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DISCLAYMER

This docnment is a preliminary draft and has not been formally peer and admin-
istratively reviewed within the Office of Toxic Substances, Office of Pesti—
cides and Toxic Substances, U.S. Envirommental Protection Agency (USEPA).

This draft report has been prepared mmder contract to USEPA by the staff of
Oak Ridge National Laboratory to provide informetion to assist the Agency in
its decision making, and should not de construed to represent Agency policy.
Mention of tradenames or commercial products does mot constitute Agency endor-
sement or recommendation for or against use.

*A Chemical Hazard Information Profile (CHIP) is part of the first stage in
the assessment of xrisk by the Office of Toxic Substances (0IS) of chemicals im
the 1977 ISCA Chemical Snbstance Inventory, and emables OIS to decide on a
disposition for the subject chemical regarding level of concern and the need
for faorther assessment., . The CHIP contains 3 summary of readily availsble
health, envirommental effects, and exposure data. In general, little or no in
depth critical evalunatiom or validation of the datas is performed. Several
levels of management and technical review have been performed on this CHIP
within the Existing Chemical Assessment Division of OIS.
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Rationsle for Selection: Low LOsO valnes reported for agmatic
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found in sewage sludge (Giger et al. 1984);
high production volmme,

.EXEQUTIVE SUMMARY

A, Exposure

- Technical grade nonylphencl is a mixture of monoalkyl phenols, predom—
inantly para—substituted. The side .chains are isomeric bramched nonyl groups.
The isomer or mixtures. cited in the literature are not always specified.

Recent production figures for nonylphenol indicate that 140 million
pounds were produced in the United States in 1982, and consumption will
increase to 165 million pounds by 1987. Nonylphenol is curreatly produced by
10 companies, at 13 sites, with no importation occurring.



Industrial manufacture of nonylphenol is by liguid-phase alkylatiom of
phenol with mixed isomeric monenes in the presence of an acid catalyst. Fol-
lowving production, monylphenol is stored in drums for later shipment in S§
gallon drmms or tank sars.. Nonylphenol is rarely msed alone as an end pro-
duct. However, it is unsed extensively in the production of nonlonic ethoxyls—
ted surfactants, snd to a lesser extent in the maamufacture of phosphsate

- antioxidants, 0il additives, synthetic lubricants, and corrosion inhibditors.

One of the 13 production sites reports no worker exposures to nomylphenol
during 10 years of production and use. No data are available regandiing worker
exposure to nonylphenol or its isomers at the other 12 prodnotion sites,
although it is estimated that mp to 4 workers/site are dermally exposed during
ssmpling and drmming.  Inhalation exposures are expected to be low.

- Ocoupational exposure to nomylphenol during the pruduction-of nonylphenol
ethoxylates and phosphite antioxidants will be similar, although the latter
- will be produced at only three sites.  Potentisl exposure may occmr while
udrumming and charging the nonylphenol to a reactor, and danring sampling
activities. It is estimated that up to 4 workers/site wounld be exposed for
less than 1 hr/day during these activities, for about 330 days/year. Dermal
exposure to nonylphenol wonld remain low if protective gloves are worn,
Inhalation exposure wonld agein be megligible.

"There is mo information available on consumer exposure to momylphenol.
Consumer exposure to products that may contain nonylphenol can occur during
the nse of cosmetics, detergents, pesticides, etc. One study detected low
levels of nonmylphenol in two office buildings, bnt the source(s) of the nonyl-
phenol was not identified.

A few measurements of nonylphenol in wastewaters have been reported in
the literatnre, and range from 0.002 to 4 .mg/L (4-nonylphenol). . It has been
estimated that only 30 kg/yr will be released during the manufacture of nomyl-
phenol. High levels of 4-nonylphenol were found in stabilized sewage sludge
containing surfactants, suggesting origination from anaerobic degradation of
alkylphenol ethoxylates, Limited studies indicate that noanylphemal itself is
slowly biodegradable.

-‘Although the log P (octanol—water) for nonylphenol is relatively high
(4.10), bioconcentratiom factors in the saltwater mussel, Mytilus ednlis were
low, ranging from 1.4-13., Stundies measuring downstream effluent wastes indi-
cate that nonylphenocl is dispersed by the water body and does not accomulate
in sediments.

B, Health Effects

»:A pharmacokinetics study in reats following oral and intraperitoneal

- sdministration of 14C—nony1phenol showed the animals excreted the label in
‘orine (19%) and feces (70%), dut not as exhaled 002. Iom exchange chromato-
‘graphy indicated that 22% of the nrinary metabolites were neutrals, and that
- the remainder were mainly gluonronic acid coanjugates of nonylphenol.

The reported oral ID50 for rats ranges from 580 to 1537 mg/ky amd the
- dermal IDSQ) for xabbits ranges from 2031 to (3160 mg/day. Mixed nonylphenol
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. caused moderate necrosis (graded § on a scale of 1-10) whem applied at a
strength of 10 mg/24 hr to rabbit skin. It caused severe corneal damage (gra—
ded 10 on s scale of 1-10) as a 1% solution applied to rabbit eyes.

" No information was found on the testing of nomylphenol for omcogenicity,
genotoxicity, or teratogenicity/reproductive effects.

C. Envirommental Effects

Nonylphenol was found to be very toxic to all aguatic organises studied,
with BC and LCi values ranging from 0.13 to 5.0 mg/L.  The two bivalves
stndied. t noIMO 919 alga, and the freshwater ide appear to be the most resis-
tant to nomylphenol toxicity, with all other organisms tested exhibiting LCsQ
values below 1.0 mg/L. Adverse behavioral effects and swollen bodies with
-hemorrhaged areas have beem observed in fish undergoing acute toxicity tes—
~ting.

The uptake and excretion of 4-nomylphenol and nonylphenol were studied in
two saltwater species. The uptake of 4-nomylphenol in Sslmo salar increased
. zapidly for the first two days of exposure (mean momequilibrium bioconcentra-
‘tion factor about 200), and then decreased by one order of magnitude after 4
days. Excretiom was almost complete four days following exposure. . In the
mussel, Mytilus ednlis, maximum concentrations were found to occur at 0.4
days, with an estimated half-time for clearance of 0.3 days. No.other data on
metabolism in aguatic organisms was found.

Nonylphenol was found to depress the growth rate of cultures of Chlorella
pyrenoidoga at 0.025 pg/mL, and to kill 100% of the cells at 25 pg/ml. In the
same study, nonylphenol was found to produce ultrastructural changes in the
cell walls, and distort the flagellae of Chlamydomonas reinhardii.
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I. Summary ‘of Available Data

Technical grade nomylphenol is a mixture of momoalkyl phenols, predom
inantly para—substituted (Hawley 1981). The substitutions occur with various
isomeric branched—chain nonyl groups (Reed 1978). The isomer or mixture nsed
in studies reported in the literature is not always specified. Im this
report, nonylphenol (mixed isomers) and the unidentified isomers will de dis-
cussed as nonylphenol, and when identified as such in the literature, the par
ticulsr isomer (4- or 2-nonylphenol) will de indicated.

A, Chemical Identity

The chemicel identities of nonylphenol (mixed isomers),-4—nonylphennl,
sad 2-nonylphenol are listed in Table 1.

B.. Physical snd Chemical Properxties

Nonylphenol is a viscoms liquid, pale yellow in colorxr, with a slightly
. phenolic odor (Hawley 1981). Dietz and Trand (1978) 1list an odor threshold of
1000 ug/L for p~nonylphenol. The physicsl and chemical properties of nonyl-
phenol (mixed isomers), 4—nonylphenol, and 2-monylphenol are listed in
Table 1.

