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CHAPTER 1

INTRODUCTION

This Inspection Manual for Toxic Air Pollutant
Emissions has been prepared in order to aid air
pollution control agency surveillance personnel
in their inspections of facilities that manufacture
or process certain chemical substances that may
be released into the atmosphere and subsequently
threaten human health or other aspects of the
environment. Since it is recognized that most
air pollution inspectors are neither degreed chemi-
cal engineers nor experienced in the chemical process
industries, this manual presupposes only a knowledge
of air pollution fundamentals and elementary prin-
ciples of chemistry on the part of the user. Never-
theless, it is hoped and intended that the informa-
tion presented in this document will also prove
to be useful to many of the more experienced control
agency personnel who must deal with toxic substance
problems.

In the absence of directly applicable source
facility emission regulations (except in the cases
of those few industries regulated by the National
Emission Standards for Hazardous Air Pollutants,
or by similarly-designed state standards - cases
considered to be outside the scope of this manual),
the inspector's job as related to toxic substances
can be an extremely difficult one. Although the
Clean Air Act and State Implementation Plan air
pollution prohibitions apply to all air contaminants
adversely affecting human health or welfare, demon-
strating that observed effects are attributable
to a specific emission source is a task that cannot
ordinarily be accomplished by an inspector alone,
and more often cannot be accomplished at all.

The Toxic Substances Control Act (Public Law
94-469) may provide some degree of relief from
such difficulties through the provisions of Section
6, "Regulation of Hazardous Chemical Substances
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and Mixtures," which allows the EPA to propose

and adopt rules to prevent any "unreasonable risk
of injury to health or the environment"; Section

7, "Imminent Hazards," which allows the EPA to
immediately commence court action to prevent any
"imminent and unreasonable risk of serious or wide-
spread injury"; and other sections. It is conceiv-
able that field inspectors may become involved

in the implementation of this act, but this matter
is beyond the scope of this manual.

Because of the great significance of the general
lack of toxic substance emission standards to
the field investigator, the first post-introductory
chapter of this manual is devoted to a discussion
of his authority to conduct toxic substance emission
inspections, and of the limits that have been placed
upon that authority.

While the purpose of preparing this document
was not to develop a definition of toxicity, which
could be a very complex task indeed, it was neverthe-
less necessary to describe what is meant by the term
toxic substance as used in this manual. A chapter
has also been devoted to this important point.

The subjects of the remaining chapters are
emission sources; control techniques; start-ups,
malfunctions and shut-downs; instrumentation, moni-
toring, record-keeping and reporting; and, most
important, field investigations, including discus-
sions of the inspection procedures to be employed
and the forms to be completed.



CHAPTER 2

AUTHORITY TO INSPECT

The primary source of authority for conducting
facility inspections 1s set forth in the Clean
Air Act under Section 114, entitled "Inspection,
Monitoring, and Entry." Although there are (with
few exceptions) no specific toxic substance imple-
mentation plan provisions, standards of performance,
or emission standards with which compliance may
need to be determined, Section 114 also authorizes
inspections for the purposes of "developing or
assisting in the development of" such plans and
standards, and carrying out Section 303, "Emer-
gency Powers."

Since the effectiveness of an emission regula-
tion is ordinarily highly dependent on its enforce-
ability through a field surveillance program, the
need for conducting inspections as regulations
are developed is apparent; however, in order to
insure that the field inspection experience gained
is actually utilized in the development of regula-
tions, those responsible for such activities should
be kept informed of inspection plans and programs,
requested to provide comments and suggestions,
and provided with copies of inspection reports.

In this way, the need to duplicate inspection visits
will be avoided, and regulations will not need

to be drafted, proposed or promulgated without

the benefit of sufficient field experience to insure
their enforceability simply because of the lack

of time to initiate a trial inspection program,

or the lack of knowledge that an inspection program

has been on-going.

The justification for inspections needed to
carry out the provisions of Section 303 of the
Clean Ailr Act should require no elaboration here.
Similarly, the penalties provided under Section
113, "Federal Enforcement," that are applicable
to cases in which field investigators are refused
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-

access (see paragraph 113 (b) (4)}) need not be dwelled
upon. The sections of the Clean Air Act discussed
above are presented as Exhibit 2-1.
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CHAPTER 3

TOXICITY OF SUBSTANCES

As mentioned in the introductory chapter of
this manual, it is not intended to give a general
definition of toxicity here; rather, what is meant
by the term as used throughout this document will
be explained.

Although virtually any material may be con-
sidered to be toxic if it is sufficiently concen-
trated and pervasive, in common air pollution termi-
nology only those gases that are potentially harmful
when inhaled at concentration levels of below per-
haps 10 parts per million (ppm) by volume in air,
or 0.001 percent, are generally regarded as being
of significant toxicity. Even so, the description
of a material as toxic usually carries the conno-
tation that harmful effects may result from con-
centrations well below those that are acceptable
for the major air pollutants (which include gases
such as carbon monoxide, nitrogen dioxide, and
sulfur dioxide), for which the National Ambient
Air Quality Standards range down to 0.05 ppm.
Regarding particulate substances, which are not
present in the air as separate molecules and are
thus not reported on a parts-per-million basis,

a material would not usually be described as toxic
if it were not potentially harmful at concentrations
well below the 75 ug/m3 total suspended particulate
matter ambient standard.

While Threshold Limit Values (TLV's) and other
such standards have been adopted by the Occupa-
tional Safety and Health Administration (OSHA) (1)
for a significant number of substances (see Exhi-
bits 3-1 and 3-2), comparisons of these occupational
exposure guidelines with ambient air quality stan-
dards may often prove misleading, and result in
a serious underestimation of a material's toxi-
city. This may be explained by the fact that the



ambient standards are designed to protect a much
larger and more varied population (including the
very young, the old, and the unusually sensitive)
than are the TLV's. As a result, the occupation-
al standards are typically about two orders of
magnitude less restrictive than the most stringent
(long-term) ambient standards. Some of these rela-
tionships are presented in Exhibit 3-3. If one
keeps this difference (and its variability) in
mind, the TLV compilation can serve as a useful
guide to material toxicity in many cases.

One particularly serious shortcoming of relying
on TLV's as toxicity indicators is that for the
great preponderance of chemicals in use, even those
for which toxicity studies have been performed,
TLV's have neither been adopted nor proposed. The
results of these studies are summarized in the
National Institute of Occupational Safety and Health
(NIOSH) publication entitled "Toxic Subtances List"
(2). Unfortunately, the data presented in it (e.g.,
lethal doses in milligrams per kilogram of body
weight for various species of animals) would proba-
bly not prove to be very useful to most toxic sub-
stance field investigators directly.

Another book, authored by N. Irving Sax and
entitled "“Dangerous Properties of Industrial Mat-
erials" (3), is about as extensive as the NIOSH
publication but includes toxicity ratings on a scale
of 3 units, with the maximum rating of 3 indicating
severe toxicity. Ratings are assigned for both
acute and chronic effects, and for different modes
of exposure (e.g., inhalation).

For the purposes of a toxic substances air
pollution field investigator, the chemical substance
could be looked up in the Sax book's alphabetically-
ordered listing ({which includes cross-referencing
in cases of multiple chemical names) and the
toxicity rating listed for chronic inhalation expo-
sures could be noted. The reason for the selection
of a chronic exposure rating is that this would
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almost invariably be the type of effect for which
an inspector would be looking. The inhalation
mode of exposure is obviously that type which is
most closely related to possible air pollution
effects. The material in question could be con-
sidered to be toxic (as described above) if the
rating were a 3; lower ratings could be considered
to indicate that the material is not particularly
toxic. Such a functional definition of toxicity
would of course be imperfect, but would typically
be found to approximate the common conception of
air pollutant toxicity reasonably well, and to
more often be on the conservative side.

For chemical substances for which the letter
"U" (for "unknown") is given instead of a numerical
toxicity rating, or for which no space for a rating
has even been provided, there is frequently a com-
ment, reference to related chemical listings, or
other information that may enable the toxicity
of the material in question to be estimated. Occa-
sionally, a chemical substance may be found to
be unlisted. 1In such cases, the toxicity ratings
of several other closely-related chemicals may
be checked. (If the chemical structure or any
other relevant property of the unlisted chemical
is not known to the field investigator, he may
first consult the Chemical Rubber Company (CRC)
"Handbook of Chemistry and Physics" (4) listings
of either organic or inorganic materials, as may
be appropriate.) Both the NIOSH and Sax books
mentioned above are also useful in that they catalog
and cross~reference materials by their trade names
as well as by their chemical names.

Thé development of a means to quantify poten-
tially toxic levels is described in the document
"Estimation of Permissible Concentrations of Pollu-
tants for Continuous Exposure” (5). This document
presents the intentionally conservative (on the
average) relationships:

xp = 1.65 x 1073 (TLV)



and:
X, = 4.77 x 107> (LDgql

where:

]

maximum permissible long-term
(about monthly) average_ambient
air concentration (mg/m>)

TLV = threshold limit value (mg/m3)

[}

LDgg lethal dose for 50% of rats (or
else mice) when administered

orally (orl), or else by intra-
peritoneal (ipr), but not by intra-
muscular (ims), injections (mg/kg
of animal body weight)

The above formulae are based on the ambient air

to working—-place air exposure time ratio (168 hr/40
hr), the small child to adult respiratory volume
per unit of body weight ratio (a factor of about
2), and the lower 95% confidence limit of a TLV-
LDgq correlation (see Exhibit 3-4). In addition,
the above-mentioned document indicates that, for
carcinogenic materials (which are believed to be
characterized by an exposure-risk relationship
having no_threshold), an ambient concentration

of 1 ng/m” is the lowest of concern and may thus
be considered to be permissible. (See Exhibit

3-5 for carcinogens listed as part of Maryland
Bureau of Air Quality's progressive toxic emission
" control program.) The results of either ambient
monitoring or dispersion modeling can be compared
to the calculated maximum permissible ambient air
concentration in order to aid in the assessment

of a potential toxic air pollution problem.

In keeping with the generally recommended
practice for determining whether occupational expo-
sures to mixtures of air contaminants are consistent
with TLV's, the consistency of ambient exposures
to mixtures with maximum permissible concentrations
can be assumed if:



Lo ]

where:

™ 3

Xpi
This approach is

Xpm

where:

™3

. Xpi

(xi/xpi) <1

= summation of terms for all n mix-
ture components

= actual concentration of mixture
component i

= maximum permissible concentration
of mixture component i

equivalent to the statement that:

n
l/Z (fi/xpi)

it

= maximum permissible total mixture
concentration

= summation of terms for all n
mixture components

= fraction of component i in mixture
(mass fraction if concentrations
are expressed in mass/volume
units, volume fraction if concen-
trations are expressed in volume/
volume units)

= maximum permissible concentration
of mixture component i

When the toxicity of a material or mixture
cannot be determined with a reasonable degree
of certainty by methods such as those described

above, it may be

prudent for the field investigator

to assume that the material or mixture in question

is a toxic one.

It is worth

noting at this point that, while

3-5



many materials are potentially toxic at concentra-
tions so low as to be below the sensitivity of

most commonly used measurement techniques, many
materials are also odorous at extremely low concen-
trations (6,7,8). In cases where a field investi-
gator can smell a material whose odor threshold

is known to be above the permissible concentra-
tion, a toxicity problem may well exist. Conversely,
if an inspector cannot smell a material whose odor
threshold is below the permissible level (assuming
he is at a suitable downwind location), a toxicity
problem may well not exist, though the difficulty

of detecting odors in the outdoor air at laboratory-
test thresholds must be taken into account. Because
of the value of odor in assessing potential atmos-
pheric contaminant toxicity problems, an extensive
list of odor descriptions and thresholds is included
as Exhibit 3-6. These data should only be utilized
with an understanding of the great uncertainties
inherent in measuring odors (see the large ranges
listed for some substances).



EXHIBIT 3-1

THRESHOLD LIMIT VALUES ADOPTED BY THE
OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION

Subpart Z--Toxic snd Hazardous
Substances
Sourcr: 39 FR 23502, June 27, 1874, unless
otherwise noted. Redesignated at 40 FR
27073, May 28, 1876.

§1910.1000 Air contaminanta.

An employee’s exposure to any mate-
rlal listed in table 2-1, Z-2, or Z-3 of
this section shall be limited in accord-
ance with the requirements of the follow-
ing paragraphs of this section.

(a) Teable Z-1:

(1) Materials with names preceded by
“O7-Ceiling Values. An empioyee's ex-
posure to any material in table Z-1, the
neme of which is preceded by & “C” (e.g.,
C Boron trifiuoride), shall at no time
exceed the ceiling vaiue given for that
material in the table.

(2) Other -materigls-—8-Rour {ime
welghted averages. An employee’s eXpo-
sure to any material in table Z-1, the
name of which is not preceded by “C”, in
a2ny 8-hour work shift cf e 40-hour work
week, shell not exceed the 8-hour time
welghted average given for that material
in the table.

(b) Table Z-2:

(1) 8-hour time weighted aperages. An
employee’s exposure to any material
listed in teble Z-2, in any 8-hour work
shift of a 40-bour work week, shall not
excaed the 8-hour time welghted average
Hinit given for that materiel in the table.

(2) Acceptable ceiling concentrations.
An employee’s exposure to & material
listed In table Z-2 shall not exceed at .
any time during an 8-hour shift the ac-
ceptable ceiling concentration limit given
for the m=terial in the table, except for
2 time period, and up to a concentration
not exceading the maximum duration
and concentration allowed in the column
under *‘accepteble maximum peek ebove
the acceptable cefling concentration for
an 8-hour shift”. :

(3) Ezample. During an 8-hour work
shift, an employee may be exposed to &
concentration of Benzene above 25 p.p.m.
(but never above 50 p.p.m.) only for a
meximum period of 10 minutes. Such ex-
posure must be compensated by expo-
sures to concentrations less than 10
p.p.m. so that the cumuiative exposure
for the entire 8-hour work skift does not
exceed a welghted average of 10 p.pan.

(c) Table Z-3: An employee’s expo-
sure to any material listed in table Z-3,
in any 8-hour work shift of a 40-hour .-
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work week, shall not exceed the 8-hour
time welghted average limit given for
that matertal in the tabla,

(d) Computation formulaa: :

(1) (1) The cumulative exposure for an
8-hour work shift shall be computed as
follows:

E=CuTetdelOrTrd . .. CaTa
8

Whare:

¥ 13 the squivalant exposure {ar the work-
ing shlft,

C is the concantration during any period
of time T where the concentration rsmalns
constant.

T is the durstion in hours of the exposurs
at ths concentation C.

The valus of £ shall not exceed the 8-

sur time weightad average limit in table
Z-1l, Z-2, or Z-3 for the material
involved.

(1) To illustrate the formula pre-
gcribed in subdivision (1) of this subpara«
graph, note that isoamyl acetata has an
8-hour timas weaightad averagz lmit of
100 p.pm. (tabla Z-1), Assume that an
employes Is subject to the following
exposure:

Two hours exposurs at 150 p.pm.

TWo hours exposure at 73 p.pn.

Four hours axposura at 50 p.pan.

Substituting thisy information in the
formula, we have

2X130-+2XTI+4X30

=8123p.pI.
8

Since 81.23 p.p.m. is less than 100 p.p.m,,
the 8-hour time weighted average limit,
the exposure 13 acceptable.

(2) (1) In case of 2 mixture of air con-
taminants an employer shall compute the
equivalent expesure as follows:

C, C, Ca
Bazetb—t . . —
L, I, I.
Whers:
E. 13 the equivalent exposures for the
mixtures.

J 1s the concentration of a particular con-
taminant.

L 13 ths exposure 1lmit for that contami-
nant, from table Z-1, Z-3, or Z-3.

The value of E. shall not exceed unity
).

) To Mustrate the formula pre-
scribed In subdivision (1) of this sube
paragraph, consider the following
exposures:

§ 1910.1000

Actual con- S-hour time

centration  Welghted
Matarial of &-houwr average
Sxpasare
Imt

Acetons (Tabls Z-1)___.... 3500 p.px... 1.000 p.pan.

2-Buatanone (Table Z-1)... 45 p.p.m.... 200 p.pan.

Toluene (Table Z-7)....... 40 p.p.M.... 200 D.pB.

