23.0
EVALUATION OF NITROSOMORPHOLINE

nD

3.1 PHYSICAL AND CHEMICAL PROPERTIES

Déta on the physical and chemical properties of nitrosomorpholine
were unavailable. ~ To the best of our knowledge, no nitrosomorpholine is
deliberately manufactured or used in the U.S. This review has therefore
focused on morpholine, the immediate precursor of nitrosomorpholine.

23.2 DIRECT PRODUCTION IN CALIFORNIA

As of 1977, only one company manufactured morpholine in the United
States (SAI, 1980). We were unable to contact this producer at either of its
facilities, which are in Texas. This company either does not manufacture the
chemical at the former sites or is producing under a different name. It
remains to be determined whether production of morpholine has ceased in the
United States. In either case, there appears to be no California production
of the compound. '

23.3 INDIRECT PRODUCTION AND EMISSIONS IN CALIFORNIA

As discussed in Section 23.8, all ambient nitrosomorpholine is
probably formed in the atmosphere by the reaction of nitrous acid with
morphoTine or by OH-initiated photooxidation of morpholine. Data are
presently not available on reaction rates for conversion of morpholine to
nitrosomorpholine.

23.4 | INDUSTRIAL USE AND EMISSIONS

The most recent data available on the consumption of morpholine in
the U.S. are from 1978 (SAI, 1980). In 1978 morpholine was used as an
intermediate for rubber accelerators (35 percent), corrosion inhibitors (30
percent), optical brighteners (10 percent), and self polishing waxes and
polishes (10 percent). Seven percent of production was exported. Another
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eight percent was used in miscellaneous minor applications, which include the

pharmaceutical industry, deodorants, shampoos, cosmetics, and disinfectants.

In 1978, rubber accelerators were not produced in California.
However, 33 facilities on the Pacific Coast produced optical brighteners,
although we do not know at present how many of them are located in California.
At best, emissions from optical brightener production can be considered minor;
only 460 1b/yr morpholine were used at all 33 sites.

To obtain an upper bound estimate of morpholine emissions, let us
assume that the total amount of morpholine used in corrosion inhibitors (7.5
MM 1b) and polish and wax formulations (2.5 MM 1b) 1is released to the
atmosphere. We further assume that the loss from these products is distributed
among the states in propertion to state populations. Some cf these products
containing morpholine are consumer items and some have industrial usés. Ve do.
not know the proportion in each use, nor how precise the estimate of
proportionate distribution by state is likely to be. Nonetheless, this is a
reasonable first-cut estimation of the release of morpholine from these
products. Thus, the amount of morpholine released to the air in Ca]ifornia is
estimated to be: ?

(10 MM 1b)(0.11)
1.1 MM 1b

California emissions

Surveys of tire manufacturing piants have found levels of nitro-
somorpholine ranging from 0.5 to 27 pg/m3, which approximates a daily human
exposure between 50 and 250 pmg. These concentrations probably resulted from
contamination of the accelerator with trace levels of bismorphoiine-
carbamylsulfenamide. Measurable levels of nitrosomorpholine have also been
found inside leather tanneries (Ember, 1980).

23.5 COMSUMER USE AND EMISSIONS

Some releases of morpholine probably occur from a variety of consumer
products which contain this compound, such as pharmaceuticals, deodorants,
shampoos, cosmetics, and disinfectants. A search of current literature and
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formularies identified the following morpholine-containing producté
(morpholine contents in parentheses): porcelain, marble and tile cleaner (up
tc 2 percent); furniture and wood polish (up to 30 percent); Teather and viny]
cleaner (1 percent); aerosol oven cleaner (0.2 percent); and aerosol chrome
polish (2 percent) (Ash and Ash, 1982). Releases from these products are
likely to be smaller than those due to use of morpholine in production of
rubber accelerators and corrosion inhibitors. Releases are dispersed and
1likely to be gradual.

The potential for émissions of nitrosomorpholine from materials used
in new automobiles was tested recently by Dropkin (1985}, who sampled three
cars as their interior temperatures rose from "ambient" to 60%C. Samples were
collected on Thermosorb adsorbent.. According to Dropkin, low concentrations
of N-nitrosomorpholine were measured in the car interiors during the heating
process, but higher 1levels were measured outside of the cars. In a study
reviewed by Ember (1980), up to 2.5 ug/m3-of nitrosomorpholine was detected in
automobile interiors. The mean value for 38 new cars was 0.67 ug/m3.

23.6 EMISSION SUMMARY

Emissions of morpholine are responsible for the production of nitro-
somorpholine, although, to the best of our knowledge, no ambient concentration
data are available. No direct production of morpholine exists in California.
Optical brighteners may be produced in California, but emissions from this
source are minor. The major sources of emissions of morpholine are likely to
be from the use of corrosion inhibitors and waxes and polishes. We estimate
that a maximum of 1.1 MM 1b were released in California in 1978.

Specific point sources of morpholine that increase concentrations of
nitrosomorpholine in the work setting are rubber tire manufacturers and
leather tanneries. New car interiors are another localized source of nitro-
somorpholine. A variety of consumer products may contain small amounts of
morpholine, but are unlikely to be used in large enough quantities at one
Tocation to produce measurable concentrations of nitrosomorpholine.
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23.7 SUMMARY OF AMBIENT CONCENTRATION DATA
No ambient concentration data are available for nitrosomorpholine.
23.8 ATMOSPHERIC CHEMISTRY

23.8.1 In Situ Formation

A1l nitrosamines may be formed in the atmosphere by reaction of

nitrous acid with amines at night:
RoNH + HONO — RZNNO + H,0

and by OH-initiated photcoxidétion of amines during daytime. There has been
no experimental study of nitrosomorpholine formation by either pathway. The
mechanisms outlined below are based on those discussed in detail in Chapter 13
for dialkylnitrosamines. All pertihent references are also listed 1in Chapﬁer
13. '

Reaction of morpnoline with nitrous acid yields nitrosomorpholine:

(Chy)y JEAN
0 NH + HONO - H20 +0 NNO
AN / N /
(CH,), (CH,),

For morpholine, as for other secondary amines, this reaction is expected to
take place in the atmosphere if the precursors are present at night. Levels
of HONO of up to 8 ppb have been measured in Los Angeles air. Levels of

morpholine have not been measured, in California or elsewhere.

