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SECTION 1
PURPCSE OF DOCUMENT

EPA, States and | ocal air pollution control agencies are
becom ng increasingly aware of the presence of substances in the
anbient air that may be toxic at certain concentrations. This
awareness, in turn, has led to attenpts to identify source/receptor
rel ati onships for these substances and to devel op control prograns to
regul ate em ssions. Unfortunately, limted information is avail able
on the anbient air concentrations of these substances or on the
sources that may be discharging themto the atnosphere.

To assist groups interested in inventorying air em ssions of
various potentially toxic substances, EPA is preparing a series of
docunents such as this that conpiles available informati on on sources
and em ssions of these substances. This docunent specifically deals
with ethyl ene oxide. Its intended audi ence includes Federal, State,
and |l ocal air pollution personnel and others who are interested in
| ocating potential emtters of ethylene oxide and making prelimnary
estimtes of the potential for air em ssions therefrom

Because of the limted anobunts of data avail able on ethyl ene
oxi de em ssions, and since the configuration of many sources w |l not
be the sane as those described herein, this docunent is best used as
a primer to informair pollution personnel about 1) the type of
sources that may emt ethyl ene oxide, 2) process variations and
rel ease points that may be expected within these sources, and 3)
avail abl e em ssions information indicating the potential for ethylene
oxide to be released into the air fromeach operation

The reader is strongly cautioned agai nst using the em ssions
i nformati on contained in this docunent to try to devel op an exact
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assessnent of em ssions fromany particular facility. Since
insufficient data are available to develop statistical estinmates of
the accuracy of these emi ssion factors, no estimate can be made of
the error that could result when these factors are used to cal cul ate
em ssions for any given facility. It is possible, in some extrene
cases, that orders-of-magnitude differences could result between
actual and cal cul ated eni ssions, depending on differences in source
configurations, control equipnent and operating practices. Thus, in
situations where an accurate assessnent of ethyl ene oxi de em ssions
i S necessary, source-specific information should be obtained to
confirmthe existence of particular emtting operations, the types
and effectiveness of control neasures, and the inpact of operating
practices. A source test and/or material bal ance shoul d be

consi dered as the best neans to determine air em ssions directly from
an operati on.



SECTION 2
OVERVI EW OF DOCUMENT CONTENTS

As noted in Section 1, the purpose of this docunent is to assi st
Federal, State and |ocal air pollution agencies and others who are
interested in locating potential air emtters of ethyl ene oxide and
maki ng gross estimates of air em ssions therefrom Because of the
limted background data available, the information summarized in this
docunent does not and shoul d not be assuned to represent the source
configuration or emnissions associated with any particular facility.

Thi s section provides an overview of the contents of this
docunent . It briefly outlines the nature, extent and format of the
material presented in the remaining sections of this report.

Section 3 of this docunent provides a brief summary of the
physi cal and chem cal characteristics of ethylene oxide, its comonly
occurring forns and an overview of its production and uses. A
chem cal use tree is shown along with a table summari zing the
guantities of ethylene oxide consumed in various end uses. This
background section provides a general perspective on the nature of
t he substance and where it is manufactured and consuned.

The fourth and fifth sections of this document focus on major
i ndustrial sources of ethylene oxide air em ssions. Section 4
di scusses the production of ethylene oxide and Section 5 discusses
the use of ethylene oxide as an industrial feedstock in the
producti on of ethylene glycols, glycol ethers, ethoxylates, and
et hanol am nes. For each mmjor industrial source category described
in Sections 4 and 5, exanple process descriptions and fl ow di agrans
are given, potential em ssion points are identified, and avail able
em ssion factor information is summarized. The em ssion factors show
the potential for ethylene oxide em ssions for uncontrolled



operations as well as operations using controls typically enployed in
i ndustry. Also presented are nanes and | ocations of all major
facilities reported to be producing ethylene oxide or using it as a
feedstock in other production processes.

Al'so in Section 5 is a description of the use of ethyl ene oxide
as a fum gant and sterilant. Mich of the ethylene oxide used for
this purpose is released directly to the atnosphere. Various
equi prent and procedures for this use of ethyl ene oxide are
described. Use rates are given for the various industries which use
et hyl ene oxide for this purpose.

The final section of this document summarizes avail abl e
procedures for source sanpling and anal ysis of ethyl ene oxide.
Details are not prescribed nor is any EPA endorsenent given or
inplied to any of these sanpling and anal ysis procedures. At this
ti me, EPA has generally not eval uated these nmethods. Consequently,
this docunent nerely provides an overview of applicable source
sanpling procedures, citing references for those interested in
conducting source tests.

Thi s docunent does not contain any discussion of health or other
environnmental effects of ethylene oxide, nor does it include any
di scussion of ambient air levels or anbient air nonitoring
t echni ques.

Comrents on the contents or useful ness of this docunent are
wel coned, as is any information on process descriptions, operating
practices, control measures and em ssions information that would
enable EPA to inprove its contents. All comrents should be sent to:

Chi ef, Source Analysis Section (MD14)

Ai r Managenent Technol ogy Branch

U.S. Environnmental Protection Agency

Research Triangle Park, North Carolina 27711



SECTI ON 3
BACKGROUND

NATURE OF POLLUTANT

Et hyl ene oxide (EO is one of the epoxide fanm |y of chem cals.
In addition to its International Union of Pure and Applied Chem stry
(I UPAC) nane, oxirane, it is also called dihydrooxirene; dinethylene
oxi de; 1, 2- epoxyethane; oxacycl opropane; oxane; oxi doethane; and a,
b- oxi doet hane.! The Chemical Abstracts Service (CAS) regi stry number
for ethylene oxide is 75-21-8.

Et hyl ene oxide is normally handl ed under pressure as a liquid,
but at anbient conditions it is a gas with a pungent, irritating,
ether-like odor. It condenses to a colorless liquid at 10°C (50°F).
It is conpletely miscible with water and with organic sol vents.

Et hyl ene oxi de possesses reactive and volatile properties which make
it a highly flanmabl e and potentially explosive chemcal. It has a
flash point of 8°C (0.4°F) and is flammable in air at concentrations
ranging from3 to 100 vol une percent.! Having no upper explosive
limt, special safety precautions nmust be taken when handling and
storing EOQO  Additional physical and chem cal properties of EO are
summari zed in Table 1.

Et hyl ene oxide is reactive in the environnent. Its atnospheric
residence time, the estimated tine in days required for a given
quantity to be reduced to 1/e (37 percent) of its original anount, is
5.8 days.2 In water, EOreacts with anions such as chloride and
carbonate; it has a fresh water (pH 7, 25°C) half-life of 2 weeks and
a salt water half-life of 4 days.!?



TABLE 1. PHYSI CAL AND CHEM CAL PROPERTI ES OF ETHYLENE OXI DE 345

Property Val ue

Mol ecul ar wei ght 44,053
Physi cal state, roomtenperature gas
Melting point, °C -112. 44
Boiling point, °C 10.5
Density 0.8711
Vapor pressure, torr at 25°C 1305
Vi scosity, centipoises at 4°C 0.31
Specific heat, cal/°Cg at 20°C 0. 44
Heat of vaporization, cal/g at 1 atm 136.1
Fl ash point, tag open cup, °C <-18
Aut oi gnition tenperature, °Cin air

at 1 atm 429
Flammability limts, vol percent 3-100
Heat of conbustion, kJ/mpl at 25°C 1306. 04
Partition coefficient, log P -0.3
Coefficient of cubical expansion,

per °C at 20°C 0. 00161
Critical pressure, MPa 7.19
Critical tenperature, °C 195. 8
Dielectric constant at °C 13.71
Di pol e nmoment, C-m 6.34 x 10-30
Heat of fusion, kJ/nol 5.17
Refractive index, nD at 4°C 1.3614
Heat of solution, kJ/mol in pure

wat er at 25°C and constant pressure 6.3
I oni zation potential, J

experi ment al 1.73 - 1.80 x 10-1®

cal cul ated 1.65 x 1018
Solubility Compl etely soluble in water,

acet one, benzene, carbon
tetrachl ori de, ether, nethano

Reactivity Potentially expl osive when
heated or when in the presence
of al kali metal hydroxi des and
hi ghly active catal ytic
surfaces



OVERVI EW OF PRODUCTI ON AND USE

Et hyl ene oxide (EO) is produced by direct oxidation of ethylene
over a silver catalyst. The oxygen source can be either air or
oxygen. Though neither option has been proven to be nore econom ca
than the other, there appears to be a trend toward the use of oxygen
in newer facilities.® Both options are discussed in this docunent.
An alternative EO production process, with a chlorohydrin
intermediate, is no longer used in this country.’

About 60 to 77 percent of the ethylene consuned by the oxidation
reaction is converted to ethylene oxide.®> A side reaction produces
carbon di oxi de, water, and small anounts of acetal dehyde and
f or mal dehyde.

Twel ve conpanies at 13 locations, nost in the Gulf Coast area,
produce EOin the United States. Total 1986 capacity is estimated to
be 2944 Gy (6490 x 10°1bs).® Table 2 lists these producers, their
| ocations, and their nethod of oxidation. Figure 1 illustrates the
geogr aphical | ocations of these facilities. 1In 1983, U S. production
constituted about 40 percent of global EO production.?®

In the 1970's, the EO industry was operating at nore than 80
percent of its production capacity, peaking in 1979 at 2570 &g (5665
x 1081 bs).% Production in 1983 was about 2271 Gg (5003 x10° b),
which is up slightly fromthe 2212 Gy (4873 x 10°1b) recorded for
1982. 101112 Average annual growth for the industry in the past few
years has been about 4 percent.?®

Et hyl ene oxide can formin the photochenical snog cycle by

reaction of ethylene with an organic peroxide by the follow ng
mechani sm?

CH, = CH, + ROOH --> CH,—CH, + ROH



TABLE 2. PRODUCERS OF ETHYLENE OXI DE IN THE UNI TED STATES I N 1986%

Process
Pr oducer Locati on Oxi dant
BASF Wandotte Gei smar, LA oxygen
Cel anese Cl ear Lake, TX oxygen
Dow Chem cal Pl aquem ne, LA air
Texas East man Longvi ew, TX oxygen
I Cl Anericas Bayport, TX oxygen
HNG I nterNort h, Inc. Morris, IL oxygen
din Bradenburg, KY oxygen
PD d ycol Beaumont, TX oxygen
Shel | Gei smar, LA oxygen
Sundin Cl aynont, DE oxygen
Texaco Port Neches, TX air
Uni on Car bi de Seadrift, TX air
Taft, LA air
NOTE: This listing is subject to change as market conditions

change, facility ownership changes,

pl ants are cl osed down,

etc. The reader should verify the existence of particular

facilities by consulting current

t hemsel ves.

The | evel

listings and/or the plants
of ethyl ene oxide em ssions from any

given facility is a function of variables such as capacity,

t hr oughput,

and contr ol
determ ned through direct

measures. |t should be
contacts with plant

per sonnel .



BASF Wyandotte Corp., Geismar, LA 8. PD Glyceol, Beaumont, TX
. Celanese Chemical Co., Clear Lake City, TX¥ 9., Shell Chemical Co., Geismar, LA
. Dow Chemical Co., Plaquemine, LA 10. SunOlin Chemical Co., Claymont, DE
Eastman Xodak Co., longview, TX 11, Texaco, Port Neches, TX
. ICI Americas, Bayport, TX ) 12, Union Carbide Corp., Seadriit, TX
.  HBNG/IanterNorth, Inc., Morris, IL 13. Union Carbide Corp., Taft, L&

-1 h W W
- .