Substituting in the formula, we have:
500 45 40

b A e

1,000 200 200
Euw=:0.50040.223-40.200
Ba=0.923 T

Since Ea is less than unity (1), the expo-
sure combinstion is within acceptable
limits,

(e) To achieve compliance with para-
graph (a) through (4d) of this section.
administrative or engineering controls
must Arst be determined and imple-
mented whenever feasible. When such
controls are not {easible to achieve full
compliauce, protective equipment or any
cther protective meaasures shall be used
to keep the exposure of employses to alr
contaminants within the imits pree
scribed in this section. Any oquipment
and/or technical measures used for this
purpose must be approved for each par-
ticular use by a competent indusirial
byglenist or other technically quslifisd
person. Whenever respirators are used,
thelr use shall comply with § 1910.134

Tasre Z-1
Sobstance p.pm.e g M3

Acetaldehydo. oeeeeaeamen 200 380
Acetic acid..... - 10 - 2
Acetic snhydrid - 5

Acetone. ....... 1,000 2, 400
Acetonitrile. .. .l 40

Acetylens dichloride, ses 1, 2-

Dichlorosthylene. .. ..cevunecconncracnccnns rsenzcana
Acatylene tatrabromids. .. ... 1 14
Acrolein — o1 0.23
Acrylamide-Skin 03
Acrylopitrite=Skin .. cceauoaae 20 43
Aldrin—Sktn._.__._ 023
Ally) aleohol-Skif..eenaeceea-- 2 5
Alglehortde .. ciaeee 1 - 3
**C Altylglycidyl ether (AGE). 10 43
Allyl propy! dlsulfide. ... _.... 2 12
2-Aminoethanol, see Ethanol

amine. . ......... N atecezene
2-Aminopyridine. .o o.cceuenee [ ¥
et Ammonia. e 50
Ammontum snlfamate (Am-

b 1:17°) PPN . B
n-Amyl acetats .....ceeacencons 100 525
sec-Amyl acetatd. . oceeacnaee 123 80
Anliine—SKIn . eiieeraaeoen -1 19
Anisidine (o, p-isomers)—~Skin. . .c.e... — os
Antimony and compounds

[EY <] -) D s

8ee footnotes at end of table.
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TABLE Z-~1-~Continued

TsBLE Z~l-Continued

Sabstance p.pm.s  mg/Mi? 8nbstanos p.pm.s mg M
ANTU (alpha napbihyl Cosl tar pitch volatiles (bene
L3 17307 Y Y Y 0.3 zana aojubdie {raction) anthrae
Arsenic and compoands (88 A8)aveemcnennnn as cene, Ba?, phananthrena,
ArHN®. oo armaaenn a0s | 0.2 scridins, chrysens, DYTeCe. ..covacncacncan c.2
Araphos-methgl—8%ia. .. cceecrecianunnan. a2 Cobalt, metal fume and QLSS v caneecacceen 0.1
Bariam (soluble compouniis)... as Copper fums__ .. 0.1
Benzoquinone, 5ee Quinona. ¢ ceeeeeeareerecenneccuan Dusts and Mists. 1
gpnzoyl o L L L . L] Cotton dus: (raw) ——e- 1
Benzy! chloride_ ... 1 8 Crag@® herblcids o imrieerccvcancconnen 15
Biphenyl, ses Diphenyl Cresol (si] scmers)—SXkin.. ... 5 2
Bispheno! A, sse Diglycidyl Crotomalden¥dtueeannacancaaane 2 [ ]
Other. o eciecmcccenommmeovarceoatanmaeseasanns Cumene—8¥ta_ ... ... 50 245
RBoron oxids.__._.. 15 Cyanide (as CN)=BKiD ..o icaun 5
C Boron triflgortde. .eaeeaocan 1 3 Cyciohezane. . . .ca... 300 1,050
Bromine. e ... - a1 a7 Cyciohexacol.. 5 200
Bromoform==BXin. ... cceaecea 0.5 5 Cyclohexanons 50 200
Butadieqs (1, 3-butadiens)._... 1,000 2,200 Cyclohexene___. - 300 1,015
Butanethiol, see Buty] mere C}'dlgpen'_adlm-.--.--.-..‘_--- 3 200
CAPLBA . enencccranne anacon aereesscmeaemecemmazcane 10
2-Bulanone ... .ceceececnnanan 200 890 DDT—-Ski:I ..................... PR, 1
3-Butory nhu\ol (Batyi Cel DDVP, see Dishlarvos. - J
losolve)=Bkin. . .oooianaanen 50 240 Decshorana—gxin o cvecvenn.n - acs 0.3
Butyl acetats (n-bum scetate). 150 710 Demeton O~ EEi% e cccrncmcccccnae ol
sec-Butyl acetats. caooaeoanao... 200 950 Diacrione sicohol (&-hydroxy-
tert-Butyl acetats. . - 200 950 4-mathy-2-pentancas)....... 50 240
Buty! alcobol.... .c... P 100 300 1,2-4ismincethane, see
sec-B1ty) alcoho).ceen . .. 150 450 Ethylenedlamine, PR
tars-Batyl aleohol. ... - 100 300 Diazometbans. a2 0.4
C Butylamite—8kin.. . ..... - & 15 Diborane.......ccsvcecemenacann al 0.1
C tert-Baty! chromate (a.: Dibutylphthalate. L
CrOy)—8kiN. oo ie e ccmcacccaanen ol C o-Nichlorohenzens. caaaooo.o 50 300
n-Baty! glycidyl ether (BGE)... 50 270 Dichinrobenzene. .. ..... 450
*Butyl mereaptan. . .oocoeoaca- 10 33 iehlorodiAucromethane.. ... 4,850
p-lert-Butyltoigens. .......... 10 60 1,3-Dichlorod &dimetnyl
Calclum ar 1 bydantoia P 62
Csicinm orida 8 1,1-Dichlorosthane. . _ 400
S ampPhOr. e 2 eamaas 1.2-Dichiorosthriens ... ..oo 790
Carhary) (Sevin @).. 3 C Dichiorosthy} ether—5kin_ . 15 90
2Don black. ... 3.8 Dichlaromezhase, see
Carbon dioxids... 9,000 Methylenechisride,
gﬁ?&:ﬁ_“gg‘%’ Bé p Dichbloromonofinoromethans... 1000 4,200
Chiorinate! camphene—Skin. s C 1,1-Dichioro-1-nitroathane. .. 10 €
Chlorinated ¢iphenyl ox1de.eeceesecacnvan 05 l}chhlorcﬁ;'Eane. Se®
LY el Y et 1 3 Propylenadiztloride... JEORP,
Chlorine 81ox1ds. oo e oo a1 o3 Dichlorotatralsororthana.._ .. 1,000 7,000
€ Chlorine tridaorida. . ....o-. o1 a4  Dienlorves (DDVE)—BkA...oooooooeene 1
C Chloroscetaidehyde. -........ 1 3 Bicthan—oka. a2
a-Chloroscstophenons ethylamine. .. .coooo ... 2 5]
(phensacylichiorida). . ... ... ao0s 0.3 Dlsthylamino sthanol—8xin_.. 18 0
Chlorobenzane {monochloro- Disthylether, ses Ethylether oo oo vmmamnn . n..
BaNZANe). . - oo ooe 75 350 Difluorodinromomethans__ ... 100 850
o-Chlorobenxyliden - C Dizlycidr! ezaer (DGE). ... [§4 2.8
malononitrls (OCBM) ... a.08 0. Dg’?gm{?"“’“» roe
Chlorobromomsthane ..eeeceee 200 1,070 ’bmq“';"?’&-------—"----"-- D
2-Chlorn1.3-butadiene, sew Dllsobaty] ¥e1008a o ccnecneee K0 290
ChIOTODIENB. - oo e oeeee e e e m e memmm e Disopropylsm::e—skln-- —— 5 20
Chinrodipheny! (42 percent ! Dimethoxymethape, seo -
ChIOHAR B, . —e-mmermrmoemeneen 1 Dimeml seiemeERaL T TR 357
Chlorodiphenyl (54 percent Dimethylamina........... Tl 18
Chlorine)~8X10. . .ooencrcmcmcccccancun o Dimathylsminobenzene, sse
1-Chlorg,2,3-eporypropane, sse Xylidene. .cevmnnnnaann.
Epichlorhydrin. i iecaanes - Dimethylaniline(N-dimethyl-
2-Chlorpethansl, see Ethylans 8olline)~8XI% .\ caccecacn B 25
LHYIE Y £ L L N Dimsthyibenrens, sse Xylene o ovroncnaaaane
Chloroathylsna, ses Vinyl Dimethy! 1.2-2:bromo-2,2-dk
[ o U LI U chlorpet~¥! phosphate,
C Chioroform (trichloro- 6975331 o2} TR ————— - 3
methan®) oo cnnceeacaccae &0 240 Dimethyiiommamide—Skin__ __ 10 30
1-Chloro-1-nitropropans. ....-.. 20 100 2,6 Dimatvyihentanone, soe
Chloropieria. .o a1l 0.7 Disobr 7l ketone . oo e e e cccmm—ecevam————
Chloroprens (2<hlore-1,3 L1-DimetSyitydrazine—Skin. . as 1
butadisne)—SKI .. ..ccuouaan 23 ] Dimethyiphibalate . ..., - s
Chrominm. sol. chromie, Dimethyiseifata=tkin. ... 3
chromots salts as Cro e, 0.5 Dlnin-oba..z-—s (all tsomers)—
Metal and {nsol. saltS. _4ocoeocimvamaoos 1 Skin.._... - ]

See foutnotes at end of table,

See footnotes at end of tabie.
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TibLe Z=1==Continged

TaBLe Z-1-=Continued

§1910.1000

Sabstance

ppmt mg /M Substance p.p.m* mg/M®
Dlnlml—Skm...........-.-..-.-... a0z 1 1.3
Dinirotol LS 3 16
Dlonna ( Dhmyleno dloxld-)— s 7
D e saevesareasacusssmenses 100 360 H!dmgen cyanide—S 10 u
HDRORY]. eeecorvceencammnanan a2 1 Hydrogen peroxids (30%). . ooes 1 L4
Dlphenﬂmethsm Hydroge selenldten ceccanns 603 02
(see Mouwlm bisphenyi Hydroquinone. 2
{socyaqate (MD C Todlne %1 1
Dlpmpylcm glycol mathyl Iron ox{ds fums. Jo—. 10
33Tt L Y . 600 . Iscomy) acctats 100 528
Di-soe octyl pkht!uhu (D43 . Iscamy! alcohal 100 360
othylhexylp 8 Tsobutyl scetat 150 700
2 drtn ....... ceecescsssannaseence ‘g- 1 Ilgob%tyl alcoholemnecacccccacaas 100 300
|1 NEPEY OPROTONB. cue..cavocencasacann 25 140
E pN-—BxL .3 JSOpTORY] 8COtALEu v eccnena 250 250
1,2-Epoxypropaze, ses Isopropg! aleohOleeevcccccncewes 400 $30
Propyleusoxidse. . Tsopropylamine 5 12
%E%gil-m 200 %:opr”{e:lm?éy T T 500 2,100
bl b opropyl glye sther QG E). 50 240
EBthanethiol, ses Ethylmers atsne., B ['%] o9
csptan.. . Laac‘. arsenste [ 9} 3
Ethanolamine........ ceoeonaven 3 (] Lindune=Skin [ 51
2-Ethoryethanot=8 . 200 740 Lithium hydrids ac2s
2.Ethogysthylacstate (Cello= L.P. Q. (liquidad petrolsum
solve acetale)=BKin.ccacac... 100 840  AS)ermeeennmnnen 1,000 1,800 -
Ethytacetats......... ceecanees 400 1,400 Mngnt....xm oride fums. 15
Ethyi scrylato=8kin. ceacanvea 25 100 Malatbion—8Xin. 15
Ethyl aleotol (sthanod). eeece.. 1,000 1,900 Maleie anhydrids.... - 023 1
Ewhyiamiae. . 10 13 ugansse. 13
Eimm so-unyl kumno (5 Menltyl oxide..ueeaaoaa.. e 25 100
methyl3-h ) S-23 .. . 130 Mothanethiol, ses Methyl
Eshyid ~ 10 435 mompun
Ethyl bromide.......... ———ewe 200 - 890 Methoxyehior. 15
Ethy! brityl ketone (3- 2-Methoryotbanol. see Meathyl
Heptanonoe) . % %0 cellosolvs.
Ethyi chiorid 1,000 2, 600 Moihyl acetat . 200 10
Ethy! ether. 400 1,200 Methyl acetylens (propyne).... 1,000 L¢50
Ethy! formate......... 100 300 Mothy! acetylene-propadiens
C Ethylmsrcsp 10 23 mixtars (MAPP).coecaeeeee 1, 000 1500
Eihylstilen 100 830 Moathyl scrylates=Skin. o .oeoeoox 10 s
Ethylens chlorohydnn—shn .- 5 18 Mothylal (dimethosymethane).. 1,000 3 1w
Ethylenediaming, . ccucaaocaaaaa 10 25 Methiy! alcohol (mathanol)...... 200 280
Ethylsne dibromide, ses 1,2- Mothylamine  c.eeeecaencnaane 10 12
Dibromesthans. coeeeceecanaaa Mathyl amy! alcohol, see
Ethylene dlchlorldo. see 1,2 Msihy! Isobatyl carblool. -
Dichloroethans. ..... Mothyl (c-amyl) ketons (2.
C Ethylens glycol dinitrate Heptanons)....coeeveavcane -~ 100 48%
lndlcr Nlml?c-dﬂ—sm.-- - 40,2 1 C Mathy! bromide—Skin....... 20 80
Ziu71203 giFou Wonoueinyi . athy! 1271 xeione, 500 2
sther acetate, seo Methyl Hexanone.
cellosoive scetate. Msthy! cellosolve—8kin........ 25 80
Ethylene imine~8kin...cccau.. 0.5 1 Maethyl cellosolvs acetate—~Skin 25 120
Ethylens oxide. .. .vovucnceaeas 50 20 Mathyl chloroform...a-necee. e 350 1,800
Ethylidine chlorids, see 1,1« Methylcyclohexans...- ..... &00 2,000
DichloroetRans. ... ..cccomamcncomazcmnsunconmnsse o Mathylcycliohexanol . ..... 100 470
N-Ethyimorpholine=-8kin. ... o o-\Iethylcyclobexanona—snn.. 100 450
Ferbam . 15 Meathyl ethiyl ketons (MEK),
Ferrovanadinm dmt. 1 sea 2-Batanons. tasecaee:
Fluorids (a3 F) 25 Methyl formats...... 100 250
0.2 Methyl lodida~Skin - L 28
8, 600 Methyl lsobutyl carbinol-Skin. 25 100
9 Moethyl [sobutyl ketone, see
20 BEXGTi8 e man e aan .a
200 Methyl isocyanste~Skin, ceeeee 0.02 0,03
C Methyl mercspton. cacacecne 10 20
propanc 150 Methyl msethacryiate...oceeeeas 100 410
Glyco. meoencethyl ether, seo Mathyi propyl kstons, see 2-
2-Ethoxyethanol ... coceauacoacae. Fenicnons..... v
Guthion @ see Azinphos- C a Methyl styrene.......... e 100 480
methyl. C Msthyleas bispheay!
Hamiom [¥1 1socyanate (MDI).cecuaen-- — a2 a2
Heptachlor—RXin. 03 Molybdsnom:
Heptans (R hrp1A0®) . oeoccaan. 500 2,000 Solable compounds 3
Hetachlormsthane~Skin. ... 1 10 Insoluble cOMPOUNGS. .acaeccesaracesncoen 15
Herachloronaphthalene—SkIn o cuoeeeooaaan 6.2 {snumethy! aniline—Skia. ... 2 ]
Herane (n-hoxane)..eeecccacaas 500 1,800 C \Ionomethyl hydrazine—
2-Hezxanone. ....... sgemeenee 100 410 M ‘ﬂh T T A 2%2 73-3"
Bexone (Mrthy! wau orpaolins—Skia..
Ketone)... ? ______ ,2 ________ 100 410 Napbhiha (coaltar).. 100 400
900-Hexyl 400tAts . oveencnnanan 50 300 Naphthalens. . occeccceeanen 10 50
See footnote at end of tadle. See footnotes at end of tadle,
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TaBLe Z~1—-Continued