The second possible pathway for in-situ formation of nitroso-
morpholine involves the reaction of morpholine with OH. The rate constant for
this reaction has not been measured, but is estimated to be close to that for

the reaction of OH with other dialkylamines, i.e. about 5 x 10'11 cm3

mcﬂecule'1 sec'l. A tentative reaction scheme, based on that derived from

éXperimenta] data for dialkylamines, is presented in Figure 23.8-1. H-atom
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abstraction from the N-H bond (pathway A) is expected to account for about 30
percent of the overall OH-morpholine reaction. The amino radical thus formed
then reacts with NO to form nitrosomorpholine, and with NO2 to form

nitramine and other products. As for other amino radicals, reaction with 0,

is expected to be slow, e.g. Ko /kNO'~1.5 X 10"6 and k. /k,~~4 x 107, As

2 % NO
for other secondary amines, H-atom abstraction from C-H is expected to compete
with H-atom abstraction from N-H. For morpholine, two alkyl radicals may form
(pathways B and C), as compared to only one in dialkyl amines. Further
reactions of these alkyl radicals lead to 2-oxomorpholine (pathway B), 3-oxo-
morpholine (pathway C), as well as ring opening radicals leading to formalde-
hyde and other products. |

As for the morpholine-HONO reaction at night, data on ambient levels
of morpholine are required to assess the importance of the OH-morpholine
reaction as a daytfme pathway far nitrosomorpholine production. Such data are
not available at the present time.

23.8.2 In Situ Removal

Nitrosomorpholine is expected to photolyze rapidly in sunlight:

/'CHZCHZ\ ' /CHZCHZ\
Og\ NNO + hv = NO + 0\ N
/ /
CHZCHZ CHZCH2

with the amino radical reacting with 02 and NOx as is shown in Figure 23.8-1.
The photolysis rate constant is estimated to be about 0.12 min'l, and
corresponds to atmospheric half-lives of 30 to 60 minutes. As a result, nitro-

somorpholine is not expected to accumulate in the atmosphere during daytime.
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_CH,CH,

/ + 02 — HOZ + O\CH2CH¢
CH,CH,
7 AN
0O + NO —— 0\CH H /NNO
CH, CHg < o 2CHz
CH, CH,
0, @) </ CH,CH,
cH, CH : N of N
2 ‘2 \CHZ(:Hg/ 2
CH, CH, *+ ©OH '
W | No, 7
© o CH,CH,
C 7N Vs ~
} o
. Cil{ c)l-Iz HONO + \CH2CH¢
CH, CH,
N
N
H
o 0,.NO .
CH, CHy N HCOCH CH,NHCH,
CH CH 0—CH CHy ya a
X RN oy
N HCCH, NHCH CH,0
H T
l 0,.NO 0
0, 1
/O\
CH, CHy 0,
O—CH CH, wo . Oy e
2 CH; CH;
H \. \N/
H
0, l HF'CHZO(CHZ)ZNH
/0\
CH, CH

Figure 23.8-1. OH-Morpholine Reaction.
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24.0
EVALUATION OF PHENOL

24.1 PHYSICAL AND CHEMICAL PROPERTIES

Phenol and its nitro derivatives are crystalline solids at ambient
temperatures. Tables 24.1-1 through 24.1-5 summarize some of the physical and
chemical properties of phenol, 2-nitrophenol, 4-nitrophenol,
3-nitro-2-hydroxytoluene, and 5-nitro-2-hydroxytoluene.

24.2 DIRECT PRODUCTION IN CALIFORNIA

In the U.S. over 96 percent of phenol is produced by the cumene

_ peroxidation process (Lesh and Mead, 1985), and the remainder by the oxidation

of toluene (SAI, 1980). Chevron U.S.A. in Richmond formerly produced phenol
but ceased phenol production in 1982 (Willjams, 1986). The ARCO Chemical
Company in Carson used to manufacture phenol, but shut down its BTX unit in
1983 (Anon., 1986). The only -remaining phenol manufacturing facility in
California is a plant in Santa Fe Springs which was . formerly owned by Ferro

Corporation and is now operated by P.M.C. Specialties Group (Kaufman, 1986) .

In a typical plant which produces phenol from cumene, phenol is
emitted from the production process, from the storage tanks, and from fugitive
releases (SAI, 1980). Production losses can occur during cumene peroxidatibn,
cleavage, and product purification (Lesh and Mead, 1985).

Emissions from the Ferro/P.M.C. Specialties Group facility were
estimated to be 11,988 1b in 1978 (Bloomhardt and Pelland, 1985; SAI, 1980).
Phenol production data at the Santa Fe Springs plant for 1984 and 1985 are
proprietary and cannot be reported. However, using the average phenol
production for these two years, and emission factors adapted from the

Titerature, we calculate emissions of 2,447 1b/yr (1.2 tons/yr) for 1984 and
1985. | '
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Table 24.1-1
CHEMICAL DATA SUMMARY FOR PHENOL

Property

Value for Phenol

CAS Registry MNo.

Synonyms

Molecular Weight

Mo]ecu}ar Formula

Molecular Structure

Physical State at STP

Boiling Point
Melting Point
Specific Gravity
Vapor Pressure

at 25°C

at 40%C
Vapor Density (air=1)

Solubility

Log Partition Coefficient‘(octano1/H20)

Henry's Law Constant

108-95-2

Carbolic acid, phenylic acid,
oxybenzene, phenyl hydroxide,
hydroxybenzene

94.11
C6H6O

QH

Solid colorless, acicular crystal

or white -
181.99C at 760 mm
42.5 to 43°¢C

1.0576 at 20°c/4%¢

0.530 mm
1 mm
3.24

Soluble (86.6 gm/L of H,0),
infinitely soluble in hot HZO

1.48

Source: SAI (1980).
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Table 24.1-2

CHEMICAL DATA SUMMARY FOR 2-NITROPHENDL

Property

Value for 2-nitrophenol

CAS Registry No.

Synonyms

Molecular Weight

ﬂMo1ecu1ar Formula

Molecular Structure

Physical State at STP

Boiling Point

Melting Point

Specific Gravity

Vapor Pressure

Vap;r Density (air=1)

Solubility

Log Partition Coefficient (octano1/H20)

Henry's Law Constant

o-nitrophenol

139.11

N02C6H40H

QH

o

Light yellow needles or prisms

214/217°%
45°%

1

20 mm @ 105°C, 100 mn © 146°C

2.1 g/1 6 20%, 10.8 g/1 @ 100°C

Source: SAI (1980).
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Table 24.

CHEMICAL DATA SUMMARY F

1-3

OR 4-NITROPHENOL

Property

Value for 4-nitrophencl

CAS Registry No.

Synonyms

Molecular Weight

Molecular Formula
Molecular Structure

Physical State at STP

Boiling Point

Melting Point

Specific Gravity

Vapor Pressure

Vapor Density (air=1)

Solubility

Log Partition Coefficient (octano1/H20)

Henry's Law Constant

p-nitrophenol

139.11

N02C6H40H

OH

NO,

Colorless to yellowish crystals

279°%C (decomposes)

114°¢
5.2 mm @ 146%C, 18.7 mm @ 186°C

16 g/1 @ 25°C, 269 g/1 @ 90°C

Source: SAI (1980).
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Table 24.1-4

CHEMICAL DATA SUMMARY FOR 3-NITRO-2-HYDROXYTOLUENE

Property

Value for 3-Nitro-2-Hydroxytoluene

CAS Registry No.