0l1in Corp., Brandenburg, KY

Figure 1? Locations of plants which manufacture ethylene oxide.8



It can al so form photochem cally fromthe deconposition of alkyl
per oxi des: !

CH,CH,CH, --> CH ==—CH, + CH,O

3 \2 2 2 2 3
c-0
0
CH<0H2 e CHZ—- CI.-I2 + HO
0-0

One reference suggests that EO may be present in autonobile and
stationary source conbustion exhaust.! However, no direct
measur ements of such em ssions have been found to corroborate this
claim

More than 99 percent of all EO made is subsequently used as a
chem cal internediate in the production of nmono-, di-, and
triethylene glycols, nono-, di-, and triethylene glycol ethers,
et hanol am nes, surface active agents, and other chem cals.! A large
portion (about 80 to 90 percent) is used captively by its producers
to produce these derivatives.!® One reason for inmedi ate captive use
i s because EO has definite l[imtations as a transportable comodity
due to safety considerations.

Figure 2 illustrates the end distribution of the EO produced in
the United States.®* Major chem cal users of EO and EO products are
listed in Table 3. Users which are al so producers are identified in
t he table.

Et hyl ene glycol (EGQG is the predom nant derivative of EO
Consunmption of EO has, in the past, l|argely depended on the EG
market. A mjor use of ethylene glycol is as autonotive antifreeze.
It is also used in the manufacture of polyethyl ene terephthal ate
(PET) resin plastic filmand bottles and in the manufacture of
pol yester fibers. PET bottles are used in the soft drink industry
and have been approved for use by the liquor bottle industry.

10



Ethylene Oxide ~-3

51> automobile antifreeze

23) polyethylene terephthalate (polyester) ———————- ll) fibers

(24
—> ethylene glycol 8, plastic film and bottles

ez, industrial grade ethylene glycol, miscellsneous

ethoxylated alkyl phenols

32 :
b 2% . “=> cyclic agents
alkylphenol-formaldehyde condensates

F==> non-ionic surface-active agents -—-

23> acyclic ageuts polyethylene glycol esters
ethoxylated alcohols

polyether polyols

ethoxylated fats and oils |
miscellaneous ethoxylated products

325 polvents (glycol ethers) —
--E----> acid gas scrubbing
-1:1:2!-» soaps and detergents
32, ethanolsmines >-o—52-x--> metal industry
r~~93-‘-!—-—-> textiles
ﬂﬂ___.al:’!_> toilet goods
S=w=2Z2.> miscellaneous
1.6
=—==~==> unsatursted polyesters and urethanes
= -—--H—--i' sutifreeze and deicing
52 : 0,75% :
|~~-> diethylene glycol > triethylene glycol
0,62 . i e
-—I-:;-——> morpholine (medicinal drug) NOTE: Percentages are percent of
F-====-~=> export and miscellaneous total ethylene oxide
rer— production.
15X, 22 > . .
RE= . ~~—>=~~~~> natursl gas dehydration "NA" denotes not available.
32, triethylene glycol 8:133_, ant
052, solvent
- '12!--> export and miscellaneous
5% :
[-==—> polyethylene glycol surface active agents
fumigants and sterilization
<52

exports
other chemicals

> -iycall

Figure 2. End use distribution of ethylene oxide, 6,10,13,14




Pr oduct @
et hyl ene gl ycol et hanol - di et hyl ene triethyl ene polyethyl ene
Onner Pl ant Locati onP gl ycol et hers am nes gl ycol gl ycol gl yco

ARCO Chemi cal Conpany Channel vi ew, TX Xe
BASF Wandotte *CGei smar, LAX X X

Spartanburg, SC X

Washi ngton, NJ X
Cel anese *Cl ear Lake, TX X X X
Dow Freeport, TX X X

*Pl aquem ne, LA X X X X X

M dl and, M X X
ICl Anericas *Bayport, TX X X X
Hodag Chemi cal Skokie, IL X
National Distillers and

Chemi cal s Maul di n, SC X

HNG I nterNorth, Inc. *Norris, IL X X
din *Br andenbur g, KY X X X X X
PD d ycol *Beaunont, TX X X X
Shel | *CGeismar, TX X X X X
Texaco *Port Neches, TX X X X X X
Texas East nan *Longvi ew, TX X X X X
Uni on Car bi de *Taft, LA X X X

*Seadrift, TX X X X X

Texas City, TX X X
Total Product Capacity (Qg) 2629 483 327 276 68 NA
NA = Not avail abl e.
a An "X" indicates that the facility uses EO to manufacture the indicated product.

b An asterisk (*) by the plant location indicates that the facility also produces EO

¢ Only produces propyl ene glycol npbnoethers.

NOTE: This listing is subject to change as nmarket conditions change, facility ownership changes, plants are closed down, etc.
The reader should verify the existence of particular facilities by consulting current listings and/or the plants thenselves. The
| evel of ethylene oxide emi ssions from any given facility is a function of variables such as capacity, throughput, and
control neasures. |t should be determ ned through direct contacts with plant personnel



Et hyl ene oxide is also used as a fum gant, sterilant, and
insecticide. It is particularly useful for sterilizing itens which
woul d be damaged by heat. For exanple, EOis used a
fum gant/sterilant in the health products and nedical fields; in
libraries, nmuseuns, research | aboratories; during beekeeping, dairy
packagi ng, and cosnetics manufacturing; and for animal and plant
guarantine at ports-of-entry. It is also used to funm gate spices and
seasoni ngs, nut neats, tobacco, transportation vehicles, clothing,
furs and furniture.

Some potential exists for volatile substances, including EQ to
be emtted fromwaste treatnent, storage, and handling facilities.
Ref erence 15 provi des general theoretical nodels for estimating
vol atil e substance em ssions froma nunber of generic kinds of waste
handl i ng operations, including surface inpoundnments, landfills,
| andfarm ng (land treatnent) operations, wastewater treatnent
systens, and drum storage/ handling processes. |If such a facility is
known to handle EO the potential for sonme air em ssions should be
consi der ed.

The Occupational Safety and Heal th Adm nistration (OSHA) has
enacted a 1 ppm 8 hour tine-weighted average occupati onal exposure
standard that may result in sone control of EO enissions.? OSHA
states that the EO producers and ethoxyl ator industry sectors could
use rupture disks for mnimzing | owlevel |eakage from pressure
relief devices; closed sanpling devices at process sanpling
| ocati ons, and vapor-tight unl oading connections, magnetic |evel
gauges, and nitrogen purge systenms on tank car |oading facilities.
For operators of large industrial sterilizers, engineering and work
practices include changer evacuation systens, |iquid/gas separation
units to prevent excessive EO em ssions during chanber evacuati on,
| ocal exhaust hoods installed over the sterilizer door, |oca
ventilation of aeration chanbers, and allowi ng the sterilizer
contents to aerate for a short period of tine after opening the
sterilizer door. Hospital sterilizers are smaller than sterilizers
used by nedical product manufacturers, but the control of EO involves
the same principles and types of control equi pnment and net hodol ogy
used for industrial sterilizers.

Em ssion controls are discussed further in Sections 4 and 5 of
this report.
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SECTI ON 4
EM SSI ONS FROM ETHYLENE OXI DE PRODUCTI ON

Et hyl ene oxi de can be released to the atnosphere during its
production, during its consunption as a raw material in other
manuf acturing processes, and during its use as a fumgant/sterilant.
This section details the production of EO and the em ssion factors
associated with that production. Mnufacturing processes which use
EO as a feedstock are al so described in Section 3, as is the use of
EO as a fumgant/steril ant.

ETHYLENE OXI DE PRODUCTI ON

Process Description %3

Et hyl ene oxide is produced by conti nuous direct oxidation of
et hyl ene over a silver catalyst. Either air or pure oxygen can be
used as the oxidant for the process. Before 1957, ethyl ene oxide was
produced from ethyl ene with an ethyl ene chl orohydrin internediate.
Thi s chl orohydrin process for EO production was phased out in the
U S. because it could no | onger conpete economcally with the direct
oxi dation process.* O the total anmpunt of EO produced in the United
States in 1983, 60 percent was produced at six |locations by air
oxi dati on of ethylene; the other 40 percent was produced at nine
| ocati ons by oxygen oxidation. Neither process is clearly considered
econom cally superior to the other at this tine. However, there
appears to be a trend toward the use of oxygen in newer facilities.®
Pl ant capacities in the U S. range fromabout 50 to 600 G/yr of EO
pr oducti on.

In the direct ethylene oxidation process, reactions take pl ace
in the vapor phase. The two main reactions are:

16
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H,C = CH

2 2 * 1/2 02 . Hzc—?ﬂz (@8]
No
Hzc - CH2 + 302 ael> 2002 + 2H20 (2}

The | oss of 25 to 30 percent of the ethylene to carbon di oxi de and
wat er by Reaction 2 is a major drawback of the oxidation process.
Reaction 2 also releases 13 tinmes as nuch heat energy as does
Reaction 1. Reaction 2 can be suppressed by replacing the catal yst
regularly and by carefully controlling the tenperature on the surface
of the catalyst, thereby Iimting the conversion of ethylene to CG,
and H,O on each catal yst pass to |l ess than 30 percent. These
reactions al so produce small anounts of acetal dehyde (less than 1
percent of the EO product) and trace anounts of formal dehyde.® For
certain uses, EOis now produced with an al dehyde content of |ess
than 10 ppm’

In both the air and oxygen oxidation processes, the ethyl ene
feed nmust be >98 nole percent pure. Air feed in the air oxidation
process nust be purified to mnimze the presence of contam nants
whi ch may deactivate the catal yst or react to form unwanted
by-products. Mdst EO plants include an associated gl ycol plant which
is able to process aqueous and organic bleeds fromthe EO plant and
recover the EO contents as glycol. By integrating the two plants, it
is not always necessary to dry and purify the EO needed for fiber
grade glycol production, yielding substantial capital cost and
utilities savings.?®

Specific characteristics of the air and oxygen oxi dation
processes for EO production are di scussed bel ow.
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Air Oxidation--

Figure 3 illustrates the basic operations that may be found in
the continuous air oxidation process. The process streans and vents
shown in Figure 3 are described in Table 4. Ethylene and conpressed
air (Streans 1 and 2) conbine with a recycle ethyl ene stream (Stream
3), then enter one of several primary reactors operated in parallel.
The air-to-ethylene feed ratio is usually about 10:1 by weight. The
reaction takes place over a silver catalyst packed in tubes; the heat
fromthe reaction is dissipated by a jacket of heat transfer fluid.
Reacti on tenperature and pressure are maintai ned at 220° to 280°C and
1to 3 MPa (427° to 536°F; 10-20 atm). The activity of the catal yst
can be enhanced by the addition of pronoters such as alkali netals or
al kali earth netals. Catalyst inhibitors such as halides may be
added to suppress conversion of ethylene to carbon dioxi de while not
interfering with the primary reaction. |In addition to the main
by- product, carbon dioxide, small anobunts of fornmal dehyde and
acet al dehyde are al so forned.

