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r:n) HT Research rnsmuté
AN 10 West 33 Street, Chicago, Minois 80816
b 312/225-9630

September 27, 1974

Secretary, Technical Task Group on
Vinyl Chloride Research
Manufacturing Chemists Association
1825 Connecticut Avenue, N.W.
Washington, D.C.- 20009

Attention: Dr. Xenneth D, Johnson

Subject: Proposal Ko. IITRI-75-68C
"The Role of Vinyl Chloride in
the Urban Industrial Environemnt"

Dear Dr. Johnson:

In response to your letter, dated August 6, 1974, IIT
Research Institute is pleased to present a research program

aimed toward the elucidation of possible health problems
related to the presence of wvinyl chloride in the atmosphere.

The object of this proposed program is to find the answers -
as rapidly, facilely and thoroughly as possible, and each
phase of the program will progress only if warranted from the
results of the previous step. '

« A 6-man-month study is first presented with a cost estimate
of $35,000, This phase of the program is devoted to the
gathering of information in the field regarding the concentra-
tion of vinyl chloride as well as species that may be formed
from it in the ambient air surrounding several vinyl chloride
plants. A careful .search will be made for the presence of
any harmful or even potentially harmful agents.

If the fleld testing shows the presence of undesirable
intermediates and products and does not allow sufficient under-
standing of the processes leading to the formation of such
substances, then a second phase of the program 1s suggested.
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This phase is desigr(xe& to obtain an under'standfhg) of the photo-
and thermochemicei behavior of vinyl chloride in the urban-
‘industrial atmosphere. -Based on the results of the first

phase work, carefully selected laboratory scale and smog
chamber experiments will be devised to achiave this goal.
Kinetic information will be obtained on the decomposition of
vinyl chloride as well as on the formation of its reaction
products. The smog chamber research may also include the
examination of the behavior of vinyl chloride in a typical
Chicago aerosol. An accurate understanding of the chemical
properties of vinyl chloride in polluted air is vital in

order to establish appropriate counter-measures against

the accumulation of vinyl chloride or toxic matter formed

from its presence. The duration of this part of the program
is estimated to be one-man-year if carried out to its entirety.
No cost estimate will be given at this time.

Respectfully submitted,
IIT RESEARCH INSTITUTE
. .

—
—_— - ¢ . w————

i . i
Fliage Al

P . Max Lustig ‘
Research Chemist
Chemical Energetics Resezrch

I. J. Solomon
Chief Scientist
- Chemistry Research

Approved by

M, J. Klein
Director
Chemistry Research
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THE ROLE OF VINYL CHLORIDE IN THE URBAN~INDUSTRIAL ENVIRONMENT

1. INTRODUCTION

. The purpose of our proposed investigation 1s to ascertain
the fate of vinyl chloride in urban-industrial air, particularly
with respect to its toxic effect on human beings. The cause=-
effect relationship between vinyl chloride and cancer in
workers, who are in daily contact with it, has recently become
an important soclal issue. Possibly vinyl chloride may be a
precursor to one or more carcinogens formed from it eilther in
the atmosphere and/or in the human system. The important
questions that must be answered are: (1) what happens to
vinyl chloride once it enters the atmosphere, how long a time
period does it remain intact, and (2) is.it converted to
potent carcilnogens or otherwise hazardous substances or harm~
less agents.

Very little is known of its fate when it is present in
the atmosphere other than 1its reported mild photoreactivity.
However, Dr. P. Hanst1 of the Environmental Protection Agency
has performed smog chamber experiments and has found that
vinyl chloride is photochemically converted to hydrogen
cﬁloride, water vapor, carbon monoxide, carbon dioxide, formal-
dehyde, and formic acid., The latter, formic acid, is a pre-
sumably an oxidation product of formaldehyde. These products
can be explained, for the most part, as being derived via
zwitter ion intermediates postulated by Criegee2 from the
ozonation of alkenes, i.e.,
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According to Hanstl, there is no evidence for the formation

of an epoxide, 0

/\
HzC-CHCL,

which has been postulated as.a carcinogen. This epoxide may
be formed by enzyme action on vinyl chloride when it is present
in the human body, but confirmation of this point is not to

be considered in the present work.

Because of Hanst's results, we propose proceeding directly
to field tests as our first phase study and monitor for such
constituents as vinyl chloride, hydrogen chloride, formal~
dehyde, formic acid etc. We will also perform a careful search
for any alr component that can be hazardous. If these results
are not completely understood it may be necessary, with the
agreement of IITRI and MCA, to conduct additiomal laboratory
experiments.
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2. WORK STATEMENT
2.1 Field Tests (Phase 1)

s A large number of air samples will be collected and
analyzed.

®» Analytical techniques will be tested and developed to
meet the program goals., '

2.2 Laboratory and Smog Chamber Experiments (Phase II)

» If the objective of the program is not achieved by
field testing, then, upon mutual agreement between MCA and
IITRI, & variety of selected laboratory experiments will be
conducted in order to determine the behavior of vinyl chloride
towards known alr pollutants.

e Analytical methods will be adapted to the continuous
" monitoring of the progress of the reactions,

' ¢ Reaction kinetics will be measured.

® These reactions will also be evaluated within a smog
chamber, '

‘ ® The smog chamber work will include the ‘examination of

the reactivity of vinyl chloride in a typical Chicago aerosol.
3. RATIONALE AND PROPOSED WORK

The results made avallable by Hanst* are very valuable

because they provide us with the information needed to conduct
field tests as our first stage of the program, since we know
what substances for which to monitor. If, e.g., hydrogen
chloride, formaldehyde etc. are present in greater than their
normal atmospheric abundance and not produced from other sources
than vinyl chloride plants, then these substances are the
presumed products of this precursor, provided equations (1)

and (2) are valid as being representative of the principal
reaction paths. Conventional procedures for sampling and
analysis should be adequate for this work, (see section 3.1.2).
However, some effort would be required to determine the
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stability and recovery of the vinyl chloride from the sampling
collector. In addition, techniques already developed by IITRI
for ambient air sampling and analysis will also be utilized
in this program. We believe that the application of the

gas chromatograph-mass spectrometer will be enormously bene-
ficial to .air constituent identification, for each of the
numerous peaks expected on the gas chromatogram will be related
to a mass spectral cracking pattern that can be used for
identification purposes. Also available at IITRI is dual
column chromatography which is one of the most refined tech-
niques for resolving similar components in a mixture. If our
analyses do not indicate the presence of known harmful agents
or even potentially toxic substances, then the program can

be re-evaluated at that time.

If, on the other hand, such substances are found, then
it would be necessary to proceed to ag in-depth examination
to elucidate their nature and the processes leading to these
materials with laboratory and smog chamber experimeﬁtation
-in order to conceive of procedures to retard their formatlon.
Enough information needs to be accumulated in order to ‘predict
hazardous events in advance. To achieve this goal, information
concerning the distribution of pollutants from a vinyl chloride
facility, the chemicsal propertieé of these pollutants, plant
production habit, and meteorological data must be correlated.
Therefore, more samples need to be collected but under
different weather~or climate conditions and at various times
relative to vinyl chloride production.

Consequently, the field testing will be conducted in the
following manner. Initially, samples will be collected at
three different plants, at the plant cite and at several
instances from the plant simultaneously at various time inter-
vals during the diurnal period. Approximately 30 samples
wlll be collected at each plant vicinity. If unacceptable
quantities of vinyl chloride or other hazardous susbstances
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are identified, then the sampling will be performed once again
toward the end of this phase cf the program to check the
initial results and also to take into consideration changes

in weather or climatiec conditions. Three plant sites will be
selected to allow for the different nature of air pollutants
in the enviromnment of each plant. A portable weather

station, developed by MRI, will be employed.