Synonyms

Molecular weight'

Molecular Formula

Molecular Structure

Phnysical State at STP

Boiling Point

Melting Point

Specific Gravity
Vapor Pressure
Vapor Density (air=1)

Solubility

Log Partition coefficient (octanol/H,0)

Henry's Law Constant

3-nitro-o-cresol

153.14

3—N02-2-CH3C6H30H

CH,
OH

NO,

Pale yellow crystals

147°¢

Source: SAI (1980).
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Table 24.1-5

CHEMICAL DATA SUMMARY FOR 5-NITRO-Z2-HYDROXYTOLUENE

Property

Value for 5-nitro-2-hydroxytoluene

CAS Registry No.

Synonyms

Molecular Weight

Molecular Formula

Molecular Structure

Physical State at STP

Boiling Point
Melting Point
Specific Gravity
Vapor Pressure

Vapor Density (air=l)

Solubility

5-nitro-o-cresol

- 153.14

CHs
o™

NO,

Yellow crystals

118°¢

Log Partition Coefficient (octanol/HZO)

Henry's Law Constant

Source: SAI (1980).
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- Exhaust

24.3 INDIRECT PRODUCTION AND EMISSIONS IN CALIFORNIA

24.3,1 - Emissions from Automobile Exhaust

A review of the literature on phenol emissions by Lesh and Mead
(1985) identified one study which estimated emissions from automobile exhaust.
This study, conducted by Arthur D. Little, Inc. (Scow et al., 1981), indicated
that approximately 19 percent (2,280 MT/yr) of all phenol emissions occurred
from this source. Lesh and Mead (1985), updating this earlier estimate on the
basis of data quality, completeness and acquisition date, estimated that 1,880
MT of phenol are emitted annually.

We calculated California emissions of phenol from automobile exhaust
by multiplying the national data by the 1982 ratio of California to U.S.
vehicle miles traveled (MVMA, 1984):

California Emissions
from Automobile

(0.107)(1.88 x 1079)/(453.6 g/1b)
443,474 1b/yr (222 tons/yr)

24.3.2 Emissions from Wood Burning

Lesh and Mead (1985) report phenol emissions from residential
combustion of wood in wood stoves and fireplaces from two previous studies,
based upon 1973 data. Their update of these earlier calculations estimated
that 2,280 Mg/yr were emitted by wood burning sources. One method of
estimating California emissions is to apportion the national estimate to
California on the basis of population. Thus,

California Emissions from

Wood Burning (0.11)(2.28 «x 109 a/yr)/(453.6 g/1b)

552,910 1b/yr (276 tons/yr)
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24.3.3 Emissions from Wastewater Treatment and Sludge Incineration

A recent review by the EPA has determined that the potential for
volatilization of phenol from wastewater treatment plants is negligible
(USEPA, 1986). Although- phenol 1is present in most wastewater treatment plant
sludges (Frick and Clarkson, 1984), it is unlikely to be present in emissions
from sludge incineration.

24 .4 INDUSTRIAL USE AND EMISSIONS

Most phenol is used as a chemical intermediate in the production of
other organic chemicals. In 1984 approximately 45 perceﬁt of the compound was
.used to produce gphenclic resins. Another 25 percent was usea 1in the
manufacture of bisphenoi-A, while 15 percent was used to produce caprolactam.
The remainder of phenol was used as an intermediate in the production of
adipic acid,. nonylphenol, dodecylphenol, salicylic acid, and
pentachlorophencl. With the exception of phenolic resins, none of these
compounds are produced in California (Lesh and Mead, 1985). Phenolic resins
are produced at 90 to 125 plants in the U.S.

We have identified seven phenoli-formaldehyde resin manufacturing
plants in Caiifornia. Other facilities 1in the state may not have been
located, although it is not likely that many have been omitted, since there
are no more than 24 such plants located in the entire Pacific region (SAI,
1980). The seven facilities we found are operated by Borden Inc. in Fremont;
Cargill, Inc. in Lynwood; Georgia-Pacific Corp. in &1k Grove and Ukiah; United
Technologies/Inmont Corp. in Anaheim; Monsanto Co. in Sénta Clara; Reichnhold
Chemicals, Inc. in South San Francisco; and Rohm and Haas California, Inc. in
Redwood City (Rogozen et al., 1984; Newby, 1986).

Although we do not have production data for each of these plants, we
can estimate total phenol emissions from all seven sites by using typical
plant emissions. Approximately 4,180 1b phenol per year were reported for a
typical resin manufacturing site (SAI, 1980). Thus, about 29,260 1b/yr (14.6
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tons/yr) of phenol are emitted by phenol-formaldehyde manufacturing within
California.

One further industrial use of phenol in the state takes place at thz

Chevron U.S.A. refinery, where phenol is used as an extraction solvent in lube
0il treatment (Williams, 1986).

Table 24.4-1 identifies point sources .of phenol, which are listed in
the emission inventory of the Bay Area Air Quality Management District (Hill,
1985). Approximately 16.7 tons/yr are emitted by these sources.

24.5  CONSUMER USE AND EMISSIONS

- In 1980, 94.6 percent of phenol production was used as an
intermediate in the manufacture of other chemicals, with only 5.4 percent used
for other products. The only consumer use identified thus far 1is as an
ingredient of certain brands of throat lozenges. The amount of phenol emitted
by such sources is likely to be quite small.

24.6 EMISSION SUMMARY

Only one phenol producing facility exists in California, in Santa Fe
Springs. Emissions from this plant are approximately 1.2 tons/yr. We
estimate that 222 tons/yr are a compohent of automobile exhaust, while wood
combustion emissions are 276 tons. The only industrial use for phenol in the
state is the production of phenol-formaldehyde resins by at least 7
facilities. We estimate that 15 tons of phenol are released annually from
these sites. Total California phenol emissions are, therefore, approximately
514 tons/yr.
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Table 24.4-1
PHENOL EMISSIONS IN THE SAN FRANCISCO BAY AREA