The effluent fromthe reactor (Stream 4) contains 1 to 2 nole
percent ethylene oxide, 2 to 3 nole percent ethyl ene and about 7 nole
percent carbon dioxide. It is cooled, conpressed, and passed through
the primary absorber. As it passes up the packed colum absorber
countercurrent to cold water, the ethylene oxide and sonme of the
carbon di oxi de, hydrocarbons, and al dehydes di ssolve in the water.

Most of the unabsorbed gas that exits the top of the absorber is
cool ed and becomes the recycle ethylene stream (Stream3). A smaller
portion of the unabsorbed gas stream (Stream5) is purged to prevent
the accumul ati on of inert gases such as nitrogen and carbon di oxi de
in the system To recover its ethylene content, the purged stream
enters a secondary purge reactor. The effluent fromthe secondary
purge reactor (Stream 6) enters a purge absorber which operates on
the same principle as the primary absorber. The overhead gas from
t he purge absorber is recycled to the purge reactor (Stream8) or, in
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Note: The numbers in this figure refer to process
streams as discussed in the text. Letters
designate process vents. Heavy lines represent
product flow through the process.
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Figure 3. Basic operations that may be used in the production of ethylene
oxide by air oxidatioun.l,2



TABLE 4. DESCRI PTI ONS OF STREAMS AND VENTS | LLUSTRATED I N FI GURE 3
FOR THE Al R OXI DATI ON OF ETHYLENE TO ETHYLENE OXI DE 23

Code Number Descri ption
Stream
1 Et hyl ene feed, >98 npl e percent
2 Purified process air
3 Recycle to primary reactor
4 Primary reactor product gas, 1 to 2 percent EO
5 Purge reactor feed
6 Purge reactor effluent, 2 percent EO
7 Process air
8 Recycl e from purge absor ber
9 Absor ber bottons, m nor EO | evels
10 Recycl e water to absorbers
11 Et hyl ene oxi de product, 99.5 percent EO
Vent
A Mai n process vent (CO, nitrogen purge)

Stripper vent (light gas purge)
Fugitive | osses (punps, valves, conpressors, etc.)

St orage and | oadi ng | osses

m O O W@

WAst e ponds
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| arger plants, sent to yet another purge reactor and absorber (not
shown) to achieve an overall ethylene conversion well in excess of 95
percent of the total feed.® A portion of the streamfromthe |ast
absorber is vented (Vent A). The nunber of purge stages depends on the
val ue of ethylene recovered versus the cost of additional purge stages.

The dilute aqueous solutions of EQ CO, and other volatile organic
compounds (VOC) fromthe absorbers are conbined (Stream9) and fed to the
desor ber where the EO and di ssolved inerts are distilled under reduced
pressure. The desorber water, virtually free of EQ is recirculated to
t he absorbers (Stream 10). The crude EO from the desorber is then sent
to a stripper for renmoval of CO, and inert gases and then sent to a final
refining colum. (Note that in sonme plants the EO fromthe absorbers
[Stream 9 in Figure 3] may go first into a stripper and then into a |ight
ends refractory colum. The nonmenclature is different but the basic
operations are the sane.) Light gases separated in the stripper are
vented overhead (Vent B). The final product (Stream 11), 99.5 nole
percent EO, is stored under a nitrogen atnosphere in pressurized tanks.
In sone plants, crude EOis sent directly to a glycol plant rather than
under goi ng conpl ete refining.

Oxygen Oxi dati on- -

Virtually all of the differences between the air oxidation and
oxygen oxi dation processes result fromthe difference in oxygen content
of the oxidants (~20 nol e percent versus 98 nole percent). Figure 4
illustrates a continuous oxygen oxidation process. The streans and vents
shown in Figure 4 are described in Table 5.

In the oxygen oxidation process, ethylene and oxygen (Streans 1 and
2) enter the reactor, which is operated under conditions simlar to that
in the air oxidation process. The effluent fromthe reactor (Stream 4)
passes through the absorber, in which the EO product and sone of the
carbon di oxi de, hydrocarbons, and al dehydes di ssolve in the water. Mbst
of the unabsorbed gas that | eaves the top of the absorber is cooled and
becones the recycle ethylene stream (Stream 3).
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Note: The numbers in this figure refer to process
streams as discussed in the text. Letters
designate process vents. Heavy lines represent
product flow through the proacess,
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Figuré 4. Basic operations that may be used In the production of ethylene oxide
by oxyvgen oxidation.1’2



TABLE 5. DESCRI PTI ONS OF STREAMS AND VENTS | LLUSTRATED I N FI GURE 4 FOR
THE OXYGEN OXI DATI ON OF ETHYLENE TO ETHYLENE OXI DE 23

Code Number Descri ption
Stream
1 Et hyl ene feed, >98 npl e percent
2 Oxygen feed, >97-99 nol e percent
3 Recycle to primary reactor, 0.006 percent EO
4 Primary reactor product gas, 2 percent EO
5 CO, purge stream
6 CO-free recycle to primary reactor
7 CO,-rich CO, absorbent (KHCO)
8 Reacti vated CO, absorbent (KHCG;)
9 Absor ber bottons, m nor EO | evels
10 Recycl e water to absorbers
11 Et hyl ene oxi de product, 99.5 percent EO
Vent
A Mai n process vent (argon purge)
B CO, desorber vent (CO, nitrogen purge)
C Stripper vent (light gas purge)
D Fugitive | osses (punps, valves, conpressors, etc.)
E St orage and | oadi ng | osses
F WAst e ponds
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Gaseous inpurities fromthe oxygen feed, such as argon, are purged
fromthe recycl e gas streamthrough the main process vent (Vent A).
Because there are fewer inpurities in the oxygen feed than in air feed,
the purge stream can be nuch smaller and there is no need for a purge
reactor system There can be al nost total recycling of unreacted
et hyl ene.

There is still, however, a buildup of by-product CO which could
reduce catalytic selectivity to EO at high levels if not renoved fromthe
system A portion of the overhead gas fromthe absorber (Stream5) passes
t hrough a CO, absorber which uses potassi um carbonate as an absorbent,
then (as Stream 6) joins the recycle to the reactor. The spent CO
absorbent (Stream 7) is reactivated in the CO, desorber, then recycled to
the CO, absorber (Stream8). The CO, is vented fromthe CO, desorber
(Vent B).

The desorption, stripping, and refining steps are basically the sane
as those in the air oxidation process. The stripper vent |abeled Vent B
in the air oxidation process corresponds to Vent Cin the oxygen
oxi dation process. An alternative to stripping inerts fromthe EO stream
is to vent these gases fromthe reabsorber towers where EO is reabsorbed
in water. Inert gases can also be purged fromthe EO purification tower

Process Eni ssions from Vents-- 1.2

Air Oxidation — The main process vent (Vent A) is the larger of the
two sources of EO process emissions in the air oxidation plant. The

vented gases contain nitrogen and unreacted oxygen fromthe air feed,

et hane and unreacted ethylene fromthe ethylene feed, product EO and

by- product CO,. The exact conposition of the vent stream depends on the
reactor conditions, absorber conditions, purity of the ethylene feed, and
nurber of purge stages.

The air feed rate is kept consistent with the ethylene feed rate
during start-up; therefore, the emission rate fromthe main process vent

during start-up is about the same as that for normal operation. Process
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upsets, however, can cause a sharp increase in em ssions. Wen an upset
occurs, the ethylene feed rate is reduced to | essen the anbunt of VOC in
t he vent stream

Because EO is conmpletely soluble in water, the purge absorber shown
in Figure 3 can be 99.9+ percent effective for its renoval.? The EO
content of the main process vent stream (Vent A) is therefore quite |ow
The ethane and et hyl ene contents, however, are sufficient for conbustion.
This streamis now normally burned in a thernmal or catal ytic oxidizer,?8
but in the past, was comonly vented to the air.? During upsets, the main
process vent stream can be directed to an emergency fl are.

The stripper vent (Vent B) of the air oxidation process rel eases the
i nert gases and et hyl ene which were absorbed into the nmain and purge
absorber waters. The conposition of the stream depends on the
solubilities of the gases in the circulating water. The anount of
em ssions is affected by the water use rate, but not be process start-ups
or shutdowns. Ethylene oxide is normally scrubbed fromthe stripper vent
streamw th water and returned to the process. The resulting vent stream
is normal ly combusted in a boiler, effecting virtually 100 percent EO
em ssions control .®

Some plants route both vent streans (Vents A and B) to an absorber
for recovery of EQ, then to a boiler or flare.

Oxygen Oxidation -- The volune of the main process vent (Vent A) of
t he oxygen oxidation process is much | ess than that of the corresponding
vent in the air oxidation process, but it contains about the sane nole
percent EO, ranging fromabout 0.005 to 0.01 percent. This vent stream
al so contains argon and nitrogen fromthe oxygen feed and the ethane from
the ethylene feed. The conposition and quantity of the stream depend
directly on the purity of the feed nmaterials and are not affected by
process upsets or start-ups if the conposition of the oxygen feed is
establ i shed before start-up.

25



The ethyl ene content of the main process vent stream (Vent A) is
sufficient to support conbustion and is routinely vented to a boiler or
incinerator.® |In some plants, nethane is added to facilitate a higher
saf e oxygen concentration. The nmethane, inert in the oxidation reaction,
also allows nore flexibility in the feed rates to the reactor by
narrowing the flammbility limts of the incom ng gas.

The CO, desorber vent (Vent B) is nore than 99.7 percent CO, and
water. No information is available on the EO content. The vent streamis
sonetimes processed or sold to recover CO. If the streamis sold, there
is intermttent discharge during start-up, malfunction, and mai nt enance,
estimated by one producer as 6 percent of the tine.® The stream can al so
be vented to the atnosphere; in this case, a carbonate flasher and vent
condenser reduce em ssions.® One producer uses the streamin another
process (not specified in reference). 1In this case, the VOC content is
ultimately thermally oxidized or fed to an incinerator.

The stripper vent stream (Vent C) has sufficient ethylene content to
support conbustion in a boiler or flare. |If nethane is added to the
reactor streamsone will also be vented in this stream |In newer
installations, the vent streamis conpressed and recycled to the CO
absorber feed. No EO content is reported for this stream

When inerts are purged froma reabsorption tower, the vent stream
fromthe reabsorber can be incinerated. When inerts are also purged from
the EO purification tower, this stream can be scrubbed, vented to an
absorber, and recycled to a reabsorber.