C. . Exposure
1. Vorker Exposure
a. Production/Importation

Estimated production of nomylphenol for 1982 was 140 million pounds (SRI
1984, as reported im USEPA 1985a). Consumption is expected to increase to 165
nillion pounds by 1987 (Mannsville 1982, as reported in USEPA 1985sa).

A review of the production range (includes importation volumes) statis-
tics for 4—mnonylphenol (CAS No. 104—40-5) and amonylphenol, mixed isomers (CAS
No. 25154-52-3) which are listed in the initial TSCA Inventory (USEPA 1983),
has shown that between 3 and 30 million pounds of 4—monylphenol and between 11
and 60 million pounds of ngnylphenol {mixed isomers) were reported as
produced /imported in 1977. SCI (1985) reports that approximately 18 million
ponnds of 4-nonylphencl were manufactured in 1984 for sale and internal use.

A.review of the production-range (includes importation volumes) statis-
tics for 2-nonylphenol (CAS No. 136-83—4) which are listed in the initial TSCA
Inventory (USEPA 1983), has shown that no 1977 production/importation was
reported or that all of the . pradnction range dats reported were claimed as

4 This production range information does not include smy

. production/importation data claimed as confidential by the person(s)
reporting for the TSCA Inventory, nor does it inclnde any informatiom
which would compromise Conf idential Business Information., " The data
submitted for the TSCA Iaventory, including production range information,
are subject to the limitations contained in the Inventory Reporting
.Regnlations (40 CFR 710).
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Tabie 1. Chemical 1dsmtity and Physical and Chemicsi Propeszties of Noxg 1phenol

Chemical Ideatity
:L'Al Reglatsy Numbort
1 udlut“ Nase:

-1

[
.

Bysonymat

l. ii;ut-nl i'otlnin

:‘“ :«:u l‘tA 'ﬁnll as ‘
b fhyolnt and Chemicsal Propofticl
g. Moleoutar Weight:
1. Physicsl State:
’. Pfreezing Polat (°C):
4. WBoiliag Poise (°C):

5, Bolubitities In
{a) Vater

tb) Noa-aqusous soivest
i. bll‘ochtlon C;uunt: :
. Pattition Cosfficient (fog P)
(Octssol /Water):

s buulty (g/cmd):
b. Volatility:

251354-32-9
Penol, somyi- (8C1)(9c1)

Nosgl phenol (miged fsomers)) Nowyi-
phonol; Prevostsel Voa-100;
2.6-Dinethy1-4-heptyiphonc) (o and
p)e; Nydcoxy No, 233b

€180

220.3

Clear, strav-colored viscoes §iguidd
flO‘ :

295-320 (at 101.9 xPa)e

S1ightly solubled;
S eg/L at 20-28ect;
Siightly soluble in
dilute dqueoud NaOlle

Soluble in bentens, shlorissted dol-
vents, aniline, heptane, sliphatic
sleokols, etbylene glycold

Not Founmd

4.10f
20b
0.945%

Vapor pressure ~
23 wm By (181°C)8

104-40-3 ,
Phosol, d-nomyt- (9ct)

Nosy Iphenols

i . Phonol -
ﬁ’&’% x:uox Phonol, p-honyl

0

C'“I.
€138, 40
220.3

~10d
289-306d

Slightly sofuble 1a lot'or
cold water and aqueous alkati
solutionsd

Not Fouad

156434
Phesol, 2-sonyi- lsCI)
Phenol, o-aongpi- (8C1)6

GH,

C135%40

220.3

Not Fouad



Table 1. (Continued) Physical § Chemical Properties of Nomylphenol

10. Other
A. Reftactive lndan (afi®) ¢ 1.513h
b. Vapor deansity: (airsl) 7.359b
8. Flash point (opea cup): 141eC (285°m)d
d. Pour point: Ve 2°cd -
8. Viscosity: LR 363 op (20°C)o
£, Critical tempsrsataure: 4100cl

§. Liquid surface tension (est.): 30 dynes/cmi
h. Liquid-water interfacial
tonsion (est.): 30 dynes/omi
i. Hoat of combustion (est): -11,500 BIU/1bd

u. inenvny ot Nonylphnol

tn tltylphOnolo. the pt...nco ot 2- and & llﬁyl groups gonorllly preciades further resction at those pot!tlolu. Remtining vsoant ortho and
pars positibns are availadble for electrophilic substitutions such as chiorination, brominstion, sulfomstion, and mitration. Of commercisi
application {s the ethetificstion of nomylphemol with ethylens ozxide using a basic cataiyst to form nonionic surfactamts of the nonylphenol
Othoxylate types. May form €0 of 00, i 1imited ait supplys.

SMEDLARS(CHEM. INB) 1983

byax 1984

SHevley 1981

4 onechein and Noten 1913

SRoed 1978

h!hto and NcLeess 1980, as reported in Boyot et a1, 1982

.Tintot Safety Ouide 1971, as reported in Hann and Jenson 1974
indholz ot a1, 1983

inotes 1980

Itezaco 19858



confidential by the manufacturer(s) and/or igporters and cannot be disclosed
(Section 14(a) of the TISCA, U.S.L. 2613(a)).

b. Producers/ Importers

Domestic producers of 4—monylphencl and nonylphenol {(mixed isomers) for
1977, their sidresses, and the reported production, as listed in the public,
non—-conf idential portion of . the TSCA Inventory, sxe given in Table 2 and 3,
respectively. One unidentified manufacturer for 2-nonylphenol is listed in
USEPA (1983), with the plant site not om file, and production volome not
reported for 1977.

Nonylphenol is currently mamufactured by 10 companies at 13 sites in the
United States, with limited or no importation of nonylphemol occurring. lLess
than 10% of the current market is exported (SRI 1984, as reported in USEPA
1985a). Table 4 lists the location sxd production capacity of each of the
plants. Listed capacity is prinocipally that of nonylphenol and dodecylphenn],
although other alkylphenols are generally produced with the same equipment
(USEPA 198S5a). . SCI (1985) reports that they manufactured approximately 18
million pounds of nonylphenol in 1984 for sale and internal use.

c. Production Methads

Indunstrial manufacture of monylphenol is by liquid-phase alkylation of
phenol with mixed isomeric nonenes (propylenme trimer) in the presence of an
acid catalyst. This catalyst may be snlfuric acid, aluminum trichloride, or
boron trifiuoride., Material requirements for a yield of one metric toa of 4-
nonylphenol are 620 kg phenol, 450 Xy nonene, and a2 small amount of catalyst.
Premixed phemol and nonene are fed to an agitated, jacketed tank reactor where
they react at SO to 100° C for 30 to 120 min, and yield a mixture of isomers,
mostly para—, with some ortho— and 2,4-dinomyl substitntion (Lowenheim and
Moran 1975). The crode product is washed several ‘times and hested under
vacumm to remove traces of reactanmts and water. In the final step, monyl-
phenol is separated by vacuum distillation at 10 to 20 mm Hg. Nonylphenol is
recovered at the top of the distillation colmmn, stored, or shipped in S5 gal-
lon druns or tank cars. Dinonylphemols sre recovered as bottoms (USEPA
1985a). The yield of nomylphenol is about 75-80%, amd the yield of dinomyi—
phenol is abont 10-20% (Lowenheim and Moran 197S5).

d. Industrial/Occupatiomal Uses

‘The principle use of nonylphenol is as an intermediate in the production
of nonionic ethoxylated surfactants. About 70% of the nonylphenol produced is
used in this fashion (Lowenheim and Noran 1975), and nonylphenol ethoxylate is
the dominant alkylphenol ethoxylate surfactant (USEPA 1985a). However, this
use is not expected to expand im the United States as nonylphenocl-derived
detergents have poor biodegradability, asd are not used ia household clean
sers. .Im Europe they are still unsed im cleansers (lLowenheim and Moran 1975).