Title 29—~—lobor

TasL® Z~1-=Continoed

Substance p.p.mL* Img. /A Substance p-pm® mp/Ms®
Nickel earbonyl e ennnnanna. Q. 001 0. 007 Silver, metal and soloble com-
Nickal, metal and solobls PoUnds. . ... it eaaaaaa ool
cxapds, 88 Nl caceencncnacannnnmonamonsans 1 SOd!um fiuorcacetats (1080)=
Nicotine—5kin. as (33T YO 0.03
Nitreatid. . vcacacananocana- 5 Sodium hydroxide 2
Nitricoxide........ 30 [ 341301 S 0.1 0s
p-Nitroanilive—Biin. [} *Stoddard soivent....cceaeecacen 800
Nitrobenzene—Skin 8 Suryehnine _...... Q13
p-Nitrochiorob 1 Brlfnr dloxide. ... .ovccuecaaocas 5 13
NITosthans.....veeceuveanas van 310 Boitur hesafuorids. . 1,000 6,000
Nitrogen dloxide.. ... 9 Bulfurie acid.. .. ... .cccnccucecrmnanessocone B !
Nitrogen triftuoride. 29 Suifnr monochiorida.. [
Nitroglycarin-—-8kin. 2 Ezltur pentafiooride.. - Q. 025 0. 23
NiTomethans. . ceeeceecccanenan 250 Salfury} Suorids......_. 20
1-Njtroprop e 80 Systox, see Demetont @.ovocueeicnencvenocencnnamescen -
2Z-Niropropans. ceevcacevnncence 25 80 24.5T ceennnn.- 10
trotol | S 5 30 -]
Ntmmcblmth:m, saa Q.2
CRlorODIET . e s e cvniccameranmeo et oamanas um o1
Omr_nherphtbahna—Skm 0.1 Tallarlum hexaduoride. ... ... 0.2
*Qctane, 2,35 iE PP--iHn ..... 0.cs
*04] mist, mineral. o3 Z Terphenyly. Looeeeccnanen 1 [}
Oszium tatroxide 0.002 L1 %Teuumowz.zdlﬁaoro-
Oxalicacid....... 1 ethane. . ....cuiceieuamcnean 500 4,170
O1xygsa difinoride. a1l L,1.2 2-Tetrachlore-1,2-difuoros
212 N 0.2 ethane. .. . ..o vaioaanuan 500 4,170
Paraquat--Skin . 05 1,1,2.2-Tetrachloroethane—Skin 8
Parathioor—~6K{lecemcannn o..n PR a1 Tetrachlaroethylens, sse Per-
Pentaborsae . oeoevnenoaans 0.005 0.01 chlororthylene. et iercreaccecacecccmrmcmaaa.
Penuchlommphthdeno-skm ............. a8 Tetrachloromethans, ses Caxbon
- 0.8 tetrachlurtde. . o iccneciacocsnencnncenaa
‘Pl"'ﬂm 1,000 2,950 Tetrachloronaplithslene=~Bkin. . ... 2
2-Pantanons. ____...c..ooo.o. -, 200 700 Teiraethyl lead (es Ph)==S¥in, L oeeo s 0.0738
Perchloromethy] mercaptan. ... o1 0.8 Tetrahydrofuren...ocovecavean 200 50
Perchioryl flonride ... .. ... 3 13.8 Te’-anethyl fead (ag Pb)-=
Petroleam distill ites (Raphtha). 500 2,000 153 3 U S R 0.07
Phanol=8kiN . uccuaicncacaunn -] 19 Te’nmeu:yl succinonitrile—
p-Phenylene dlamine—Skin [1 % SR 1 3 U SR 0.5 3
Phenyl sther (vapor)......._... 7 Te..mnltrome'hano ............. 1 8
Phenryl ether-biphenyl Tetry} (2.4,~trinitrophenyle
mixtere (Vapor) . e ccecmccvee 7 methylnitramnine)~=5kin o nescmccaceaas s
Phenylsthylene, see Strrana-,.. ....................... Thalium (so0ludle com-
Phanyligliyeidyl sther (PGE). .. 10 80 pounds)=—Siin 83 Tl mccvumneamcccanen 0.1
Phensihydrazine—8Skin. . ... B ® Thiram.eeee..... meeresrcecvesememeem——— H]
Phpedrin (Meriaphos @ )— Tin (morganlc cznpds, except
13 1 S ol 2 oL - T R 2
Phosgans (carbonyl chloride) .. 0.1 0.4 Tin (organie empPAs)eeee caccrammevccoaceacan 0.1
Phosphine. caeacenneianccacacan 03 0.4 C Toluene.2,4-diisocyanats..._. Q.02 0.14
Phosphorie acid. v oo ceccemccccmcae 1 o-Toluldine—8En . oo oneennne 1 =
Phosphorns (yellow). ... 0.1 Toxaphene, see Chlorinated
Pbhosphorus pentachlorida. 1 CADIPHENA. o euicancconnacsamrerasscacres comnmzenme
Phosphorus pentasulfide. . ceeavennanean 1 Tributy! PBoSPRaLe . e cvecrrancane &
Phosphornt trichloride.__ . 3 1,1,1-Trichiorosthane, ses
Phihalic achydride. ... 2 12 Methy! ChIGPOTOMT o - eeeee e e meesmrmmn e
Plcric acld—8kin. ... caue... eeecmemmamane 01 1,1.2-Trichloroethans—Skin..... 10 43
Pival ® (2-Pivalyl13- Titaniamdiorida, .. n..oocooon evammmmanean 15
fndandjone) . . ..o ccnnnan —————— - 0.1 Trichloromathape, sss Chloro-
Platinum (Solnbls salls) as form........ seesnssmasvasmcsmeonsae tanamans van
£ SR 0.002 Trichloronaphthalene—Skin... .o _o_...._. s
Propargyl slechol—8kin. __._... ) 1.2, S-Nchlommpane .......... 50 300
Propane. ... .cccececmcaacan- 1,000 1,800 1,1,2-Trichioro 1,2,2-trifluoro-
n-Propy! acetats 200 840 ethane. .. .. eeimmanaceeen 1,000 7,600
Propy) aleohol. cemecmececieaann 200 50 Tristhylamine .. c.ccemnae 23 100
n-Propyinitrate. .. ... ... 25 110 Trifuoromonnbromamethane... 1,000 6,100
Propglane dichloride_ ___..._... 75 330 2,4,6-Trinitrophenocl, see Plcric
Propylens imine~Skin.. ___... 2 5 [ ¥ (o RN
Propyleneoxids. ... .. _..... 100 240 2,4 5>Trinloophenyimsethyl-
Prnoyns, ses Mathylacetylone. ..o oo ooocunvanca .o nitramine, see Teryl o cviiieieecciamrccemonaan
Pyrothrum 5 Enit;otnluer;s-s&k;’. ........... tg
Pyridins, .. 15 srthocresy) phosphata... -
Quinone..._.. 0.4 Tripheny! phosphate. .o caceecmommocaaene 3
RDX —Ekin L6 L 120V S, 100 860
Rhodium, Metal fama and Uranlum (wlghle eympounds) . _euwcaeveann 0.03
dusts, 83 Rh o1 Uraninam ({asohabls compounds) cwoeecaen.o a.2s
Soluble salts__ a0t CYsnadlum:
Ronnel.cocmeucaacaan 10 ViOsdast. .. 05
Rotenons (commercial) 8 .VxO. (OB, e ceeecaccmnesncmmm———— ae ot
Selenium compounds (as8e) ..o ... 02 Viayl benzane, soe StyTons.....
Selenjum haxafivoride........ .- 0.03 0.4 Vinyleyanide, see Acrylonitrile. ..

See footnotes at end of {able.

Seo footmotes at end of table.



Chapter XVil=—Qc¢cupational Safety and Health Admin. -

TABLE Z~i-=Continued

§ 1910.1000

TABLE Z-1-=Coutinued

Substanct p-D.OL*  mg./M3 P Substance ppme® mg/Mit
Viayl tol 100 Ytirinm, ) 4
Warfarin e emeeemaeAnenmoanamnceenaes a.1 Ziac chloride fame. 1
Xylons (T7101) . eecocanaccccan 100 Zine oxtde faM®. caueeunanen- eeecemeonancs - 3
Xyldine=8Xin o ecccasonana 8 2 4 Qm comp (e Zr) ]
*1970 Addition. ¢ An atmospheric concentrstion of not more thaa
e Parts of va or gas per milllon parts of contaml- 0,02 p.p.am., ot persoual protection may be necessasy

patad air by volume st 23° C. and 780 mm. Hg prassars.
s Approvimats of particuiats per cuble
tmnetar of air.
(No footnota *c” is n3ad to mvold confusion with
ealling valus notations.)

to avoid headachs.
* As sampled by rathod thst does nod collset vspor,
7 For control of gsaeral room alr, blologic monltoring
1s essential for personns control.

Tante Z-2
' msaximum pesk above
S-hour tima Am?uhh the plabdle ceiling
Matertal waighted cailing tion for an 8-hour shift.
average concsatration

Caoncentration Magdmuam
dontion

Beazsne (Z37.401089) . .« ceeevoncenacconnaraw 10 D00, 25 p. - 50 D. P coveme. 10 micntes.
Bzggug.:‘ g_aoz;d beryiifom compoouds 2 p8./M? 8 ug.JM. 23 g3 e e 30 minutss.
Cadmian fams (Z37.5-190). . —.ooee 0.1mg. AP 3mg /M.

- Cadminm dnst {(Z375=1970) e cecvamae e 0.2 . 0.6 3.0
Carboa disuifide (Z37.3-1588) 209.p.m 30 p.p.;m. 100 p.pn Do,
Carbon teirsahloride (237.17-19687) . cccaacee 10 Do DI e cavuane 28 P.PIRw sneccne V0 PPN ceveen § mlmx:: in

. any 4 hours.

Ethylenw dibromids (Z37.31-1970). .. cceeeee 20 D.pI2 0 p.pm. 80 p.paa. cveni.. S minotes,
Eihylsne dichlortde (237.21-1680) .. v cnee e 30 D.pm. 100 p.pm 200 P.B M e camewr § ?3%? In
FPormaldahyde (237.18-1967) . 3p.pm — Ep.pam 10D.pIn. —eane. 30 TaiONILES.
B finoride (237.23=1588) _ . da,

Flaorideas dast (Z37.23-19%9) . ¢ ceee e e 2.5 myg /M3,

Lead and 123 inoryaaiccomponnds (ZI7.11- 0.2 mg. /3.

1649).
Motiyl chloride (237.13-198). . ceenecnmnnan 100 p.pI . ooo. 200 PP wccccnnan 300 p.PM e [ m!nnatahs in
sy OUry .
Mathylane chlortds (Z37.3-1909).c e eaccae- 500 DD . cena 3,00 DD e weanen 2,000 D.DIR . . ... Smisutes In
any 2 hoars.

Organo (alky!) marcnry (Z37.20-1509) ... 0.01 mg. /M3 __ 0.04 mg/2d?

Bryrene (Z3T.13=1309) . oo ceeencevareen 10p.pa. ... 200 D.P. . ceeeann 600 D.Da0 § minotas in
sny 3 hours,
Trichicroeih ylene (237.19-1967)_ do, da 30 p.paD. caeaa- B mlnnztn in
any 2 hours,
Totrachloromtrylene (Z37.22-1967) do, do. do S minntes in
any 3 hours.
Tolusne (Z37.12-1987). . e e e 200 p.p.m. ... 300 P.PIRA.veene-- B0 DDA ..eoe. 10 tes.
Hydrogea sulfide (Z37.3-19006). 20 p.p.a 113X <% .- S - xooﬁx;nut:om
othar maasus-
abls exposure
M, (Z37.8-1971) 1mg10M s
B o -
Cb.m scld and chromates (237.7-1971) do 3,




$ 1910.1001

TABLX Z-3—AINEaal DUsTS

Substance Mppcfs  MgNP
Billca:
Crystalline:
Quartz (resplrabdle)......... 2501 10mg/\P=
%5108 SS10142
Quartx {total dust). . ocaaeeeooa ceemanaee  SOmg/AF
510542

Cristohalita: Usa 34 the
value calculated from the
couni or mass formuise for

quastz.

Tridymite: Tse 34 the value
ealculated from the for-
mulas for quartz.

Amorphous, including natural
distomaceous arth _.c.eeeaue. 2 SOmg/M?

05103

Bicates (less than 1% ay>
tailine silica):

Talc (non¢ orm). .
'I‘alc (fibrons). Use asbestos
Wmit ... ...
Tremolite (sse talc nbmu)
Portland cement. e_. ——
Graphite (natural) . .oovcunenas 15
Coal dust (respirable {raction
less that 555 Si08) .ccuccecaceccacann eeme  2.4mgfM3

or
For more than 5% 510y o cacucrucncatmanca 10mg/M?
€oS1042

Inert or Nnlsance Dust:
Fespirable fraction

Emg/M3
Total duste .o 8 18mg/M3

Nore: Conversion factory—

mppelX35.2=mililon particles per cnble mater
=Dparticles per c.c.

e Miltions of particles per cubie foot of alr, based on
tmpinger samples counted by hight-fiald tachnics.

I'The percentage of crystatiins silica {n the frmula
s the amount determined {rom alr-borne <amples, ex-
eept {n those Instances 1o which other methods hava been
shown to be applicable.

3 As determinad by the membmos filter tethod at
432 X phase contrasy magnification.

= Both concentration and percent quarte for the applis
eation of this imit are to be daterminsd {rom the fraction
passing a size-selector with the lollo‘rtng charscteristics:
ux;ﬁontakﬂnz < 195 quartz; i > 19 quartz, use qoartz

Aerodynamic diametar | Percent passing
(unlt density sphere) selecior

Sprpapore
Somox
olBJd8

The measurements under this nots refer to the uss 0
an AEC instrument.(’ the respimabls fraction of coal
dost i3 datermined with a MRE the figure corresponding
to thut of 2.4 Maz/M3 {n the table for conldnst is4 5 Mg/Ms,
{39 FR 23502, June 27, 1974. Redesignsated
and emended at 40 ¥R 23073, May 28, 1975]

.



EXHIBIT 3-2

" ADDITIONAL TOXIC AND HAZARDQUS SUBSTANCES REGULATED BY THE

OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION

29 CFR Section

1910.1001
1910.10Q2
1910.1003

1910.1004
1910.10405

1910.1006"

1910.1007
1910.1008
1910.1009
1910.1010
1910.1011
1910.1012
1910.1013
1910.1014
1910.1015
1910.1016
1910.1017

Material

Asbestos (8-hr avg. 2 flbers/cm g ceil-
ing 10 fibers/cm3}

Coal tar pitch volatiles (interpretation
of texrm)

4-Nitrobiphenyl

alpha-Naphthylamine

4,4' Methylene bis (2-chloroaniline)

Methyl chloromethyl ether

3,3'-Dichlorobenzidine (and its salts)

bis-Chloromethyl ether

beta~-Naphthylamine

Benzidine

4-Aminodiphenyl

Ethyleneimine

beta~Propiolactone

2—-Acetylaminofluorene

4-Dimethylaminobenzene

N-Nitrosodimethylamine

vinyl chloride (8~hr avg. 1 ppm, 15-min
avg. 5 ppm)



EXHIBIT 3-3

RELATIONSHIPS OF THRESHOLD LIMIT VALUES TO

SELECTED AMBIENT AIR QUALITY STANDARDS

Most Stringent

Ambient
Pollutant Standard
Beryllium 0.01 ug/m3
Mercury 1.0 ug/m3

Nitrogen dioxide 0.05 ppm
Sulfur dioxide 0.03 ppm

Geometric mean

TLV

50

ug/m3
ug/m3
ppm

ppm

TLV/
Ambient

Standard

200

50
100
167

114



CORRELATION

BETWEEN

EXHIBIT 3-4

THRESHOLD LIMIT VALUES AND LETHAL-DOSE 50'S

(5)

fg (TLV)
T




EXHIBIT 3-5

KNOWN AND POTENTIAL CARCINOGENS

AS LISTED BY THE MARYLAND BUREAU OF AIR QUALITY

Known Carcinogens

2-Acetylamino Fluorene
4-Aminodiphenyl
Arsenic
Arsenic Pentoxide
Arsenic Trioxide
Asbestos (all forms)
Auramine
Benzidine
Beryl
Beryllium
Beryllium Oxide
Beryllium Sulfate
Calcium Arsenate
Calcium Arsenite (CaAsO3H)
N,N,~-bis (2 Chloroethyl) 2-
Naphthylamine
bis-Chloromethyl Ether
3,3' - Dichlorobenzidine
4-Dimethylaminoazobenzene
Disodium Hydrogen Arsenate
Ethyleneimine
Methyl Chloromethyl Ether
alpha-Naphthylamine
beta-Naphthylamine
Nitrobiphenyl
Nitrosodimethylamine

and its Salts

Potassium Arsenate (KH,AsOy)

Potassium Arsenite
beta-Propiolactone
Sodium Arsenate

Sodium Arsenite (NaAsOj)
Vinyl Chloride Monomer

Potential Carcinogens

Benzene
Benzo (a) Pyrene
Bertrandite

Beryllium Zinc Silicate

Cadmium Oxide
Chromite
Chromium Oxide
Coal Tar Pitch
Pyrenes
Anthracenes
Phenanthrenes
Acridines
Benzpyrenes
Chrysene
Dimethyl Sulfate
Hydrazine
Lead Chromate
4,4' - Methylene-bis-
Chloroaniline
Nickel Carbonyl
Nickel Sulfide
Propane Sultone
Sodium Dichromate
Zinc Chromate



ODOR DESCRIPTIONS AND

EXHIBIT 3-6

THRESHOLDS FOR VARIOUS MATERIALS

Material
Acetaldehyde

Acetic acid
Acetic anhydride
Acetone
Acetophenone
Acrolein

Acrylic acid
Acrylonitrile

Allyl chloride

Allyl disulfide

Allyl mercaptan

Ammonia

Amyl acetate
(primary, mixed
isomers)

Anmyl alcohol

Aniline

Apiole
Benzene
Benzyl chloride
Benzyl sulfide
Bromine
1,3-Butadiene
n-Butanol
2-Butanol
n-Butyl acetate
Butyl acetate (iso-
mers unspecified)
n-Butyl amine
Butyl cellosolve
Butyl cellosolve
acetate

6,7,8)

Odor
Description

Green sweet,
oxidized
Sour

Chem . sweet, pungent

Burnt, sweet, pungent

Onion/garlic-
pungency
Fishy

Barn-like, pungent

Oily, solvent,
pungent

Solvent

Solvent

Cedary, sulfidy
Irritation, bleach

Odor
Threshold
(ppm)

0.21

1.0

0.36
100.0-320.
0.60
0.21-15.
1.04

21.4

0.47
0.0001
0.00005
0.037-46.8
0.21

1.0-10.
1.0

0.0063
4.68-60.
0.047
0.0021
0.047
1.3
2.0-11.
0.56

7.

0.037

0.24
0.48
0.20



Odox

Material Description

n-Butyl chloride

Butylene oxide

n-Butyl ether

n-Butyl formate
Butyraldehyde

Butyric acid Sour

Camphor
Carbitol acetate
Carbitol solvent
Carbon disulfide Vegetable sulfide
Carbon tetrachloride Sweet, pungent
(chlorination of
Csy)
Carbon tetrachloride
(chlorination of
CHy)
Carbon tetrachloride
(source unspeci-
fied)
Cellosolve acetate
Cellosolve solvent
Chloral Sweet, fruity
Chlorine Pungent, bleach
Chlorobenzene (mono~ Chlorinated, moth
chlorobenzene) balls
p-Cresol Tar-like, pungent
Cumene
Cyclohexanone
Diacetone alcohol
Diacetyl
Di-N-butyl amine
1,2-Dichloroethane
Dicyclopentadiene
Diethyl amine
Diethyl ethanolamine
Diethyl ketone
Diisobutyl carbinol
Diisobutyl ketone

Odorx
Thxeshold

(ppm)

16.7
0.71
0.47
17.
0.039
0.00028-
0.001
16.
0.263
1.10
0.21-7.7
21.4

100.0
200.