24-10

Emissions
Source City (tons/yr)
Alameda County
Able Auto Body T
American Brass and Iron _ T
Borden Chemical Co. Fremont T
California Florida Plant Fremont T
Clorox Technical Center Pleasanton U
DOE-Sandia National Laboratory Livermore T
Drew Refining Company Berkeley T
Hexcel Livermore Plant Livermore T
Intel Corporation Livermore & Santa Clara T
Kaiser Aerotech San Leandro T
Kaiser Aluminum & Chemical Pleasanton T
Lawrence Livermore National Laboratory Livermore T
Macaulay Foundry, Inc. Berkeley 0.2
National Airmotive Corporation Qak1and T
Naval Air Station Alameda - Al ameda U
Pacific Steel Casting Co. Berkeley 0.1
Peterbilt Motors Co. Newark T
Prescolite, Div. of U.S.I. San Leandro T
Segundo Tool & Mfg, Inc. Union City T
Transamerica Delaval Inc. Qakland T
U S Veterans Administration Livermore T
United Can Company Hayward T
United States Pipe & Foundry Union City T
Washington Hospital Fremont T
World Airways, Inc. Qakland U
Contra Costa
California & Hawaiian Sugar Crockett T
Central Contra Costa Sanitation District Martinez T
Chevron Research Company Richmond T
Crown Zellerbach Corp. Antioch U
Delta Diablo Sanitation Antioch T
Great Western Chemical Co. Richmond T
IT Corporation, 0il Repr. Martinez U
IT Corporaticn, Vine Hil. Martinez U
Shell Qi1 Company Martinez u
US Steel Corp. Pittsburg 1.8
Union Chemicals Rodeo T
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Table 24.4-1 (Continued)
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Emissions
Source City {tons/yr)
Union 0il1 Company Rodeo 2.0
West Contra Costa Sanitation District Richmond T
Marin
Central Marin Sanitation District San Rafael T
San Francisco
Best Foods ‘ San Francisco T
Mount Zion Hospital & Me. San Francisco T
Pacific Gas & Electric Co. San Francisco T
Todd Shipyards Corporation San Francisco 0.2
US Army, Presidio of San Francisco San Francisco T
San Mateo
Ampex Corporation T
Genentech, Inc. South Sam Francisco T
SRI International Menlo Park T
San Mateo City of Sewage San Mateo T
United Airlines, Maintenance South San Francisco 4.6
Santa Clara
Advanced Micro Devices U
American Microsystems - 0.5
Beckman Instruments, Inc. Palo Alto T
Burke Industries, Inc. San Jose U
Data General Corporation Sunnyvale T
Dysan Corporation Santa Clara T
Fairchild Camera and Instruments San Jose 0.5
Ford Aerospace & Communications Palo Alto T
General Electric Co. San Jose 0.1
Harold Doc May Subregion Palo Alto T
Hewlett-Packard Co, Opto. Palo Alto 0.1
Hewlett-Packard Company Palo Alto 0.8
Hewlett-Packard Co, Stan. Palo Alto T
Hewlett-Packard Co, Pers. Sunnyvale U
Hewlett-Packard Co, Santa Clara Santa Clara 0.2
Lockheed Missiles & Space Sunnyvale U
Magnetic Peripherals, Inc. Cupertino 0.1
Monolithic Memories, Inc. Sunnyvale 2.4
National Semiconductor Co. Santa Clara U
Owens-Corning Fiberglass Santa Clara T



Table 24.4-1 (Continued)

: Emissions
Source City (tons/yr)
Precision Monolithics Santa Clara U
Santa Clara Valley Medical San Jose T
Siemens Optoelectronics Cupertino 0.5
Signetics Corporation Sunnyvale 2.7
Siliconix, Incorporated Santa Clara U
Syntex (USA) Inc. Palo Alto T
TRW Microwave Inc. Sunnyvale U
Van Waters & Rogers San Jose T
Varian Associates, Corporation Palo Alto T
Veterans Administraticn Palo Alto T
Watkins-Johnson Ccmpany Palo Alto T
Western Spray Painting Santa Clara u
Solano
Exxon Company USA Benicia T
Exxon Corporation Benicia U
Mare Island Naval Shipyards vallejo U
Travis AFB Travis AFB T
Sonoma
Hewlett-Packard Co. Santa Rosa T
Hewlett-Packard Company Santa Rosa T

Source: Bay Area Air Quality Management District (Hi1l, 1985).

a1 = 0-0.1 tons/yr; U = Phenol is handled but emissions cannot be estimated from
available information.
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24.7 SUMMARY OF AMBIENT CONCENTRATION DATA

24.7.1 Gas Phase Concentrations

There are essentially no data for gas phase phenol and nitrophenols
in California air. Pellizzari (1979) measured up to 87 ppb of phenol (mean
value 17 ppb) in Upland, CA, in the vicinity of a phenolic resin factory.
Similar values were obtained near industrial sources at several locations in
the U.S., e.g. up to 420 ppb (mean 78 ppb) in EI Paso, TX (Pellizzari, 1979).

Urban values are limited to the data of Leuenberger et al. (1985) for
Portland, OR; of Kuwata et al. (1980) for Osaka, Japaﬁ; and of Hoshika and
Muto (1978) for Nagoya, Japan. Results of these studies are summarized in
Table 24.7-1. Urban levels of phenols in California are probably similar,
i.e. up to 1-3 ppb. ‘

24.7.2 Condensed Phase Concentrations

Phenols are polar, soluble molecules with high Henry's law
coefficients, and are expected to be efficiently scavenged from the gas phase
by rain -and fog. Nojima et al. (1976) first reported on several nitrophenols
in rainwater. The study of Leuenberger et al. (1985) included simultaneous -
measurements of gas phase, aerosol phase and rainwater phenols in Portland, OR
(aerosol concentrations of phenols were negligible). Kawamura and Kaplan
(1983, 1986) measured several phenols 1in Los Angeles rainwater. Results of
these studies are summarized in Table 24.7-2. With typical concentrations of
2-10 ug/L, phenols are among the most abundant organic compounds in rainwater.

24.8 ATMOSPHERIC CHEMISTRY

24.8.1 In-Situ Formation

Phenol and the nitrophenols under review in this chapter may form in
the atmosphere by gas phase as well as 1liquid phase reactions involving
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Table 24.7-1

GAS PHASE CONCENTRATIONS OF PHENOLS
(Concentrations in ppb)

Concentration
Sampie Type Location Compound Mean Max  Reference
Near source Upland, CA phenol 17 37 Pellizzari, 1979
EY Paso, TX phenol 78 420  Pellizzari, 1979
Other U.S. . ‘
locations phenol 50 200 Peltlizzari, 1979
Nagoya, Japan phenol 50 - Hoshika and Muto,
: 1978
Urban Nagoya, Japan phenol 0.44 2.3 Hoshika and Muto,
1978
Osaka, Japan phenol 0.55 1.0 Kuwata et al.,
1980
Portiand, OR phenol - 0.1 0.2 Leuenberger et al.,
1985

2-nitrophenol 0.004 0.01

aDuring rain events; other gas phase phenols measured jncluded o-, m-, and
p-cresol (see Chapter 11), five dimethylphenols, methoxyphenol, and several
di, tri and tetrachlorophenols.
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Table 24.7-2
PHENOLS IN RAINWATER

a Concentration
Location Compound (ug/L) . Reference

Yokohama, Japaﬁ 4-nitrophenol b Nojima et al.,
2-methyl-6-nitrophenol _ b 1976
2-methyl-4-nitrophenol b

Los Angeles, CA phenol o
2-nitrophenol o
4-bromophenol o
3,4,5-trimethyl phenol o

Kawamura and
Kapian, 1983

Portland, OR phenol A >0.28 Leuenberger
2-methylphenol >1.0 et al., 1985
3- and 4-methylphenol >1.1
2-methoxyphenol >2.1
2,6-dimethylphenol 0.14
2-nitrophenol 0.06
2,4- and Z,5-dimethylphenol 0.82
2,4-dichlorophenol 0.006
3,5-dimethylphenol 0.49
3,4-dimethyl phenol 0.13 -3
2,6-dichlorophenol - 1.3 x 10__3
2,4,6-trichlorophenol 1.4 x 10_3
2,4,5-trichlorophenol 1.1 x 10
2,3,4,6-tetrachlorophenol 0.020
pentachlorophenol: 0.054