.® The data submitted for the TSCA Inventory iacluding production range
. .information, are subject to the limitations contained in the Inventory
Reporting Regnlations (40 CFR 710).



of 4—NonyIphenol

Table 2. 1977 Productiom

Comps ny

Production?

Ferro Corp.
Productol Chem. Div.
10051 Romandel Ave.
Santa Fe Springs, CA

Uniroyal, Inc.
Uniroyal Chem. Div.
Elm Street
Naugatuck, CI

Schenectady Chem., Inc.
Route 58
Rotterdam Jct, NY

Schenectady Chem., Inc.
P.0. Box 2830
- Freeport, TX

GAF Corporation =
P.0. Box 12
Linden, NY

GAF Corporation
P.0. Box 37
Calvert City, XY

NBbD

1-10

1-10

" 110

aMillions of pounds.
bNot reported.
Source: UDSEPA 1983=.



Tadle 3. 1977 Production of Nonylphenol (Mixed Isomers)

Company A Productiont
‘Union Carbide Corp. NRD
River Road
Bonnd Brook, NJ
Borg-Warnexr Chem. T NR
P.0. Box 816
Morgantown, W
Montedison USAC . Nome
1114 Ave. of the Americas
New York, NY
Rohm ¢ Haas NR

5000 Richmomnd St.
Philadelphia, PA

Rohm # Haas . NR
P.0. Box 672
Deer Paxk, TX

Continental 0il Co. None
191 Doremus Ave.
"Newark, NJ

Henley ¢ Co., ITnc.® NR
750 third Ave.
New York, NY

Filo Chem. Corp.C None
347 Madison Ave.
New York, NY

Monsanto Company 16-50
Pennsylvania Ave.
Kearny, NJ

" Kkalama Chem., Imc. 1-10
1296 N.¥W, 3zd St.
Kalama, WA

Jefferson Chem. Co. NR
P.0. Box 847
Port Neches, TX

Ferro Corp. NR
Productol Che. Div.
10051 Romandel Ave.
Santa Fe Springs, CA

.8Millions of.pounds.
bNot reported.
CImporters.

Source: - USEPA 1983a.



"Table 4. Plant Capacity for U.S. Producers of Nonylphenola,b,c

Company Location Capacity
(million 1b)
Standard 0il - -Belle Chasse, LA 86
of CA

‘Schenectady Dyster Creek, TX 75
Borg-¥Warner Morgantown, WV 60
Monsanto . Kearny, NY 45
Exxon Baywvay, N < 40d
Rohm ¢ Haas Deer Park, IX 40
Rohm ¢ Haas - Philadelphia, PA 40
Texaco Port Neches, TX 35
Schenectady . Rotterdam Jot, NY 25
GAF Linden, NJ 20
Ealsma Ealama, WA 20
GAF Calvert City, KY ' 15
Uniroyal ‘Naugatuck, CT 10d
SUSEPA 1985,

baAs of January 1983,
CIncludes production of dodecylphenol and other alkylphenols.

dcaptive use.



In producing these surfactants; nonylphenol  is reacted, generally in a
batch process, with ethylene oxide in the presence of a basic catalyst, to
yield ethoxylates of various polyethylene oxide chain lengths (USEPA 1985a).
By changing the moles of ethylene oxide, the nse and solubility of the surfac—
tant changes (the water solubility incresses as chain length increases).
Bmulsifiers for grease and o0il are produced with 4 to 6 moles of ethylene
oxide per molecule of nonmylphenol, laundry detergents with 7 to 11 moles,
emulsifiers for solvents and pesticides with 13 to 15 moles, and emuision
polymerization of latex is achieved with 30 to 40 moles of ethylene oxide
(USEPA 1985a). The 8 and 9 mole ethoxylates form the basis of high perfor-

. mance detergents, particularly for textile scouring, but they have been reple—
. ced by straight chain °12'°14'“ slcohol ethoxylates in homsehold detergents
(Reed 1978). B

. Fifteea tompaniss produoce these alkylphenol. ethoxylate surfactants, using
about 97.5 to 112.5 million pounds of nonyiphenol, for use primarily as iadus—
.txrial or agricnltural cleansers (USEPA 1985a). .Dne to their lack of sudsing
ability, these surfactants are rarely used as lJaundry detergents or as con—
smmer products, however, an increase in its use has appeared in private labdel
. amd generic household :cleaning products (USEPA 1985a).

Alykiphenol ethoxylate surfactants are prodmced by GAF, domsanto, Rohm ¢
"Haas, Texaco, Union Carbide, BASF, Diamond Shawrock, ICI Americas, Milliken, .
Millmaster Ouyx, M ¢ T Chemicals, National Distillers, Stephan, Thompson—
Haywand, and Witco (SRI 1983, as reported in USEPA 1985a).

The second largest use of nonylphenol is in the plastics and rubber
industry, where it is used as an intermediate in the manufacture of phosphite
~antioxidants. Approximately 15% of the nonylphenol produced was used for this
purpose in 1975 (Lowenheim and Moran 1975). The principle use of nonylphenol
as a phosphite antioxidant is in the form of tris—4-nonylphenol phosphite
(INPP), produced by Borg—VWagner, GAF, and Olin Corporation (SRI 1983, as
reported in USEPA 1985a). The INPP is produced through esterification of
nonylphenol in the presence of phosphoric acid, stored, then drummed in 55
gallon drums. Estimated production volume is 14 million pounnds at the three
sites (USEPA 1985a). TINPP is used principally as a liguid stabilizer system
for polyvinyl chloride resins, and secondly as an amtistaining antioxidant for
other plastics and elastomers.  Phosphites have been approved for indirect
foold use (SEI 1983, as reported in USEPA 1985a).

Aboxt 10% of the monylphenol produced is reacted with formaldehyde to
form compounds useful as oi]l additives ami synthetic lubricants, The
remaining use of nonylphenol (5%) is as an intermediate in the manufacture of
- polyvinyl chloride plasticizers, in pharmacenticals, and as corrosion inhibi-
tors (Lowexnheim and Morxanm 1975).

Nonyliphentl by its#lf does mot appesr to have any direst end uses (Reed
1978; SCI 1985) although one significant application is in aan admixture with
diisobutyl phthalate for marking fuel oil for taxation purposes (Reed 1978).
Nonylphenol is labelled as 2 major imert component (50.5%, acting as a surfac-
tsnt) of the pesticide, Matacil . 1.3-D, nsed in controlling spruee budworm in
esstern Canada (Sundaram et al. 1980). Althongh not confirmed by other
reference sonrces, Weinbsrger and Rea (1982) state that nonylphenol is a



widely used constituent of paints, inks, and shampoos, and Rantuccio et al.
(1984) note that nomylphencl is used in cosmetics.

e. Dotection Methods

Nonylphenols are not detectable by the standavd wmethods nsed for the col-
lective determination of monionic surfactants (Giger et al. 1981). High reso—
lution gas chromatography has been successfully used to separate techmical
grade 4-nonylphenol into nine major peaks identified as para—substituted com-
‘pounds as well as a minor amount of ortho-substituted compounds. Nonylphenols
can also be identified by their fragmentation patterns with mass spectrometry.

Ansteorn st sl. (1975) devised a method of detecting low levels of nonyl-
-phenol in wastewater., This method inclades extraction with freon, conceatra—
tion of the extract im a KidernsDanish ‘apparatas, asd gas chromatography with
.a hydrogen flame detector. Recovery from spiked rav and treated wastewaters
‘was 99.9 + 3.5%, with the minimmm detectable gnantity being 2.2 ng.