The laboratory and smog chamber experiments will be more
time consuming and expensive and we will proceed to these
studies only if it is felt (by agreement between IITRI and MCA)
that the Field Monitoring Studies have not satisfactorily
defined the problem and not answered the question as to the
fate of vinyl chloride in the environment. Eventhough these
studies may not be carried out, they will be discussed at
the present time.

In the laboratory we plan to rapidly and as simply as
possible demonstrate the gross chemical behavior of vinyl
chloride individually or in ccmbination with common air con=
taminants. For example, 1ts thermo=-(dark) and photochemical
reactions with ozone, nitrogen oxldes (Nox) and various
hydrocarbon derivatives including aldehydes etc. known to be
present in the urban air will be studied on the laboratory
scale using routine thermolysis and photolysis techniques.
The information obtained from such experiments will permit
kinetic and mechanistic interpretation of the reactions
taking place. At the same tine, techriques and methods for
product identification and characterization will be developed.
Particular scrutiny will be given to those agents which may be
potential carcinogens or otherwlse toxic., A number of ana-
lytical methods can be of general utility for detection and:
identification, such as gas chromatographic retention times
gas chromatography-mass spectrometry combination, and several
spectroscoplc techniques (optical, nuclear magnetic resonance,
electron paramagnetic resonance, mass spectroscopy), and wet

IIT RESEARCH INSTITUTE
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analytical procedures.

There can be differences between reactions taking place
in the confines of a laboratory apparatus and those occuring
in the open environment, i.e., in the former case surface
contact can alter the course of reactions while in the latter
the surface contact is minimized. Consequently, a simulation
of the ''open'' environment can be obtained by use of a smog
chamber. So the next step of Phase II will involve smog
chamber studies of carefully selected reactions from the group
considered above using vinyl chloride as the common substrate.
Simulated sunlight will be applied. Analytical procedures
will be adapted for the direct and continuous monitoring of
products formed within the smog chamber, and comparisons will
be made with the laboratory scale reactions.

Once the behavior of vinyl chloride is generally under-
stood, more sophisticated experiments will be conducted
invelving vinyl chloride in a typical Chicago aerosol within
the smog chamber; this aerosol will include not oaly molecular
substances but also particulate and pollen matter. The same
general analytical procedures will be applied to this phase
of the research, except that the sensitivity of the techniques
will be in the ppm and pphm range.

3.1 Field Monitoring Study
3.1.1 Field Sampling

Samples of alr (between 90 and 180 Samples) will be
collected near three vinyl chloride facilities at various time
intervals during the diurnal period and simulfaneously at
the plant cite and different distances from the plants.
Samples will be analyzed at IITRI for vinyl chloride and other

major components present. Those specles which may be potentially

harmful will be characterlzed by spectroscopic methods adapted
to the determination of trace quantities. Sampling and

11T RESEARCH INSTITUTE
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analytical techniques will be developed to satisfy the require-
ments of the program, although conventional procedures should
generally apply. In addition several sampling methods developed
at IITRI should be directly applicable to these studies, but,

in this program as well as in others, preliminary sampling and
recovery experiments will be required to determine the efficiency
of the over-all method.

3.1.2 Analvytical Methodology

Analytical procedures of high sensitivity for isolating
and determining the organic and inorganic materials derived from
vinyl chloride are well established. Some general methods also
have been developed at IITRI for application to ventures similar
to that proposed herein. All the procedures involve collection
of gaseous substances by entrapment via absorption or adsorption
in a matrix. The materials are then chemically or thermally
desorbed and then measured by a techn}quesusing a two-column
gas chromatograph coupled to a mass spectrometer or by chemical

analysis. Furthermore, gaseous constituents in air can be
identified in the ppm or even pphm range by & varlety of spectro-

scopic techniques. Gas chromatograph-mass spectrometry is one
very important tool that can be used for routine detection and
identification at very low concentration levels. Optical spectra
measurements (ultraviolet, visible, infrared) of ambient air

carf be obtained by placing gaseous samples either in cells
containing mirrors to achleve long path lengths or by freezing
the samples in a-solid matrix at a low temperature. This
analytical application has been used with success in other rela-
ted studies. Some specific and relevant techniques already
employed are described below.

3.1.2.1 Collection and Detection of Organic Vapors in Air

The organic components of air to be analyzed will be
collected using method number P&CAM 127 developed by NIOHS.
That is, organic vapors present in air are adsorbed on activa-
ted charcoal as a known column of air is drawn through the

(1T RESEARCH INSTITUTE :
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specially designed tube. The compounds adsorbed on the charcoal
are desorbed by carbon disulfide. A aliquat of the desorbed
sample 1s then analyzed by gas chromatography. Vinyl chloride
present in the mixture can be detected in the ppm level using
a 6' x 1/8" stainless steel column packed with 0.4% carbowax
1500 on Carbopack a3 The analyses are performed at room
temperature and a nitrogen flow rate of 20 cc/min and its
retention time is 2 min. If increased resolution is required
due to sample complexity an alternate two column gas chroma-
tographic technique developed at this institute can be used.
The procedure involves the transfer of the substances produ-
cing an individual peak ta a secondary column where additional
separation can take place. The two columns are of opposite
polarity for msximum separation.

3.1.2,2 (Collection and Detection of Gaseous Hydrogen
Chloride in Air

Gaseous hydrogen chloride may be detected in the air in
the ppm level using a technique developed by T. Okitaa. A
known volume of air is drawn through a combination millipore-
sodium carbonate impregnated filter. The chloride collected
on the filter was entraced in boiling water. The analyses
of chloride was made colorimetrically using the Volhard
method. It is important to note that organic chlorides such
as ‘vinyl chloride are not trapped on the filter.

3.2 Laboratory and Smog Chamber Experiments

3.2.1 Laboratory Experiments

The results of Phase I may necessitate an extended program
if hazardous agents are found. To obtain more elaborate
statistics, more air samples will be collected under varying
weather conditions and plant production schedules and the data
will be correlated according to these wvariables. Based on the
findings from the Phase I work, several selected photo« and
thermochemical reactions between vinyl chloride and the known
ailr pollutants, individually, will be studied. These experi-
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ments would be the fastest and easiest manner to obtain resul
The progress of the reactions will be monitored continuously.
The products will be identified and the reaction kinetics wil
be measured.

ts,

1

3.2,2 ‘Smog Chamber Extensgion of Laboratory Scale Experi-

ments

Because gas phase reactions on a lagboratory scale may
be inhomogeneous due to surface effects, it may prove advisab
to examine some of the same reactions in a smog chamber where

le

these surface catalyzed effects are minimized. These reactions

would also be followed by monitoring devices and kinetic
comparisons will be made.

3.2.3 Urban Aercsol Smog Chamber Experiments

Because aerosols contain particulates in addition to
molecular species, there may be differences between the
chemistry of a real air and that simulated in the discussion

above (see 3.2.1 and 3.2.2). Consequently, it may be desirable
to extend our study 1if there are still inconsistencies between

the field observations and those from experiments’ described
above. For the "real" air a typical Chicago aerosol will be
employed.

4. TIME AND COST ESTIMATE'

.

The cost for the first 6-man-month Phase I work (field
monitoring) is estimated to be $35,000. This figure includes
staff, labor, material and travel costs and will not be
exceeded without your approval. Fhase II cannot be costed
at this time.