0.250
1.3

0.047
0.01-0.214
0.21

0.001
0.047
0.24
1.7
0.025
0.48
11o0.
0.20
0.06
0.04
9.
0.160
0.31



Material

Diisopropyl amine

Dimethyl acetamide

Dimethyl amine

Dimethyl ethanol-
amine

Dimethyl formamide

Dimethyl sulfide

1-4, Dioxane

Dioxane (isomer (s)
unspecified)

1-3, Dioxolane

Diphenyl ether (per-
fume grade)

Diphenyl sulfide

Di-N-propyl amine

Ethanol (synthetic)

Ethanol (source
unspecified)

2-Ethoxy-3,4~-dihyro-
1,2-pyran

Ethyl acetate

Ethyl acrylate

Ethyl amine (70-72%
in water)

2-Ethyl butanol

Ethylene

Ethylene diamine

Ethylene dichloride

Ethylene glycol

Ethylene oxide

2-Ethyl hexanol

Ethyl hexyl acetate

2-Ethyl hexyl acry-
late

Ethylidene norbor-
nene

Ethyl mercaptan

Odor
Description

Amine, burnt, oily
Fishy

Fishy,
gent
Cooked vegetable

floral, pun-

Sweet, floral

Hot plastic, earthy

Earthy, sulfidy

Odox
Threshold

(ppm)

0.85
46.8
0.047-6.
0.045

100.0

0.001-0-02
5.7
170.

128.0
0.1

0.0047
0.10
10.0
50.

0.60

13.2-50.
0.00036-

0.00047
0.83

0.77
700.
11.2
40.0
25.
500.
0.138
0.21
0.18

0.073

0.000016~
0.001



Odor

Material Description

N-Ethyl morpholine
Ethyl selenide
Ethyl selenomer-
captan
Ethyl sulfide
Formaldehyde Hay/straw-like,
pungent
Glycol diacetate
Heptane
1-Hexanol
Hydrogen chloride
Hydrogen selenide
Hydrogen sulfide
(from NajyS)
Hydrogen sulfide
(source unspeci-
fied)
Iodoform
Jonone
Isobutanol
Isobutyl acetate
Isobutyl acrylate
Isobutyl cellosolve
Isobutyraldehyde
Isodecanol
Isopentanoic acid
(mixed isomers)
Isophorone
Isopropanol
Isopropyl acetate
Isopropyl amine
Isopropyl ether.
Mesityl oxide
Methanol
Methyl acetate
Methyl amine
(monomethlyl amine)
Methyl amyl acetate
Methyl amyl alcohol

Pungent, burnt

Boiled eggs

Sweet, fruity

Fishy, pungent

Odor
Threshold

—(ppm)__

0.25
0.000062
0.00000018

0.00025
1.0

0.321
220.
0.09
10.0
3.
0.0047

0.00047-
0.0011

0.00037
0.000000059
2.05-40.
0.50-4.
0.012

0.191

0.236

0.042

0.026

0.54
28.2-40.
0.97-30.
0.95

0.053
0.051
53.3-5900.
200.

0.021

0.52



Material

2-Methyl butanol

Methyl cellosolye

Methyl cellosolve
acetate

Methyl chloride

Methylene chloride

Methylene glycol

Methyl ethanolamine

Methyl ethyl ketone

2-Methyl—-5~ethyl
pyridine

Methyl formate

Methyl isocamyl
alcohol

Methyl isoamyl ketone

Methyl isobutyl
ketone

Methyl mercaptan

Methyl methacrylate
2-Methyl pentaldehyde
2-Methyl-l-pentanol
Methyl propyl ketone
a—Methyl styrene
Morpholine

Motor fuel
Nitrobenzene

Octane

Ozone
2,4-Pentanedione
n-Pentanol
Perchloroethylene
Phenol

Phosgene
Phosphine
2-Picoline
n-Propanol
Propionaldehyde
Propionic acid

Odor
Description

Sweet

Sweet, floral
Sulfidy, pungent

Pungent, sulfidy

Shoe polish, pun-
gent

Chlorinated
Medicinal, sweet
Hay-like

Oniony, mustard

Odor
Threshold

(ppm)

0.23
0.40
0.64

10.
150.-214.
60.

3.4
6.0-25.
0.010

2000.
0.20

0.070
0.28-8.

0.0011-
0.0021

0.21-0.34

0.136

0.082

8.

0.156

0.14

30.-800.

0.0047

150.

0.1
0.024
0.31
4.68
0.047-3.
1.0
0.021
0.4e6
0.13-30.
0.80
0.034



Material

n-Propyl acetate
Propylene
Propylene diamine

Propylene dichloride

Propylene oxide
Propyl mercaptan
Pyridine

Odor
Description

Burnt, pungent,
diamine

Odor
Threshold

(ppm)

0.15~20.
67.6
0.067
0.60
35.0
0.000075

0.012-0.021

Skatole 0.000000075
Styrene (inhibited) Solventy, rubbery 0.1
Styrene (uninhibited) Solventy, rubbery, 0.047
plasticky
Styrene (type unspec-
ified) 0.15
Styrene oxide 0.40
Sulfur dichloride Sulfidy 0.001
Sulfur dioxide Oppressive 0.47-30.
Tetrachloroethylene 50.
Tetraethyl o-sili~ 7.2
cate
Tetrahydrofuran 30.
Toluene (from coke) Floral, pungent, 4.68
solventy
Toluene (from petro- Moth balls, rub-
leum) bery 2.14-
Toluene (source
unspecified) 1.74-40.
Toluene diisocyanate Medicated bandage, 2.14
pungent
1,1,1-Trichloroethane 400.
Trichloroethylene Solventy 2.14-250.
Trichloromonofluoro- 209.0
methane (Ucon-11)
Trichlorotrifluoro- 135.0
ethane (Ucon-113
solvent)
Triethyl amine 0.28
Trimethyl amine Fishy, pungent 0.00021-4



Qdox
Material Description

Trinitro-tert-butyl
xylene (synthetic
musk)
Valeric acid
Vanillin
Vinyl acetate
p—-Xylene Sweet, moth balls
Xylene (isomer (s)
unspecified)

Odorx
Threshold

(ppm})
0.0QQ00042

0.00062
0.000000032
0.55

0.47

0.27-20.



CHAPTER 4

EMISSION SOURCES

Since all air pollutants can be divided into
two categories, gases and particulates, one must
consider two types of potential atmospheric emis-
sions. Gaseous emissions normally result from
the evaporation of liquid materials or, less fre-—
quently encountered, the sublimation (change to
the gaseous state without first passing through
the liquid state) of solid materials. The rate
of evolution of such emissions is almost always
highly dependent on the volatility of the material
under consideration.

The vapor pressures of a large number of
organic materials are presented as a function
of temperature in Exhibit 4-~1, and similar data
for inorganic materials are presented in Exhibit
4-2 (9). 1In order to use these exhibits to determine
a material's vapor pressure (in millimeters of
mercury), the temperature of the material (in
degrees Centigrade) must be located on the line
on which the material's name appears. At the
top of the column in which the temperature is
listed, the vapor pressure is indicated. Interpo-
lation and extrapolation may be employed as needed;
for accurate results, the listed data should be
used to plot a smooth vapor pressure-versus-
temperature curve, from which the vapor pressure
at any temperature can be read. For cases in
which the chemical of concern is not listed in
the vapor pressure tables, the vapor pressures
of chemicals having similar molecular weights
and structures should be checked. (As noted pre-
viously, molecular weights and structures can
be determined by using either the organic or
inorganic tables of chemical properties that
can be found in the CRC "Handbook of Chemistry
and Physics.")



For example, consider the case of benzyl
chloride, a toxic substance that has a Threshold
Limit Value (TLV] of 1 part per million (ppm],
to be present at a temperature of 70 degrees
Fahrenheit, which is equivalent to (70-32)/1.8,
or 21.1 degrees Centigrade (©C), and under normal
atmospheric pressure (760 millimeters of mercury).
The closest temperature to this on the line labeled
benzyl chloride in Exhibit 4-1 is 22.0°C, which
is located in the first vapor pressure column on
the left, the column headed 1 millimeter of mercury
(mm Hg). Since the actual temperature of 21.1°%
is slightly below the listed temperature of 22.0°C,
the actual vapor pressure is slightly less than
1 mm Hg. The equilibrium benzyl chloride concentra-
tion above the liquid phase would therefore be
just under 1 mm Hg/760 mm Hg, 0.13 percent, or
1300 ppm.

Such a concentration would require efficient
containment, emission control (for example, by
activated carbon adsorption or thermal incineration -
see the following chapter for details), or atmos-
pheric dilution by a factor of well over three
orders of magnitude before it could be safely
inhaled for a significant period of time. Such
degrees of dilution are in fact ordinarily obtained
in cases of elevated release locations; however,
it should also be recalled that ambient levels
should typically be kept far below TLV concentra-
tions. (The methods that can be used to evaluate a
situation's potential for toxic air pollution problems
are summarized in Exhibit g§-12).

Repeating the above calculation for a somewhat
different case, in which the benzyl chloride is
maintained under a pressure of 30 pounds per
square inch gauge (psig), i.e., above the atmospheric
pressure of about 14.7 psi, which is the same
as 30 + 14.7 or 44.7 pounds per square inch absolute
(psia), or 3.04 atmospheres (atm), or 2310 mm Hg,
the equilibrium pollutant concentration would be
reduced to 1 mm Hg/2310 mm Hg, 0.043 percent, or
430 ppm. On the other hand, if the benzyl chloride
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were to be kept under a 10 psi vacuum (below the
atmospheric pressure of 14.7 psi), which is the
same as 4.7 psia, 0.32 atmospheres, or 243 mm Hg,
the equilibrium pollutant concentration would be
increased to 1 mm Hg/243 mm Hg, 0.41 percent, or
4100 ppm.

The above example calculations should serve
to provide the toxic substance air pollution inspec-
tor with an indication of how to estimate emitted
concentrations. (When mixtures of chemicals are
involved, somewhat more complex calculations may
be required, based on various approximate relation-
ships, such as Raoult's Law, that are described
in detail in physical chemistry textbooks.)

One additional example will be presented
to show how mass emission rates, rather than just
emitted concentrations, may be estimated. Suppose
a 1500-gallon, or 200-cubic foot, vessel at atmos-
pheric pressure that is almost empty but is saturated
with benzyl chloride vapor is to be refilled with
the chemical within a ten-minute period. At the
0.13 percent equilibrium concentration calculated
above, the vessel's benzyl chloride vapor of 200
x 0.13% or 0.26 cubic feet, or (from the ideal
gas law) 0.085 pounds, will be displaced during
the operation, at an average rate of 0.085/10
or 0.0085 pounds per minute. (If this seems to
be a low emission rate, one might consider that
the dilution air that would be required to reduce
0.0085 pounds per minute of benzyl chloride to
its 1 ppm TLV amounts to 26,000 cubic feet per
minute.)

A final general point that should be made
regarding evaporative emission estimations is
that, depending on the process situation, it
may often be more appropriate to assume that
considerably less than the equilibrium pollutant
concentrations may be present, especially when
the time element is small and the degree of mixing
is low. A method for estimating storage tank



evaporative emissions based on vapor pressure data

is presented as Exhibit 4-3, which has been repro-
duced from EPA Publication Number AP-42, "Compilation
of Air Pollutant Emission Factors" (10)}. For fixed-
roof petrochemical storage tanks, conservatively
assuming the number of turnovers (the ratio of

annual throughput to tank capacity) to be

no greater than 36 per year, the evaporative emis-
sion formulae can reduced to the expression:

1.73 HO.Sl 0.50

+
AT ch

E

I

MP (0.0104 D
0.000024 G)
where:

E = evaporative emission rate (1lb/yr)

M = molecular weight of petrochemical (lb/mole)

P = true vapor pressure of petrochemical at
bulk liquid storage temperature (psia)

D = diameter of storage tank (ft)

H = average vapor space height (typically half
of storage tank height, and including a
correction for concave roof volume) (ft)

AT = average daily ambient temperature change,
maximum minus minimum (typically about 20°F)

Fp = paint factor, ranging from 1.00 for tanks
whose roofs and shells are coated with
white paint in good condition, to 1.58 for
medium~gray painted tanks in poor condition
(see Exhibit 4-3)

C = correction factor for tanks with diameters
of less than 30 feet, approximately equal
to D/20 - D4/1,600,000 (see Exhibit 4-3)

G = annual throughput of petrochemical (gal/yr)
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The first term enclosed within the parentheses
is needed to calculate the standing storage (breath-
ing) loss, while the second term is needed to calcu-

late the working (filling and emptying) loss.

Other potentional sources of evaporative emis-—
sions of toxic substances include such chemical
process equipment as reactor vessels, distillation
columns, pumps, and compressors. Pollutant release
points include stacks, vents, ejectors, and leaking
ducts and pipes, and such occurrences as overflows
and spills must also be considered. In addition,
wastewater streams and solid waste accumulations
should not be overlooked as possible sources of
toxic evaporative emissions to the atmosphere,
and treatment processes may actually result in
increased releases of certain chemicals into the
air. Such processes may often include the incinera-
tion of liquid or solid industrial waste materials.

Particulate emissions are ordinarily the
result of the small particles present in
a finely-divided (granular or powdered) solid
naterial becoming airborne, or sometimes of very
small droplets being entrained in an air stream
flowing through a quantity of liquid, or over
a liquid surface, or simply past a point where
liquid splashing, spraying, or atomization (as
at a high-pressure nozzle) occurs. (In cases where
particulates are created by the condensation, re-
action, or other transformation of gaseous pollu-
tants, evaporative or other gaseous emission for-
mation mechanisms are usually responsible.)

Just as gaseous emissions are most often
attributable to the volatility of substances, parti-
culate emissions are usually related to the degree
to which materials are present in finely-divided
form. This is due to the fact that coarser parti-
cles are much less likely to become and remain
airborne. For example, 100-micrometer (or 0.1
mm) diameter particles settle to the ground so
guickly that they are usually transported beyond



plant boundaries in significant quantities only

in cases inyolving high initial release eleyations
and/or high wind speeds. Intermediate-~sized parti-
cles, which have diameters of about 10 micrometers
(or 0.01 mm) and are extremely difficult to distin-
guish as individual particles with the naked eye,
are much more readily transported by the air over
considerable distances. Very small particles,
which have diameters of about 1 micrometer (0.001
mm) and are very difficult to see even with the

aid of an optical microscope because their sizes
approximate the wave-length of light, behave in
many respects like gaseous molecules and have

no significant tendency to undergo gravitational
settling.

The percentage of small particles (those with
diameters of less than a specified value) present
in a finely-divided material which have the
potential to become airborne may be determined
based on a knowledge of the particle size distri-
bution of the material. In air pollution work,
the distribution most often encountered is the
log-normal type, within which the logarithm of
the particle diameter is distributed normally (ac-
cording to the error function, or the standard
bell curve) with respect to the mass of particles.
For example, if one considers a granular material
having a log-normal size distribution that is
characterized by a mass median diameter of 100
micrometers and a geometric standard deviation
of 2.5, it is known by definition that 68 percent
of the mass of particles is between 100/2.5 and
100 x 2.5, or 40 micrometers and 250 micrometers,
in diameter, while 16 percent of the mass is below
40 micrometers in diameter and the remaining 16
percent is above 250 micrometers in diameter.
Through the utilization of graphical technigues
or tabular data, the percentage of the mass of
a finely-divided material below any size (chosen
because of its likelihood of becoming airborne
and being transported to the plant boundary or
to a potentially sensitive or adversely affected
receptor location) can be readily determined;

4-6



however, all of the particles below such a size
may not actually be emitted, and in most cases

only a small fraction of them will be released,
depending on the degree to which the finely-divided
material is exposed to the air, especially air

in motion.

For some types of operations in which particu-
late emissions may be generated, emission rates
may be estimated based on the data presented in
EPA Publication Number AP-42, "Compilation of Air
Pollutant Emission Factors." In cases where the
source operation involved is not listed in AP-42,
emission factors for similar operations may be
considered for use, keeping in mind that the
size distributions of the finely-divided process
materials involved and their degrees of exposure
to the air and its motion should be comparable.
In the case of a solid material, its degree of
dryness, dampness or stickiness may be highly
significant. Since toxic substances may constitute
only a fraction of the total emitted particulate
matter, the composition of the finely-divided pro-
cess material should be taken into account, including
any systematic difference between the total and
the toxic particle size distributions that may
exist. Operations that may result in toxic sub-
stance particulate emissions include atomizing,
blending, charging, conveying, crushing, cutting,
drilling, mixing, packing, pulverizing, spraying,
and others.

In the estimation of emission rates of poten-
tially toxic materials, it may often be necessary
to consider the differences in the weights of
alternative chemical forms. For example, consider
a process in which 4 pounds per day of vanadium
(atomic symbol V, atomic weight 51) is converted
to vanadium pentoxide fumes (molecular formula
V205, molecular weight 51 x 2 + 16 x 5, or 182)
and subsequently released to the atmosphere.