Most nodern EO producers enpl oy closed cooling cycles to cool the
oxygen oxi dation process' recirculated effluent fromthe EO stripper
col um; however, cooling towers are sonetines used.® Wth cooling
towers, the cooling process is achieved by evaporati on when the process
cooling water and air are contacted. The em ssion rate is inversely
proportional to the efficiency of the stripper colum in EO renoval .
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Fugiti ve Em ssions--

Fugitive EO emissions in either the air or oxygen oxidation process
emanate from punp seal s, conpressors, valves, flanges, pressure relief
devi ces and sanpl e connections. Fugitive em ssion estimtes can be nade
by applying em ssion factors to the nunber of punps seals, valves,
flanges, etc., in a typical EO production facility, and by adjusting
these totals to reflect the EO content in each stream An exanple of
this type of analysis is shown in Reference 8, excerpts of which are
i ncl uded in Appendix A of this report. For a hypothetical nodel plant,
this analysis yields fugitive EO em ssion estimtes ranging from 148 to
188 kg/day in oxygen and air oxidation facilities, respectively. These
estimates are for relatively uncontrolled facilities enploying no
measures for | eak detection and repair and mai ntenance. These fugitive
em ssion levels will be reduced considerably by inspection and
mai nt enance (1/M progranms in which equipnent is routinely nonitored and
| eaks corrected. Depending on the stringency of the |I/M nmeasures,
varying levels of control are possible, ranging from 38 percent reduction
for the measures in EPA's Control Techniques Guideline (CTG 11 to
65-78 percent if the I/Mneasures reflect EPA's New Source Performance
St andar ds. 12

Several EO producers indicate that because of process safety
consi derations, EO handling units have al ways been designed, built and
mai ntained to tight standards because of flammbility, explosion and
heal th hazards inherent in the chem cal. Measures taken for safety
reasons al so reduce EO em ssions. These neasures include:?

S Instal lati on of EO and fl ammabl e gas detectors in strategic plant
| ocations, with sanple anal yses perfornmed regularly (e.g., every
20 m nut es)

S Equi ppi ng EO punps with doubl e mechani cal seals having liquid
buffer zones and alarnms or automatic punp shutoffs in case of sea
failure

- Routi ne gasket replacenent during planned mai nt enance turnarounds

S Usi ng pressurized nitrogen in labyrinth shaft seals of centrifuga
EO conpressors
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S Use of all welded construction, where possible, to mnimze the
nunber of flange joints

Usi ng | eak detectors for critical flanges in EO piping

Use of closed | oop sanmpl e systens

Provi di ng extra mai nt enance for EO pi pi ng

Preventing relief valve | eaks by use of upstream rupture disks

w nu unu unu m

Anal yses of rotating equipnment for vibration characteristics to
anti ci pate pendi ng probl ens
S Col I ecting, absorbing in water and di scharging to sewer any EO
| eakage or drainage from sanpling operations and punp vents
S Daily inspection for |eaks by plant personne
S | mredi ate | eak repair
Note that not all of these neasures are applied at any one plant.

Sources desiring not to use the fugitive em ssion factor devel opnent
approach outlined in Appendi x A for assessing EO fugitive en ssions may
i nstead use EPA' s Reference Method 21 and the procedures specified in
Ref erence 14.1%%:1 Method 21, "Determ nation of Volatile O ganic Conpound
Leaks," is intended to be used as a screening tool for detecting,
| ocating, and classifying leaks. It is not designed to be a direct
measure of mass em ssions fromindividual sources. Method 21 is used to
produce a statistical |eak/no | eak frequency. Reference 14 describes the
approach of how the | eak/no | eak frequency (or screening distribution),
produced by Method 21 for a particular piece of equipnment, can be
statistically correlated with enpirical data on chem cal industry
fugitive VOC enm ssions and extensive statistical analyses of |eakers and
non-1| eakers (for that equi pnent) to generate average fugitive VOC (or
conmpound specific) em ssion factors for punps, valves, flanges,
conpressors, and pressure relief devices.

Wast e Ponds- -
Enmer gency hol di ng ponds may al so be sources of EO enissions. One

source uses a pond for energency twentyfold dilution of EOto reduce the
possibility of explosions during shutdowns. As much as 5,000 to 10, 000
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pounds of EO may have to be dunped at once. The company assunes that the
EO converts to ethylene glycol, but is considering the addition of
catalysts to speed this conversion. It is not known how nmuch EO is | ost
to the atnosphere from such ponds, or how comon this practice is in the
i ndustry.

O her Secondary Em ssions- -

WAast ewat er streans from vari ous processes may contain sone, albeit
generally low |l evels of EO These streans are commonly treated by
bi o- oxi dation. Mbst producers report negligible or no EO em ssions from
this source.!® One producer reports one EO unit wastewater stream having
an EO content of 280 ppm of which 75 percent, or about 92 kg/day, is
estimated to be stripped into the atnosphere. 18

St orage and Loadi ng Losses--

Because product EO is a gas at anbient tenperatures, it is generally
stored under nitrogen at approxi mately 10°C (50°F).8 Sone plants may store
EO at anbient tenperatures and el evated pressures.! Losses from storage
tanks are assuned to occur only because of displacenment during filling
operations.® |f not used captively, EOis normally shipped in 38,000 and
76,000 liter (10,000 and 20,000 gallon) railroad tank cars, which are
normally | oaded directly from plant storage tanks. The transfer
generally occurs at about 50 psi nitrogen pressure.? At nost facilities,
di spl aced vapors fromthe filling of tank cars and storage tanks are
either recycled to the process or scrubbed prior to incineration or
flaring.8 Wen the vapors are scrubbed, the liquid effluent fromthe
scrubber is routed to the desorber for EO recovery.! Em ssions of EO from
storage and | oading are assuned to be nearly zero if either contro
approach is used. However, one producer reports 39 My/yr (86 x 10%1b/yr)
of EO em ssions from storage and | oading. No explanation was given for
this em ssion rate; the producer uses a caustic scrubber for control of
em ssions. 8
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Em ssi on Factors--

Table 6 and Table 7 give EO em ssion factors for air and oxygen
oxi dation plants, respectively. Because the production of EO and the
production of EO derivatives are often closely related, the factors in
Table 6 and Table 7 do not necessarily represent the isolated production
of EO. For exanple, the fugitive enmi ssion source counts used for the
cal cul ation of fugitive em ssions include components used in derivative
production as well as EO production (albeit nmany fewer conponents in EO
service wll be present in derivative production processes). Simlarly,
the process vent em ssions may reflect the recycle of certain vents in
derivative plants back to the EO plant. The contribution to total EO
em ssions fromvents, fugitive conponents, and storage in derivative
production is not believed to be significant conpared to overal
em ssions from EO producti on operations.
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TABLE 6. EM SSI ON FACTORS FOR THE RELEASE OF ETHYLENE OXI DE FROM
AN Al R- OXI DATI ON ETHYLENE OXI DE PRODUCTI ON PLANT 1.2.8

Control | ed
Uncontrol | ed Em ssi on Em ssi on
Em ssi on Factor Reducti on Fact or
Sour ce g/ kg® Control Device or Techni que Per cent g/ kg®
Vent s?
A (main process) 0.005 - 1 Catal ytic oxidation 100 0
Ther mal oxi dation 80° 0. 04
Enmer gency fl are 100 0
B (stripper)® <0.7 Boi | er 100 0
St orage and Loadi ng 2. 6f Recycl e or scrubber wth 100 0
incineration or flaring
Fugitive? 158 kg/ day Det ection and correction of mgjor 39-78 42-115 kg/ day
| eaks
Wast e Ponds" NA Cat al yst NA NA
Wast ewat er Streans NA Bi ooxi dation or equilization pond NA 0

NOTE: The source configuration, em ssion factors and | evel of control of any given plant may vary fromthose given here.
The reader is encouraged to confirmthe existence of emtting operations and control technol ogies at a particular

pl ant before estimating en ssions therefrom

@ See Figure 3 for vent designations. In sone plants these vents are directed to secondary absorbers recovery of EO, with the

resulting vent streamrouted to a boiler or plant flare.

b Grans of ethylene oxide enmitted per kilograns of ethylene oxide produced. Miltiply by 2 to convert
do not necessarily reflect the em ssions fromany one plant.

¢ This reduction was reported for a plant having a very low inlet EO value. Nornally,
possi bl e for thermal oxidation. 222

4 For use during process upsets. Enmissions fromthis vent are not affected by process startup.

¢ The purpose of this vent is to discharge inerts (primarily N2 and CO,) that build up in the system This venting may occur at

ot her points in some processes, such as the light ends rejection colum. Emissions fromthis vent are not affected by process

startup or upset.

f Assumes EO stored under nitrogen pad in pressure tanks and transferred at 16°C. Assunmes 20 percent

tank car. Assunmes day tanks vapor-bal anced with storage tanks and that an equival ent ambunt of vapor
saturated with EO at 10°C is displaced fromthe systemfor each volume of EO produced. Assunes the follow ng tank

si xes and turnover rates:

g/kg to Ib/ton. These factors

a reduction approaching 100 percent is

of EO production is shipped by

Tank Type Nunmber of Tanks Tank Size (n¥) Tur nover s/ year
Day 2 225 550
St or age 6 470 89
9 Per plant, for all punp seals, valves, flanges, conpressors, pressure relief devices, sanple connections and open ended lines (the
| atter used during maintenance operations). May include conponents in EO service in derivative production. See text and Appendi x

A for em ssion derivations.
h EO may be discharged to waste ponds during shutdown. Emission factors for this practice are not available. A possible control

neasure is the addition of catalysts which enhance the conversion of ethylene oxide to ethylene glycol.
" One producer reports 92 kg/day of EOis air stripped fromone EO Unit wastewater stress, or about 75 percent

in the stream

of the 280 ppm of EO



TABLE 7.

PRODUCTI ON PLANT 1.2.8

EM SSI ON FACTORS FOR THE RELEASE OF ETHYLENE OXI DE FROM AN OXYGEN- OXI DATI ON ETHYLENE OXI DE

Control | ed
Uncontrol | ed Em ssi on
Em ssi on Control Device Reducti on Em ssi on
Sour ce Factor, g/kgP or Reduction Techni que Per cent Factor, g/kgP
Vent s?
A (main process) 0. 001-0. 002 Boi | er or incinerator 100 0
B (CO, purge) 0. 0006-0. 75 Car bonate fl asher/vent 92 0. 06
Condenser
CO, recovery or methanol unit 100 0
C (stripper)e© <0.1 (d) 85- 100 <0. 002
St orage and Loadi ng 2. 6¢° Aqueous scrubber 100 0
Fugi tive Sourcesf 148 Det ection/correction of major 38-65 52-91
| eaks
Cool i ng Towers 0. 07 I ncrease stripper colum 80 0.014
ef fectiveness?
Wast e Ponds" Not avail abl e Catalyst to pronbte EO to EG Not Avail abl e Not Avail abl e

conversi on

Wast ewat er Streans Not avai | abl e Bi ooxi dation or equilization

ponds

Not Avail abl e 0

NOTE: The source configuration, em ssions and | evel of control of any plant may

is encouraged to confirmthe exi stence of emtting operations and contro
bef ore estimating emnm ssions therefrom
@ See Figure 4 for vent designations.
b Gans of EO enmitted per kil ogram of ethyl ene oxide produced.
necessarily reflect the emissions fromany one plant.
¢ Various types of equipment can be used in the refining stages of EO production, including reabsorbers and purification towers in
addition to strippers. The EO enmission factors reported here generally apply to any such configuration (with the exception of one

pl ant that reported uncontrolled em ssions of 11.4 g EO per kg capacity; however, its outlet em ssions after a vent absorber were
reduced to 0.0004 g/kg, within the range given above).

4 Nunmerous control neasures are enployed to control this source
absor bers.

¢ See assunptions listed in footnote f in Table 6.

f Per plant, for all punp seals, valves, cospressors, pressure relief devices, sanple connections and open ended lines (the latter

used during maintenance operations). My include conponents in EO service in derivative production. See text and Appendi x A for
em ssion derivatives.