5.  BACKGROUND '

Of particular importance to this study is the current
program which we are conducting for the U.S. Environmental
Protection Agency in which we are characterizing PAN-Type
compounds as well as their modes of formation and decompo=-

1t'T RESEARCH INSTITUTE
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sition in photochemical smog. This particular research was
initiated by in-house funding and later supported by the NSF
and presently by the EPA, A new program under consideration
by the NSF deals with the isolation and identification of the
111lusive NO3 radical, a short-lived substance proposed to be
present in any atmosphere containing Nox. Additional perti-
nent information detailing our experience is enclosed.

6. PERSONNEL CAPABILITIES, FACILITIES, AND INSTRUMENTATION

6.1 Personnel

. The research personnel that will be associated with this
program are eminently qualified to perform the intended
research. Refer to personnel chart below. Dr, I,J. Solomon,
Principal Investigator, has been managing environmental oriented
programs for several years. Dr. M. Lustig, Co-principal
Investigator, has been performing research on a current EFA
ailr pollution project involving the'%tud? of the formation,
decomposition and characterization of PAN-Type compounds
formed in a photochemical smog. Dr. H.J. O'Neill will direct
the analysis studies for this program. He has directed
projects invclving collection and analysis of ambient air
samples. Dr. B.K. Krotoszynski and Anne D. O'Donnell will be
available for this project. These individuals are competent
to perform the iridicated analytical research. Mr. A. Kacmarek
has conducted synthetic work on prior air pollution programs.
Dr. W, Elsenberg is an organic photochemist whose background
includes kinetic studies of primary photochemical processes,
and Dr. E. Knutson 1s an Aerosol and Fine Particles Research
Scientist and versed in smog chamber studies. More detailed
information concerning these individuals may be found in the
enclosures.

11T RESEARCH INSTITUTE
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Personnel Chart

Dr. M.J. Klein
Director of Ressarch

|

LA

Dr, I.J. Solomon, Chief Chemist
Principal Investigator

L

Dr. M, Lusci%, Research Chemist
Co-principal Investigator

—

Dr. H.J. 0'Neill, Manager
Analytical and Organic Research
Dr. B.KR. Krotoszynski,.Sr. Chemisgt
Dr. E. Eisenberg, Research Chemist
Dr. E. Knutson, Research Scientist
Mr, A. Xacmarek, Research Chemist
énne D O'Donnell, Research Chexist

Investigators

6.2 TFacilities

Important to this study are two aerosol chambers at IITRI,
one of which would be dedicated for use as a smog chamber in
the proposed study at no cost to the Manufacturing Chemists
Association. Since the study of vinyl chloride reactions may
involve toxic reaction products, safety of laboratory personnel
is a consideration. This aerosol chamber was specifically
designed for the study of toxic aerosols. Both the chamber and
the laboratory in which it is housed are operated under negative
pressure. The chamber can be vented through a high efficiency

11T RESEARCH INSTITUTE
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particulate filter, with provision for & charcoal bed gas
abgorber.

For the proposed application to the study of vinyl chloride
reactions, the chamber will be equipped with a cylindrical
gas reaction bag constructed of an appropriate polymer £iim.
Ultraviolet (UV) irradiation will be accomplished by a battery
of fluorescent "sun" lamps or "black'" lamps mounted around
the reaction bag. It is estimated that approximately 72
forty-watt lamps will provide the desired intensity.

The polymer film used to construct the gas reaction bag
must be selected to have good UV transmission, good stability
when exposed to UV and minimal surface chemical activity.
Teflon is accepted as a lining material for smog chambers used
in studies of photochemical smog reactions. Tests will be
conducted to insure that Teflon does not emit haloginated
hydrocarbon species which might interfere with the reactions
of vinyl chloride.

Approximately 3 KW of electric power will be required for
the UV lighting. It 1is anticipated that the massive steel
construction and good thermal contact provided by the aerosol
chamber 4in the photograph will prevent signiiicant temperature
rise in the volume of the chswmber. The initial tests planned
for the smog chamber will utilize alr contaminated with high
concentration of the common urban pollutants, as well as vinyl
chloride.

Adequate labdratory space is available. GSeveral
photochemical apparatus for laboratory scale synthesis can be
employed in this study. High vacuum facilities for the trans-
fer and manipulation of gaseous substances are in routine
sexrvice in the Chemistry Division.of IITRI,

11T RESECARCH INSTITUTE
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7.  CONCLUSTON

We have outlined a program intended to answer the perti-
nent questions regarding the behavior of vinyl chloride in
polluted air. It is flexible and can be concluded at any

stage depending on the results of the previous part and the
requirements of the sponsor.

I1IT RESEARCH INSTITUTE
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SYNOPSIS OF PAST TITRT PROGRAMS RELATED TO THE PROPOSED
VINYL CHLORIDE STUDY

Development of Analytical Methods and Test E uioment for
Determination of Hydrocarbon Contaminants, Contract No,
NASS-2681

A monitor to continuously analyze the compressed gas
supplies for non-condensable hydrocarbons, halocarbons aad
moisture at the 0.05 ppm level was developed and dellvered.

Tnformation Center for Organic Chemical Signatures, NSF,
uontract No, NSE-C

The purpose of this prbgram is to collect data to
characterize the structure of organic compounds from which
unknown compounds can be identified by matching signatures.
Data from infrared, nuclear magnetic resonance, mass spectro-
metry and gas chromatography is being obtained and processed.

The data is being indexed and wrepared for computer (IBM 7094)
input,

National Aeronautics and Space Auministra“ion (NASA) Technology
Tl vizatlion Survey on Air Dullution Hornitoring Instrumentation,
QASA-Heaoqparters. Contract No. NASw-1716

Under this contract, Information Sciences Personnel conducted
and published a technology survey on air pollution detectionm,
monitoring, and control instrumentation, sensors, and techniques,
Representatives of industry, academic and research institutions,
as well as NASA were interviewed. The appropriate literature
‘was searched to gather information on NASA~-sponsored developments
related to air pollution monitoring. Data was evaluated in terms
of innovation to the state-of-the-art, and the dissemination of

11T RESEARCH INSTITUTE
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Atmospheric Borane Monitor, Contract No, AF04(611)-7543

A small, portable instrument, sensitive to one part per
hundred million, was developed. A small hydrogen-air flame was
found'to be a very efficlent source for the excitation of the
2496 A boron doublet, ‘

Atmospheric Beryllium Monitor, Contract No. AF04(611)-7543

An instrument to monitor particulate beryllium oxide was
desizned and constructed. The sample is collected on continuous
tape, such samples are irradiated with alpha particles, and
the readout detected by a photomultiplier using scintillacion
counting techniques. :

Continuous Analysls of Atmospheric Ozone, Contract No,
AF19(604)-3834

A portable airborne analyzer was developed for detecting

atmospheric ozone down to 0.1 ppm. The device ugses the
principle of catalytic decomposgition of ozone which provides

""" a thermal effect sensed by thermisters.