Since the V.0 has a mass of 182/(51 x 2), or 1.75,
times the mass of the vanadium it contains, the



emission rate of V,0. would be 4 x 1.75, or 7,
pounds per day. Ambient concentrations calculated
from this emission rate could then be compared
directly to the V,0r fume TLV of 5Q ug/m3. It
should be noted tﬁa in the cases of many toxic
chemicals no such calculations would be required;
for example, for the oxidation and emission of
selenium, the increase in weight need not be
calculated for the purpose of an ambient concentra-
tion evaluation, since the TLV for selenium com-—
pounds is 200 ug/m3 expressed as the weight of
selenium only (not including the weight of oxygen
or other atoms compounded with the selenium) .

This concludes the chapter on the types of
toxic substance emissions that can be expected
from the various sources, and on how these emis-
sions may be estimated.



EXHIBIT 4-1
VAPOR PRESSURES OF ORGANIC MATERIALS (9)
t {5 | 10| 20 4 | 60 | 100 | 200 | 400 | 760 ,:‘:"
Name Formula Temperatare, °C. C.
....... 114.8] . . 168, . 197.5) 22.1) 250.0} Z77. 95
-0 —=2.3] +43. . 31 B 50.1 66. 84.0f 102.2
—81.5 —65.1] —56.8] —47.8] —37. -2, B 4.9 20.23=183.5
65.0f 92.0 . 135, 158. . 200.0f 222.0] 81
14,0 146, 199, 7.0 250.5{ Z77.0f 303.8 113.5
-12.24 +6. 43. 63, £0. 9.0 118.1 16.7
.78 24, 62.1 82. . 119.8 19.6{ —73
=59 .4 —40, ~3.4 ~2.01 7. 2. 39. 56.5| ~94.6
—47.0f —26.6f —16, +72.7 p/& 3 62. 81.8{ —41
Ace e eveonesecsnncascsccaansance s ] OO 37.)] 6.0 109. 4 133,68 154, 1728.0f 202.4f 2.3
Acetyl chlonde..cveieeciarccrncncsconcannes. C-H;0C1 ~50.00 —35. o —10.4 +3. . 32.0f 50.8{-~112.0
Acetylese. .......... C-Ha ~142,9]=133. .8{=116.7] ~107.9{~100.3] ~—92.0f —84.0§ —81.53
Acridine, H CisHuN 129.4 165.8 5l 24.2 256. 0 314.3] 3460 110.5
GHO ~84. . —15.0] $2. 34,5 52.5| —87.7
J CEHOs +3.5 2. €6. 2 £6.1 12.00 141.0 14
CeHnl4 159.51 151. 2405 265, 312.5{ 337. 152
CiH, ~120,6{~108. -85, 2] 72,5 =61.3f —48.5] ~=35.01-136
C:H:O ~20.0f ~0. 33.4 50. 80.24 96.6}—12
CaHsCl -70.0f -52.0 -2].21 -4, 2. 44.6]=136.4
CH0 ~43.71 =B.1 16.9 29. 61.7| 79.5i
.] CHNS =2.0] +25. 67. 4 89. 129.8 150.7] —80
Cd»0 -390 ~18. 16.4 35. 71 90.
ulHuOs 85, 113, 1583 183.7 2.4 248.0
CrH O 0.0f +23. 62.1 83, 121, 142.0
] C:Eix0 +13, M. 63.0 85. 19, 137.8
.} CsH::0 +10. 30. 63. 4 80, 3.7l 130.6{~117.2
4 CsHrO +1. 22 54.1 70. 102, 1n9.
{ C:HO -12.9 +7. 38, 55.3 85.7] 100.7] —-11.9
JCuHus 2. 55. 100. 124.1 168.01 193.0;
.§ CeHisOx 72, 104. 5] 158. 186. 5.8 262.04
CiHyuBr —~20.4 +2.1 ». 60. 9.4 120.
CoH1sOn 21, 47.1 S0, 3.1 155, 178.6
CeH. —17.5! +5.4 44,0 €5, 102.71 1833
CHiul ~2.5{ +21.9 62, B4. 125.8 148,
14.8] 40.1 81, 104.4/ 14604 163.8
CaHisOr +8.5 33.7| 75.5 97. 128.4 160.2
. . 54 4 100. 125.1 169.5 194.0
C1oH 105 81.3] 110.04 155, 180, 227 .47 253,
Ciaths0s 75.6] 104, 1517 177. 2.7 241.9
CeHuNOs +5.27 28. 67.6] 83. 126.5y 147.5
JCuH0  |....... 109.8 160.3 189, 239,51 26600 93
4 CieH:-0 62.6] 91.6 139.3 164.2 2105 B5.31 22.5
A C:HN +=8.0] 4150 3 55.8) 77.5 117.7] 1%0.0
CaH-N M5 5.9 5 96.7 119.9 1609t 18441 —6.2
CaHyNO 104.0f 134.3 : 183.7 20%.5 254 279.6,
CsHsOn 73.2] 102.6 . 150. 5| 176.7| 28.01 248.0 2.5
CrHaNO 61.0) 83 0f R 132.00 155.2 197.3] 218. 5.2
CiB1 145.0f 173.5{ 187, 217, 250.0 310.2 342.0 217.5
C1H 02 190.0{ 219.4] 234. 24.3 285, 346.2 379.91 236
] CxHus 178.3{ 210 4| 225. 260, 286.5] 332.8] 356. 106.5
.} GH0 33.3) 584 71 100. 2 123, 163, 185.0
§ Cr=HioNs 103.5; 135.7] 151, 187.9] 216.0| 26,11 293.00 68
.] C:HsCla 354 e640p 78, 112.1 138.3 187.0] 214.0f —16.3
-1 GHsO 26,28 50 62, 90.1 112.5 154.1 179.0) —25
.| CiyEaD 225.0f 274.5) 297. 350, 390.0] 426.3]....... [ 174
.| C<Hs ~36.7] —19.6] —11. +7.6 26.1 6.6 8.1 +5.5
.| CsHsCIO=8 65.9] 96.5| 112 147.7, 174.5 240 2515, W.5
] CrHio0s 128.4) 165.2] 183, 24.5 255.8 314.3] 347, 95
C:HsOv 96.00 11951 132.1 162, 186. 2.0 299.2] 121.7
CraHisOn 143.8] 180.0] 198, 9. 2. 328.8] 360.0] 42
., C1dH»0s 135, 170.2} 188.1 2. 258. 3135 3483.0f 132
] .} C:HN 28, 55.3 9. 99. 1235 166. 190.6 —12.9
Bensophenone. . i { CoBD 1082 147 1576 195, 2344 zo 8 2054 48,
Benwtgcb!oqdoém-']‘ndx!mdnlnm).. .} C:HsCl 45.81 73.7] 81.6] 19, 144.3] 189.22 213.5{ —21.2
Benwotriffnorids {axa-Trifflvorotoloene). . ) C/H:F, =32.0 —10.3] <4-0.4] 2. 45.3; - 82.0f 102.2f —29.3
Eensoyl bromide C-H:B-0 47.0 75.4] 89.§ 122, 147.7| 193.71 218.5 0
hior H.Cl 32.1 59.11  73.0 103. 128, 172.8 197.21 ~-0.5
445 7171 8.5 116. 141.0 185.0f 208.0f 33.5
45.00 73.4 87.6 119, 144. €9.0f 213:5 —51.5
58.0; 808 92.6 19, 141.7 183.0f 204.7{ —15.3
29,00 54.8 7.7 97.3] 120.0] 161.3] 154.5
32 59.6l 73.4 104, 129.8| 175.2t 198.5
22.0f 47.8f 60.8 90. 14.2 155.8 179.4
173.8] 206.3] 221.5 255.8 281.5 326.7] 350.0
45.3] 70.21 8€3.2 1.8 133.5 173.0f 194.3
26.00 520 65.0 95. 118.9 161.5/ 185.0
3 95.41 127.7} 144. 1 180.1 209.2 259.8 287.0
190thiOCYRN2. cee st e cmeinvereenrnaeaaaae 79.5{ 107.8] 121. 153.0 177.7] 220 4 243,
Bipbenpl. oo Ci:Hip 70.6] 101.8] 117 152, 180.7, 229, 254.9
}-Biphenyloxy-2,3-epoxypropans. ..ccovvueen. .. CisH10r 1253 169.9f 187, 226.3 255.90f 300.8f 3400
d-Bornyl acetate. . .c.ooovuiceneinenacnnanan 18 4591 7577 90. 106 123.7 149.8 197. 23.0
Borryl n-butyrate, C1HOr 74.0; 103.4] 118.0 150.7 176. mn.z 247.0
ormats. ... CuB1:0y 47.0f 748 89.3] 1} 121, 145, . 190.21 214 0
isobutyrste. C1.Hu0r 70,00 9.8 114.0 147, 172.2} 194.21 218. 243.0/
propicrals. CuH=02 6.6/ 93 103.0 13 140, 165.7 . 2i1.28 235.0
Bramdic acid., | C=BaDn 209 6 2417y 236.0 250. 316.2) 359 6] 382.%
Bromoacetic acid, . C:H;BrOa2 547 816 94.1 124 01 146.3 185.71 208.04
4-Bromosnisole ... ... ... ....cceol.. . ..., C:H:Br0 - 43 8 77. 91.9 125 0 150 1 §97. 23 9
5

* Commied from the extended tables published by D. R. Btull in
Mem, E56121, 1956. For metbane see Johnson (ed.), WADD-TR60-

Ind. Eng. Chem., %9,
56, 1960.

17 (1947).- For information on fuels sse Hibbard, N.4.C.A. Research



Corzpouad Pressure, mam. Ky
. Formala V1 5 1 10| 20 | 40 | 60 | 100 | 200 | 400 i 760
e orm Temperature, °C.
Bromobeazens. ...... CsH:Be +2.9f 2.8 40.0 63.6 . 0.8 0. H 132.3 156
4-Bromabiphenyl. C1H;Be 98.0) 133.7) 150.6 190.81 204.% 221, .71 310
1-Bromos2-bu . .| CH:B:O 2.7 . 35.8 i) 87. 97.6 112.1} 128 145,
1-Bromo-2-butanons. .oeereecvannneenas ..] C:H:B:0 +6 30. 4 63. 89. 07.0f 126.3} V47
¢i3-1-Bromael-butene. ... «o..f CH:Be -8 0 -28.2] —I12 +1. 30. 47. 66,
trans-l-Bromo-l-buteos.....eooeiiniania..... C.H:Be -33.4 —17.0f —6 4  18.4 8.1 5.7 75.08 H.7]-1i
2-Bromo-l-butene....... H:Br —47.3 =27.0{ =16 +7.2 25. 42. 61. 31
eis-2Bromo-2-butens. ..o cvriinencannn. ...]CH:Br -3.0] ~17.9] -7 17. 37. 34. 4. 93
.| CiH:Br —43.00 <241} —13 +10. 29. 46, 66. 85
*1,4-Be ..} CsHBcCl 32.00 9.5 72 103.8 123.0 149.5§ 172.§ 1%
I-Brouo-l-cthloroetlnu.... ...... .} C:H.BrCl —36.080 —18.0] —9.4 i +10. 2. 44, 63. 82
}-Bromo-2-chl . C-HBrCl —-23 =7.0 +4.1 . 49 5] 66. 36. 06
2-Bromo-4, Mnchlawh CsH,B:Cl:0 84.0] 115.81 130.8 165.84 193.28 216.5) 242 283
J-Bromowi-ethyl beczens C:Hs>Be 30.4f 42.50 74.9f 108. 13550 156.5§ 182,
;Z-Bramoathyl)-bemm ......... C:HsBe 480 76.2) 9.5 13. 143, 169. 4.0 219

Bromoethyl Mo&e C1HiBcCI10 36.51 63.24 7s. 106.6 129, {50. 172. 195
(Z-BMW v «Be 38.7] 66.6 80. 113, 138. 160. 1%6.24 213
) -Bromosthylene........... g«‘ B ~95. —72781 —68.8 -—g —g} 1(‘% a}' +15

romoform Inl'xvmmthm) HBey P . 3.0 .6 3. . .
 Bromoct pheastmanal 1L Colibro | 1009 badl 123 19. 233 3o B 3o

-Bromo=t-phenyiphanal......eueuenreerraans 12 R . 5 .8 . 2
3-BromopyTidine. ceeeerecnnsesncencesensarens sHBeN 16.6 42.01 55. 84, 107.8 122.7] 150.00 173.4
2-Bromotolvens, ... C;H:Be 24, HI e 9. 12.08 133.6] 157.3] 131
3-Bromotoiusne, CHy 14.8 508 6.0 93.9 117, 138. 168. 183,
4-Bromotoluen. . ...... ..] C:H:Be 10.3] 47 61.1 9}.8 116,41 137.40 160.2 184
3-Br 2, 9o} CsH-BrCHO 112 146. 163.2] Bl 200. R 253.00 273 5.
2-Bromo-l,4-xylene.......... ..} C:HaBe 37.5! 65. 73.8 110.6 135, 134, 181, S,

Cda —-=89.0f —72.7] ~64. —44, —28.3 ~14. +1. 18
C.Ha ~102.8] —87.6] —~79. —61, —46.81 —33.9] ~=19. —4
CiHlo ~101.5| —85.7} —77.8 9 —~59. it N ~31.21 =16 -0
CiHuw —~109.%f ~94.1} —845.4 —63.. —54.1] —41.5] ~27.1§ =11,
C 1Oy 22 67. 85, 117. 141. 163. 1 206,
CdHwDs 102, 132. 146.0 178. 202.5| 12, 243.5] 264,

Cily —104. & ~89.4f ~81.6 ~—63. —48 9% =36.24 —-21.71 ~—6.3}-130

tessisascensans Cda ~96.4 ~81.1] —73. 8 —534, ~39.8 —=25.81 ~12.0f +3.7|-138.9

12 T CHs —99.4 —B84.0f ~76. —57.6 —42.71 =22.7] —14.81 <40.
3-Buleaenitrile. coveeeiernnnennroncannnsnnnens CHN —19.6; 2. 14.1 40. 60.24 73.0] R 119.
iso-Butyl acetats. .. neoes.) CoHirsOn -21.2] 1. 12.8 39.2 N7 77.6 97.5] 118,

n-Butylacrylate....oooovnicnnnccrancannnnns. CrHuOr —0.5} +23.5| 35.5 3. 8.1] 104.0p 125. 147,

A T P Ps CsHw0 —-1.2y +20.0{ 30. 53. 70.1] 84.3] 100. 117.5| -79.9
fso-Bubylaleobol. .. oenucnanniniinannnnnan. CHieQ -=9.0} 4-11. 21.7] 43} 61.5( 75. 9i. .
sec-Batyl alcohol., .. . C:HiQ —12.2 +7.2 16.9 33.1 54.1] 67. 8.9t 99.5
tert-Batyl alcohal, CHwQ —-20.4 -3, +5. 24. 39. 52, &,
iso-Butyl amire, JCHuN —50 0f ~31.01 ~21.0 +1. 18.8 32.0¢ 50.
n-Batylbenzens. . JCiHu 227 43.8 62.0 92.4 116, 136.9y 159. j83.1
iso-Bir "“‘cenzene .1 Ci:Hu 131] 405 537 83, 107.00 127.2] 149.6] 172
sec-Butylbenzene 1 CwHu 18.61 44, 57.0 86. 109.51 128.81 1359.31 173§
tert-Butylbeazens., CioHis 13.0] 39.0] 51.7 80.8 103.8] 12371 145. 1
iso-Butyl benzoate. ... ......cicuiiiiiaiananen CyHi1:0: 64. 93.61 1C3.6) 141.8 166.4] 183.2f 212. ‘Dl

n-Bul .. v..| CiHsBr ~-33.0f -1, —0.3] 23 44.7] 62.0{ 8j. 101.6}=112.4
iso-Butyl n-butyrats.......ev..0ten cer-f CsHusOz +4.6 30.0] 42. 71 94.0f 113.9f 135, 156.9

Carbrmale, ., .eieieeeniereneaneneraeaan CHuliO:  [....... . 96.4 125, 47.2] 165.7| 1%:0] 208.5] 65
Butyl carbitol ethylmglycolbutyletbu) oo} CsHuOp 70.01 95.7] 107.8 135.5 159.8) 181. 20500 251,

n-Betyl chloride (1-chlorobutans).....ooaveae.. C:H:Cl —43.0f — -—18.§ +5.¢ 24.00 40 58.8f 77.8-133.1
iso-Butyl "hlon 0., eiiiiianans voe | CHGCL -53.5i —34.3} —24.5| -1.9 15, 32 50. 63.91—-131.2
gec-Butyl chlori a(Z-Chlmohhnn) C:H,Cl —60.2y —39.8] ~29 -5.0 14. .51 50. 63.01-131.3
tert-Butyl chloride. . CHQA  |on s vt Mo eeer] 190 —1.0| +148 326 S10| —255
sec-Butyl chlorcacetats, CsH1uCl0s 17.0:  41.8f 54, 83.6 105.5] 123.1] 146. 167.84
2-tert-Butyl4ecresol Cu) 70 93.0, 112.6 143.9 167. 187.8] 210. 232.6¢
4-tert-Butyl-2-cresol CuliQ 74.3; 103.7] H8. 150.8 176. 197. 224.8; 247.0
iso-Butyt dic! to CaHieClaf 28, 54.3] 67. 96. H9. 139. 160. 133.0
2,3-Butylenas giyeol 3 H 44, 63.4 80. 107.8 127, 145, 164. 182.0] 2.3

-Bul -Lethylbn.ana-l}-dxd ........ CioH0n 94.11 122.6] 136.8 167.8 191.91 212.0f 223.5] 255.

