0ctyl n-decyl phthalate

Oxydiethylane phthalate
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2U539-60-U
1322-94-7
131=67=9
16509-28-7
2202-98-4
877247
827-27=0

11920743
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