Los Angeles, CA phenol up to 8 Kawamura and
2-methylphenol . up to 2 Kaplan, 1986
4-methylphenol up to 5
2-nitrophenol up to 1
4-methy!-3-nitrophenol up to 4

aCompounds réviewed in this chapter are underlined.
bIdentified, concentration not reported.
Individual concentrations not reported, sum of phenols = 2-8 ug/L.
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alkylbenzenes and styrenes. Unfortunately, the importance of these reactions
in urban air has not yet been assessed by direct field measurements: only
Taboratory studies of reaction kinetics and products are available, These
studies indicate that the following reactions will produce phenols in air:

@ Phenol: reaction of OH with benzene

® Nitrophenols (2- and 4-nitro):

- Reaction of OH with phenol and with nitrobenzene;
- Reaction of NO3 with phenol; and

- Thermal decomposition of peroxybenzoyl nitrate (PBzN).

@ Nitrocresols (3-NO, and 5-N0O,-o-cresol):

- Reaction of OH with cresols and with nitrotoluenes; and
- Reaction of NO3 with cresols.

® Dinitrocresols (2,4-dinitro cresol):

- Reaction of OH with nitrocresols and dinitrotoluenes; and

- Reaction of NO3 with nitrocresols.

These reactions are outlined below for each compouhd under review in
this chapter. The structures of these compouunds are given in Figure 24.8-1.
Kinetic data relevant to their reactions are listed in Table 24.8-1.

24.8.1.1 Phenol

Phenol is a major product of the reaction of CH with benzene 1in the
gas phase (e.g. Bandow et al., 1985) and in water (NAS, 1980). The gas phase
reaction is slow. Phenol is the major reaction product, followed by
nitrobenzene and ring-opening products such as glyoxal (Bandow et al., 1985).
The aqueous phase reaction of OH with benzene is also slow, with phenol and
hydroxymucondialdehyde as major products (NAS, 1980). The overall mechanisms
for these reactions are summarized in Figure 24.8-2.
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Structure
CH

O

Name

Pnhenol

2-nitronhenol

4-nitrophenol

2-methy1-3-nitrophenol

2-methy1-5-nitrophenol

2-methy1-4,6-dinitro-
nhenol

Alternate Names

Q-nitrophenol

P-nitrophenol

3-nitro-o-cresol
2-hydroxy-6-nitrotoluene

5-nitro-o-cresol
2-hydroxy-4-nitrotoluene

2,4-dinitro-o0-cresol

2-hydroxy-3,5-dinitro-
phenol

6-methyl,2-4,dinitro-
phenol

Figure 24.8-1. Structures of Selected Phenols.
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Figure 24.8-2. O0H-Benzene Reaction.
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24.8.1.2 Nitrophenols

The reaction of phenol with OH yields 2-nitrophenol and 4-nitrophenoc]
in the gas phase, along with other products. This reaction has not been
studied experimentally. A plausible mechanism, based upon that proposed by
Grosjean (1984, 1985) for cresols (see details in Chapter 11, Section 11.8),
is summarized in Figure 24.8-3. OH addition is expected to be the major
pathwéy at ambient temperature, and abstraction is expected to invoive the H
atom from the weak phenolic 0-H bond. The OH adduct may react with N02 to
form nitrophenols and with O2 (addition) to yield ring-opening dicarbony!
products, dincluding glyoxal (CHOCHO) .and glyoxylic acid (CHOCOOH). The -
relative importance of these two pathways is not known. The phenoxy radical -
(OH abstraction pathway) is expected to react with NO2 to form nitrophenols.
The rate constant for the QH-phenol reaction has not been measured; a value of
about 2 x 10°'1 cm® molecule™d sec! has been estimated from
structuke-reactivity relationships (see Chapter 3).

The reaction of OH with nitrobenzene also yields nitrophenb1s. The

mechanism of this reaction has been discussed detail in Section 22.8 (see

Figure 22.8-2).. However, this reaction is slow, ky, ~ 1.3 X 10°13 ol

1

‘ mo]ecule'l sec ", and will not be a major source of nitrophenols in the

atmosphere,

The third reaction of interest is that of phenol with the nitrate
radical. Kinetic data for the reaction of N03 with phenols are available for
phenol and for o-, m-, and p-cresol (Carter et al., 1981). Product studies
are not available. The reaction is expected to proceed by H-atom abstraction
from the weak phenolic OH bond, leading to the phenoxy radical:

C6H50H + N03-* HN03 + C6H50

The phenoxy radical then reacts with NO, to form 2-nitrophenol and

4-nitrophenol as has been shown in Figure 24.8-3 for the OH-phenol abstraction
pathway.
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Abstraction (minor) Addition (major)

3 OH OH

OH OH
o0
OH OH HO, + CHOCH=CHCHO + CHOC(OH),
o™
’ mz i 2
2-Nitropnenol 4-Nitrophenol CHOCOOH
CHOCHO + 2HCO

Figure 24.8-3. OH-Phenol Reaction.
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The fourth reaction of interest is that involving the thermal
decomposition of peroxybenzoyl nitrate, PBzM- (Niki et al., 1979; 0Ohta and
Mizoguchi, 1981; Grosjean, 1985b). The mechanism of this reaction is shown is
Figure 24.8-4 and involves the steps of reaction of CcH.CO, with NO to form
CgHgCO,, unimoiecular decomposition of Cgiglly 1nto CO, ana CgHg, reactions ob
the phenyl radical with 02 and NO to form the phenoxy radical, and finally
reaction of the phenoxy radical with NO2 to form nitrophenols. In the
atmosphere, the precursor of PBzN 1is benzaldehyde (Figure 24.8-5) which in
turn may be present as a result of (1) direct emissions; (2) reaction of
toluene with OH (the abstraction pathway, about 10 percent of the overall
toluene-0OH reaction); and (3) reaction of styrenes with OH and with ozone,
both yielding benzaldehyde as major product (Grosjean, 1985b).