IIT RESEARGCH INSTITUTE
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Photochenical Reactivity of Vinyl Chloride

R.A. Cox, A.E.J, Eggleton end F.J. Sandalls

‘Environmental and ¥edical Sciences Division,
AZRE, Harwell, Oxfordshire, 0X11 ORA.
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f+ ‘Introduetion )

The formation of 'photochemiecal smog' in polluted atmospheres results from

. the oxidation of hydrocarbon substances in a photochemically initiated reaction

involving oxides of nitrogen. The oxidation producta.oharacteristic of photo=
chemical smog include oxidants (mainly ozono), aldchydes, CO, organic nitrogen
compounds and nitric acid. The relative impoz-tange of ths various }wdroéar'bons
vwhich ore emitted into the atmbsphore in producing photochemical smog in a given
area depends on the rate at which they underge photo-oxidation, Investigators
hbave drawn up an empirical scale of reactivity which is based on the measurement

of certain rate parameters for the oxidation of individual hydrocarbons in

- Jaboratory experiments, carried out under simulated atmospheric conditionu. The

parameters most widely used for comparison are
(a) the rate of conversion of KO to NO,

. N\ ’e . - - . - . .
AW/ WY THLE Q4 AYQIUCHIDUN LoDUulIpLLILL, HOQ

(c) the rate of ozone formation

- The following general order of reactivity has been esta’bliehed(’f 2)

. reactivity.

!
Internal > polysubstituted > texrminal % mono alky)l > paraffine
olefins benzenca olefins benzenea

The reactivity of a given hydrocarbon may be ascertained by comparing messured

values of the above parameters with those for other hydrocarbons which have known

-~

Recent theories concerning the mechaniam of the hydrocarbcn—NC,_;_ pooto=-
oxidation have suggested that the major free radical species involved in the
¢ial atiack on the hydrocarbon {s the hydroxyl radical, 0B, There is
sccunnlating experimental evidence which econfiras this. In particular the rate
of OF reaction with aliphatic hydrocarbons correspornds closely to the lmxiirically
determined photochemical reactivity for both unsaturated and saturate.d compounds.
Although a similar correspondence ia i‘ou;':.d fo:': atomic oxygen and ozone reaction

with olefing, the reactivity of 0 and 03 with saturated hydrocarbons is too slow

-l -
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to account for the obsg}ved photochenical reactivities Ef' this class of hydro-
carbons.

In order to detormine the photochemical reactivity of vinyl chloride two
series of experimeﬂts have been carried out. Firstly, tha rates of photo-
oxidation of ppm concentrations of vinyl ch‘lor‘ide, othylehe. propylene and
trans-2-butene in the presence of 1 ppm NO in air were measured and the rates
compared. Secondly, the reactivity of these four olefins with hydroxyl radicals
was 'measured bty a technique recently developed in these laboratories(s) which uses
the photolysis of gaseous nitrous acid as a source of hydroxyl radicals. '

2. DPhoto-oxidation Experiments
{a) Procedure

Kiztures containing part-'per-nillion concentrations of olefins and nitric
oxide in synthetic air vere made up in 8 200 1 flexidle bag constructed of tt;edlar
film, Thare was no detectable adsorption of olefins, NO or r:oz on this material
(loss rate ¢ 1% nr~'), 0zone loss rates were measurable (~ 107 hr~') but not
serious, The;. bag was irradiated 'b;r two banks of fluoresc.ent lanps which had a
broad spectral intensity in the dblue-UV region (300 = 450 nm) with maxinum
intensity at 365 nm. Theo Tedlar film is transparent througnout this regi'on. Th;a.
ight intensity was appr;ximately 75% of that of natural sunlight (zenith L =
‘4(:0) in this spectral range, as measured from the rate of photolysis of }v‘Oz in
pure nitrogen (k d(mz)e_’. 0.27 min"). ’

Synthetic air-was made up by introducing 56 3 breathing grade oxygen to the
bag &nd £illing to 240 1 with nitrogen (oxygen free grade). The trace gases,
olefins and N0 were added to the N, stream during filling. After allowing '
ten minutes for thorough mixing, the mixtures were irradiated and the concentraw
" tions of the olefin, the'oxides of nitrggen NO and Noz and the ozone w;aa determined
88 a function of time. The relative humidity of the air in the bag was approximatel;
20 + 3% and the temperature 22 t+ 2°¢,

"f}.nalysis of N0 and NOZ was carried out using a chemiluminescence NO,c gnaiyser

-2 -
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{TECO Modeol 124). 0z0h.. 'vas measured on a Nederbragt type othy'.lene chemi-
Juninegcence ozons detector, and the cleﬁnu were measured 'by gas chromatographic
analysis using a flamae ioniesation detector. '.l’he minimum detecteble concentrations
using each of theao techniques was of the order of 1 ppd and the pre.cision at the
! ppm level was botter than + S%.

Materials: WNitric ;:xide was teken from & gtandard mixture containing
$18 ppm NO id N,. Ethylene (99.6F), propylene (99%), trans-2-tutene (99%) and
vinyl chloride (99.9%) were taken from 'lecture bottle' cylinders (BDY Ltd). No
impurity wvas detected sither by gas ehromatographio or infra~red spestroscopic
mlysis of the vinyl chloride.
(v) Results

A. Photo-oxidation of vinyl chloride in the presence of NO

Fig. 1 shows tho concentration time curves for the reaction of
2.2% ppa CZH:,'CI with 0.970 ppm NO under continuoue irradiation. A typical,
though rather alow, 'photochemical smog'! type reaction is observed; after
a short induction period, oxidation of RO to NO, commences with mccompanying
‘conaunp..ion of the vinyl chloride and as the 0 is dopleted, the concentra-
tion of ozone rises. Even after six hours irradiation, oxidation of NO wag
incomplete end only 26% o'f the vinyl chlorides had been consumed. After
prolonged irradiation (22 hours), T9% of the vinyl chloride had been

* consumed and the ozone concentration had increased to 0.60 ppm. Thus,

significant ozone concentrations result from the photo-oxidation of vinyl

chloride in air but only after & long period of irradiation,

) B. Conpariscn of the rates of photo~tridation of vinyl ehloride with
: hydroecarbons

Similar experiments to those describod above were carried out for
ethylens, propylene and trans-2-butene with initial concentrations of

. 2,36, 1.67, 2.10 ppm respectively. . Initizl NO concontrations were 1,02,

-3-

AP00012018



{1
0.91, 0.97 pru reaspectively. Fig. 2 shows the eoncentration time curves

for removal of NO and the olefins. Clearly the reactivities of trang-2-butene
and propylene are much higher than that of vinyl chloride which is

simflar to ethylene. The absence of a noticeable'indnction peried for

NO oxidation with propylene arises from the pres'bnce of & higher initial
coneentrat'ion of KOZ in this experiment ((N02)° » 0,10 ppm for 0336 compared
vith £ 0.03 for the other hydrocarbons). The same order of roeactivity is
.ilao evident from the plots for ozone formation shown in Fig. 3.

A quantitative comparison of tha photochemical reactivity can be mede
on the basis of a number of paramgters. For the present discussion we will
conaider the. following: = _ ‘

{1) The average rate of N0 oxidation to 50% NO consumption

{B) The amount of reactant conoumed after a given time (4 hours)

(c) The maximum rate of ozone formation

(D} The final ozonc concentratiun affer esmentially complete oxidation

of NO.
The numerical.values for these parametors, estimated from the conceniration
;tima curves are gﬁvan"in Table X. | " | _

On the basis of paremeter A, the reactivity of vinyl ehloride 1s~ra+.'her
¢close to that of ethylene but in terms of .hydrocarbon reaction rate (B)

" vinyl chloride oxidation is significantly slower. Both compounds are
conaiderably less reactive than propylene and trars-2-butene. For all four
substances the final ozone concentration was approximately the esme, showing

* that the chlorinated hyddocaerbon, vinyl c¢hlorids, can potentially produce
as ouch ozone as the 'reactivet oleﬁ.ns tut only after a much longer reaction
tine. S ' " : ‘.