9 Stripper colum effectiveness can be inproved by utilizing high efficiency trays and packing intervals.

h EO may be discharged to waste ponds during shutdown. A possible control neasure is the addition of catalysts which enhance the
conversion of ethyl ene oxide to ethylene glycol

" One producer reports 92 kg/day of EOis air stripped fromone EO unit wastewater stress,
280 ppmof EO in the stream

vary from those given here
t echni ques at

The reader
a particular facility

Multiply by 2 to convert g/kg to Ib/ton. These factors do not

i ncl udi ng reabsorbers, incinerators,

wat er scrubbers and vent

or about 75 percent of the
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SECTION 5
EM SSI ONS FROM | NDUSTRI ES WHI CH USE ETHYLENE OXI DE

Thi s section describes several production processes which use EO
as a feedstock. The processes included are for the production of
et hyl ene glycol, di-, tri- and pol yethyl ene glycols, glycol ethers,
et hoxyl at es, and et hanol am nes. No specific information is avail able
on the use of EO in the production of surface active agents or other
m scel | aneous chenicals. Therefore, these production processes are
not included in this section.

The use of EO as a fumigant, sterilant, and insecticide is
i ncl uded because, although only a small percentage of the total EO
produced is used for these purposes, a |arge percentage of that used
is released directly to the atnosphere.

Specific estimates of EO em ssions are not avail able for
processes using EO as a feedstock. Hence, the follow ng di scussions
mai nly descri be the basic operations found in each process and
identify the potential emtting points therein. Control devices,
operating practices, etc., are al so discussed that are known to
reduce em ssions.

In nbst cases, as shown in Table 3 in Section 3, EO derivatives
are manufactured at the sane plants that produce EOQO  This practice
is especially common in glycol production since it is advantageous to
integrate the oxide unit with the glycol unit to optim ze energy
utilization.

ETHYLENE GLYCOL AND | TS HOMOLOGS!
About 60 percent of the EO produced in the United States is used

directly in the production of ethylene glycol (EG. Another 15
percent is reacted with the glycol produced to formthe honol ogs
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di et hyl ene glycol (DEG, triethylene glycol (TEG, and higher
pol yet hyl ene glycols. Sonme producers market all honol ogs hi gher than
et hyl ene gl ycol as unspecified pol yethyl ene gl ycol.

Most et hyl ene glycol (and its honol ogs) is produced comrercially
by noncatal yzed hydration of ethylene oxide. This is the only
process discussed in detail in this section. Ethylene glycol and its
homol ogs can al so be produced from EO by contact with a 0.5 to 1.0
percent sulfuric acid catalyst solution maintained at 50 to 70°C (122
to 158°F). A mmjor drawback to this method is an acid contan nant
left in the product. No estimate is available of the amount of EG
produced by this method. O her nethods for the production of EG
sone of which do not use EO as a feedstock, have been used in the
past or are in various stages of devel opnment. One process nearing
comrercialization involves the synthesis of ethylene carbonate, from
CO, and EQ, which is then hydrolized to glycol.?

Process Description

In nost cases, ethylene glycol and its honol ogs are produced by
noncat al yzed hydrati on of ethylene oxide at a tenperature of 200°C
(392°F) and pressure of 1380 kPa (200 psia) according to the
fol |l owi ng equations:

CH, \ CH20H
/0 + H.20 -l (1)
C;H2 T CH20H
(ethylene oxide} {water) (ethylene glycol)
CHZOH CH 2\ CH20H
+ L"”’,o > l (2)
CHZOH [ 2 . HZ-O-GHZCHZOH
{ethylens (ethylene (diethylemne
glycol) oxide) glycol)
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"-CH,0H CH CH,-0-CH,CH,OH

2 2 9 0-CH,CH,
+ >o > l (3
GH,, -0-GH,,CH, OH CHJ CH,, -0~ CH,CH, OH

(diathylene glyceol) (ethylene oxide) (triethylene glycol)

Theoretically, yields of EG from Reaction 1 are 87 to 88.5
wei ght percent, while yields of DEG from Reaction 2 are 9.3 to 10.5
wei ght percent, and yields of TEG from Reaction 3 are 2.2 to 2.5
wei ght percent of the total product. However, because there is nore
demand for TEG conversion of DEGto TEG (Reaction 3) is pronoted by
varying the feed ratio and/or other process variables.

Figure 5 shows a sinplified process flow diagramfor the
production of EG and its honol ogs by the conventional noncatal yzed
et hyl ene oxi de hydration process. In sone plants, refined |liquid EO
(Stream 1) and water (Stream 2) are fed to the hydrolyzer. In other
pl ants, however, crude EO vapor fromthe EO desorber or
stripper/light ends colum (see Figure 3 and Figure 4) is fed
directly to the EG plant. These two options are illustrated in
Figure 6. In either case, the product stream (Stream 3) fromthe
hydrol yzer is passed through a multiple-effect evaporation systemfor
renoval of water. The concentrated glycol solution (Stream4) is
further dried in a water renoval columm, then the individual glycols
are distilled in vacuumdi stillation colums. Bottonms fromthe | ast
distillation colum (Stream 5) are di sposed of or sold as
by- product s.

Em ssi ons!?

Uncontroll ed em ssions fromthe hypothetical plant illustrated
in Figure 5 originate fromthe evaporator calandria vents (Vent A,
the water renoval colum steamjet ejector (Vent B), the distillation
colum ejectors (Vent C), and the evaporator first-effect purge
stream (Vent D). The plant shown in Figure 5 uses baronetric
condensers to condense and absorb the vapor fromthe evaporator purge
and the steamjet ejectors. The em ssions fromthese sources then
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Note: Dots indicate possible sources of

ethylene oxide emissions.

Heavy lines

indicate product flow through the process.
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Figure 5. Basic operations that may be used in the production of ethylene glycol, diethylene

glycol, and triethylene glycol by conventional noncatalyzed hydration of ethylene oxide.
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circulate with the cooling water. Partial desorption occurs as the
cooling water passes through the cooling water circuit and the
cooling tower. The remainder of the contami nants end up in the
cooling tower blowdown stream The evaporator cal andria em ssions
for the uncontrolled plant are vented directly to the atnosphere.
One source reports that the EO content of the evaporator overheads
and the water renoval colum overheads should be mninal.?3

To prevent contam nation of the cooling water, controlled plants
commonl y use surface condensers instead of baronetric condensers.
The condensate fromthe surface condensers is discharged to
wastewat er treatment. Uncondensed gases are vented to the
at nrosphere. A surface condenser may al so be used to contro
em ssions fromthe evaporator calandria vents in the controlled
pl ant .

The installation of surface condensers to isolate the condensate
fromthe cooling water elim nates fugitive em ssions fromthe cooling
tower, but increases em ssions fromwastewater treatnent. Also, the
uncondensed gases vented fromthe surface condensers contain sone
VCC. However, there is a net reduction in overall plant em ssions
when surface condensers are used because the enissions from
condensers and wastewater treatnment are small in comparison to those
fromcooling tower bl owdown when barometric condensers are used.

The hypothetical plant in Figure 5 is estimated to have 7 punps,
38 process valves, and 3 relief valves handling light organics in the
feed and water renoval sections. Only a small portion of the
em ssions fromthese sources can be assuned to be EOQ. The typica
| evel of fugitive em ssion control is not known.

Em ssions from storage and handling of EO depend on whet her or
not it is piped directly to the glycol production process.
Presently, all EGis produced at sites where EO is also produced.
Because the EO can be piped directly to the EG process, em ssions of
EO from storage and handling are negligible. Several conpanies do,
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however, produce other glycols at |ocations where EOis not produced
on-site (see Table 3). At these sites enissions do occur from
st orage and handling of EO

Waste liquid streams (particularly cooling tower bl owdown) may
be treated by a primary clarifier foll owed by activated sl udge
treatment. No control system has been identified for the control of
the secondary em ssions from wastewater treatnent.

Source Locati ons

Table 3 lists the names and | ocati ons of conpanies which in 1986
produced EG DEG TEG and pol yethyl ene glycols fromEQ  Total
production capacities for 1986 are 2629 Gy (5795 x 10°1b) for EG 276
Gg (609 x 10°% I b) for DEG and 68 Gy (149 x 10°1b) for TEG *
Production rates for plants manufacturing glycols, especially DEG and
TEG, fluctuate greatly with markets for the products. Diethylene
gl ycol production capacity is sometinmes reported sinply as 10 percent
of EG capacity.

GLYCOL ETHERS®

About 5 percent of the EO produced is used as a feedstock in the
production of nmono-, di-, tri-, and polyethylene glycol ethers. As in
the production of glycols, additional EO reacts with the product

gl ycol ether to sinultaneously form higher glycol ethers.

Process Description

Et hyl ene oxide is reacted with anhydrous al cohols such as
met hyl, ethyl, or n-butyl alcohol to formthe correspondi ng gl yco
et hers. Ethylene glycol nononethyl ether and its honol ogs are
produced according to the foll ow ng equati ons:

CH, ------ > CH,0CH,,CH,,CH

CH20H + CHK ‘ /2 3 2772
8]
{ethylene glyeol
(methanol) {ethylene oxide)_ monome thyl ethex)
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CH3OCH2CH20H

(ethylene glycol
monomethyl ether)

GH3OCHZCH200HZCH2OH

(diethylene glycol
monemethyl ether)

Figure 7 is a sinplified process flow diagram for the production
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® Denotes possible source of ethylene oxide emissions.
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Figure 7. Basic operations that may be used in the production of gl-ycol
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Em ssi ons

Em ssion factors for EO (as opposed to other VOC) are not
avai | abl e because the percentages of EOin the em ssion streans are
not known. The vent fromthe vacuum systemis the only process
em ssion source for which there are VOC em ssions, sonme portion of
whi ch could be EO. Vol atile organic conpound em ssions fromthis
vent are reported as 0.013 g per kg of product. No enmi ssion contro
devices are used by the industry for this vent. A vent fromthe
al cohol distillation columm rel eases al cohol and inert gases. O her
process vents are in the al cohol section which contains no EO

Em ssi ons of EO from storage and handli ng depend on whet her or
not EOis piped directly to the process. It is normal practice to
pipe EOdirectly fromthe EO production facility to the glycol ether
production facility. 1In this case, enissions of EO from storage and
handling are negligible. One conpany, however, produces gl ycol
ethers at a location where EOis not produced on-site. At this site,
em ssions do occur from storage and handling of EO

The hypot hetical glycol ether production process in Figure 7 has
approxi mately 34 punps, 300 process val ves, and 30 pressure relief
val ves handling VOC. The em ssion factor for fugitive VOC emn ssions
fromglycol ether production is reported as 0.28 g VOC per kg
product. Only a small part of these em ssions can be assumed to be
EOQ. The level of fugitive em ssion control is not known.

Source Locati ons

Table 3 lists the names and | ocati ons of conpani es whi ch produce
gl ycol ethers. Production rates for glycol ethers fluctuate according
to the market for the products. Total 1986 capacity for the
production of glycol ethers is 483 Gy (1065 x 10° I b).4 This
production total may include some propyl ene oxi de-based glyco
et hers.
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ETHANOLAM NES®

About 5 percent of the total EO produced in the United States is

used as feedstock in the production of nonoethanol am ne (MEA),

di et hanol am ne (DEA), and triethanolamne (TEA). As in the
production of glycols, additional EO reacts with the product

et hanol am ne to sinultaneously form higher ethanol am ne honol ogs.