. ¥. Vorker Exposure

No data are available reganding worker exposure to nonylphenol during its
manuf acture. However, worker exposure scensrios have been developed, based on
models presented by USEPA (1984, as reported in USEPA 1985a), utilizing .
parameters such as vapor pressure, form of the material, and concentrationm of
the material. Since the preparation of nonylphenol takes place in a closed
reactor system, there is not likely to be sny occupatiomal exposure during
this step in its manufacture. There is, however, a potential for exposure to
nonylphenol during the activities of sampling and loading the product (Mon-
santo 1985a). The USEPA (1985a) estimates that np to 4 workers/site could be
exposed in this fashion for up to 4 hr/day for 250 days/year. If the workers
wear gloves, dermal exposure wounld be low. Due to.the low vapor pressure of
nonylphenocl, inhalation exposures are expected to be negligible (USEPA 198S5a).

Occupational exposure during the production of nonylphenol ethoxylates
and phosphite antioxidants will be similar, although the latter will be produ—
. ced at only three sites. Potential exposure may occur while nndrumming and
charging the nonylphenol to the reactor, amd during sampling activities.

USEPA (1985a) estimates that up to 4 workers/site wonld be exposed for less
than 1 hr/day dunring these activities, for abont 330 days/year. Permal expo—
sore would remain low if protective gloves are worn, dbut wonld be similar to
‘that during manufactnre if gloves are not worn, Inhalatiom exposnre would
sgain be negligible {USEPA 1985a).

SCI (1985) state: that in 10 years of making, handling, and using nonyl-
phenol, no employee exposure problems attributable to nonylphenol have been
experienced. :

. Jkeda et al.'(1970) suggest the possibility that a certsin portiom of
nonylphenol nsed to produce nonionic surfactants msed in detergents might
remsin unreacted, and appear as-a contaminant in the final detergent product.
They slso suggest the possibility that the polyoxyethylene alkylphenylethers
.ssed-in the detergents may decompose to yield free alkyliphenol.
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2. Consmmer Exposure

‘Consmmers might be sxposed to nomylphencl during the handling amd nse of
various products to which it is reportedly added. These incilnde cosmetics
(Rantuccio et al. 1984, Weindburger and Rea 1982), the pesticide Matscil (Son

. daxam et al. 1980), and paints and isks (Weinburger and Rea 1982).

‘Only one study was found which measnred consmmer exposure to nonylphenol
.isomers (Weschler 1984). Indoor-outdoor measurements of nompolar orgamic con
stituents of aerosol particles were made in two office lmiltliu;s3 Average
indoor comcentrations of momylphencl jisomers were 15 and 30 ng/m”, whereas
associated putdoor measurements of monylphenol were not detected. Ths anthor
..could not identify the actnal somrce of the isomers in either of ths offices
sampled.

3. Envirommeatal Exposure

a. Envirommental Release

. Limited information on envirommental releases of nonylphenol during
manufacture or use was locsted., Table S lists levels of nonylphenol which
have boen measured in wastewater effluents or nntreated waste from various
manufacturing facilities. Garrison and Hill (1972) reported concentrations of
p-nonylphenol in wastes and receiving waters from s carpet yara mill (Table
5). The anthors found an eighty—fold increase in the concentration of 4-
nonylphenol between the treatment pond influent and effluent, which they
attriduted to the possible anaerobic biodegradation of a nonionic surfactant
used in the washing and drying processes. Shackelford et al. (1983) detected
4—nonylphenol in 11 water samples associated with various industrial sources
(Table 6), at concentrations ranging from 2 to 1,620 pg/L.

Borg-Varner (1985) reports ug/L levels for 4—nonylphenol in effinent
discharges into the Monongahela River. However, since the effluent is
discharged into the river at 2 rate of 200 to 450 gal/min, with river flow
sveraging 4390 ft3/sec, Borg—Warner (1985) indicate that the effluent is sub—
stantially diluted. Several other studies have identified nonylphenal in
secondary effluents from municipal trestment plants (Ellis et al. 1982), or im
rivers receiving wastewaters from various chemical industries (Moore and
Karasak 1984). Quantitative determinations were mot made in these studies.

Releases of nomylphenol to the enviromment during the manufactunre of
nonionic surfactants will probably occur doring the disposal of used nomyl—
phenol drums, and the cleaning of equipment (USEPA 1985a). Used nomylphenol
droms will probably be landfilled or incimerated. There are no - estimates of

the quantities of nonylphenol that might be released during these processes
(USEPA 1985a).



Table 5. Lovels of Nouylphetiol in Wastewater ﬁtflutti

Level Source Sample . Ref eronce
13 I_ljll)_, . Unknows AVTY Muniocipai sewage Lin ot al, 1981
10-35 pg/L Bewage tteathent plants Secondary effluent Stephunou and Giger 1982
0.05 mg/L Specialty chemical Vastowater effivent Hites ot a1, 1979

o . plant L . o o
0.085 mg/L Carpet yara mild Untreated iutq Garridon and Hill 1972
0.06 mg/L T:to manufacturing Wastowater offiuent Jungolaus ot ai, 1976

, plant B .
4.0 mg/L. . Carpet yara mili Treatment pond Garsridon and Hill 1972
(4-nonyiphenol) of fluent

SApproximate concentration.
b AWT « Advahoed waste troatment water,

I
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Table 6. Occurrence ‘of 4-Nonylphenol in Eavirommental Samples (ug/L)

Industry - ~-.- . Frequency High Median Low
Conc. - Conc. Conc.
Nonferrous metals .8 120 48 10
Paint and Ink 2 79 44 8
Organics and Plastics 9 469 132 8
Inorganic chemicals 3 3 2 2
Robber processing .1 1617 . 1617 1617
Anto and other 2 ‘270 242 214
laundries
Almminm "3 "13 11 7
Orgaaic chemicals 4 109 51 36
- Pabl ic~owned 11 51 4 2
troatment works
NA .1 45 45 45

. -Indnstry unknown "2 32 26 20

SNA = not available.
Source: Shackelford et al. 1983,



13

.Releases of nonylphenol dnring the manufacture of phosphite antioxidant
intermediates are expected to be low. Losses that might occur from storage
drums . or-equipment cleaning would be to lamdfill (DUSEPA 1985).

5. .. Environmental Fate
d. Persistence
{a)  Biodegrmdation

Fischer et al. (1974, as roported in THEMFATE 1985) studied the biodegra—
tion of nonylphenol in a closed bottle test for BD. Two ppm nonylphenol was
tested at 20°C with sampling at 0, 5, 15, and 30 days. Zero to 3% BD removal

-was observed, indicating 1little oxr mo degradation,

Gaffney (1976) reported no degradation of 1 mg/l nonylphenol after 1335 hr
in domestic wastewatexr, or after 24 hr in industrial wastewater, bat he found
45% degredation of the nonylphenol after 135 hr incubation in the industrial
wastewater,

Sundaram and Szeto (1981) studied the dissipation of monylphenocl im
stream and pond water when incubated in open and closed flasks. They fonad no
transformation products after open incubation, dut as unidentified transforms—
tion product(s) was detected via HPLC in both pond and stream water after 3
days incubstion in the closed system. Photo-oxidatiorn or microdial hydroxyla—
tion were sunggested as the possible mechanism of transformation. In the same
stuly the snthors found that nonylphenol was rapidly dissipated from pond
water in the presence of sediment, with about 50% of the nonylphenol appearing
in sediment after 10 days, and the remainder nndetected in water or sediment.
Abont 80% of the nonylphenol translocated to the sediment was degraded in 70
days, with no degradation occurring in autoclaved water and sediment samples.