. 3. Eydroxy) Radical Attack on Viny) Chloride ’

(a) Procedure
" Mixtures containing /7 ppm gaseous nitrous acid togsther with approximately



0.3 ppm each of NO and KO,, diluted in & ¥,-0, mi:tﬁro (2:1) were made up in
the Todlar bag. The mixtures wau drawn from this reservoir at a constant flow
rate through a 27 em> cylindrical photolysis cell irradiated with 330 - 330 nm
1ight fro,m a mexjcufy arc source. The concentrations of NO, xoz ;nd mroz at the
inlet and outlet of tho cell wore measured and the ratees of formation of NoO apd
No, (R}IO and Rlloz) in th.o photolyais deternined. Succeseive aliquots of
 vinyl chloride (or other olefins) were then added to the mirture and the effect
of increasing olefin conceﬂtration on Ry, and Rﬂoa determined, The mazimum

extent of photolysis of HNO, was approximately 4%,
(h) Results ‘

Pig. 4 showe the effect of added vinyl chloride on the rates of }m,'m)2 and
totel KO + xzoz formation in the photolysis of BNOz. The rates are nomélised to
.unit ENO, concentration. ;t w:LJ_.l be seen that th'e addition of increasing amounts .

of vinyl chloride leads to a fall in the rate of X0 formation, an increase in

. the rate of noz formation and a less pronounced decreass in the total rate
le + X0, Similar effects were also obtained for the hy‘droaa.rbon.a ethylene,'
propylene and trans-2-butens,

The mechanistic interpret;tion of the resulta in Fig. 4 is complex and
n:xbjact to conaiderable wnicertainty. Howévez;, on the basis of the foilowing
eirfplified a.cha. the data can give an estimate of the relative reactivity of
" the added hydrocarbons witn OF. : '

In the absence of additive the photolysis of HNO, proceeds by

_ HNO, = OF + KO . . (1)

OH + ANO, =‘nzo + X0, (2)
Thus equal rates of N0 and NO2 formation are expected in the photolysis. The slightly
.].ower fate of Noz formation with zero 02H301 ghown in Fig. 4 is due to the side
reaction of uoz with OH to give m€03 vhich waa n;:t measured. When & compound, R, is

present which reacts with OX radicals, reaction (3) then compotes with reaction (2), eo

-5- * [ R
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O}K + R 9 free radical product '3 . . (3)
The free radical product from {3) reacts with molecular oxygen which is present
in great excees to yield & poroxy rodical which can oxidise NO to NO,
(2)6,+ ¥O < WO, + (r)6

 Some of the (P)0 radicals may then be lost by recombination or undergo further
reactions’ leading to tho formation of 1{02. Seme of the (.P)t:!2 redicals may also
be lost by recombination.. The radical loss processes are reflected in the decline

in the total rats P with increasing additive (Fig. 4). In the simple

RO + KOy
case of R = 00, then (P)0, and ()0 are O, and OH reapectively and 1t has been
nhm(ﬂ that the above mechanism fits the observations for the photolysis of

mroa-co mixtures., Furthemmors, the relative rate constants for OE resction can

be obirined from a plot of the equation:

. 8o +A'(w:J + N0p)  k fRJ k [R]
b =Bmo + NO2) Tk [NO x] k [Ho"]

ghsre' A}m and A{no . “02) represent the differences between the RNO/[IINO:J and

Ro + N02/ [ENOZ] values reapectively in the absence and presence of additive, ﬁi
is tho diosociation rate of HNOp, kz and k3 are the rate conatants for reactiona (2)
*and (3) reapeetive:fana (w0, ] = (§O.+ ¥, + HNO,]. Pig. 5 shows s plot of the
data for vinyl ehloride. 028 4’ 03116 and t=C 4 8-2 acecording to equation (1) The
g#lopes of the plots give & measure of the ratio ks/kz, 1.8, the relative
" reactivity of the hydrocarbons with OH. The orxder of reactivity is the ‘same as
th;.'l: found in the photo-oxidation experiments. ‘ _'

By using the.value of k, previously deteminedw) , relative to the well

=12

known rate constant for the reaction of OX with CO, values of lu:3 of 9.4 x 10 and

5.6 x 1072 in c® molecule” ' ™! units are derived for C,H, and C,H,C1
reapectively from the above slopeas. Recmt determinations of the adsolute valuo
of the rate constant for the raaction of O with ethylene all lie in the region
of 3 x 10712 e molec;ule"‘ -?(4). The apparently higher value obtained in the
. present analysis almost certainly arises because more than one NO molecule is

*

oxidised in the rcactions following tho attack of OH on 0234. A copparison of

B 48 A MTumnad® mata rrembemd oo Al mwde vV e ¢ . .m .o - v
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. the k3 values indicates & stoichiometry facter of about 3, The stoichionmetry
faotor for vinyl chloride is upknown and therefore the rate constant value -
obtained can only be regarded as an upper limit. 3By analogy with ethylene
the true value is probably a factor of 2 = 3 lower than the value given.

4. Comparison of Reactivity Data with Other Investipators

Table IT shows e comparison of the relative reactivities of the substances

under consideration with those obtained by other investigators which
have been summarised by Altshuller and Eufalini“-). Tho OH reactivity data a;-e
compared with those of Morris and Niki(4). * )

There is re?.aonably good agreement between the relative reactivities eof the
various substances based on A, the rate of NO oxidation and .B, the cdnsumption
of reactant. The differences vhich are obsorved can probadbly be atiributed
to the different experimental conditions and measurement methods used in the
various investigationa. A closs correaponflanca between reletive reactivity
toward O and reactivity in ths photochenmi c;l oxidation system is
also evident. This correspondenco hé&o also been notod by Norris ond
Riki on the basis of their OH reaction measurements, with which the 'preserg:t
estimates show good agrecment considering the urcertainty in the stoiéhioéetry
mentioned above. It is also of interest to note that the reactivity of

trichlorethyleno is similar to that of vinyl chloride and ethylene.

'5. Products of Viny) Chloride Photo-oxidation

In the_ present study no investigation of the products of the photo-oxidation
of vinyl chlcride has been made. Tha nature of the éxpected najor products may
be deduced by analogy with ethylene for which the major producis are foma;delwde,
€O and CO,. Thus fission of the C-C bond occurs in the oxidation reaction, and
in a@diﬁ.on to 'thc other three products 'obaerved for CZH 4,viny1 ch]:oride would beo
expected to yield formyl chloride. Although formyl chloride has apparently never

beex_x igolated as a stable compound, it inay bo stable at very low concantrations

[y
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) tor vinyl chloride shovld be similar to that for pmpy*ene. Heuss and Glasson

h—

in aiy, FNormally it decomposes to HCl and (0 which will underge further
oxidation only slowly in the photochemical systenm. ' .
6. Eye Yrritation ’

_¥hile thers is a strong correlation botween the various chemical parameters
used to characterise the reaotivity of hydrocarbons in the photochemioal system,
no such correlntion exists with the eye irritation 1ndez(2). This i8 no doudt
due to the widely differing lachrymatory effects of the products fomed.fmm quite
sinilar starfing materials., In the absence of experimental da:tn, any attempt
to assess the eye irritation 1x_xdex for vinyl chlo ri.d_e pust therefore be largely
speculative. . '

The only chlorinated 'compound for which the eye irritation index has been
reported is trlchloro-ethylene(1) and there is unfortunately some conflict between
two separate investigations. Trichloro-ethylens lies beiween propylene and
ethylene in photochemical reactivity and gives an eye«irritation index reported to
to either somewhat greater than propylma(s) or sonevwhat less than etluflene(s).
fPaking the more pessimistic value, thought to be more xrealistia becauss of the
rossible formation of the strongly lachrymatory coupounda phosgene and formyl
chloride {the lattor also being a potential product of v:.nyl chloride), and

a."ing into account the somewbat lower photo-reactivity of vinyl chloride observed
in the preaent investigation, theh the data suggests that the eye~irritation index

(2)

rerorted values of 0.3, 0.5, 1. and 3.0 for sthyleno, trans-2-tmtene, propylene

‘ and 1,3=-tutadiena respectively, together with those for many other hydroearbens.