Process Description

Et hyl ene oxide is reacted with aqueous amonia in the liquid
phase to formthe ethanol am nes. Monoet hanol am ne and its honol ogs
are produced according to the foll ow ng equati ons:

NH3 + CH2 e CH2 ----- > NHZCHZCHZOH
\O
(ammonia) (ethylene oxide) [monoethanolamine (MEA)]
NHZCHZCHZOH + CH2\ CH2 ————— > NH (CHZCHZOH) 9
0
(MEA) (ethylene oxide) [diethanolamine (DEA) ]
NH(CH,ZCHZOH) 2 + GHZ—/ECH2 ----- > N(CHZGHZOH) 3
\0
(DEA) (ethylene oxide) [triethanolamine (TEA)]

No catalysts are used in any of the above reactions. The
product distribution depends on the anmmoni a-to-EO ratio. Excess
anmmoni a favors a |larger proportion of MEA in the product blend.
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The conti nuous manufacture of ethanol am nes is shown
schematically in Figure 8.7 Ethylene oxide (Stream 1) and aqueous
amonia (Stream 2) are fed to a reactor. The reaction conditions
usually are a tenperature range of 50 to 100°C (122°-212°F), a
pressure of 1 to 2 MPa (10-15 atn), and an excess of 28 to 50 percent
aqueous ammoni a. The reactor effluent (Stream 3) is stripped of
unreacted ammoni a and sonme water (Stream 4) in an ammoni a stri pper
oper ated under pressure. This amonia, together with fresh feed
(Stream 5), is absorbed in recycled water in the amoni a absorber and
fed back to the reactor (Stream 2). The noncondensabl e over head gas
(Stream 6) fromthe ammonia stripper is scrubbed of amonia in an
amoni a scrubber with recycle water (Stream 7) and is vented (Vent
A). Inert gases enter the systemw th the ethylene oxide feed, which
is stored under a nitrogen pressure pad.’

The ammoni a stripper bottons (Stream 9) are vacuumdistilled in
a series of distillation colums to sequentially renove overhead
water (Stream 7), which is recycled, and MEA, DEA, and TEA (Streans
10, 11, 12), which are products. Noncondensabl es from the vacuum
distillation colums are vented (Vent B) fromthe vacuumj et
di scharges, and the vacuumjet wastewaters are discarded to waste
treatnent. The bottons residue (Stream 13) fromthe triethanol am ne
colum is sent to waste treatnment or is sold. The product storage
tanks are ordinarily equipped with steam heating coils to keep the
products liquid and are padded with a dry inert gas, such as
nitrogen, to prevent product discoloration.?’

Em ssi ons

Total VOC em ssions fromthe production of ethanol am nes are at
nmost only a trace, therefore no em ssion controls are used for
process sources. No sources of EO em ssions fromthe process have
been identified.

The potential for EO em ssions fromfeed storage and handling
during ethanol am ne production is negligible if the EOis produced at
the same facility and piped directly to the ethanol am ne process. 1In
1983, all domestic producers of ethanolam ne had captive EO
pr oducti on.
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No information is avail able on fugitive em ssions from val ves
and punps.

Source Locati ons

The names and | ocati ons of conpani es whi ch produce et hanol am nes
are given in Table 3. Total 1986 capacity is 327 Gy (722 x 10°
[ b)/yr.4

ETHOXYLATI ON

Det er gent al cohol ethoxyl ates are produced by reacting detergent
linear al cohols with ethylene oxide in the presence of a base
catal yst such as potassi um hydroxi de. The general reaction may be
represented as foll ows:

ROH + n CHz——-— CH2 ----- > RO(CHZCH20)nH
(ethylene oxide)

The nolar ratio of ethylene oxide to alcohol in the final product may
vary from2 to 40. Ethoxyl ates produced for subsequent conversion to
al cohol ether sulfates usually contain 3 noles of ethylene oxide per
nol e of al cohol. Products made for direct use as nonionic
surfactants usually contain 6 to 12 noles of ethylene oxide per nole
of al cohol .~

The primary source of EO emissions is assunmed to be fugitive
| eaks from equi prent conponents, although mninmal data have been
collected. As a rough estimate, the number of conmponents handling EO
at ethoxylation facilities is approximately 10 percent of those at EO
production facilities. Oher em ssion sources at these facilities
are assuned to be negligible.’
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FUM GATI ON/ STERI LI ZATI ON

The use of ethylene oxide as a fum gant and sterilant is a
potentially | arge source of atnospheric EO em ssions. Although a
very small anpunt of all EO produced is used as fum gants or
sterilants, a large portion of the EO used for this purpose
eventual |y reaches the atnosphere.

Types of Equi pnent?

The type of equi pnment used for EO fum gation/sterilization
varies with the application as shown in Table 8  Each type of
equi prent i s discussed in the follow ng sections.

Vacuum Chanber s- -

Vacuum chanbers are pressure vessels with a vacuum punp to
remove air fromthe chanber before sterilization begins and to renpve
some of the EQ air mxture after sterilization. Though the units
vary widely in size and design features, the operating procedure is
essentially as foll ows:

1. Contam nated material is | oaded into the chanber

2. The chanber door is closed and hernetically seal ed.

3. Ar is vacuuned fromthe chanber

4. The sterilant (100 percent EO 12 percent EQ 88 percent
Freon, or 10 percent EQ/' 90 percent carbon dioxide) is
i ntroduced into the chanber to a set pressure or
concentration and for a specified tinme period. 100 percent
EO is used with negative pressure; EO m xtures are used with
positive pressure. Pressure, concentration of steril ant,
and tinme period are adjusted for the individual situation.

5. An exhaust vacuumrenoves the EO or EQ' gas m xture fromthe
chanmber. The EO or EQ'gas m xture is vented through a vent
line to the atnosphere or to a sewer drain.

49



TABLE 8. TYPES OF ETHYLENE OXI DE STERI LI ZATI OV FUM GATI ON EQUI PMENT USED AT DI FFERENT SI TES®

Vacuum At nospheri c Ampul e/ Sterijet Tent No
Sites of Use Chanber Chanber Li near Bag System Fum gati on Contai nnent
Heal th care and heal th di agnosis X X X X
and treatnment facilities
Medi cal products industry X X
Li braries X
Museumns X X
Research | aboratories X
Transportation sites X
Beekeepi ng industry X X
Hi gh contai nment research X
| aboratories in agriculture
Ani mal and pl ant service X
quarantine at ports of entry
Spi ces, seasonings and bl ack X
wal nut neats industry
Cosnetics industry X
Dai ry packagi ng i ndustry X




6. Fresh air is drawn into the chanber until atnospheric
pressure i s reached.

7. The door is opened and the treated material renoved.

8. The treated material nmay be transferred to an aeration
cabi net which circul ates heated air around the materi al
until residual EO has escaped. (Aeration cabinets are used
al nrost exclusively in hospitals.)

Smal | countertop nodels with capacities less than 0.1 n? (ft?3)
are nost conmmonly used in health care and heal th di agnosi s
facilities. |In hospitals they are used in areas such as operating
roons. One industrial use is in the manufacture of contact |enses.
Et hyl ene oxide is supplied either in single-dose cartridges of 100
percent EO or in pressurized cylinders of 12 percent EQ 88 percent
Freon. Small chanbers generally vent directly into the atnosphere
t hrough a Iength of tubing. Sonme nodels vent into a sponge kept danp
in a bucket of water.

I nt er redi at e-si zed chanbers of from0.1 to 2.8 n? (4-100 ft3 are
used primarily in hospital central supply facilities. They are also
used in research and industrial facilities, libraries, nuseunms, and
beehive fum gation facilities. An EO m xture is supplied in
pressurized cylinders. Internedi ate-sized chanbers of this type may
vent em ssions to the atnosphere or the em ssions may be mxed with
water, then routed to a sewer drain.

Large chanbers with capacities greater than 2.8 n? (100 ft3) are
used primarily for industrial sterilization of nedical products,
spi ces, and other products. They may be as large as 85 n? (3000 ft?3)
in capacity and are custommade. |In such |arge capacity custom
chanbers, an EO m xture or 100 percent EOis fed from pressurized
cylinders or fromlarge tanks. Em ssions fromlarge chanbers of this
type are generally mxed with water, then routed to a sewer drain.
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At nospheri c Chanbers- -

At nospheric chanbers are primarily used in health care and
heal t h di agnosis centers, in museuns, and in the beekeeping industry.
They do not evacuate air before treatment, therefore a | onger
exposure time is usually necessary. Some units introduce EO into the
chanmber under pressure, then after treatnent, flush out the EOwth
pressurized air. Ethylene oxide is supplied as a gas mixture in
cartridges. Some units have no venting nechanism and rel ease all of
the EO used directly into the workplace. Other units vent em ssions
by manual punping through a charcoal adsorbent on the top of the
unit.

Ampul e/ Li ner Bag- -

Wth this method, the article to be sterilized and a broken
anpul e of 100 percent EO are put into a plastic liner bag. The bag
is closed with a twist-tie, put into a non-gasketed netal container
and |l eft undisturbed for 12 hours. The EOis intended to escape
slowy into the atnosphere. The purpose of the metal container is to
prevent inadvertent ignition of the EQ air m xture in the bag.

Sterijet System -

The Sterijet systemis marketed to hospitals and the nedica
products industry. It is simlar to the anpule/liner bag in that the
EO used is intended to escape slowy froma confining encl osure.
After the article to be sterilized is placed in a pouch, the pouch is
attached to a gas delivery machi ne which closes the bag around a
protrudi ng nozzle, draws a slight vacuum on the pouch, injects a
preneasured anount of EO mi xture and heat-seals the pouch. The pouch
is then placed in an aeration cabinet at 50°C (122°F) for 12 hours as
nmost of the EO | eaks out. After 12 hours, the package has a
vacuumti ght appearance which remains until the package is opened
either intentionally for use of the contents or accidentally. Because
the vacuumtight appearance is lost if the package is accidentally
punctured, the appearance serves as a visible indicator of sterility.
Some EO remains in the pouch for as |long as 36 hours after
sterilization.
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Tent Fum gati on- -

Tent fum gation is used only at ports of entry to fum gate cargo
infested with snails or certain plant disease organisns. Procedures
are specified by the U S. Departnment of Agriculture (USDA) and
treatnment is supervised by USDA inspectors.

The cargo to be fum gated is placed on a concrete or other
i npervious surface and is covered with a vinyl, rubber-coated nyl on,
or polyethylene tarpaulin which is sealed around the edges. A wooden
frame built over the cargo supports the tarpaulin. A 10 percent
EQ' 90 percent carbon dioxide mxture is used for fumgation. Air in
the enclosure is circulated by fans. After the fum gation period is
over, the EOis dispersed fromthe enclosure either by the
circulation fans or by | arge exhaust fans.

No Cont ai nnent - -

In sone instances, the article to be fum gated serves as the
container for the EO fumigant. This nmethod is used primarily for the
fum gation of railroad cars, but may al so be used for roonms or entire
bui | di ngs. In the case of a railroad car, the car is isolated, al
openi ngs but one are seal ed, and warning signs are posted. An
operator places a cylinder of EOin the car, opens the valve, exits
the car and seals the opening. After about 6 hours, the seals are
renoved and the car is aired out.