4-Alkylphenol polyethoxylate surfactants are biodegraded during aerobic
treatment of wastewater by activated sludge to yield 4—alkylphenol mono— and
diethoxylates. Giger et al. (1984) postulate that high levels of 4-
nonylphenol measured in stabilized sewage sludge originate from the alkyl-
phenol ethoxylates. Giger et al. (1984) suggest that the 4-alkylphenol mono—
and diethoxylates formed during microbial smaerobic degradation of the alkyl-
phenol polyethoxylate surfactants are less biodegradable, and less water—
solubhle, and are partially removed from wastewater by sorptioa to lipophilio
flocs of silnige., To test their hypothesis that amerobic eaviromments favor
the accumulation of 4—monylphenol, Giger et al. (1984) comdncted controlled
batch experiments with raw and anaerobically stabilized sludge and observed a
4- to 8-fold increase in the concentration of 4—mnonylphencl in the stabilized
sludge relative to that originally present in the raw slndge. Batch exper—
iments involving serobic imcubation resulted in incresses in 4-nomylphenol
. concentration by oaly-a factor of two.



14

(b) . Photodegradation

No information regaxding the photodegradation of nonylphenol amdd its
isomers was found.

{c) Hylrolysis

No information reganiing the hydrolysis of nonylphenol and its isomers
was found.

{3) Other rontes of degradation

“No other information reganrding the envirommentsl fate of nomylphenol and
its isomers was found.

(e) Biocaccumnlation

Although the log P of nonylphenol (4.10) suggests that bioaccmmmlation

. may occur, the stuldy of MclLeese et al. (1980a) inlicates a low biocaccmmulation
‘of nonylphenol in the saltwater wussel, Mytilns olu]lis. Mussels with valve
lengths of about 5.0 cm were exposed for four days in static tests at 15°C to
nonylphenol at nominal concentrations of 0.1 and 1.13 mg/L. Nonylphemol in
the mussels reeached a2 maximum conceantration between one. and two days, and
decreased by four days. Estimated dbioconcentration factors (BCF) ranged from
1.4-13. The anthors conclunde that due to the low calcnlated bioconcentration
coefficient (uptake/excretion), nonylphenol concentrations in seawater of less
than 0.01 mg/L are not likely to resunlt in significant accomplation in
mnssels,

Kawasaki (1980) reports a bioconcentration factor of about 100 for nonyl-
phenol isomers, while Sasaki (1978) 1isted it as a chemical known to have
. 1ittle or no biocaccomulation,

ii. Transport

{a) Air
No dats were fonnd.
() Vatex

. Hites et al. (1979) measured levels of nomylphemol in treated wastewater
from a specialty chemicals plant which manufactured many products, including
surfactants., Samples were also takem at varions stations up- and downstream
from the point where the wastestream entered a river, snd in river sediment,
Levels of 0.05 ppm nonylphenocl were measured in the wastewater, but no smomyl-
yhenol was detected in sither river water or .ssdiment samples.

Table 7 lists measurements of nomylphenol ia receiving waters downstream
from a carpet yarn mill (Garrison and Hill 1972). The rapid dissolution of
nonylphennl as it moved dounstream from the discharge point indicates dilution
‘by the water body.
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Table 7. Comcentration of 4—Nonylphenol in Textile Waste
and Receiving Waters

.Sample Location Concentration (mg/L)
Plant total untreated waste 0.05
Treatment pond effluent - 4.0
Szmall creek 3.0
- (1 mi)sa
Small river 0.2
(1.5 =mi)a
‘Small riverx 0.03
(4.5 mi)s
Savannah River . 0.002
(6 mi)a

4Distance below pond discharge.
Sonrce: Garrison and Hill 1972,
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In order to study the fate and persistence of nonyphenol nnder field conm
ditions, Sundarsm et al. (1980) applied 0.47 L nonylphenol/ha (equivalent to
the seasonal allowable maximom of Matacil <formulatioas containing nonyl-
phenol) aerially to a mixed coniferous forest. Nonylphenol was detected in
water from s treated stream immediately following application, and persisted
for 5 days. . The highest concentration of nonylphenol detected was 9.1 ppd one
--hour after sprxying, which decreased to (2.0 ppb in 6 hr, and was not detected
at 24 hr. Under the field conditions tested, the estimated half-life of
- nomylphenol was about 2.5 hr. The authors assume that the rapid dissipation
.of nonylphenol residues in stream water was due to dilutiom by water flow.
Other factors which could have contributed to dissipation were suggested as
susrface evaporation, and codistillation. Nonylphenol was detected in only one
stream sediment sample (less than 0.10 ppm) four hours following application,
indicating to the aunthors that diffusion of nonylphenol downwand in-the water
colman wonld be minimal.

. Erast et al. (1980) found nonylphenol to disappear rapidly from agueons
solution in open tanks, with up to a 90% loss occurring within 48 Ar. The
apparent vorrelation of nonylphenol disappearance with surface area/volume
-.ratios, aeration, and stirring, suggests that volatilization is the primary

~. ronte of dissipation.

‘Sendsrsm snd Szeto (1981) studied the behavior of monylphenol in static
sguatic enviromments using open and closed systems. They found: that nonyl-
phenol dissipated in spiked samples of both pond and stream water in open
flasks with s half-1life of 2.5 days. Persistence in closed systems was
longer, with a half-life of 16.5 and 16.3 days estimated for stream and pond
water, respectively. The suthors feel that these findings support the com
clusion that dissipation of nonylphenol in agquatic systems resnlts from sor—
face volatilization and codistillation.

(e) Soil

Kingsbary et al. (1981) applied nonylphenol to terrestrial ecosystems at
a rate equivalent to the guantity of nonylphenol applied in allowable maximum
seasonal sprayings of Matacil . They were unable to detect nonylphenol in
s0il samples from 2 study plot well exposed to the acrial deposition of nonyl-
phenol. They suggest that nonylphenol dissppears very rapidly from soil via
physical, chemical, or biological processes.

{d) Biota

In the stuly by Sundaram ot 2l1. (1980) nomylphenol residue im white
sproce foliage reached its highest concentration (18.9 ppm) one honr after
spraying with nonylphenol. Residunes declined steadily, amd were nnletectable
-after 62 days, with a2 half-life of 2.8 hr., Quantities of nonylphenol on the
forest floor, if present, were below the levels of detection, indicating a
filtering effect frzom the foliage (Sundaram ot al. 1980).

c. Envirommental Occurrence

A few measurements of nonylphenol in rivers or tributaries exist in the
literature, anl these are summarized in Table 8. Measured valnes range from



Table 8. Envirommental Levels of Nony1phenol

Level . Soutce

Sample

Retofcnco

1-§ ppb (winter) Unknown

0.04-1 ppd (cu-iet) ﬁnfnown

325 ppb . Unknown

(4-nony 1phenol)

0.5-2.0 pg/LAa 10 sunicipal

C troatment plants

1.0 ag/L Wool scouring
plant

ml".t. Ro »
Philadelphia, PA

Delaware R.,
Philadelphia, PA

Lower Tennessee R.,
below Calvert City, kY

Glatt R,,
Switzerland

Savannah R. tributary

ﬂitoc et ii; 1979
Hites ot al. 1979
Goodley and Gordon 1976; as foportod
in CHENFATE 1983
Abel ot al, 1983

Gustafson 1970, as reported
in Garrisoh and Hill 1972

SApproximate comcentration

Lt
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40 ng/L to 1 mg/L. Holmes and Kingsbury (1980, as reported in Moody et al.
1983) found levels of nomylphenol up to 1.1 ppm in stagnant water following an
operational pesticide spray program in Omtario.