The eye-irritation was assessed by a ranel after 4 mina. exposure as; ncne,

light, moderate or severe and assigned numerieal velues of O, t, 2 and 3

respectively It should ba pointed out, however, that atmospheric measurements

of eye irritants are almost an order of magnitude lower than laboratory concentra-
tions resulting in equal eye-irritation,sccording to Schuck and Doyle(ﬂ and
thera is puch uncertainty surrounding the subject,

"o . —8-
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—

Conclusions

The results discussed abo';‘e show that

(a)

(%)

(e)

Vinyl ehloride u.ndérgoes pﬁoto-oxida.tion in a similar marner to other
hydrocarb;n compounds when csnacl-no-air mixtures are exposed to o
radiation of wavelength and intensity eimilar te that of solar rad..‘..a_tion.
near the earth's surface. . |

Tha photochemiecal rasctivity.of vinyl chloride, éy neasured from a
pundber of rate parameters in the photo-oxidation reaction and also from

its reactivity toward OH radicals, is similar to or slightly less than

ethylenas. Vinyl chloride is, therefore, only a moderately reactive

precurscr to photochemical omog, being less reactive than propylese .

end higher olefins, but more reactive than the normal paraffins.

_The rate constant for the reaction of O with vinyl chloride has an

1.

° ~
voper limit of 5.6 x 10’12 cm3 molecula™' - ll.1 at BOOOK. The trua

value 1s probably a factor of 2 - 3 lowar than this.
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“e# time at which final ozohe consemiration memsured,

-

TABLE I

U

Rate gar;aeters in ghoto—o};datign of vinyl chloride and somg hydrocarbons

§ hydrocarbon consumed after 30 minutes .

7 wmaxizcum rato not achioved during reaction tizme used

-1y -

A B c D

Reactant - d [noYat % resctant (a[o,)/at)mazx final [0, ]
2 consumed 2 3 .

(pm/min x 10%) | after 4 hours | (ppu/min x 10%) | (ppa)

Vinyl Chloride 0.3t 15 yo.0177 0.60

. (1300 min)%s

(1300 min)

Propylene 1.40 88 (13)+ 0.58 0.66
(240 min)

Trans-2-butene 3.0 »100 (75)* 375 0.73
. ‘ (so ain)
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TABLE IT

U

Relative photochemical roaciivitics*

; {1} | korrjs.&
This vork Altshuller & Bufelini A ¢Y

Reactant A B c A B 4]

Ko reactant 0" Xo reactant [9):4

oxidation | oconsumption | reactivity | oxidation | comsumption | reactivity

0234 0.25 0.28 0.29 0.4 0.1 0.1

0336 1.0 1.0 ‘1,0 - 1.0 1.0 1.0

t-C Hg-2 2.1 5.8 ~ 3.0 2 e ! 4.2
Czﬂjcl 0.25 0.15 0.17 - - -
) 02H013 - - - 0.5 0.45 -

i I 1 H 1

*Roaotivitios are relative to propylene whioh is arbitrarily set at unity.
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1 Conceatration ¢time curves for tha photo-oxidation of vinyl ¢hloride in the

presence of KO.
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Tig. 3 Ozono formation” during tho photo-oxidation of hydrocarbons and vinyl chlorid
(£111ed points).
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Fig. 4 The effect of (\ led viu;l‘c’l;];ox;ide’on th§ yhotc:)aaciation of nitrous

“Tacid. The plot shows the rates of formation of XO and N0z (Ryo &nd Ry}
and the total rate R;;o.,.moz. cxpreaa_cd per unit END concentration as 8
function of the concontration ratis [62153011/ [Hmz].
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Plot of tho rate data froo tho

Fig. $
equation (1) (soe text).

Ao tA(No+No)

¢l - ALNO-P HO..)
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within a universe of different situations or within a range DlRA

established for local regulation purposes, Therefqre, we have had to assuma
a general definition of incremental requirements.

A third major analytical issue is the extent to which NESHAP:;egulations
will apply to different steps in the production/consumption process and dif-
ferent size plants and operations, EPA has chosen, through economic impact
analyses and other lines of reasoning, to exclude certain activities or groups
from some regulations in the past. These exclugions have been made for reasons
of emis#ion rates, economic effects, or administrative costs. At the outset
of our analysis, we reviewad the extent of potential emission sources associated
with each chemical, ranging from the source of a raw material, to its refining
or manufacture, to its fabrication ?r intermediate use, and finally to its
end-use, consumption, or disposal. Again, without prescience of sugsequent EPA
regulation and EPA's economic impact analyses, we have had to make reascnable
judgements of the extent to which NESHAP regulations will ecover each production/

consumption step.

2.4 Approach of This Study and Its Limitation

The proposed cost impact analysis methodology is one which builds upon
previous work by both EPA and private industry relative to environmental regula-
tion. 1t also reflects in some ways the specific issues involved in controlling
hazardous air pollutagts, the characteristics of the industries impacted, and
the effects of having several regulations precede it.

The three chemicals selected for ill;strating the methodology were chosen
because they have been studied before in relation to other regulations. This

enhanced our ability to focus on the analytical problems of anticipating the

-

‘/\nin:rl)tu{k-hm
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impact of NESHAP regulntions in cach of their relevant indule I} gAE i

be noted, however, that other pollutnnts which may be epvered under Section 112

may require development of basic background information which was readily

available for these three chemicals.
" In preparing our aialysis, we relied on these previous studies for an
understanding of the impacted industries. To some degree, the studies were
also sources of candidate control technclogies. From other ’ublished materials,
we developed generalized cost models for each of several leading‘con:rol tech~
o

nologies. We then considered their cost and effectiveness in. ugh jor type
ISR “"‘""&‘h; PR "“v- .

"w

of control situation., In order ‘to enhance the qxperience of our s:;ff in
selecting a reasonable BACT assumption, we held -discussi,onl_ with kawicdge.blg
representatives of ATHC member companies relative to these technologies, the
chemicals in question, and their costs of application. )

Once the appropriate control technologies and methodologies vere identified
for important control situstions, we then calculated the capital, operating,
and energy costs associated with anticipated NESHAP regulations. These calcula-
tions,?nd a draft of this report were reviewed by AIHC for errors of logic,

calculétion. or omission.

2.5 Report Format .
The first chapter or Executive Summary of this report is designed to serve
the purposes of most readers, excepting those of AIHC and EPA. The remainder of
fhe report is not intended to be encyclopedic. It reflects the work of less. than
two short months to analyze a reasonable e;timate of cost impact for three
chemicals using the proposed géneral methodology. 1Its purpose is to illustrate

a methodological approach and a reasonable estimate of the level of impact which

may result from regulations which are not yet in place. The information found

e

. Arthur D e e
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3.0 COST IMPACT METHODOLOGY .