24.8.1.3 Nitrocresols

The-reactiohs of cresols with OH and with NO3 lead to nitrocresols.
These reactions have been discussed in detail in Section 11.8. A summary of
the Corresponding reaction pathways is given in Figure 24.8-6. Rate constants
are available for the reactions of all three cresol isomers with OH (Perry et
al., 1977; Atkinson et al., 1978) and with NO3 (Carter et al., 1981). These

two reactions constitute major pathways for cresol removal and for nitrocresol
formation in the atmosphere. '

Nitrocresols may also form by reaction of OH with nitrotoluenes.
This reaction has not been studied experimentally, and a - tentative reaction
mechanism is given in Figure 24.8-7 using the m-nitrotoluene isomer as an
example (this isomer is the major nitrotoluene produced in the toluene-OH
reaction). The expected products are nitrobenzaldehyde (OH abstraction
pathway, minor), dinitrotoluenes, nitrocresols, and ring-opening prodﬁcts
including dicarbonyls and nitro-substituted carbonyls. Rate constants for the
nitrotoluene-0H reactions have not been measured, but rates relative to that
of the OH-toluene reaction have been reported by 0'Brien et al. (1978). Using
a rate constant of 0.64 x 10'11 cm3 mo]ecu]e'1 sec'1 for the OH-toluene
reaction leads to nitrotoluene-OH reaction rate constants of 0.3-0.9 x 10'11

em® molecule™? sec™! (Table 24.8-1). These rate constants are 5 to 20 percent

of those for the OH-cresols reactions.
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OH  NOj OH
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Figure 24.8-4. Thermal Decomposition of PBzN (adopted from Grosjean, 1985b) .
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Figure 24.8-5, PBzN and its Precursors (adopted from Grosjean, 1985b).
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CH,

O+ o
NO

2

Abstraction (minor) Addition (major)

CH, CHy

Q. 10}
NO, | OH N/ NO,

| . NO, 0,
0,,NO «f/// \\\\
. | CHy CH,
0CH2 NO o * Ho'z
@ Y N 2 Y NO
NO, 2
~ CHO . CH,§
HO, + H 00
NO, oHY NO;
{
Ring opening products

Figure 24.8-7. OH-Nitrotoluene Reaction.
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24.8.1.4 Dinitrocresols

The atmospheric formation pathways of dinitrocresols are identical to
those discussed above for nitrocresols, iJ.e. feaction of OH with
dinitrotoluenes. No rate constants are available for these reactions. Values
estimated from structure-reactivity relationships are given in Table 24.8-1.
Dinitrocresol formation initiated by reaction of OH and NO; with nitrocresol
has been studied experimentaily by Grosjean (1984, 1985a) for one nitrocresol
isomer, 4-hydroxy-3-nitrotoluene. The corresponding reaction pathways are
shown in Figure 24.8-8. Dinitrocresol formation from dinitrotoluene 1is
expected to be identical to that shown in Figure 24.8-7 for the
OH-nitrotoluene reaction. '

24.8.2 Removal Processes

A1l phenols are expected to be removed from the atmosphere by their
reactions with OH and with N03. The corresponding rate constants have been
listed earlier in Table 24.8-1. Many of these rate constants are values
estimated from structure-reactivity relationships. Reaction mechanisms have
been discussed in the preceding section of this chapter for most compounds
since formation and removal processes of phenol, nitrophenols, nitrocresols
and dinitrocresols are closely related. The focus of the following paragraphs

is on the relative importance of in-situ formation and removal processes and
the expected "net" result for each compound.

24.8.2.1 Phenol

The OH-phenol reaction mechanism has been described in Figure 24.8-3.
The NO3-pheno1 reaction mechanism is identical to that for the OH-phenol
abstraction pathway shown in Figure 24.8-3. For any given OH concentration,
phenol removal will be about 20 times faster than its production from
benzene (kg + phenol/ky, + benzene = 2 x 107°1/0.12 x 10711 = 16.7). 1In the
same way, phenol is rapidly removed by reaction with NO3, while no reaction
involving NO3 is known to produce phenol. Overall, phenol is expected to be
rapidly removed from urban air.

24-28



@ NO,
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Figure 24.8-8. Formation of Dinitrocresols From
Nitrocresols (Grosjean, 1985a).
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24.8.2.2 Nitrophenols

Mechanisms for nitrophenol removal by reactions with OH and with NO4
are expected to be identical to those shown in Figure 24.8-8 for nitrocresols,
i.e. they would lead to dinitrophenols and ring-opening products. The nitro
functional group decreases the reactivity of aromatic compounds towards
electrophiles, hence nitrophencls are expected to be somewhat less reactive
than phenols towards OH and N03. This is borne out by available kinetic data
summarized 1in Table 24.8-3. A net production 1is therefore expected for
2-nitrophenol and 4-nitrophenol in the atmosphere.

24.8.2.3 Nitrocresols

Mechanisms for removal of nitrocresols by reaction with OH and with
NO; have been described in Figure 24.8-8. No kinetic data are available for
these reactions. Estimated values given in Table 24.8-1 show that nitrocresol
removal by reaction with OH is much siower than nitrocresol formation from
OH-cresols and OH-nitrotoluene reactions. A net production is thus expected
for- 2-methyl-3-nitrophenol and 2-methyl-5-nitrophenol 1in the daytime
atmosphere (OH chemistry). The corresponding NO3 chemistry is unclear due to
lack of kinetic data. If the nitrocreso]4N03 reactions are as fast as the
creso]-NO3 reactions, removal will offset production, thus resulting in a
“zero" term for NO, chemistry. If the expected decrease in reactivity from
the nitro group applies to the N03-n1trocresol reaction, this reaction will be
slower than the N03-creso1 reaction and the overall result will be a net
production of nitrocresols via NO3 chemistry.

24.8.2.4 Dinitrocresols

No kinetic data are available for the reactions of dinitrocresols
with OH and N03. With two nitro groups, these compounds are expected to react
-only slowly with OH and N03, resulting in a net in-situ production in the
atmosphere. Furthermore, dinitrocresols have high melting points, low vapor
pressures, and condense as aerosols in laboratory studies (Grosjean 1984,
1985a) and presumably in the atmosphere as well. Condensation as aerosols
would obviously "protect" dinitrocresols against gas phase removal processes:
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including reactions with OH and N03. Particle scavenging by rain and fog and
dry deposition would then become their dominant loss processes in the
atmosphere,
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25.0
EVALUATION OF PHOSGENE

25.1 PHYSICAL AND CHEMICAL PROPERTIES

Table 25.1-1 summarizes the physical and chemical properties of
phosgene.

25.2 DIRECT PRODUCTION IN CALIFORNIA

A recent study for the U.S. Environmental Protection Agency

jdentified 16 plants where phosgene is produced (Lesh and Mead, 1985). No
phosgene is manufactured in California. '

25.3 INDIRECT PRODUCTION IN CALIFORNIA

In-situ formation is believed to be the sole source of atmospheric
phosgene in California. Reactions which produce phosgene in the atmosphere
are discussed in Section 2.5.8.1. The most important precursors of phosgene
are most likely trichloroethylene, 1,l1-dichloroethane, I,f,l-trichloroethane,
methylene chloride, and perchloroethylene.

25.4 INDUSTRIAL USE AND EMISSIONS

Most of the phosgene manufactured. in the United States is used
captively as an intermediate in the manufacture of toluene diisocyanate (55
percent), isocyanates (30 percent), and polycarbonate resins (7 percent)
(Lesh and Mead, 1985). A small amount is used non-captively to produce
polycarbonate resins. However, the only polycarbonate resin plants in the
country are located in Indiana, Texas and West Virginia. Qur discussions
with phosgene producers have confirmed that it is highly unlikely that the
compound is shipped to California from other states (Berry, 1985; Mamola,

1985; Panzarella, 1985; Phillips, 1985). Finally, phosgene producers are

exploring ways to ship phosgene derivatives, such as diphenylcarbonate powder,
which are less toxic than phosgene and less expensive to transport (Watzman
and Bluestone, 1986).