D. Health Effects

1. Netadolisa

One pht:!‘cokinetici. study exists (Khask et sl. 1966) descridbing the

. excretion of ~ C-nomylphenol when administered orally or intraperitomeally to

. 150 g male rats (Farms-Elias stock). Daily urine and fecal samples were col-
"lected and analyzed for z period of 7 days, and €02 samples were collected and
analyzed for 4 dsys. By day 4 of the 7-day sampling period, the majority of
the labelled nonmylphenol was excreted in urine (19%), and feces (70%). No
radiolabellsd 00, was detected. Identical results were obtained with both
aethods of administration. First—day urine samples were analyzed with ion
exchange chromatography, and 25% of the uin!p metabolites of ~ C-nonylphenol
chromatographed as neutrals. The remaining “"C chromatographed as acids after
. the neutrals, and were believed to be mainly glucnronic acid conjugates (75%)
‘of nomylphenol.

2. .Lethality

Smyth et al. (1962, 1969) report for the mixed isomers an gru mso for
rats of 1.62 nl/kg (1537 mg/kg based on a density of 0.949 g/ca”) and 2 dergal
mSO for rabbits of 2.14 =ml/kg (2031 mg/kg based on 2 density of 0.949 g/cm™ ).

They list 4 hr as the maximum time to death for rats inhaling a concentrated
vapor. Texaco (1985a) and Monsanto (1985b) 1list an orsl ID_  for rats of 0.58
g/kg, amd 1300 mg/kg, respectively. MNonsanto (1985b) 1lists a dermal mso for
rabbits of 52000 mg/kg and: (3160 mg/kg.

3. Oncogenicity

No infoxrmation.

4. Genotoxicity

No information,

5. Teratogenicity/Reproductive Effects

No information.

6. Other Effects

a. Skin and Eye Effects

Nonylphenol cansed necrosis {graded 6 on a scale of 1—10) when applied at
a strength of 10 mg/24 hr to shaved rabbit skin. It caused severe cornesl

. damage (graded 10 on a scale of 1-10) as a 1% solution applied (0.5 al) to
.xabbit eyes (Smyth et al. 1962, 1969). Nonylphenol produced moderate



19

irritation when 500 mg was applied to rabbit skin (VDS 1959, as reported in
Sax 1984). )

Rantuccio et al. (1984) stulied the irritant potential of nomylphenol
when massaged into shaved rabbit skin daily for 30 days. ‘A 10% solution of
nonylphenol in water (0.5 mL/day) was foumd to give rise to incresased layers
of epidermal cells aml increased cells in the suporficial dermis. The abso-
lute fidroblast count was raised 52% although the relative connt was not
raised. The basement membrane was unaltered and the fidbers of the dermis
showed no gross changes. Rilastic fibers had alwost disappeared. Although
nonylphenoc]l induced changes in the form of increased numbers of epithelial
cell layers, and dermal cell count, the anthors note the difficulty in evalua-
‘ting the resnlts, and in extrapolating them to human tissnes.

Texaco (19850) applied 0.5 =l nonylphesol dirsctly to the shaved skin of -
- one male anl one female rabbit., The materisl xemained in contact with the

- skin for 4 hr, and skin necrosis was visible in both radbbits at 48 hr aftex
the application. Texaco (1985s) and Monssnto (1985b) 1list a skin irritatiom
index (bssed on the Draize Method) for nonylphenol of 8.0/8.0 and an eye irri-
tation index of 57/110 and 58/110, respectively, for rabbits. Nonylphenol is
.1isted as a corrosive agent which may cause burans and blistering to the skin,
It is sxtremely irritating to the eyes, and may capse permanent eye injury
(Texaco 19835a).

The acute toxicity of 20 componnds used by the Air Force was stndied to
establish safe handling guidelines (Gaworski et al. 1979, as reported in
MIDLARS II [TOXBACX76] 1985). Nonylphenol was reported to canse a skin sensi-
tization reaction in 18 of 20 animals dosed (level of dosing and type of
animals tested not given in abstract).

Texsco (1985c) tested nonylphenol for skin sensitization using tem male
albino guinea pigs and s modified Buehler test method.  Under the conditions
of the study, no skin sensitization was observed.

Weiss (1980) states that nonylphenol causes mmarting of the skia snd
first-degree burns on short exposure, amd may canse secondary burns on pro-
lomged exposure. The vapors canse s slight, temporary, smarting of the eyes
or respiratory system if present in high concentrations.

Gellin ot al. (1979) tested the depigmenting capacity of various phenols,
including nonylphenol, using black guines pigs amd black adnlt mice {strains
.not given). . They report that irritation was observed with all phenols, but
that nomylphenol did mnot induoce depigmentatioa.

b. Biochemical Effects

" . The partitioning-asd interfacisl imteraction of >B-sdemosine triphosphate
to various amphiphiles (lipophilic grounps attached to amino acid residues) has
been stndied by Hideshims et al. (1977). It was found that 4—monmylphenol did
not directly react viﬁnucl eotides, probably due to electrg;tatic repul sion.
-"In the presence of Ca” , interaction did occur, although Mg  did-not eshance
.anucleotide interaction with nomylphenol.
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7. Case Reports and FEpidemiological Studies

In & case report, Sherman (1985) describes multiple birth defects in a
-3~week old male infant. The mother was exposed to s polymeric material
applied with a nonylphenolic ethoxylated surfactant. during the early part of

. her pregnancy.

Ikeda et al. (1970) reported two cases of lencoderma in women engaged in
degreasing metal parts with synthetic detergents containing polyoxyethylene (3
to 16) monyl- or octylphenylether. Analysis of the detergents revealed conm
tamimation with free alkylphenol, possibly nonylphenol or octylphemnl, and the
apthors suspected that the lemcoderma was caunsed by the free slkylphenols,
They hypothesized that either a certain portioa of the alkylphenols added as a
starting material to form the detergents remained unreacted, or decomposition
of the detergents during their use yielded fres alkylphenols. No positive
correlation between the cases of leucoderma and monyl— or octylphenol were
mads, No other case reports or epidemiclogical studies were fonnd specifi-
cally dealing with nonylphencl.

B, Enviroonmental Effects
1, Metabolism

Uptake (1) and excretion (K2) rate constants, time to maximum concentra—
tion, and half-time for clearance of nomylphenol in the saltwater mussel,
Mytilus edulis, were estimated by McLeese et al. (1980a). Mussels were
exposed for four days in static tests at 15°C to nonyphenol concentratioms of
0.1 and 1.13 mg/L of sea water. Maximum concentrations occuorred at 0.4 days,
with a X1 of 23/day, 2 X2 of 2.3/day, and a half-time for clearance of 0.3
days.

In a static test, McLeese et al. (1981) studied the uptake and excretion
of p-nonylphenol in Atlantic salmon (Salmo salar) that were placed for four
days in water containing p-nonylphenol and then transferred to clean water,
On the first day of exposure, the concentration of nonylphenol in the water
was 0.31 mg/L and the average tissve concentration (uptake) for two fish was
72.7 pg/g of tissne (wet weight). On day 4, the concentrations had dropped to
0.17 mg/L in the water and 12.7 pg/g of tissue in the fish, The excretion of
p-nonylphenol, evaluated on the dasis of tissve measnrements that were made
after the fish had been placed in clean water, was almost complete by four
days. At that time, the average tissme concentration of nonylphenol had drop—
ped to 0.48 pg/g. No other data on metabolism in aguatic organisms were
found.