-tert-Butyl DI rerecnsennaann J CuHuO 76.31 106.2) 121.0f 154.04 179.0, 200.3{ 223, 247.8
n-Butyl formate. .......covueennnnn... .} CsHuO2 -~26.4 ~4.7] +6. 31.6 51, 67.9] 8. 106.0
iso-Butyl formmate........ vesne J CsHuwbr =327} —=11.4 —0.§ 24. 1 43.4 60.0] 79. 93,2] —95.3
sec-Butyl fcm:h ...... CsHOn —34.4 —-13.3] =3, 21, 40. 56.8, 75. 93.
sec-Butyl glyvolate. . .o.viiieniiinnananns CiHaOn . 53.6) 66. 93. 116. 1353.5) 155. 177.5
uo—Bnty’l lodxdn (Hodo-?.-methyim) CiHal -17. +5.8) 17, 428 63.5] 81.¢] 100, 120.4f ~50.7

isobutyrate........... C:H1:02 4.1 8.9 39. 672 8.01 106.31 125, 147.5| —80.2

isovalerats, CsHu0z 16.0f 41.21 53.8 82, 105.20 124.8f 146.44 168.7

lavnlmab CsHyy 63.8] 92.1] 105.9 136, 160. 181.81 205, 9.

phthylistone (l-lscnlmmphthm) CisH1:0 136.0] 167.9] 184, 219, 24671 269.7{ 204.01 320.
lqec-Butylpheuol tesseevasenncaricaas Cp:H10 57.4f &.0] 1C0.8 133, 157.31 179.7] 203. 223.0
2-tert-Butyl 10H 14 56.61 81.20 98.1 129.24 153.5! 173.8? 195, 219.5
4-is0-Butyiphenal............ berrareaane .| CeoHa 723 10.91 13,5 147.2 171, 1921 214, 237.
4-sec-Butylphead.......... . 24 71,41 100.5[ 114.8 147.8 172 194.3] 217, 242.1
#teft-B henol ..................... .. C1sHuO 70.00 99.2f 114, 146.0 170, 1915 214.0f 238. 9

. n3.n 150.0 165, 201, 28,00 250.3 277.6 304.4)
4-tert—But7?§h!!T‘l 96.0] 129.6) 144, 184, 214.3} 240.0f 258, 29.
tert-Ba ketoae (plnlophmne) 57.8} 85.7f 9. 130. 154, 175.01 197. 220,

propioeata.......... —2.31 +20.9] 32, 58. 79.50  97.0f M. 136.8t —71

4-tert-Bulyl-2.5-x:d &3. 119.8] 135, 169.8 193.00 27.50 241.3 265,
4-tett-Bu§yl-2.6-xylenol 74,01 103,91 119. 152.2 176. 196.0| 217.8 239.
6-tert-Bulyl-24-xylean! 70.3% 100.2} 115 143, 172.01 192,31 213 2365
6-tert-Butyl-3,4-xylencl. .. 83.91 113.6) 177. 159, 184, 204. 54 249. 3]
Butyrie acid 25.50 498 61.5 83, 103. 125.5 144 163.5 —74




Fresure, mx. B _ Iil:\‘b
1 1 5 1 10 ) 2 | 4 400 )} 760 poiats
Temperaturs, “C. *C.
9. 51.21 64 77.8 . 134, 154.5{ ~—47
+2.1 13. 25. 38, 96, 112.51
o 1014 1168 1338 247 280
.............. 72 04 757 138.7] 05| 5o
125. 139. 153, 120. 224.00 256.0
63. a. 97. 114.0 182, 203.2] 173.5
74. 8. 97. Nz, 173. 195.0
78. 92. 106. 12, 186, 8.5
142, 152. 165. 179.9 240, 263.4) 31.5
89, 9. 1. 125.0 3. 202.0) ~}.5
8 94 107. 120, 181, 207.7] =35
66.4 8. 95.7] 112, 182.1] 207.
34.6 47, 61.71  76.9 141, 2
57.¢ 70. 83. 98, 157 178.5] ~33.6
92.0f 101, 110, 120.0 156 168.
H4.3) 124, 136. 150.6 213 21, 16
67.6{ 80, . 110.6 179 204. 5]
...................... vesssfoncasas 3B.0] 354.8f 244.8
=124.4{=119,5]~=]14.4] =108.6] == 104 -93.0} ~83.7] —78.2] —~57.5
—54.3 44 7} —-34.3] —22. 28 46.51=110.8
217,21 =215.0{212.8{=210.0{~=208. || =—205.7] =201 3| ~196.3{ =191 .3{—=205.0
—117.1|=102.3] —95.0{ ~856.3{ —76. ~—49.8] =35.6] =21.9
~119.81~113,3|~106.0f ~98.3{ ~93.0f =85.9] ~75.0 ~62.7] —43 9|—138.8
.............. FUTER SO 96, 163. 189.5 90.1
—-30.0{ «~19 —-8.2] -i4. 57. 76.7} - 2.6
=174, 1{=169.3] = 164,3| =138, 8] w155 H==150.7] =143, 6§ ~135. 5| =127 7] =~183.7
93.4 132 174 145.2 213, o 40.5
85.1] 100.4 H6.1 1330 233, .5
113.3f 127 143, 159.8 9. .
C“;i;'a",ﬁ.“ ‘*‘““““““””””"w'j Foo e B3 57 o1 i 5
Ch 1 R 89.31 97, 106.4f 116.1 151, 162.
Chloroacetie acid. ......... 63.3] 81.0 . 109 169. 189. 61.2
-Enhydndo cesasenananan 94.11 108, 122.4f 1382 157.00 217.
2-Chlorcaniline......... 72.3] B4 99, H5.6 183.7} 208.
3-Chloromniline......... 89.8] 1020 116.7f 133.6 203, 228.5( —10.4
87.9) 1024 17, 135.0 06.6 230. 0
+10.6 22 35. 4.7, -110. 132.2] —45.2
101.8 17, 135.8) 155.0 3.00 262.)
247 37y 50 65.9 130. 152.
109. 134, 151.2} 169.9 243, 257.
123.8] 1460/ 164.0] 183.8 264, 292.9
95.6( 103, 12120 135. 193, 212.0
—~110 2|—-103.7} —95.5{ —88. ~~53.6f —40.8j=
567, 70.0f 8.7 101.2 163. 193, 5]
72.8] 86.51 101.5 117.8 185. 208.0
78.31 9. 184.1] 18, 176.5] 196.
83.71 97. 12, 127.8 190. 212.6;
43,01 56. 70. 86. 152. 177.
43.28 53, 3. 89.2 156. 181.1
45,4 €0. 75. 91.8 159, 1843
72.1} 86, 100.0] 116.0 182, 05,
50.H 63, 77. 92. 156. 180.
56.5] 170. 84, 101. 5 169. 194.1
9.4 106, 121, 139.6 210.8 235.
~39.1} —29.7} —19. -7.1 42.71 61,
104, Ha. 134, 153. 20.8 259.3
11431 129, 145, 162.9) 2245 259,
33, 51. 65. 82.0] 19.8 174.5
72. 85. 101, 118.0 183.7] 214.0
78. 92. 108, 125.0 196.00 220
152.2 169. 186.7] 207. 239 4 317 5|
153, 170.74 189, 208, 289, 31
-3.3 +7 290, 23.8 91, 1.9
—81.3] —63.4f —54,1] —44.0f 32, 18; 3
38, 51. €5, 81.7 147, 170.2
51. . 80 95 165.7) 190.
54, 67, 82,0y 98. . . . 166. 1510/ R
131. 43, 166. 187.0; .8 . 240, 257.50 296.0[ -+0.
30 43, 56, 72.Q9 .8 M. 137.1  159.3]
30. 43.21 57, 3.0 . 139, 162.
1.0 43.8 57. 73.5 . 139.8f 162:3} +7.3
9 +19. 32.0] 45.5| €0.2 . 123, 146.3
-102.5| —95.9 —83.21 ~79.7 7] =~55.01 —41. 78 =27,
—139.2{—134, 1§ =128,5|—121.9 ~}11.7}=—102.5} —92.7} —8I.
—43.61 —3H4.0{ —23. 24 —11.4 X 39. 57.
157. 173.0f 139. 271 . Z76. 300.
102. 117,81 133.7] 151.0 . 224, 2509
105, 120.0] 135. 152.2 . 222,40 246,
74, 83.9] 103.8 120.3 . 189, 213.5
0.0 103.9] 119 135.9 205.0] .
71. &4 99.8f 116.1 183, 2045
1Z7. 141.4 155 171.9 236, 257.
93. 107 0] 121.50 137.2 2t.0 221.5
100.20 113.0 o 140.5 197. 212.0
137. 153.4 170 189. 01 26470 291 0




Compoaad Pressure, . Hy Stelte
1 1 5 1 18 | 201 0 1_6 1 100§ g
Kame Formmla w.g'-
©-Cresol (2-cresol; Z-me! C:30 33, 76.7, 127, .
v s ;mdm 1GEo 20 o 138] 10.9
p-Cramal (Fucresol; 4= | GEO 53.0| 8 149, 35.5
cis-Crotoaic aaid. ...... J CEiDr 335 &, 116 15.5
trans-Crotonic scid.. . JCEO: L. ... 80, 128. 72
€is-CrotonociTe. ceaeeeecrasancons CiHN -29.0 +4, 50.1
traga-LCrotoacoitrild. e cacevanannnas g:g:‘( —-“‘l'g ;g gg.‘ 2.0
Cumens. .cvaavecoarsasanse N 3 . —-96.
id €0, 102, 158.
3. 102, 160.
74, 113 176.
42 32, 133.
—~95. -7, -51 —-2).01 —~34.4
-35. -10. 53
-76. -=53. -24. -6.5
25. 57. 97.
~92, 67, -~32. —50
1y e 3 +6.6
50. 9. M2,
21. 56 103, B9
+1. 33, 0. 4] —~45.0
Cr=HudizOn 132, 175. .
. —40, -1. -9.7
—116. -97. ~70. ~126.6
17.3 57. 110. -~68.2
2. &4, 13. -—43.3
-0, 47, 114 -30.7
16.5 55. 108, -29.7
4. 85. 142, +3.5
14. 53. 106,
69. m. 155, +7
67.4 i, 169,
91.7 137, 197. 9
123. 173, 23, 60
70.0 ics. 180. 130 78 %
—82.5| —63.0] —61, -3, ~34.9
+9. 47, 9.
-9, 26. 75. 4 -8
18 57. 70 109.
85. 13 192,
43.0 &7. 2 145.
Dibenay 3, H 153 19 i -5
D\bv katooa l}d&pbewl PancLs, . . 6. .
1 &ﬁmobeafem bl 182 61.0 8?.7' 1 146, 87.5
1'2-Dibromobutaas 7.5l b7 A} 98 —64'5
d1-23-Ditrocobutane +5.0 . 41 95.3
meso-23-Ditromobutane +1.5! . 3. 91.7 —~34.5
1,2-Dibromedecane, ...... 95.7| . 137. 190, 209
Di( monthyl) eth 47, 75. &3.5 144.0]
o 8-Ditromonralete ankydride. 50 0 . 92. 147,
1,2-Ditromo-2-methylprepaaa. .. —28.8 .0 +10. 63.8 —~70.3
1,3-Dilxomo-2-methylpropanse. ... . 14.0] . 53, 93 107,
1,2-Dibromopeatans.....ccnnas . 19.8 . 53. R 113.1
1,2-Ditromopropsna, . -—7.0 7. 22, 66, 78.7 —S5.5
1,3-Ditrozoprorsne. . +9. 35. 48, 87. 161.3 —34.
2.3-Dibromogropens —6.0f A 30. 67. 79.5
2,3-Dibromo=1-zropanal 57. 84, 93, 140. 153,
tylamims....... -5.1 . 30. 67, . -~70
2,6-Ditert-butyl<bcrmol. 85, X 131, 175. 150.0
, tert-butyl- £6. . 132, 179, 194,
tert-batyl- 103. 5. 150 196,11 211,
Z&D)tat—butyi-f-ﬁaybheml vecasesssseass] CrsHO 83.1 12i. 137. 54 183, 198.
46—D|urt-buty' teeersanevaseane 81-3;-0 IA;.S . }g; ﬁ); ﬂ?
=0 &4. 3 130. 175. 150.
Pt IR g st 7.7
.7 . X 3, . —79.
117.8] 1318 169 Z21.§ 2395 s
204, 4.5 2493 250, 304.5
160 9. 221, 250. 2.5
44 €9, 82 2. 14.0 9.7
0. 45 9.1 9. 112.9 . ~17.6
12.1 39, 52, 92. 105.04 5 -24.2
.............. 54, 95.2  103.4 ., 53.0
-23. -0.3% $11.5 47. ). N .5
—25.2 -3, +8.5 43, 56.04 . .0: —80. 4
—B82 0l —65.60 ~57.3] ~43 33 ~31.8f ~23.0] 3 .9t~112
Y FiE Fab b
Dichlorodiphenyl silace. . .v.vue.e.. Y . . 5 b 5 7. . . .
Dishl P ather.... CsH:Cl:0 9.6 55, é3. 106. 119.7, 39. 182.7
Di{2hlcreathoxy) methane. CsHiCl:Dy 53.0f &0. 94.C l35.8 149. 6] : 2150
Dichlorosthoxymethylsiase, CyHCLOSi =338 —12.1} —~i a 4.1 . 100, &4
1.2-DicklorosJ-ethyidensens C:H Ch .0 750 509 135 149.8 0 2221 —40.8
1.2-Dichlorn—fecz7lomnzen CuEsClr 7.6 7.7 92 135.01 1533 207 28] ~76.4
1/4-Dickloro-2-t 2y e rns CH.Ch 33.5‘ 680 8 g 150 sl 2163 —6102
cis-12-Dichlarosthyleas. . C:E:Cl ~53 4 —39 22 —29, s{ +9.5! 4100 $3.0f —s0.5
2 Dickiors etmlens. 2H-Cl —65 4 —37 20 —33 o —10.00 —02 +14 20 47.8] —30.0