25-1



Table 25.1-1
CHEMICAL DATA SUMMARY FOR PHOSGENE

Property

Value for Phosgene

CAS Registry No.

Synonyms

Molecular Weight

Molecular Formuia

Molecular Structure

Physical State at STP
Boiling Point
Me1ting Point
Specific Gravity
Vapor Pressure

at 20°C

at 25%

at 30°C
Vapor Density (air =

Sotubility

1)

Log Partition Coefficient (octano1/H20)

Henry's Law Constant

75-44-5

Carbonoxychloride, carbonyl-
chloride, CG, carbonic acid
dichloride, chloroformyl chloride
98.92

COCl2

Colorless gas or volatile liguid
7.56°C at. 760m
-118°%C

4

1.392 at 19°¢/4%

1216 mn®
1428 mm
1672 mm®
3.42°

Decomposes in H20

Source: SAI (1980) unless otherwise noted.

3 Verschueren (1977).
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25.5 CONSUMER USE AND EMISSIONS
There are no consumer uses of phosgene,
25.6 EMISSION SUMMARY
Phosgene 1is not directly emitted to the atmosphere in California.

Trichloroethylene and several other chlorinated hydrocarbons are its major
precursors for atmospheric formation.

25.7 SUMMARY OF AMBIENT CONCENTRATION DATA

Ambient levels of phosgene have received very limited attention. The
available information is summarized in Table 25.7-1. Urban concentrations
measured in California and Phoenix, AZ are in the range 30-60 ppt and are <20
ppt at 3 sites in the Netherlands. Phosgene concentratiqns at more rural
locations are about 15 ppt.

25.8 ATMOSPHERIC CHEMISTRY

25.8.1 In-Situ Formation

No direct emissions of phosgene into the atmosphere have been
documented, and in-situ formation is believed to be the sole source of
atmospheric phosgene. Phosgene is a major product of the following reactions:

® OH.with chloroethenes: vinylidene chloride (Gay et al., 1976;
Goodman et al., 1986), trichloroethylene (Gay et a1;, 1976;
Goodman et al., 1986) and tetrachloroethylene (Singh et al.,
1975; Lillian et al., 1975; Gay et al., 1976; Dimitriades et al.,
1983; Goodman et al., 1986).

® 0Ozone with chloroethenes: vinylidene chloride (Hull et al.,
1973), trichloroethylene (no experimental studies available) and
tetrachloroethylene (Mathias et al., 1974).
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Table 25.7-1

AMBIENT LEVELS OF PHOSGENE IN CALIFORNIA
AND OTHER LOCATIONS

(a1l concentrations in ppt)

Concentration

Location ' Mean Ma ximum Reference
Phoenix, AZ . 49.7 + 5.1 56.7 Singh et al., 1981
Los Angeles, CA 31.7 + 8.3 67.1 Singh, 1976
Palm Springs, CA 29.3 + 6.2 44 4
Menlo Park, CA 30.3 + 3.2 38.8
Badger Pass, CA 21.6 + 5.1 28.8

The Netherlands (3 sites) none detected (<20 ppt) Guicherit and
Schulting, 1985

Mill Valley, CA 18 (1 sample) - Brodzinsky and
Point Arena, CA 15 (2 samplies) 15 © Singh, 1983
Riverside, CA 45 (1 sample) -

Reese River, NV 15 (1 sample) -

25-4



@ Chlorine atoms with chloroethenes: vinylidene chloride (no data

available), trichloroethylene (no data available) and tetra-
chloroethylene {(Mathias et al., 1974).

e OH-initiated oxidation of chloromethanes: While no data are

available for this reaction, all hydrocarbons containing a CC]2
group may yield phosgene.

@ Chlorine atoms with chloromethanes: methylene chloride (Sanhueza

and Heicklen, 1974; Spence et al., 1976) and chloroform (Sanhueza
and Heicklen, 1974; Spence et al., 1976).

® Photolysis of chloracetylchlorides: HC1,CCCT and C

7

3CCC1 (no data
5§

available).

@ Photolysis and reaction with OH of chloroacetaldehydes: C12HCCHO '
and C15CCHO (no data available).

Mechanisms for phosgene formation in the above reactions are outlined
in Figure 25.8—1. Detailed reaction mechanisms for phosgene formation from
chloroethylenes are presented in Chapter 27 (Vinylidene Chloride). Phosgene
yields measured in the studies cited above are compiled in Table 25.8-1.

_ . The relative importance of the several phosgene formation pathways
can be estimated by considering the ambient concentrations of the precursors
and the rates of their reactions leading to phosgene. This information is
summarized in Table 25.8-2. Reaction rate constants are from the literature
when available or are estimated from data for structural analogues and similar
reactions. | Ambient concentrations are for the Los Angeles area for all
precursors for which data exist (Singh et al., 1981; Shikiya et al., 1984).
Examination of the data in Table 25.8-2 indicates that concentrations of known
precursors in LosS Ange]es' air are more than sufficient to account for the
measured ambient phosgene levels of 20-50 ppt, and that the OH-chloroethene
reaction and the OH-chloromethane reactions are the major pathways for in-situ
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Table 25.8-1

PHOSGENE FORMATION YIELDS

Phosgene
Precursor Reaction Yield® Reference
‘Vinylidene chloride OH 0.58 Goodman et al., 1986
0.18 Gay et al., 1976
0, 0.63° Hull et al., 1973
Cl -
Trichloroethylene OH 0.30 Goodman et al., 1986
0.21 Gay et al., 1976
03 -
Cl -
Tetrachloroethylene OH 0.60 Lillian et al., 1975
0.34 Gay et al., 1976
0.21. Goodman et al., 1986
0, large®  Mathias et al., 1974
Cl large®  Mathias et al., 1974
Methylene chloride OH -
Cl 0.05 Spence et al., 1976
Chloroform OH -
C1 0.90 Soence et al., 1976
Acetylchlorides photolysis -
Chloroacetaldehydes photolysis -
OH -

yield in molecules phosgene per molecule of precursor compound.

25-7



Table 25.8-2

PHOSGENE PRECURSORS: KINETIC DATA
AND AMBIENT CONCENTRATIONS

3
Ambient Levels Rate Constant, cm

Precursor (ppb) Reaction mo1ecu1e-] sec -1
Vinylidene chloride 5-10° OH 65 x 107¢
<100° 0, 3.7 x 10°%!
¢ % x 1071
Trichloroethylene 400-1,7002 OH 2.6 x 10712
500-1,000° 0, 3 x 10720
c1° <2 x 107
Tetrachloroethylene  1,500-2,000°% OH 0.17 x 10712
1,400-2,800° 0, <2 x 1072
1° 7 x 10712
Methylene chloride  3,700-12,000% OH 1.4 x 10713
600-2,500° cl 5.2 x 10713
Chloroform 80-2002 OH 1.0 x 10713
10-150P Cl 1.23 x 10703
Chloroacetyl chlorides No data Photolysis S1ow?d
Chloroacetaldehydes No data Photolysis Fast (~same as
acetaldehyde)
oHe Ao !