2. Lethality

Lethality data for freshwater and saltwater species are listed in
Table 9. It can be seen that nonylphenol is vexry toxic to all organisms sto—
died, with a range of LC,. values from 0.13 to S.0 mg/L. The two bivalves
stodied (Anodonts and Mya) were relatively resistant to nonylphenol toxicity.
Bringmann and Kuhn (1982) report an ECso value (based on immobilixstion) of
0.18 mg/L for Daphnis magns. .In contrast to this, Monsanto (1985a) lists a
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. .Table 9. _Llethal ity of Nonylpbenol in Envirommental Species

(Mya arenarias)

Species LCsp Dose (mg/L) .Conditions . Reference
_FRESHVATER
- ¥Fathead minnow 9% hr - 0.1335 "FIs Holcombe et al. 1984
(Pimephales promelas) 96 hr 0.3 NAD Monsanto 1985b
Rainbow trout 96 hree 0.23 NA NcLeese et al. 1980b
(Salmo gairdneri) 96 hs® 0.56-0.92 - 84 Ernst et al. 1980
24 hre 0.484 S . .Exrnst et al. 1980
Brown trout 96 hxe . 0.145 NA .McLeese et al. 19800
(Salvelinus fontinalis)
Ide RA 1.3 NA .Knie ot al. 1983 .
{Leuciscus idns) g
Freshwater clam 144 hr 5.0 S Mcleese ot al. 1980b
(Anodonta cataractae) ‘
VWater flea
- {Daphnis magna) 24 hr 0.48 - NA Monsanto 1985a
48 hr . 0.44 NA Monsanto 1985a
(D, pulex) :48-hr - 0.14-0.19 S Ernst et al. 1980
Nommotile algs 24 hr 1.5 S - Weinberger and Rea 1982
(Chlorella pyremoidosa) '
' SALTVATER
Atlantic salmon 96 hrf 0.13-0.19 FT NclLeese et g1. 1981
(Salmo salar) 96 nef 0.9 S McLeese et 31l. 19801
Sand shrimp 96 hr 0.30 S McLeese et al. 1981
(Crangon septemspinosa) . 96 hr 0.40 S .- McLeese et 31. 1980b
Lobster 96 hx 0.20 S McLeese et a1, 1980b
(Homarus americanus)
Soft—shelled clam 360 ix 1.0 S

¥cleese ot al. 1980b

8FT = flowthrough tests.
NA-= not available.
CFingerlings.

ds = static tests.
€Embryos.

fyaveniles.



3. Reprodnctioa
No data were found.
4. Behavior and Browth

Weinberger and Reas (1981) studied the uitrastructural effects of monmyl-
phenol on a motile flagellate, Chlamyiomonas reinhardii. Chlamydomonas was
exposed for 1 hr to 0.5 to 0.7 ppm nonylphenol added to the nutrient medium,

. Nonylphenol was foond to. distort the flagellae amd to disrupt the. ultrastruc-
taoral architecture of the cell walls of treated cells.

Matacil 1.8D is a pesticide consisting of the carbamate aminocard formn-
1ated with nonylphenol umd a fuel oil distillate, 585 diluent o0il. Weinberger
and Res (1981, 1982) exposed Chlorella populations to concentrations of amino~
carb as high as 10 pg/ml and recorded growth stimmlation, while the same con
centration of formulated aminocardb in Metacil 1.8D proved lethal to
Chlorella. Nomylphenol was added to Chlorella cumltures at conceantrations of
0, 0.025, 0.25, 2.5, 7.5, or 25 ug/asl.. The average exponential growth rate
was depressed at the four lower concentrations, while at 25 pug/=L, 100% kill
was achieved. ¥From these experiments a 24 hr LC. of 1.5 pg/ml was estimated.
Exposure of populations of Chlorella to dilnent §85 0il concentrations as high
as 15 pg/ul resulted in no population growth effects. The authors conclude
that nonylphenol in the formumlated pesticide, Matacil 1.8D, is responsible
for the toxic effects seen in their algal growth stuodies.

Using the flunorometric determination of algal photosynthetic activity,
nony lphenol was tested for its ability to inhibit photosynthesis in the green
alga, Chlamydomona reinhardii after 1 hr of treatment (Moody et al., 1983).
Inhibition of photosynthesis was 54.7% at 0.5 ppm nonyphenol, and 100% at 0.7§
and 1.0 ppm.. Eguivalent concentrations of nonylphenol in the pesticide Mata-
cil (1.B-D produced very similar results, while the carbamate Matacil . and
diluent S85 o0il alome required concentrations of >100 and 30 ppm, respec—
tively, to produce 100% inhibition of photosynthesis.

Six goppies and six snmails (scientific names not given) were homsed in
natural lake water to which 0.5 ppm nomylphenol was added (Weinberger and Rea
1981). The behsavior of the fish and snails was visnpally monitored. The gup—
pies rescted immediately to the nonylphenol, showing an initial startle reac—
tion, and later some slight disorientation, accompanied by less vigorous
fealing. Two of the six guppies died within 24 hr, and the others recovered
after 36 hr.,  The snails dropped from the inner surface of the tank and did
not emerge for 8 hr., Following this, 5 of the smails returned to normal
feeding behavior.

Holcombe et al. (1984) conducted flow-through acute toxicity tests with
Pimephales promelas. Adverse behavioral effects wers fomxnd in fish oxposed to
concentrations of nonylphenol greater than the LC (0.135 mg/L). At a com
centration of 0.187 mg/L, surviving fish were lethargic, although still reac—
ted to ontside stimmli such as tapping the tank. At concentrations as low as
0.098 mg nonylphenol/L, some 10ss of equilibrium was observed in the fish,
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Nonylphenol was found to significantly decrease (significant at the 1%
level) percent seed germination in Jack pine (Pinus banksianas) and white birch
(Betuls papyrifera) at 100 ppm, and increase percent seed germination (signi-
- ficant at the 1% level) in white birch at 20 ppm (Weinberger and Vladut 1981).
Water uptake was significantly reduced (significant at the 1% level) in Jack
pine by 20 and 100 ppm nonylphenol (50 and 78% reductiom, respectively).
Length of sprouts of Jack pine seceds were decreased by 20% when treated with
100 ppm ponylphenol, and treated seeds gave rise to dwarfed seedlings. A
five—fold reduction (81% decrease) in length of sprouts of white birch
occurred following treatment with 20 ppm nonylphenol (the only level tested).

Azenically cul tured fronds of Lemna minor were exposed to "scologically
relevant” concentrations of noanylphenol, aminocard, 585 diluent o0il, and the
Matacil 1.8D formulation containing 21l three constituents (Weinberger and
Iyengar 1983, as reported in MEDLARS II [MEDLINE] 1985). Frond growth, fresh
and dry weight, chlorophyll content, photosynthesis, and total ATP content
wvere significantly (level not reported) decreased by exposure to the Matacil
.1.8D formulation, but not to aminocard or 585 o0il alome., The suthors sttribo—
ted the toxic effects to nonylphenol.

Knie et al. (1983) stndied the effect of 4~nomylphenol on oxygen consmp—
tion in bacterial populations, and report an Ecm of >10 mg/l.

Lewis and Jurd (1972) studied the sporostatic activity of various
phenolic componnds, including 4—nomylphenol, on Bacillus megaterium ATCC
10778. 4-Nonylphenol inhibited germination of B. megaterinm in nutrient broth
(99% inhibition at 2 hr) at 32 ug/mL, and prevented outgrowth at 10 pg/mL. A
saturated solution of nonylphenol proved ineffective in inhibiting sporostatic
activity after 24 hr incubation. Sporostasis was reversed by washing. Non
physiological (by-pass) germination was not inhibited. With 4-nonylphenol at
32 pg/mL, the lysis of 30 to 90% of the spores stopped with a phase—grey
appearance, and the rest of. the spores remained phase—~bright. Based onm the
complete inhibition of sporostasis nnder good germination conditions at low
concentrations, and the failure to block nonphysiological germination, the
authors suggest that the sporostats studied reversibly render some proteins
~ involved in physiological germination nonfunctional.