There are scvtfal snalytical methodologies which ave usually associated
with the econonic assessments of developing environmental regulations. The
oné cddresse; in this report is development of 2 cost impsct methodology
within the limited time pariods usually ;llowed for industry comments. Com-
parable cost impact methodologies will likely be used by EPA in their develop-
ment of proposed ragulations for specific chemicals. Finally, there are the
more extenaive methodologies of economic impact analyses. It is this, i full
economic impact analysis, which should accompany EPA’s proposed future NESHAP
regulations.

The principal objective of this report is the development of a cost impact
methodology for use by AIHC in responding to NESHAP regulations presently ﬁro—
posed and to those that will be proposed in the future. In developing the cost
impact methodologies in this yeport, we have also ocutlined the components of an
EPA economic impact analysis that should correspond to this kind of cost impact

analysis.

3.1 Definition and Characterization of Impacted Industries

The defipition of industries impacted by a NESHAP regulation wmust first begin
with the identification of a specific air pollutant. Meaningful industry defimition
cannot ba related to generic standards until those standards specify the confrol
of a specific pollutant or the practices of a given industry. Hance, in this
report, we have :n;l;zcd a selection of taree chenicals by which we could identify
illus:rétive cogts of meeting either generic standards or pollutant-specific -
emigsion standards.

Given the identification of a specific chemical pollutant, the definition
of impacted industries logically begins with ;hose which produce those chemicals

either as a primary product or as & byproduct. The extent to which impacted
’

31
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here is taken largely from other reports, many of "which far e L’) L5 'A Ez"

in size and detail. More extended analyses, 1nc1ud§ng those which address

economic impact Questiohs, will be appropriate as EPA performs its own regu—
latory analysis of each pollutant standard. More definitive cost i;pact
anal;ses can be made by AINC when specific regulations are proposed.
Chapter 3.0 describes the cost impact analysis methodology which has
been recommended to AIRC in its ?zspon:e to future NESHAP proposed regulationl.
Chapter 4.0 contains the generalized control costs modeln £orp:vailab1e

technologies which were used as alternatives in selccting nAtT fof

—

three chemicals, . . ' e .'

”gach of the

Chapter 5.0 characterizes and categorizes each of the impacted industries
associatad with the three illustrative chemicals. Very little of this background
information was developed specifically for this effort &s most of the infor-~
mation was available from previous regulatory analyses.

Chapter 6.0 contains the results of illustrative cost impact analyses for

the three chemicals.

. Arthur D Lattde b
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industyies ave further defined to include upstrear or downstreanm i{ndustries
depends. to socme degree on how the EPA regulation is written. I1f EPA proposals
;ddtlll a lu?plying industry, an intermediate using industry, or final use as
pa?; of a differentiated regulaticn, then those sectors becoms part of the
impacted industries for the purpose of cost impact analysis. If the regula~
tions are not industry-specific for each regulated chemical, then the cost
impact analysis will require careful definition of the extent of expenditures
needed by various industry sectors. Even where EPA regulations havs sp;cifically
axcluded control requirements for certain industry segments, it may be in the
interest of industry (or in the public interest) to compare the quantities of
pollurants being emitted from excluded sectors and the costs of their contrel to
the quanticies and costs associlated with complying industries.

Indﬁstry definition is relatively straightforward in the cases of ambient
‘air standards and New Source Performance Standards., In the former instance, it

is necessary to identify the different types of industrial sources within an

air quality control region. In the latter instancae, the industry {s self-defined

by the category specified as the "scurce." 1In defining the industry under NESHAP
regulation, the regulations may apply from the stage at which the chemical is
extracted as a raw material or prn;uced by chemical reactions, through all of -
the myriad handling and uses that it may encounter during the time it is to be
considered & potentially hazardous air pollutant. In the analysis of NESHAP
regulations, it will, consequently, be important to establish the cost impacts

from the raw rmataerial sources through industrial production situations and as

far forward toe final occurrvence or use as may be directly or indirectly goverened

by the regulation.

3-2
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Industry characterization has become an established part of the analysis

usqociated q}:h EPA or other regulator} initiatives. Industry characterization
sust anticipate the important parameters along which control ecosts may vary
within an industry and across vhich economic impacts may differ. As when
analyzing the impact of other regulations, the industry characterization appro-

priate for & NESHAP cost impact snalysis should address the following factors:

® description of extraction, production, and "“"’Fﬁsursgg*~

processes; ) , T
. . .—n, L :‘ﬁ'.‘ s
e estimate of the industry's production and/or production
capacity; R o ‘

e description of user industries ro which control will
apply;

e inventory of the distribution of manufacturer's and
user's facilities by size (or age) categories;

o estimates of sales volumes; and

e ddentification of major producers, users, and their locations.

In the illustrative analyses in this report, to demonstrate the methodology
and the level of potential impac:.nit was not necessary to identify specific -
corpanies and locations, In subsequent analyses of actual NESHAP regulations,
however, it will be necessary to identify the estimated production capacities
and locations for specific companies. This kind of information will probably
have been developed by EPA or thcir contractor as a part of the analysis supporting
the proposed regulation, but it chould aleo be a part of AIHC's lnilysia~;if oenly

to confirm the accuracy of EPA information.

-
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The level of difficulty faced by AMIC in chardcterizing industries
will vary with each chemical regulated under NESEAP. If a chemical has been
studied for the purposes of previous regulations (e.g., OSHA), existing
industyy characterizations should be a good starting piont for the analysis.
This was one of the reasons why beuzene, perchlorcethylene, and vinyl chloride
monomer were selected for analysis in this report. Industry characterization
will be more difficult where the' chemical emission has not been previously
identified for control or regulatory examination. If EPA has not i:snlf.can-
ducted a thorough survey of emission sources, for example, }nduntry characteri~
zation by AIHC will not only involve substantial effoéc, but also require more
time.

An important part of industry characterization is the categorization of

impacted industries and users according to facility sizes, different pro.cesses,
production mixes, etc. Often, the parameters of categorization will correspond
to the industry categories along which regulations are themselves differentiated.
Categories will algo be suggested by the cost impact analysis and the variables
which affect control costs. Finally, categorization should also reflect the
industry subsectors which are like{y to show differeutial economic impacts in the

subsequent economic impact analyses, e.g., the small producer or user, the

obsolescent process, the old facility, or the geographical locatiom. .

3.2 Description of Emission Control Situations

The emission control situaticns ultimafely defipad under NESHAP regulations
will be principally responsible four establishing the control requirements ind;
obviously, the costa of compliance. If menitoring and maintenance-type regulations
are established in lieu of emission control atandardas at specified points, the
selaction of the emission sitvations and the méthods of éstimating costs are

drastically different. Furthermore, {f emission rates from sources have already

+
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been addressed by OSHA or oéher regulations (such as volatile organic chemicals),

the costs for control under NESHAP will become incremental to thosa earlier

incurred cosfs. Concommi tantly, estimation of the magnitude of the emission

reduction under NESHAP will rvequire dealing with estimates of incremental &
reductions. Although EPA, in its proposed rulemaking of October 10, 1979 has .
proposed broad situations for control (e.g., fugitive emissions, chemical ¥
storage, chémical transfer and handling, waste, and process vents), it will

often be difficult to define typical situations. This is especially trv;n since
there is likely to be & wide variance in the applicability of existing and

future controls for site~zpecific reasons.