Em ssi ons

An estimate of the ampunts of EO used per year for various
fum gation/sterilization purposes is given in Table 9. This estimte
was prepared by EPA's O fice of Pesticide Prograns. It shows that a
total of 2600 to 3900 My (5.7 to 8.6 x 1051b)/yr of EOis estimated
to be used for these purposes. This anpunt is 0.1 to 0.17 percent of
the total predicted 1983 EO production.® About 0.024 percent of the
total EO production (0.5 Gg, 1.1 x 10% Ib) is used for
sterilization/fum gation in nmedical facilities.®
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TABLE 9. M SCELLANEQUS USES AND USE RATES OF ETHYLENE OXI DE AS A FUM GANT
AND STERI LANT ° @

Site

Et hyl ene Oxi de Used, My/yrP®

Manufacturing Facilities
(production of sterile nedica
di sposabl es)
Medi cal Facilities
Hospital s
Medi cal clinics
Dental clinics
Doctors (private)
Dentists (private)
TOTAL

Veterinarians (private and clinics)
Museuns
Li brari es/archives
Research Laboratories
Annual breeding
Drug/ medi cal devi ces
M cr obi ol ogi cal / cancer
TOTAL

Rai | road Cars

Beehi ves (State, USDA)

USDA Hi gh Cont ai nment Research Labs
USDA APHI S Quarantine Port of Entry
Spi ces

Bl ack Wl nuts

Cosnetics

Dai ry Packagi ng

TOTAL

a Estimates prepared by Benefits and Use Division,
Progranms, U.S. Environnental Protection Agency,
b Multiply by 2,200 to convert to mllions of pounds.

¢ 1976 val ue.

400 to 450¢
50
29.7
16. 8
3.3

22. 7
250 to 410
2.3 to 11.4
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1, 500

500

275

34

RPOONOPR

11
14

coo

to 2,600

to 550
. 045

86

to 444
0

68 to 0.9
0

3
5
5

2,600

to 3,900
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Much of the EO used for sterilization/fum gation is rel eased,
either immediately or gradually, to the environment. |In nost
sterilization facilities, EO em ssions are released directly to the
at nrosphere. Some industrial sterilization facilities do, however,
control EO em ssions with add-on equi pnent such as incinerators,
scrubbers, and chem cal conversion vessels. Em ssions from sone
vacuum sterilizers are vented to a sewer or to a danp sponge. 1In
sone installations, EO em ssions are passed through an evacuati on
punmp where process water strips out EO and the EO containing
wast ewat er i s discharged to a nunicipal sewer or recycled.*' No
estimate is available for the amount of EO emi ssions released to a
sewer versus the amount rel eased directly to the atnosphere.

Al t hough EO is conpletely soluble in water, it has been shown to
revolatilize into air due to its having a vapor pressure greater than
that of water.!® Estimates of the anmpunt of dissolved EO that will
volatilize into air fromdrai nage water range from 60 to 95 percent;
however, definitive data docunmenting the anount of EO volatilized are
not avail abl e.

Some portion of the EO charged to sterilizers has al so been
shown to be retained in the treated materials and the contai ners used
to hold the treated materials.'2% |n a test at a spice sterilizing
operation, immediately after sterilization the spice materials were
found to contain 23 percent of the total amount of EO originally used
for sterilization. After 24 hours, the treated spices contained
about 9 percent of the original EO charge and after 1 week, the
retai ned amount was about 3 percent. !4

At nospheric EO em ssions fromsterilizers can be controlled by
ei ther chem cal conversion, wet scrubbing, incineration, or
reclamation. A description of each of these nethods is given bel ow. °

e Chemcal conversion - In chem cal conversion processes, a
weak acid solution is used to convert EO gaseous em ssions
to ethylene glycol liquid. The ethylene glycol can be sold
to reprocessors or disposed of. This method of EO em ssions
control is greater than 99 percent effective. One prom nent
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chem cal conversion systemfor controlling sterilizer EO

em ssions is the DEOXX® system desi gned by Chenrox, Inc.” In
an application at a spice sterilizing operation, the DEOXX®
system achi eved an average EO eni ssions reduction of greater
t han 99. 98 percent.'* DEOXX® EO em ssion control systens have
been or are scheduled to be installed in New York

Maryl and, M chigan, Utah, Hawaii, California, Florida,
Connecticut, Texas, Rhode Island, Illinois, Pennsylvania,
South Carolina, and M nnesota.’ Chenrox, Inc. has estinnated
that by the end of 1986, 35 to 40 percent of medical supply

manuf acturing sterilization facilities will have installed
or committed to install DEOXX® systens.®
Wet Scrubbing - In scrubbing devices, gaseous EO em ssions

are passed through water or a weak acid solution which
absorbs EO and produces limted conversions of EO to

et hyl ene glycol. Sone sources have judged scrubbing to be
mnimlly effective;!® however, one test of an industrial
sterilizer controlled by scrubbing produced an EO reduction
efficiency of 99.3 percent.!® The scrubber used at the
sterilizer operation was a bubble plate with a 3 inch

dem ster. The scrubbing nmedi umwas a weak sulfuric acid
solution with a water to sulfuric acid ratio of 10:1.%
Incineration - In this process, gaseous EO enissions are
converted to constituent el enents and conpounds, such as
carbon, hydrogen, oxygen, water, and carbon di oxi de, by
conmbusting the stream using conmon fuels |ike propane.

I ncineration processes are greater than 99 percent effective
at reduci ng EO em ssi ons.

Reclamation - In this process, refrigeration is used to
condense gaseous EO em ssions to a liquid for recycle and
reuse. Reclamation systens are specially designed for use
in EO sterilization operations with a gas m xture of 12
percent EO and 88 percent Freon® These systens are greater
than 99 percent effective at collecting reusable EO It has
been reported that only one sterilization operation in the
United States is using this reclamation procedure.®
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The deci si on on which EO eni ssions control nethod is nost appropriate
for a particular sterilization operation is dependent on the size of
the sterilizer units, the type of sterilization gas m xture used,
frequency of use of the sterilizer, and the nunber of sterilization
units that can be ducted to a single control system?®

It has been reported that one facility in the United States
ducts potential atnospheric em ssions from EO sterilization chambers

to storage vessels for recycle and reuse.!® Because sone air wll be
introduced into the EQ Freon sterilization m xture during
sterilization, the EO concentration will be |lower than at the start

of the sterilization cycle. To conpensate for the EO dilution
effect, higher pressures are used on each additional sterilization
pass. As the EO concentration systematically decreases, higher and
hi gher pressures are required for the sterilization. At sone point,
the required pressures are too high for safe sterilization. When the
EO concentration drops bel ow some minimumlevel, it is discharged and
the cycle starts over. 218

Sour ce Locati onst®

In 1976 there were | ess than 50 very large [>28.3 n¥ (1000 ft3)]
industrial sterilizers and about the sane nunber of snaller
industrial units. These were primarily in facilities which
manuf acture sterile di sposabl e nmedi cal supplies such as syringes,
needl es and m crobi ol ogi cal | aboratory supplies. Life-support itens
such as pacemakers, bl ood oxygenators and di al yzers are al so
sterilized with EO. These facilities are in SIC G oup Nunber 384.
The trade association, Health Industry Manufacturers Association
(HIMA), in Washington, D.C., would be a good source of information on
the nunber and distribution of nedical supplies sterilizers.

Most hospitals have at | east one and perhaps nore EO

sterilizers. These units are also used in smaller nedical, dental
and veterinary clinics. In 1977 there were an estimted 1,000 to
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2,000 internediate to large sterilizers used in hospitals and nore
than 10,000 units in all used in hospitals and other nedica
facilities.

No detailed survey is available of the |ocations of these
sterilizers, or of other fum gating equi pment which uses EO
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SECTI ON 6
SOURCE TEST PROCEDURES

The U.S. EPA O fice of Research and Devel opnment (ORD) is
currently investigating viable source sanpling and anal yti cal
procedures for EO air em ssions, but has not yet published or
recommended any particul ar nethod. The sanpling and anal ysis nethods
presented in this chapter represent a collection of EO em ssion
detection and quantification techniques that have been published in
the literature as viable methods. These nethods are adaptabl e both
for grab sanpling with subsequent | aboratory analysis of the sanple
and for continuous nonitoring with direct readout of the EO
concentration. The presentation of these published nethods in this
report does not constitute endorsenment or recommendati on, nor does it
signify that the contents necessarily reflect the views and policies
of the U S. EPA

SAMPLI NG AND ANALYSI S

The various sanpling and anal ysis nmethods found in the
literature are listed in Table 10 along with a brief description of
t he advant ages and di sadvant ages of each. Sanpling and anal ysis

techni ques are discussed in general terns bel ow

Sanpl i ng Met hods

Most sanpling methods for EO are oriented to personne
monitoring or, nore generally, to anbient air nonitoring. The nost
wi dely reported of these enploy solid adsorbent tubes of charcoal or
Tenax-GC. The EO is desorbed fromthe tube either with carbon
di sul fide or by thermal desorption. The breakthrough vol unmes of both
charcoal and Tenax-GC are adversely affected by high humdity. Since
EO control processes use water absorption, it m ght be expected that
t hese sampling procedures would not performwell in source sanpling.
The National Institute for Cccupational Safety and Heal th (N OSH)
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TABLE 10. SELECTED

PROCEDURES FOR ETHYLENE OXI DE MONI TORI NG

Sanpl e Col | ection Met hod

Anal ytical Method

Conment s

Sorbent Tube with Activated Charcoal
- NICSH Method (2 tubes in series; adsorbing tube
devi ce. Contains 400 ng charcoal and back up tube
contains 200 ng charcoal).
- OSHA Method (2 tubes in series; each contains
150 ng charcoal).
- Qazi-Hetcham Method (1 tube; front section
charcoal and back up section
contains 390 ng charcoal).

I mpi nger (gas bubbl e tube containing Iiquid nedium
- Romano Method (EO converted to EOin a 0.1N
sul furic acid solution).

- Bolton Method (EO converted to EGin 20 percent
sul furic acid solution).

Sanpl e Bag (Tedl ar)

- Desorption with carbon disulfide and

gas chromat ogr aphi c determ nati on.
or

- Thermal desorption and gas chronato-

graphi c determ nati on.

- Neutralization of absorbing acid
solution with 50 percent potassium
hydr oxi de and gas chronmat ographic
det ermi nati on.

- Oxidation to formal dehyde and
colorinetric determ nati on based on
reaction with sodi um chronmatropate.

- Gas chronmat ographi c determ nation

Advant ages:

- Smal |, portable sanpling

- Mninmal interferences.

Di sadvant ages:

- Breakt hrough can occur.

- In areas with greater than
60 percent relative 700 ng
hum dity, 10 contains to
40 percent EO | oss found
with sanple volunme 10 liters.

- Not suitable for extrenely
short sanpling periods (15

m nut es)

- Requires cold transportation

and storage conditions.

Advant ages:

- Absorption efficiency not
subject to anbient air
tenperature or relative
hum dity.

Di sadvant ages:

- Cunber sone sanpl e apparat us.

- wet nethod anal ysis (Bolton
Met hod) . during

- Possible spillage during
sanpling and transfer.

- Requires correction for
evapor ati on.

Advant ages:

- Suitable for 8-hour or short
term (5 mnutes or |ess)
sanpl es.