Coz=pouzd Pressure, b B2 Melie
T 1 5 1 10 1 20 1 4 | 60 | 100 | 200 | 400 | 760 7“’,:3.?:.
Name Formula Temperature, °C. _ “C,
SN N R T CHLLO B5  43.3 6.0 760, 91.5 101, 178.9]
Dagmwaammunm....; ............... CHCLF —91.3 —75.5| —&7. | 3.4 8 —42. +8. %133
"5 Dichlorchexsmethyitrisii AR CHWCLOSH | 250 52.00 6531 79.00 S4.8 105 184.0 ~53.0
Drchloromethylpheny silane. ... .. .o ounoonns CHOS 37 635 74 924 wos 120 25,
,1-Dichlaro-2-methylpropane.........c.cee... CH:Cls ~31.00 ~8.4 +2 14.6f 28. 37. 106.
1,2-Dichlorov2-methyipropave. ... CHECL ~258 —4.2 4671 187 2. 108,
1,3-Dichlorow2-methylpropane. . . . JJ CHLCL —3.0 +20.6 32.00 4.8 67. 135.
24-Dichiorophendl...c.eenen.. J CHCLO 53.0] 80.0t 92.8 107. 133, 210.0f 4s.0
2.6-Dichlor P . &E.CL-g gz. g. lg&. :g m %
Dichloropbenylacetonil C.HCL) . . .8 . :
T d 61.8 100.00 136.0f 133.1 163, 256,
~38.5 ~17.0] —6.1f 6.0 28, 96.
61.00 90.11 104.6 120 149, 5.
5350 82.2] 97.40 111.3 140. 5.0
555 83.9] 932 14 142, .
7.8 757 %00 105 133, 217.
57.20 86.00 100.4 116, 144, 0.
535 &2 7.4 111.8 140. 5.
...... 105.6] 13371 155.0f 172. 204, 302.
........ 91.7 126.1] 143.8 162 195. 9.
—95 4 ~80.0| ~72.3; —63. —~47, +3.5 —94
46.20 7171 84.2] 97.8 12, 196.
1o 383 522 67. 95, 172.8 —12.1
....... 341 47.6] 62.0 23, 166. X
=101 +2.4 133 2. 45, 113,
U5 142.80 157.6 174 205, 29.
7400 106.6] 123.0{ 138, 165. 240.0 —21
.............. —33.0| ~22.6 —4. 55.5| —38.9
£777°78.00 919 107.2] 133, 215.5| —~34.4
38, 6 748 88 . 181.
23| 487 6.0 76. 102. 183.50 —~31.4
2.7 46.8 59.9 74 100, 181.1) —839
20.7] 47.1} .3 74, 101, 18.8) ~43.2
—10.}) 412,31 238 36.0 57 125.8) —3
59.8 83.3] 103.0f 118.2 146, 0.
7000 93.0l 112.0] 125 153. z3.
91.8 120.00 133.8] 148.0 174. 244,
148.31 180.0 195.8 212.0 9. 313,
13.00 37.60 30 . 86. 159.
45.3 720 &.8 100.3 125, 2019/
~74.3 —56.9] —43.]] —33. —21. 34.6l-116.3
50.80 77.8] 91.6] 106.0 132. 211.5)
53.20 8.2 9.3 10, 137. 2185 0.6
€5.61 4.7 109.7] 125 153. BI.
139.8) 175.80 1930 2135 28, 355,
5130 80,2 95.20 11.0 13% 20.
—-12.7) +2.50 7.2 Z9 102.7] —42
£.7] 10.4 125.3] 141.2 169, 253.
57.31 85.6l 300.0f 1153 14 5. -
4.0 67.5 813 958 13 198.9 —49.8
2.8 9.0 1053 1203 17.9 9.
47.4 718 B8 5.8 119 185.7] —40.6
108.8] 140.7] 155.Gf 173.6 204 4.
125.3] 156.20 172.1] 189.8 218. 305. 1.3
97 3.4 926 103 136. 7zl
546 8.0 S 6 1. 138. 216.5{ —-20.8
398 6.7] £.0] 4. 121 201.
47.0| 7400 &7 1021 128. 2095 ~25.0
—39. 6| —18.6] —8.0! -3.5 24, 83.00 —99.5
10.0] 342 454 59 . 159,
1020 1330 14300 164, 194, 280, b7
100.0{ 131.7] 147.2] 183.8 193. 280. .
34,0 61.5] 753 90. 1i7.7 200.
-2 0.00 +11.7] 24, 47, 180l —28
4.6 755 o000l 106. 134.7 3.
e, e | 8] A B B e 23
L 4-Dilrydrozyantheaquinone. . .....cccveennne. 1 . . 59. 8 .. 50. 194
Dimethylacetylens (2-botyne).....vemunennnn.. CHs ~73.00 —57.91 —50.5| ~—42. ~738 7,20 —32.5
Dimethylamine.......c00ceneuen e JCEIN —87.7] —72.2| ~64.6] —56. ~40. +7.4 ~5
108, s aevenmenrssnrannnnnes C:HuXN 9.5 56.3 70.0y B84.8 1. 193.1] 425
ime SADIIALA. .o arven e nrraeanananes CsHiAsNO, 1500 396/ 5.8 €5 3. 160. 54
i C1eH10 7l 1283 14.00 160, 191.5 2810
2,2-Dimethylbutane CaHu —69.3} —50'7 —41.5] —31.1 —-i2} 0.7 —%.8
Di 14 —63.6] ~44.5| —34.9 —24.1 oy 53 0l—128.2
i CrHu:0s 50.8 73.2 9.8 106.5 132.7 210.5
1,1-Dim Cilse =244 —1L4 +103 2 4.7 119.5] —~34
CHus ~1590 +7.3 18.4 31} 54, 129.7} ~50.0
. v CsHis =21 417 Bo 25 43, 18.4i ~83.0
crans-1,3-Dimetbyleyclobexaas. .oouciveananen CuHus —19.4 434 149 27. 50. 1244 —92.0
¢is-1,3-Dimethylcyclobexans. . ... ... CsHue —-22.7] 0.0 4+11.2f 2. 45. 1201 —76.2
cis-],4-Dimethylcycdohexane. ... ..]CaHls —-20.00 4+3.2] 145 271 5. 124.3| —~87.4
trans-1,4-Dimethylcyclobexaze. ... ..] CsHus —24.3 —1.7) +i0.1 22, 45, 119.31 ~36.9
Dumethyt eth ~115.7]—108.1f —93.3| —8&5. ~70. ~B.7|—-138.5
2.Di —29.70 —1.9] 43.1} 15.0 36.7 106. 8
; ~2.0 —1.1} 499 221 44, 115.6]
—26.9] ~5.3 452 17. 39_3( 109. 4
~26.71 =55 45 17.2 33, 109U —90.7




Conpouad Pressure, mm. Hz | et
N \ f 1 5 | 10 ] 2 6 1 100 | 200 | 400 | 750 u;g,.
ame Formuls Temperaturs °C. *C.
3,3-DimethylDexans. .ooeeeenannsnonres C - & —~4.4 6.1 49, 52 Ha.
33 Drpetiylheroa.... P 21 +02 13 X 57.7 n7.
Dizathyl 1taconate... C:Huw 69. 94.0¢ 106, 142, 153. 293. 33
I-Dimethy? mal " 754 1040 118 0.4 175.1 292,
45, 73.(8)! 85, 127.1 X 205.
35. 9. 72.0 A 21, 180.7} ~62
46, 74.0‘ &7.8 17 14, 206.
+6. 30.5 42 &0. 159.7} —52.8
20. 44, 56.0 92, 104 163.3)

g 4 —49.0f —23 7] —18. 3. 9.21-123.7
23-Dimethyipentaos, C:Hia —42.0{ ~20.8 ~10. n.i 33 89.8|—~13%
2,4-Dunsthylpen! . C:Hu ~43 Of —27.4 —17.1 14, 80.51~119.3
33-Dimsthylpentana.......... CrHus 459 —25.00 —-14. By 2 85.11—135.0
23-Dimathylphenot (23-xylenol). C: 58. 8. 97. 139.. 152 218. 3
2,4-Dizmethylphencl (2,4-xylenal). C:H10 51. 73. 91.3 31, 143 21150 25.3
2,5-Dimetbylphenol (2,5~x71enol C,H, SI.BI 73. 91.3 31, 143, 21151 74.5
3,4-Di pheeol (3,$xyleacl) [of 66. 93. 107. 48, 161.0 2528 62.5

Dimethylpheaol (3,53-xylenol). C3H10 62. 8. 102. 143, 156, 2195 &
Dimethylpheaylsilaas....cceee.. CHSi +5. 30. 42, 81. 94. 159.3
Dine bthalale..... .en CioH0s 100. 131, 147. 1. 210.0 283.7,
3.5~Dimet§yl4.2-9 s C:-HiOs 78. 307. 122, 163. 77. 24504 518
4 6-Dimetnylresorcinal, ....... weseseesesa] CsHuwln 49, 6. 90. 133, 147.3) 215.
Dimethyl setacale....... vevaersnse.) CruH=O4 104,00 139.8 156, O 222. 293. 38
24-Dimethylstyree, ...... CiHa 312 6% 7 8.0} 1323 202,
o Drcae et skl e i Y a3 L
ea-Dime . . X i 3. .
Diethyl sulids, .. C.HsS ~75.6] —~58. X —21.4 —12. 36.0| ~83.2
d.Dimsthyl tartrsts, 102, 133, 143, 193.8¢ 203. 220, 61.5
di-Dimsihyl tartrats 100. 131 147.5 193. 8. 282. 8
N,N-Drnethyi- b 23, 5411 66, 105. 131 184.84 ~61
N, N-Dipethyt-é-talnidine. .. 50. 73, 86.7, )} 140, 209,
Di(nitresomethyl) amine,... +3. z. 4. 90.3] 153.0]
Diogphertl...cceveeccaiensanes 65. 9.4 109. 5 165. 22,
4-Dio1ans. .. ... . =338 —-12.8§ ~I. 45.1 3081 10
Dipeatens, ..... 4. 40, 53. 63. 94 103.3 174.
Dipkenylaming.,...c.c00. 108.31 141.71 157.0) . & 2. 302,04 529
Diphanyl carbinol (benzhydrol). . 110, 15, 182, 8 212, 227,50 230 301, .
chloropbesphale. ....... eenn C1:HuClPOs 121, 160.5) 132 . 244, 255.0f 299 373.
disuifde. ..... bessmsaaness ¥ 105 131, 164, 180, . 226, 241.3| 310.0 61
1,2-Dipkenylethane (dibensyl). CiHu 85, 119, ]36.(.‘1 . 185, 202 231,01 51.5
Diphenyl ether A CuHWO €6. 97. 114.01 N 162. 178. 253. 4
1,1-D ienyhd\ylm .| CuBue 87. 119.6f 135, .8 183. 193. 7.
trans-Dipheaylethylone CuHis 113, 145.8 151.0 . 1. 27, 306. 124
1,1-Diptenylnydraaine, .} CuHulNs 126, b9.3‘ 176.1 ) 225.9) 2325 322. A4
Diphenylmethane. covenniiniiniinieinenenen. CuHn 75.0 107.41 122.8 . 170, 136.3 254.50  25.5
Dipheayl suldde..covvreiiiiinieiinaieeseness CrHuS 9.1 12200 145 0 . 194 211.80 X 292.5
Diphonyl-2-tolyl thicphompiate, .- oommsonsonn. CoHL.O:PY | 1597 172.8 201.6 y 0.4 252 3107
DPOPOXYetiAD. ..o vernnrstonncnnonense CeHis00 -38.8] —10.31 <+-5.0 N 55.80 74.2 180.0
............... CuHis 40.0| 67. 81.8 . 124.3f 138.7 2000
............... Cu 3.7 62.3: 76.0 1. HS. 132.3) 15 202.0{--105
..... CaH1.0s 73.830 1024 116.Y . 156. 169.9, 1.8
10H = 6+.7] 92.C 106.0 . 146.3] 159.8 .81 227.0
46,0 72,81 86.21 100. 3256.8] 130.3 . 205.6
CsH1:0 —43.3] ~22.31 —11.8 . 21.6] 33.0 8 8.5l-12
C:H10 —57.0] ~37.4 —27.41 . 43.4 13.7 X 67.5] —&0
C:Hu.0 .0 4.4 5500 €6.2 85.8) 96.0 . 143.7F —32.6
CiHu04 53. .24 93.9 . 134.8] 149.1 190. 213.5
CsHuOs 43.2] 63.00 81.9 . 120, 132.6 . 193 .5
CieH104 77.5¢ 107.6 122.2 3 166. 130.3| 226.5] 250.8
C10H1:04 15.6] 147.7] 163.5 . 211,77 227.0f 25 3. 303.0
CuHu0s 103.7] 133.7] 143.2 8 192.6] 207.3 . 275.0
CaHa ~45. 1 —24.4f —14.0 8 18.1 29.5 64, 4.0/
CuHwo 327 60.0 73.8 . 116.0{ 130.0 . 199.5) —£4.9
CHe 157, 195.4 213.0 . 268.3f . 226.0] 343.5] 376.0] 44.5
CiHes 47.8 75. 99 104. 132.4 146, . 2i8.2; —9.8
Crfly 47. 79.0) &§7.81 102 §23.50 142.3 5] 248.00 —31.5
Cu:Has0 9. 120. IHJ‘ 150, 177.87 192.0] 213.0] 235.7} 252.0f 2%
Cr-HaN 82.8] 114, 127,80 1. 363 0f 132, 203.0f 225.0f 243.C
Ci:HauSi 91.2] 1221 137.7{ 153. 184, 199.51 22.0f 243.0f 273.0
CrHuOn 171.3) . 206.77 223.5] 242, 273. 238.0] 312.41 337.0! 352.0f 51.5
C:HsClO —16.51 5.6 15.6f 29. 50.6f 62,00 79.31 93.00 117.9] —25.6
CH,0 —69.0{ —50.01 —#).31 =29, ~9.7} +1.21 17.5] 36.6} 55.5
CHiOn 206 7} 239.71 254.5; Zi0. 30.2] 314.41 335.5[ 353.8f 331.5| 33.5
CuH10 52.6; &0.04 53.7) 108. 13528 148.5 163.7] 192.0] 215.0
Hs ~159.5—143 5] —142 91—136. —125.4 —-I_I.9A3 —110.2f ~-99.71 —€3.6|-133.2
C1cH1:081 36,31 3.1 75.2 91 127.51 131.4] 15050 175.00 1995
G0 ~59.9 —3t.0l —20.71 9. wal 20 3y s3] 757
............ o 3 167.0] 193.2 213.5f 239. 258.31 273.5] 295.00 319.5] 340
...... CH:0: —43.4 —B.5 —i3.5] 3. 16 6 27.0 4.0 59 31 77.11 —82.4
..... CsHw0; 23.50 5401 67.31 &I $06.0] 113.5! 133.01 153 2] 180.8{ —45
CiHs —92.5) —75 7} —63.7} —59. —43.41 —34.9| —21.6] —6.9] 48 7l—-13¢
CsH3Oy ~29.5} —87 +2.0 13. 33.51 4351 61.5 80.0] 9.5 —71.2
CsHsOn 47.01 70.7] 8.0 94 16,71 127.5 140 180.7] 1792
C:H:N -0 —6.4 450 17. 40.6 33,8 7. 92 114.¢
C-H:O —31.3] —12.0f —2.3! 8. 2600 339 M4 6350 734—tiz2
.......... C-HN —~82.31 —65.4 —33.3, —43 —33. 4 —~25. H —123] 42 16.6} —280.6
*Ethghnﬂiu! ........ A C:HuN 52.0| &£0.0 93.8l 109, 136.0] 1428 170 19%.2] 7.4 —4
N-Ft B i . easieesesaes CHuN 335 65,4 806 % 123 61 137 51 356.9 130.8 204.0{ —63.5




“Treewase, mm. Bz
P 1 5 1 10t 20 | 40 60 | 100 | 200 | 403 | 760
] Tempersturs, “C.
.71 3. 69.01 &.1j 93. X 142.1) 164, 18&.
3.7, 6. . 83.5{ 104, 149, 172, 1965,
33.51 €D, . 88.51 104.7] 9. 172. 196,
— 9.8 +13. 5. 33. 52. 92.7] 3. 136.2) ~54.9
44.0f 72 86.0f 10t.4 118. 164.8] 183.4 213,
07.6] 136. 150, 166. 181, 223. 244,78 265.
—74.3] ~-56.4 —47.5| —37.8} —26.7f —19. +4. 21,0f 38
10. 35. 48. 6l. 77.0} 119.7] 141.21 1&.
—18.4 +4.0f 1I5. . 41. 79.8{ 100.0{ 121.0| ~93.3
-24.3] =24 $8.4f 20. 3. 7). 90.0} 110.0} —88.2
118.2 149.8] 165.0] 181.8] 19. 248.51 272.8] 298.
1.0} 35, 43.0f 61.71 76.3 117.81 139.2( 160.4
....... 65. 77. 91.0 105. 144.2] 164.0] 184,
107.8] 131.8 143.7F 155.5f 168. 203.8 20.0f 232
133.2} 168.2] 186.0| 205.5| 225. 283.3] 313.01 342
—89.8] ~73.9] —65.5] ~56.8 —47. =320 —18.6f —3.9] +12.
+1.0f  25. 37.51 50.4 65. 103.8f 123.8f i44.
-5.11 +18.0] 29. 42, 56. 94.5! 114.7] 135.
+6.6]  30. 41. 54. 68. 107.2} 126.2] 146..
87.6] 108.5] 134.01 150.3] 169. 219.3] 245.0f 271.0
2831 55.5] €8. 8. 99, 145 168.2] 193.
31.5f 58.4f 720/ 8.7 103. 148.3] 171.8f 195.8
67.81 93.5 106.0{ 119.8| 133. 69 187.8] 206.0
-14.5| +9. 2.6/ 33. 47, 87.81 109.1] 3.
~32.2{ —10. —0. 1] +11. 25. 62, &, 103.4
9.6] 340 46.3{ 59. 74. 115.2] 135.9] 156.
76 0l 106.37 121.7] 137.7} 154.4 202.8) 226.5 2.
98.3] 130.21 146.0{ 162.8] 182, 233.0 258.8F 236.0
Ethylens C:Ha ~—168.3(~158.3{~~153. 2|~ 147.6]=141. -123.4~—113.9{-103.2,
E:hyleno-bis{chloroacetate)........ceoovveesees CsH.Cl:04 112.00 142.4 153.0 173.5] 19%. 237.3] 259.5] 283,
Ethylens chlorobydrin (2chiorcstband). . ...... C:HsCl0 —4.01 +19. 30.31 42.5 56. 9i. 1n0.0f 123
diamine (1,2-ethasediaming), . .cceesearscas. .} CsHaNs -11.0] 410.5; 21.5] 33, 45, 81, 99.0{ 117.2
ditromide (3,2-ibromethane). .oeveeacennn C:HBrx —27.01 4. 18.6] 32.7{ 48. 89.81 110.1f 131.5
dicklarsda (1,2-dichloroethans). . ........ eeee  C-HCla —44. 51 —24.0f —13.6§ —2.4 -+10. 4571 64, 82,
gyeol (1, 2-esbasediol).....coovioiiiinnanns 53.00 79.7} 92.3] 105.8] 120. 158.5! 178.5] 197.3] —
glyocl Qicthyt ether (I, 2diethaxystbane). ... . CaHuOs =333 <102 41l 137 . 71.8) 54.1] 1193
g7col dimmelhyl ether (1,2-dimetboxyethane). .| C+H:e0s ~43.0| —26.2{ —15.3} —3.0j +10.7 50. 70. 93,
giveol monowethyl ether (Z-methorysthanol). .} CaHsOy ~—13.5| +10.2 22.00 3431 47, 85. 104. 124.
.................................... C-H.0 —89.7| ~73.8] —65.7] ~56 6] —46.9 -19.5| —4.9] 410.7{=111.3
Ethyt a-ethylscetoncatate 40.5| 67.3] £0.2] 94.6{ 110.3 153. 175. 198.0
fucride . iieiiiieian. - HP —~117.0{~103.8{ —67.7] ~50 6} ~81.8 —~58.0{ —43.5f —32.0
formoate. ..., —60.5| —42.2f «~33.0} ~22.7} =11.5 20, 37. 54,3 ~29
2-faroata.. .. 37.6/ 638 77.11 9.5 107.5 150. 172. 195.0
gycointa .. ... 143 3538 535 639 78.1 1i7. 1338. 158.2
Lehryitexans .iieeeaea. ~20.0f +21 12,8 20f 33.5 75. 97. 118.5
2-Exhyibexy! acrylate, 500 77.7; 91 8 106.31 123.7 168. 192, 216.0
Etln udene chionde (1,1-dichloroeihane)........J C:EiCls —€60 7} =41 G} =32 3| «2}.9] ~10.2 22. 39. 57.4} ~%6.7
fuceda (1, 1-diffucroethane)....cooevrieannen CaHFy —112.5] —98 4| —91.7| —B4.1} ~75.8 —52.0] ~39.5 —26.5|~117
Etxsdjodide. .veeiineencnanann —~54. 40 —34.3! =243} —=13.1} ~0.9] - 34, 52, 72.4}—105
Etiyl l-lecamts. .. 2.8 57.31 72,3 83.0] 106.0 149, 167, 154.0!
levnlinate 4731 74.01 87.3} 101.8} n7.7 - 160. 18.0f 206.
Eihyl mereaptan (ethansthiol —=76.7| ~59.1] ~50 2| —40.7] ~=29.8 +1i. 17. 25,0121
byl methyicar] 2.5 5100 &3.2 76.11 91.0 130. 149, 0.
Ethyi methyl ether. . | GHO —91.0} —75.6] ~67.8] «=59.1{ =49 4] -22. ~7.8f 47,
)-Ethylmaphthalens. .. - CuHy 70.00 101.4] 116.8; 133.8] 152.0 204. 0, 2584 -7
Ethyl c-raphtbyl ketone (I-propiopaphibone)... | CnHi:0 124.01 155.5] 171.0f 138.1} 206.9 255. 280.21 306
Ethyl 3-0itrobensonts. ..ocovneeecusonenonnass CsH:NOw 108.1] 140.2) 155.0f 173.6} 192. 244, 270, 298 47
3-Ethylpentane v.r .1 C:His —37.8} —17.0l —6.8} +4.72} 17.5 53. 3. 93.5|—-118.6
ves 48.5] 7571 89.51 103.8 119. 163. 185.7f 208.
46.2) 73.4) &7.0f 101.5 117.9 161. 184.5] 2072.5) —~45
60.9 8651 100.2) 114.5( 130. 1208 193.31 214, —4
59.3] 86.5! 100.20 115.0} 13]. 175.0f 197. 219, 46.5
18.1} 43.7] 56.4f 70.3] 86 122.9] 149.8 172.0; —30.2
—-28.01 —-7.21 43.4 W3 2. 61.7] 79. 9.1} —72.6
—64.3f —45.0f —35.0; —~24.0] —}2. 23.3] #41.6] 61.
61.2 90.00 104, 19.31 136, 183.7f 207. 231 1.3
28.3) 55.0f €3.3] &2 9. 144.0f 167. 191.
26.00 527 66.3] &9, 97. 142.0f 1565.0] 189
13.2f 10.6f, 22.8 36,1} 50. 90,00 HO.H 13). -5.9
9.41 34.8) 47.6; 61.2%4 76. 119.01  141.4] 165.
7.2y 3231 447t 58.21 73. 115.51 137.8] 161.3} ~95.3
7.6 32.7} 4491 585 73. 116.1] 136.4] 162,
20.7f 45.5] 57.7f 70.6f 85. 125.8] 146.0] 167.
—-60.6] —41.4 —31.8] —21.0; —9. 25.0] 42, 62.
—~30.0f ~7.6] -+3.8 16.1} 30. 67.3] 87.6} 108.
~6.1 +17.0} 23.71 41,3} 55. 93.8] 114.0] 134.3] —99.3
25.71 52.00 €3.61 79.8 96 140.2] 163.}} 185.
26.3] 530 664 89.6f 97.2 141 8] 164.4 188
2.1 43 8 621 76 5 92.6 137.4{ 159.6] 133,
78.41 103 1] 123.0f 138.7] 155, 204.74 228.31 253.
86.3) 117.01 132,41 149.0] 167.0 217.2y 242.31 257.5] —10
101.6] 132.3] 143.0! 154.2] 133.0 232.5] 257.41 232. 295
101.7, 1287 1423 155.8 171.8 215.0] 237.8f 204, 19
28.0f 547 68.3] B£3.0f 99. 144.0] 166.8] 191, 5
45,8 703 821 956 110.8 150.0] 173.28 201 35
....... 129 3 146.01 164.20 185, 240.31 258 6] 295. 13
—43 40 —22 81 —12.41 —§ 2l +11.5 47.2 65.71 &4 —42.1