3Singh et al., 1981.
bshikiya et al., 1984,
“Estimated to be <10 times faster than the OH reaction.

dDimitriades et al. (1983) report a photolysis rate of 6 percent per hour
for trichloroacetyl chloride.

€Estimated to be same as for OH + acetaldehyde.
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formation of phosgene in the atmosphere. Reactions with ozone are essentié11y

negiigible.  Reactions with chlorine atoms are fast but concentrations of
chlorine in wurban air are 'presumably too low for this reaction to be

important. Chloroacetyl chlorides and chloroacetaldehydes, for which no

kinetic and ambient 1level data are available, cannot be assessed at the
present time.

Fina]]y; we attempted to rank the possible precursors of phosgene by
using the product of their ambient (Los Angeles) concentrations and their OH
reaction rate constant. This information is summarized in Table 25.8-3, where
all products of concentrations and rate constants are listed relative to that
of vinylidene chloride. Table 25.8-3 indicates that the five major precursors
of phosgene 1in Los Angeles air are, in order of decreasing importance:
trichloroethylene, 1,1-dichloroethane, 1,1,1-trichloroethane, methylene
chloride, and tetrachloroethylene.

25.8.2 Removal Processes

Once formed, phosgene is removed only slowly from. the atmosphere.
Its reactions with OH, 03, NO; and C1 are of negligible importance.
Photolysis and gas phase hydrolysis are also deemed negligible on the basis of
laboratory studies in which phosgene was stable for > 15 hours in air
containing about 10,000 ppm of water vapor under irradiation conditions
approximating those of sunlight (Singh, 1976). Phosgene is therefore removed
from the troposphere only by deposition and upward diffusion.
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26.0
EVALUATION OF PROPYLENE OXIDE

26.1 PHYSICAL AND CHEMICAL PROPERTIES

Propylene oxide (PO) is a colorless, highly flammable 1iquid. Table
26.1-1 summarizes some of its physical and chemical properties.

26.2 DIRECT PRODUCTION IN CALIFORNIA

None of the six producers of propylene oxide is located in California
(McCurdy, 1985).

26.3 INDIRECT PRODUCTION AND EMISSIONS IN CALIFORNIA

. Propylene oxide is not produced through any combustion processes. No
indirect production of PO in the state is believed to occur.

26.4 INDUSTRIAL USE AND EMISSIONS

According to the Chemical Economics Handbook (SRI, 1982), about 64
percent of the propylene oxide available in the U.S. is used as a chemical
intermediate for the production of urethane polyols. . It is also used to
manufacture propylene glycol (19 percent), dipropylene glycol (2 percent), and
glycol ethers (2 percent). Propylene oxide is also used as a fumigant in
packaged food products and as a solvent in coatings. Nationwide production
and use, which was declining in the early 1980s (Anon., 1980, 1984), is
expected to increase by more than 4 percent per year betwen 1983 and 1989, due
to growth in construction and transportation markets (Lesh and Mead, 1985).

According to the "best estimate" of one major propylene oxide
manufacturer, California firms use up to 5 million 1b/yr of propylene oxide
(Bergeson, 1986). Industrial uses in California, as identified by the South
Coast Air Quality Management District toxic pollutant emission inventory
survey (Zwiacher et al., 1983) and our own research, include:
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Tadle 26.1-1
CHEMICAL DATA SUMMARY FOR PROPYLENE OXIDE

Property

Value for Propylene Oxide

CAS Registry No.

Synonyms

Molecular Weight

Molecular Formula

Molecular Structure

Physical State at STP

Boiling Point

Melting Point

Specific Gravity

Vapor Pressure

Vapor Density (air=1)

Solubility |

Log Partition Coefficient (octano1/H20)

Henry's Law Constant

75-56-9

Propene oxide, methyl oxirane,
1,2 epoxy propane, epoxypropane,
methyl ethylene oxide, propene
oxide, propyleneoxide,
1,2-propylene oxide

58.08

C3H60

0
7\
CH, - CH - CHy

Colorless liquid
33.9%C at 760 mm
-104.4°%

0.8394 at 20°c/4%
596 mm at 25°C
2.00 |

Soluble (650 gm/L of H,0 at 30%)

Source: SAI (1980).
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VN

Intermediate in polyurethane polyols

Intermediate in polyethylene glycol-fatty acid esters
Stabilizer in coatings

Process solvent

Propoxylating agent in food additive production

A "polyol" is an organic alcohol containing three or more hydroxyl groups;
polyether polyols -are produced by the addition of PO to polyols, such as
glycerin or propylene glycol, in an alkaline solution at elevated temperatures
and pressures above 4 atmospheres (Lesh and Mead, 1985). Polyols can also be
produced by the following reaction (Coco et al., 1979):

H 0 H H H H

| /\ ! ' [ 1
N H-C-C-C-Haof C-C-0-C-C-0 -
' H O H H- H-C-H . H-C-H
H H n

Urethane polyols are used primarily as foams for the automotive and furniture

industries. The main sources of emissions from polyol production are process

ventings, storage and fugitive releases.

Table 26.4-1 summarizes facility-specific PO emission- estimates
prepared by the South Coast Air Quality Management District (SCAQMD), the Bay
Area Air Quality Management District (BAAQMD), and the U.S. Environmental
Protection Agehcy. The SCAQMD estimated emissions of 3.5 tons (3.2 kkg) per
year, while the BAAQMD estimated that emissions from the facilities in its
survey were between 0 and 0.1 tons per year; thus the total for the BAAQMD
would be 0 - 1.1 tons/yr. According to the San Diego Air Pollution control
District (Lake, 1986), propylene oxide emissions from a plant operated by
Kelco in San Diego were 175 and 158 tons in 1983 and 1984, respectively.
Statewide emissions are therefore estimated to be 162 - 163 tons/yr (147 - 148
MT/yr).

Examination of the origiha] questionnaires and the emission
calculations by the SCAQMD revealed a wide variety of estimation methods. In

many cases, the SCAQMD assumed a loss rate of 1 percent in manufacturing. In
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one case, the manufacturer's estimate of 2 percent was accepted. In yet

another case, 0.1 percent was used. These may be compared with an emission
factor of 0.000132 1b per 1b PO used, which is based on information reported
by Texas chemical plants to the Texas Air Control Board (SAI, 1980). The
Texas emission factor was used in compiling the EPA Region IX emission
inventory (Lesh and Mead, 1985). Therefore the SCAQMD emission estimate may
be high by at least one order of magnitude. This is an area whose uncertainty
may need to be reduced in Phase II.

Finally, the extent to which propylene oxide is used as a fumigant in
the state is unknown. It is not cons