- No sanple loss at 50 ppm EO

during 5 day storage period.

- No need to transport under
cold conditions.

Di sadvant ages

- Bul ky sanpl e appar at us.

- Possible penetration by sharp
obj ect .

- Bags may not be reusabl e due

to EO adsorption on walls.



sanpling tube assenmbly consists of two separate | arge tubes, the
first containing 400 ng and the second (a backup) containing 200 ny
of activated coconut charcoal.

| npi ngers, when used, are filled with a dilute sulfuric acid
sol ution which converts the captured EOto ethyl glycol. Before
analysis, the solution is neutralized with 50 percent potassium
hydr oxi de. 23

For stack gases, particularly those fromincineration, a known
volume of gas is collected in an evacuated 2-liter gas bulb. The
bul b shoul d be coupled directly to a separate sanpling line fromthe
stack and not coupled with any other sanpling train.*

Tedl ar bags, though bul ky, may be used to capture a known vol une
of anmbient air.! This sanpling procedure should al so be adaptable to
source sanpling.

When attenpting to establish a material bal ance for EO charged
to and rel eased fromsterilizer facilities, all possible paths for EO
rel eases need to be assessed. |In addition to atnospheric discharges,
sone EO may al so be absorbed in evacuation punp water, retained in
the treated product, and bled off and recycled for reuse. Desai and
Buoni core have recently presented procedures for use in testing EO
sterilizers that assess all these pathways for EO em ssions.?®

Anal yti cal Met hods

Gas chromat ography (GC) coupled with flane ionization detection
(FID!*is currently the method of choice for EO analysis and is the
basis for the NIOSH nmethod for determ nation of EO. For the N OSH
met hod, the colum is filled with Porapak QS. The NI OSH nethod is
consi dered specific for EO as long as there is no other conpound
present with the same retention time. A change in the separation
condi tions, such as colum packing or tenperature, wll usually
circunmvent interference problens. The method is accurate over a w de
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concentration range. It was validated at EO concentrations of 41 to
176 ng/nt. At the OSHA standard of 90 ng/n? (50 ppm), the total
sanpling and anal yti cal nethod has a standard deviation of 9.3 ng per
cubic nmeter.?3

O her avail abl e anal ytical methods include: 1) hydration to EG
(in an inpinger), oxidation to formal dehyde, then colorinetric
determ nation of the formal dehyde by its reaction with sodi um
chronotropate; 2) spectrophotonetry; 3) volunmetric methods; and 4)
conversion to ethylene chlorohydrin, then analysis of the
chl orohydrin by nmass spectronetry or gas chronat ography.

DI RECT | NSTRUMENTATI ON METHODS

A variety of direct-reading instrunents are available for
determ nation of EO concentrations in air. These instrunents, which
may be portable or fixed continuous nmonitors, are primarily intended
for area nonitoring situations. Available instrunents for direct
nmoni tori ng of EO concentrations are described in Table 11.

The npbst commonly used instrunment for direct reading of EO
concentrations is the infrared gas analyzer. It may be a portable
unit or part of a fixed, nulti-point continuous nonitoring system
Two wavel engths are used for EO nonitoring--11.8 pm and 3.3 pm
Freon, a comon nonfl anmabl e carrier in EQ gas m xtures, interferes
at the 11.8 pum wavel ength. Alcohols interfere at 3.3 um!t

GC-FI D, the nost commonly used nethod for grab sanpl e anal ysis,
is also used in portable instruments. One such unit features a
sel ective absorbent filter in the input line to the FIDto elimnate
interference from Freon.!?
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TABLE 11.

SELECTED ETHYLENE OXI DE DI RECT MONI TORI NG METHODS!

Met hod ( Manuf acturer)

Det ecti on

Range,

ppm

Specificity

Renar ks

Infrared Spectrophotonetry
(Beckman)
(Foxbor o/ Vi | ks)
(M ne Safety Appliances)

Fl ane lonizati on Gas Chronat ogr aphy
(Century)

Phot oi oni zat i on
(HNu Syst ens)

Col orinetry
(Nat i onal
( SKC)

Dr aeger)

Conbusti bl e Gas Detection
(Bachar ach)
(Ennet)
(Rexnor d)
(Surgicot)
(Gas Tech)

Solid State Sensor

(I'nternational Sensor Technol ogy)

<50
1-10, 000
1-12, 000

0.5-1, 000
(TGO)

0.1-2,000

25-500

1-10, 000

1-100

3, 000- 30, 000

>50

20-1, 000

1-150

Interference from Freon at
al cohol at 3.3 pm

11 m

Detects total organics if GC not used.
Wth GC, specific to EO except for
conpounds vith simlar
Sel ective filter can elimnate Freon
interference

Interference by any conpound which
i oni zes below 0.5 el ectronvolts

Interference by propyl ene oxi de,
Et hyl ene,

ket ones, al dehydes, esters

Det ects any conbusti bl e gas

Interference by CO, H,, NH;

retention tines.

Limted accuracy bel ow 10 ppm

audi bl e al arm and
avai | abl e.

Met er readout,
strip chart recorder

Requi res daily calibration.

Accurate within 15 percent. Grab

sanpl es only.

Sone may be used for renote
noni t ori ng.
Non- | i near scale, slow

cl earance to zero when operated
conti nuously.
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APPENDI X A
DERI VATI ON OF EM SSI ON ESTI MATES FOR FUG Tl VE
EQUI PMENT LEAKS BASED ON EPA EM SSI ON FACTORS

The material in this appendi x supports the em ssion estimtes for fugitive
equi prent | eaks presented in Table 6 and Table 7 of the main text. These
derivations assune "nodel" air oxidation and oxygen oxidation plants, having a
speci fi ed nunber of valves, punp seals, conpressors, etc. As such, the
estimtes will not necessarily apply to a particular facility. Incorporated in
these estimates are EPA's emi ssion factors for fugitive | eaks and EPA' s
estimtes of control efficiencies that would result from application of
Reasonabl y Avail able Control Technol ogy (RACT), as defined in the Control
Techni ques Cuideline (CTG, and the New Source Performance Standards (NSPS).



TABLE A-1. FUG Tl VE EQUI PMENT LEAK PARAMETERS - Al R OXI DATI ON MODEL ETHYLENE OXI DE PRODUCTI ON PLANTA

Contr ol Controll ed EO
Em ssi on Source Nurber of Em ssi on Factor Uncontrol l ed EO Efficiency (%° Em ssi ons (kg/ day)
Sour ces (kg/ day/ source)® Enm ssi ons (kg/ day) CTG NSPS CTG NSPS

Punmp Seal s

Light liquid 27 1.19 15.9 33 61 10.7 6.2

Heavy liquid - - - - - - -
Val ves

Gas 200 0.13 13.2 64 73 4.8 3.6

Li ght Li quid 581 0.17 49.3 44 59 26.7 20. 2

Heavy Liquid - - - - - - -
Saf ety/ Rel i ef Val ves

Gas 60 2.5 75 44 100 40.5 0
Open Ended Lines 192 0.04 (d) 100 100 0 0
Compr essor s 6 5. 47 16. 2 33 100 6.6 0
Sanpl i ng Connecti ons 145 0. 36 12.0 0 0 12.0 12.0
Fl anges 1, 214 0.02 12.0 0 0 12.0 12.0
TOTAL 188. 2 112.2 42.0

@ Frommaterial in Tables 3-4, 4-2 and 5-3b in Reference 1. The equi pment counts al so include integrated EO derivitive plants.

b These are total VOC emissions. On average, each conponent sees 50 percent EO service, so a factor of 0.5 is introduced when
cal cul ating EO emi ssions. Actual EO service will vary from<5 to >99 percent in individual conponents.

€ See Table A-3 for a brief description of assuned control techniques.

¢ All open ended lines (in nodel unit) are assuned to be controlled, therefore, there are no associ ated eni ssions.

©¢ 75 percent of sanpling connections are assuned to be controlled; therefore, the enmissions are based on 36 of 145 sanpling
connecti ons.



TABLE A-2. FUG Tl VE EQUI PMENT LEAK PARAMETERS - OXYGEN OXI DATI ON MODEL ETHYLENE OXI DE PRODUCTI ON PLANTA

Cont r ol Controlled EO
Em ssi on Source Nurber of Em ssi on Factor Uncontrol l ed EO Efficiency (%° Em ssi ons (kg/ day)
Sour ces (kg/ day/ source)® Enm ssi ons (kg/ day) CTG NSPS CTG NSPS

Punmp Seal s

Light liquid 30 1.19 17.8 33 61 11.9 6.9

Heavy liquid - - - - - - -
Val ves

Gas 177 0.13 11.52 64 73 4.1 3.1

Li ght Liquid 693 0.17 58.9 44 59 33.0 24.12

Heavy Liquid - - - - - - -
Saf ety/ Rel i ef Val ves

Gas 26 2.5 32.3 44 100 18.1 0
Open Ended Lines 160 0.04 (d) 100 100 0 0
Conmpr essor s 3 5. 47 7.9 33 100 5.3 0
Sanpl i ng Connecti ons 40 0. 36 1.6¢ 0 100 1.6 0
Fl anges 1, 738 0.02 17.5 0 0 17.5 17.5
TOTAL 147.5 91.5 51.6

a Frommaterial in Tables 3-4, 4-2 and 5-3a in Reference 1.

b These are total VOC emissions. On average, each conponent sees 50 percent EO service, so a factor of 0.5 is introduced when
cal cul ating EO emi ssions. Actual EO service will vary from<5 to >99 percent in individual conponents.

€ See Table A-3 for a brief description of assuned control techniques.

¢ All open ended lines (in nodel unit) are assuned to be controlled, therefore, there are no associ ated eni ssions.

¢ 75 percent of sanpling connections are assuned to be controlled; therefore, the emissions are based on 5 of 40 sanpling

connecti ons.



TABLE A-3.

FUG Tl VE EQUI PMENT LEAKS CONTROL TECHNI QUES!

Em ssi on Source

Control Techni gue?

CTG

NSPS

Punp seal s
(l'ight liquid)

Val ves (gas or
['ight |iquid)

Safety/relief valves
(gas)

Open-ended |ines

Conpr essors

Sanpl i ng connections

LDAR
(quarterly nonitoring)

LDAR
(quarterly nonitoring)

LDAR
(quarterly nonitoring)

Caps

LDAR
(quarterly nonitoring)

None

LDAR
(rmont hl'y nonitoring)

LDAR
(rmont hl'y nonitoring)

Per f or mance
st andar ds+ ¢

Caps

Seal system

Cl osed purge system

a References 2 and 3,

respectively,
t hose corresponding to the CTG (Contr ol

(New Sour ce Perfornmance Standard).
b LDAR - Leak Detection and Repair.

¢ Except during pressure rel eases,

di scuss control

relief val ves nust

neasures that constitute
Techni ques Cui del i ne) and NSPS

be operated with no
detectabl e emi ssions as indicated by an instrunent reading of |ess than

500 ppm above background. After a pressure release episode, a relief

val ve nmust be returned to a condition of no detectable em ssions as

i ndi cated by an instrunment reading of |ess than 500 ppm above background,
as soon as practicable, but no later than five cal endar days after the
rel ease. See 40 CFR, Subpart VWV, 60.482-4 for nore information on relief

val ve requirenents.
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