In sddition to characterizing the control situations which must be addreased
in the impacted indu;trial and user facilities, some relationship wust be -
estadblished which will characterize the magnitude of the countrol situations with
typical preduction and consumption estimates. During the time periods typically
allowed for industry comment on propesed regulations, it will be impractical to
establish a complete end accurate survey of the number of control situarions
affected (e.g., the exact number of pumps, valves, process vents, starage tanks,
ete.). It will, however, be important to develop reascnable astimates of the
number of such control points in t;%ical situations and to identify how the
nurbers aay vary acrcss types of situations. This judgment will not only-be
important for a reslistic estimate of the costs of compliance, but also in dif-
ferentiating the economic impacts of compiisnce betwesn one situstion and anothe?.
One such ifmportant distinction between control situstions iz between new and
eristing sources.

With the completion of the induatry definition, industry charscterization,

and identificaticn of control sizustions, the cost impact analysis has established

3-5 - .
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the basic population eatimates in terms of the number of production and eon=-
sumption sites, and the number of control points or situations for typical

sites.

3.3. Generalized Contreol Cost Models

Chapter 4.0 describes the kinds of control technologies that are likely
to be utilized in establishing 'the base for cost impact analyses of future
NESHAP regulations. The major control technologies described therein are
likely to be appropriate options for controlling the emissions of many chemicals.
A principal portion of the work undertaken in this study was devoted to the use
of control.cost models as a means of judging best available technologies (BaT).
As TPA identifies specific BAT techmologles in future NESHAP regulations, that
step will not be necessary in future analyses.

In addition to identifying the direct costs of contrpl associated with
compliance, control cost models should include cost credits or realistic benefirs
deriving from the recovery for reuse of byproducts, raw materials, reactants, or
engrzay values. Obviocusly, the resulting ccocntrol casts fronm compliance action
are reduced by such benefits of control.

Generalized control cost models also provide the bases for considering
alternacive approachez to compliance. They serve as part of the basis on which
the cost effectiveness of selecting different control options or countrol levels
may be reviewed, Cost affectiveness can Pe judged according to the cost of
control at differehg-emission levels using ; single technology or the cost of
controls to achieve dif%eren: emission levels using different techndlogies.

The control costs sppropriate to NESHAP compliance fall into several groups.

There are the traditional categories of capital and operating costs. These may

vary according to whether they are ln new source or existing source situations.
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Operating cost categories include materials, supplies, energy, and labor. 1In
addiction to the capital and direct and indirvect eperating costs of control,
NESHAP impacts encompass the costs of monitoring, and reporting. Pinmally, the
cos;l of nom;lianee with NESHAP rogulations are a combination of the costs
sssociated with the proﬁoaed generic standards, largely mon%taring and
mainteénance costs, pnd those that may ultimately be related to process discharge

standards of spocific pollutants;

%&f?ﬁ

3.4 Cost Impact Calculation

$4

The calculatiogan cost impact is straightforward, A gqi;rali;;d equation
.for this calculation is indicated in Figure 3~1. The number of production and
consumption emission'aources Eovered by a NESHAP regulation for a given chemical
is the result of industry definition and characterization. These may be based.. -
on the actual number of facilities in each industry category or reflect_the
average size plant or facility corresponding to the number of plants and users - e

in the industry. These numbers are then multiplied by appropriate factors that
can be related to control costs. In Figure 3-1, 1t is assumed that the nurber. ...
and size of emission points in the chosen unit can be established. The cost of -
control associated with each type of emission point is then multiplied by the

total nurher of like emission points. The overall costs of the NESHAP regularion

for a given chemical 1s determined by summing these costs. Alternatively, a

control cost function based on an average plaut or user can be developed employing

unit costs for control of the identified ;;isuion sources. That value, when

mulcipliﬁd by the total number of average size units. will give the total cost

impact of the regulatioan. .

The generic standards proposed on Octuber 10, 1579 were presented on the

basis that they "would rapidly effect reasonable control of emissions” and are,
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Input Munber of Sources per N/
" Icpacted Industry Category N
Input Kumber of Emission Points per
a2 Type of Emission Situation x
per Industry Source
Input Cost of Compliance per avmm
#3 Emisgion Situation
Sube Cost Inpact per
Tocal Impacted Industry Category
(wvhich when gummed over all industry categories)
”
Total Cost Impact ;
of a Regulation
FICURE 3-1  CGENERALIZED CALCULATION OF COST DMPACT
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consequently, related principally to monitoring and ‘uintemce. It is not
possible, however, to estimate at this time the costs of applying such generic
standards in _situations which are still to be associated with designated
hazardous air pollutants. We have thus developed our analysis on the premises
that final pollutant-specific standards will be developed on the basig of best
available technology. It is recognized that the final standard may requiré
countrol beyond best available téchnelogy. To obtain the best possible ;ndication
of potential future costs under NESHAP, we have provided the bases for assessing and
anticipating BAT. To illustrate the cost impact methodologies, we have
selected benzene, pgrchloroethylene, and vinyl chlorién monomer as chemicals for
application of cost estimating procedures.

Our approach to estimating the cost impact of a NESHAP regulation ig presented
in Figure 3-2. Figure 3-2 finds chemical pollutants listed down the vertical axis

and the kinds of NESHAP regulaticns controlling their emigsions across the

¥y

horizontal axis. In the illustrative analyses in this report, we have addressed
the cost impact for three chemicals according to & rassonable expectation of
control requircments defined by the proposed generic standards and by future
source~related categories raquiring BAT for each pollutant. Cost Impact is thus
determined as the sum of impacts in a given row (associated with a given chemica.{)
in the matrix. Cost :menc.".s are not here related to the sum of impacts for
vertical columns in the matrix {(such as for the proposed generic atandards). As
control requirements can vary widely from one pallutant to another, it is not
possible to extrapolate from the three chemicals analyzed here to a larger number
of chemicals that wmay be eventually covered under NESHAP regulations. That

reasoning argues that the economic impact of generic regulations canmnot be

evaluated in themselves until all pollutants to be covered by NESHAP are fdentified.
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FIGURE 3-2 COST IMPACT DEFINITION MAI:RIX FOR NESHAF REGULATIONS
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Thus, the most meaningful measure of generic standards will be found as they
are part of the control royulations for a-given set of chemical emissions.

In subsequent cost impact analyses, the costs of compliance can alsoc be
differen:iat;d according to other financial parameters. Compliance costs can
be discussed in terms of the cost of contrel per unit of production as it may
vary by sicze of pruduection or consumption facility. The cost of control can -
alszo be compared on & per-unit-of-production basis or per~installation basis
&ccording to the production process employed or the ranﬁd of products pfoduCed.
Implicit in the devgiopment of costs along impacted 1ndusn¥; lines is the
ability to distinguish the costs to be faced by manufacturers, formulators,
users, consumers, or disposers. '

Costs can alsc be compared in terms of different levels of emission volunmes
or emission ratas. This cost-effectiveness éompari.oa can provide the basis for
suggesting alternative regulations or regulatory approaches. Finally, the costs
of compliance may be compared to revenues, capital investment, or value added
23 a context for understanding the magnitude of cost impact. This is to be
distinguished from analyses of price impact which result from the further stap~of

econcnmic impact analysis.

-

3.5 Relationsliip to Ecenmomic Impact Analysis

Estinores of the cost of compliance and cost impact are necessary foundations
for the economic iwpact analyses which have traditionally accompanied environ~
mental regulatory initiatives. They are :lso necessary for the determination of
1nflati;uary. energy, or economic analyses required by Exaecutive Order 12044
and similar predecessors. Inscfar as regulatory agencies have inttiated economic

impact analyses in the past, AIBC is not at this time contemplating independent

development of analyses bevond the cost impact step. The thrust of the analysis
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