Torma and Itzkovitch (1976) stulied the effects of nonylphenol on the
oxygen uptake of the bacteria Thiobacillus ferrooxidans used in biohydrometal-
-lurgical treatment for metal recovery from low—grade sulfide—bearing materi-
als. Surfactants mxy be adsorbed on the mineral surface during trestment,
wetting the bacteria, and preventing intimate coatact of the bacterium with
the metal snrface, ' They may also influence nutritive or growth processes by
being sdsorbed on the bacterial emvelope or by changing the growth emvirom—
ment. Nonylphenol was found to reduce the surface tension of the reactive
medium and the rate of oxygen consumption of Y. ferrooxidans by approzimately
40%.

5. Population Effects
Kingsbury et al. (1981) applied nonylphemo]l to terrestrial ecosysteams at

a rate equivalent to the gquantity of nomylphenol applied in allowable maximum
seasonal sprayings of Matacil . They found that nosylphenol 4id not have any
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significant (level of significance not specified) effect on insect popula-
tions, forest songbizd populations, or the ability of somgbinds to defend
theix breeding territories.

.. Other Effects

Borg—Narner (1985) studied the factors sffecting mortality in fathead
minnows (Pimephales promelas) during 48-hr LCSO tests, Grad samples of
effluent containing pg/L concentrationms of phenol, 4-monylphenol amd other
nonylated isomers, tert-bmtylphenol, and mmlti-butylated phenols were nsed for
the tests. The wastewater efflunent tested is discharged into the Monongahela
River.

. Liver tissues from surviving fathead minnows exposed to either L or
LCSO lovels of diluted effluent (the actual concentrations tested are not
given) were studied nsing transmission electron microscopy. 4An increase in
1ipid droplets and nuclear aberrations was observed. Pathological observe-
tions included expanded rough endoplasmic reticulum, increased vacuolar and
lysosomal population, and nnclear evagination and distortion. Increased conm
centrations of effluent resulted in increased cellular changes, indicating a
dose—response relationship. Hyperplasia of gill tissue was also observed in
surviving fathead minnows, Becanse the effluent consisted of s mixture of
chemicals, the effects observed counld not be attributed to any specific agent.

Holcombe et 2l. (1984) noticed hemorrhaged areas and bodies swollen with

fluid in Pimephales promelas treated with 0.187 mg nonylphenol/L in acnte
flow—through tests.

Dizer et al. (1984) studied the effect of pollutants remaining in secor
dary and tertiary trestment waters on adsorption of viruses to sand, an excel-
lent material for the adsorption of pathogenic virnses from contaminated
waters, Experiments in the preseace of nonylphenol seem to indicate that
nony lphenol substantially diminished the adsorptionm of viruses by disrupting
the hydrophobic bonds between the viruses and the substrate.

7. Abiotic Effects

No data were founnd.
F. Existing Standards, Regnlations, and Recommendations

Proposed gnidelines exist which limit monylphenol efflwvent discharges
.into publicly owned trestment works (POIW) (USEPA 1985b). No other regnla-
tions regarding occupationsl, public, or aguatic exposnre to nonylphenol or
1ts isomers were found in the literature. A taste threshold of 0.001 mg/L for
nonylphenol is given in Dawsom et al. (1970, as reported in Anstern ot al.
1975).

A red DOT shipping ladbel is reguired for drmms, tank cars smd tank trucks
containing nonylphesol (Lowenheim and Moran 19785).
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8.  Supplemental Information

The following orgsnizations responded to the Agency’s regunest for informatieon
oa .noxylphenol for this Chemical Hazanl Information Profile:

Submitter Name: Borg-VWarner Chemicals, Inc.
EPA Document Control Number: FYI-0TS-0885-0438 INIT (Sequence A)
.Information Types: Resnlts of studies observing factors affecting the
mortality of fish during acnte static
""‘Lcm and LCSD..testing.

Sutmitter Name: Occupational Physician

BEPA Dooment Control Number: FYI-OTS-0585-0402 FLWP (Sequence B)

Information Types: Possible caunse—effect relationship between product
containing nonylphenol and mnltiple birxth defects.

Submitter Name: National Institute for Occupational Safety and Health
EPA Document Control Number: FYI-0TS-0585-0402 FLWP (Sequence C)
Information Types: No information in the NIOSH Current Research File

Subhmitter Name: National Toxicology Program

EPA Document Control Number: FYI-OTS—0585-0402 FLWP (S8equence D)

Information Types: None of the monylphenols tested or selected for testing
by the NIP.

Submitter Name: Borg-Varner Chemicals, iInc.
EPA Document Control Number: FYI-0TS-0685-0402 FLWP (Sequence E)
Information Types: Uses of nonylphenol

Submitter Name:: Schenectady Chemicals, Inc.
EPA Document Control Number: FYI-OTS-0685-0402 FLWP (Sequence F)
Information Types: Production volume, nses, manufacture, and exposure to

" nomylphenol

Snbnitter Name: JNonssnto Indastrial Chemicals Co.

- EPA Document Control Nmmber: FYI-OTS-0685-0402 FLYP (Seguence G)

Information Types: Produot description, envirommental effects, worker and
envirommental exposure, MSDS for nonylpheanol

Submitter Name: Momsanto Industrial Chemichls Co.
EPA Document Control Number: FYI-0TS-0685-0402 FLWP (Seguence H)
Information Types:  Production volume data claimed ss confidential

Submitter Neme: Texsco Chemical Co.
EPA Document Control Nomber: FYI-0T5-0685-0402 FLWP (Seguence J)
Information Types: Dermal toxicity data

Submitter Name: Occupational Physician
EPA Docment Control Number: FYI-0TS-08835-0402 FLWP (Sequence J)
Information Types: Clinical report describing mmltiple birth defects
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-in child whose mother was exposed to & chemical
. containing ethylene oxide; bidbliography included

Submitter Name:  Office of Pesticides Programs, U.S. Envirommental
- - -Protection Agency
Information Types: The OPP reports that polymeric materials containing
nomylphenol are used as inert ingredieants in
pesticide formulations; no other information
- svailable on nomylphenol

The following ctompamies stated, in response to the USEPA reqmest, that they
had 150 pnpnblished technical bulletins or reports on nomylphenol:

Telanese Corporation, New York, NY
E. 1. Du Pont de Nemours ¢ Co., Wilmington, DE
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Nonylphenol (mixed isomers);
-4—Nonylphenol; 2—Nonylphenol
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CANCERPROJ
DB
KTECS
CHEMLINE

April 1, 1985
[ J

oW

wwnooacu@&bgam

t 3z 232838882

LOXHEBD /D IALOG

BIOSIS PREVIEWS 69-76
BIOSIS PREVIEWS 77-80
BIOSIS PREVIEVWS 81-
‘CHEM. EXP. 74-

CONG. REC. ABSTR. 76~
FB. RB5. ABSIR. 77
FB. RES. PROG. B2-
NTIS 64—

&~ o

2 228 2 3 3 3

MOODOOD A

3. Search Strategy

The databases listed sbove were searchsd unsing CAS Registry Number, chem—
‘ical name, and synonmyms listed in the CHEMLINE printont. VWith the exception
of the searches on the Chem Abstr files which were limited to non—patent
references, all hits were ‘dumped ” and computer printouts scanned for per—
tinent references.
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