Pressure, mm. Hg BMelee
1 1 5 t 10| 201 3 | 6 | 00 § 200 | 400 | 760 b

pod,
Temperature, °C. °C.
-2 8.7 92. 114,
-0 45.8 95.41 116.0{=110.8
+0. 46. 96.1) I

96. 147.0 193.5]
Ha0» -5, 32 20. 100. 8.2
s teesenissassnsensins CiH-CLOs 33. §.0 140. 160.
Furﬁr.\l (Z-Imldahyda) eetennesiintinaaainns CsH O 42, 9. 141. 161.
I-‘urfmvl eessesesesnsacresasrararaanes C:H402 36, 104.0 151. 170.
G %8, 154, 207.8) 230.
102 160. 2i9.8f 243.3
125. 1€0. 235.0f 257.
19! 174.0 223.5{ 251.
0. W7.2 205.8f 230.
13. 5. 23.51 303. 97.3
133. 19. 250.04 287.
123, 189, 257.3] 286.
B9, 1H. 195.3} 217.
153. 8, 263.0] 20 17.9
52, 102.0f 153.5] 174.3
64.1 H5.8 163.31 150.5f =31
103. 153. 212.0; 240. 97
3.1 . 131 134.1] 205 23
183. pach 255. 323.8 3%. 40.4
243 .6 318. 335 410. 5.5
145, f m. Z74.5) 208 2.5
32. 54. 74. 125, 155.0f ~42
—-12.7 3 30.6 73. 93,4 ~50.6
101, .6 18, 199.6f 221.51 —-10
[ 3 .8 168.0 153. 175. 3.6
54. N 3. 120. 145.
—-14.1 3 30. 73. 98,
94. A 14.8 217.8  2M.
47. . 11.0 160. 134. .
1. 5 219 3.5 309.4 O
49, .6 120 163, 185.64 136.6
24000 237 .8 295.% 307.8 374.6f 399. 56.6
135. . . 3193, 253.3] 287. 13.5
131, . .0 178, 190.8 250.01 274. 4
153.3] 177. . .8 4. 312.77 34. 9.3
157. . . 7] 228.8 300.4 330.
134,31 . .0 7] 199, 258.50 298.3% 130
—34.5 . . 3 5.4 49, 63.7] ~95.3
47.21 53.2 . 3 92. L 138. 157.0} —=51.6
348 45.0 . . 75. . 121. 139,
23.7) 35.7] L X 0. . 117. 135.5
=30 231 ~17. .0f 2.8 . 45. 66.0] —98.5
DR el ot 2o 1 Drd s g 3 s
n-. pheayl ketors emzhop saone 30.3 5. . . . 3 . 3. .
% seid. ..ol ] i lg’gg _1;—;; 123.0 . lg. 9 _ﬁg 272;). gg
ydrogen cyanide (hydrocyanic acid, .0 —55. V71 =39, 9 =351 —17. . W91 —13,
POUINONA. ... oo iiiransiean ) .......... CsdsOr R 153.3] 163.5] 174.6 .0 2909 . 252.5¢ 236.2} 170.3
4 Hrdmy ................. CiHsOr . 153,27 169.7) 186.81 206.04 217.5| 282.64 310.0) 115.5
- yd:ot_y‘mbutymwd ................ C:Hy 7.5 935 110.57 12.8 0] 146, 193.8 212.0f 79
a-Hyd.rmbuty‘r ...... CsH.NO 41.0 65.;} 77.8 0. .8 1139 159. 178.
yd.w-}neihyl-z-bubnom ...... CsE100s 4. 69. 81.0] 4. Y 7.4 165.5] 135.0
OHydmv-i-meLhyiJ-pmm vee.| Cai-On 20, 467 588 72 . 56. 8 147. 167.9] —42
4 CENO 53.7] 87.8f 102.0 117. RIERE N 200.0f 221,
) CsHs 16.4f 4431 5350 73.9) 90. 100_8§ . 157, 181.6) =2
| CsHT 24.1} 50, 64, 78. 94.4 1050 . 163.91 133.6f —23.5
CsHisl 7000 %.24 19.040 1B. RINRLI N . i 159.3 219,
[62:0 37.2  65. 7. 95.6 4 18.8 . 135.7) 211.01
| CuHxD 79.5} 1C8, 123.0f 139. .6 15631 181, 225.2) 250.
| CsHa —79.8] —62.3] —53.31 -~43.51 —32.6f —25.4 X F15.41 32.6{~136.7
.| Cu=H0 77.71 108.4 13.71 140. 157.8; 163. . 231.8; 257. 4.5
| CizHuOr 121,00 150.4 165.0] 133. 4 212, . 73, 9. 43
A CHsO 28.11 549 63. 82. 5 308, . 154, 187.90]
. CsHsOs 102.0] 128.11 141.8 154 .54 178, . 227.4 245. 33.5
4 CiaHis 14.0f 40.4 53. 68. . 9. . i151.4 175.0f —%6.9
.1Cr 55.4] 82.5) %60 11l Al 13, . 195.2f 2206
J CH::00 44.0f 63.4 73. 95. 81z, . 179.5| 202. 53
CiHe +9.7] 35.7] 43.3] 62 3 £8.6 .1 146.0] 199.5
CraHx 5.0 8.2 9%.0 110. d) 135, 8 190.28 212.0] 42.5
Cr 57.4 8.8 100 115, 18 . 202. .
CrrHaOy 123.21 15420 170.0{ 186. 31 215 30,4 7.1} 1.0} 545
1t 47.31  75. ) 103, L0 133, 148.01 194.21 219.0
w0 ~8.71 +14.1] 25¢] 37. . [13 72.1 109.8! 150.0f =59
CH;0: 25.5] 43.5 €. .7 &. 95. 106.64 142.51 161.0¢ 15
CuEN —41.5) =233} —12.5{ —0.6 . 21 32.8 70.3] 0.
CH, ~203.9{—199.01—1935. 5] —~191.8; —187.7{—185. 1] =131 .4] =175.5} —~1£3. 8] - 161.5| - 132.5
. ..|CES —90.7] —75.3; —67.5| —53.8} —43.2] —43. 1} —34.8 ~7.91 -+6 &~121
Methoryacetic L U I N 913: 800 Y 52.5f 79.3] 92.0] 106, 131.8F 14.5 134.21 203,
N-Methrlacetanilide, .ooveeieannnnenans LJOHWNO ... 1038 113 135.14 152 163, 179.8 227.4F 2536} 102
Methyl acetata. . ..ooveiiassronenens . CHLO: ~57.24 ~33 8 —29.31 —~19.1} -7.9f ~-0.5 -+9.4 40.0f 57.8 —%3.7
scetylens (propynm.....veiieinianes L CH —111.0 —97.51 —%0.5| —82.9 —7+.3] —€8.8] ~61.3] —49.8! =37.2} —=3.5{—~102.7
-2 S CiH,0 —43.71 —-B3.6 —13.5 —=2.71 49.23 17.3) 23.0 61.8] &0
aloobol (methsaoh)......ooiiiiiinienns CHLO —44.0; —25.3; —16.2] —6.08 5.0 2 '! 21.2 19, €371 —57.8
29 ........ CH,N —95.8! —B81 31 ~73.8 —65 9l —56.91 —51.3' —43.7 —19 7' —63] —953.5




Provuze, ma. By | Melt-
l|5|I0|m|40|60||00I2)0|400i760':§’.
. _ Temperaturs, °C. “C.
3. 62.81 76.2] 90. 106.0f 115. 129. 149.31 172, 195.5¢ —5¢
77. 109. 124. M. 159.72{ 172. 187. 212.4 238, ol
. o4 4 T7. 91.81 107.8] 17. 130. 151.4] 174, 199.5§ =12.5
70. 97.5} 11.3 125.5 150.4f 163.9] 108.20 24.5f 225.
. 75.21 83.0] 102.1] 17.8] 127.4] ¥40.3] 155.0{ 180.7] 204.
=96 3] =30.6{ —72.8] —64.0] —54. O} —39.4] w265 —}. +3.6f -9
89, 1 ~72.8{ ~64.31 —54.8 —44.}| —37.31 —28.0f ~13.8] 2. 20. 24135
2 MeAbyl 2RO, . - onvssnrnroninsnnenerones R .—13. —z.tl) -g -ﬂ.‘) "?3'7 -3. -5%. +9-:.9 :ﬂ 3?._’_
Methyl sobutyl carbinol (2-methyl-4-pentasal). .} Calud . ” . X . K . . 3 .
2-buty! kelons (2-bexapone).,.........ccuee- CeH:=0 +7. 28.8] 38.8] 50.0f 620 69.8] 9. 9431 111.0] 12.5{ ~56.9
F L:l‘!! ket ((‘ ‘;,"') 2 3 SN 1:0 ~1.4F +19.2} 30.0] 40.8f 52.81 0.4 70. 8. 102. 119.0f ~84.7
—25.8] ~5.5{ 45.00 6.7} 29. 37.4 48 4.3 83.3f 102
=341} ~13.0| —2.9} <48 21. 28. 39. 55.71) 73. 92,61 ~84.7
€3 93.5, 108 123.0f 139.0] 143.61 361.5] 181.6; 202.9f 224.04 —I8
+5. 30.0{ 42.0} 55.4] 720.0f 79. 91.4f 109.8] 129.84 150
34, 61.2] 74, 89.6} 105. 115.3] 128, 148.1] 170.0f 193.
....... 99, 5[ =92 4] ~84.8| =76.0] ~~70.4| —63.0{ —51.2] —38.0f —2H4.0f ~97.7
=2. 19.0} 30.0) 41.5] 54.5| 63. 3. 90.5] 109. 130.3] ~31.9
77.41 103.3} 13.0t 140.0) 157.9} 170.0} 185.8; 209.6} 235.0f 263. 3.4
125. 155.01 169.8] 185. 201.81 212.08 224. 245.00 266. 288,
—35.9] -14.0f —3.2] +8.7] 22.0f 30. 42, 59. 79.6{ 100.9]—126.4
—~53.7] —33.8 ~23.7| —12.8{ ~0.6] 47.2§ 7. 34. 52. 71.8j=142.4
—96.0] —80.6f —72.8] —64.0] —54.2] —=48.0] —39.3} =260} —11.3] -H4.5]
77. 106.0] 120.41 136 0f 152.4f 163. 177. 192.00 222, 246.
dichlaroucetste [o8: X 3. 26. 3.4 507 el 7. 85.4) 103.21 122.6{ 143
N-Methyld:pheaylsming. ....o..ooneasanenn CuHuN 103.5 134.0f 149.7] 165.8] 184.0f 195.4f 210.1] 232.8f 257.0f 22.0 —7.6
Methyl n-dodecy] ketone (2-tetrsdecancne)......| C1H=0 99.31 130.0] 145.51 161.31 179.8] 191.4f 206.0f 228.23 253. 3.0 .
thylene bromide (dibromomethase). .........] CH:Brs ~35.11 —=13.2f —2.4] 49.71 2B.3| 3. 42, 58, 79. 98.61 -52.8
M5kt el Eviame (2 b CIEES (R T iy el R el Bal il @ ne N3
elone 3.3 —28.01 =17, -f. . . R . . .6f —85.
] Csllrs ~24.00 —1.8) 49, 21.77 35.2) 43, 55. n. 94.0f 15.6~114.5
CrHis =-B.9 —L4 499 231 362 450 57. 75. 9.2 1183} ~
CHLF ~147.3| ~137.0] =131 .6/ ~125.9|=119.1[=115.0{~109.0] = 99.9] ~-89.5] ~78.
C-HOn ~74.2) ~57.0| —43.6{ —32.2f —28.7} —21.9 —~12.9 0. 16. 32.0 —99.8
C<Hs08 93.81 125.44 141.8 157.7] 177.5 189. 5.0] 229.3f 255.5{ 282. .
C:HsO -+9. 33. 45,31 8.1 72,3 Bl 93. 1. 133 151,
. Culln 119.8] 152.0f 168.7] 1836.0] 204.80 21631 231.5 254.5 279.8 306.
...... CsHis =21.00 4131 1231 .24.4 37.9] 44 58. 76. 9%.28 117.60=-109.5
........ CsHis —19.8f 2. 13.3) 25.4f 38. 47, 59, . 97.4f 118.9~-120.8 -
...... CaHs ~20. 4 1. 12,4 24.5 38. 46. 53. 76. 96 1H7.71=-1211
...... CsHis -~16.1 . 7. 30,4 M. 52. 64. 82. 102. 12
J GHuO 41.6] 65 26.7}  89.31 102.7F N5 122.6 139.5| 156.61 175.
...... CHsO 419 66, 77 90.4 104.0f 112.8 123.8 140.04 156.61 174.
{ C:Has —40.4 ~19.5| ~9.1| +2.31 4. B. 34.11 50. 69. 90.0~118.2
{1 C:Hie -390 —18.11 ~7.8 436} 164 24. 35. 52. 7. 91.9]
Jear ..., —55.01 ~45.8; —356] —24.2} ~16,9] —A0] 8. 25.3] 42.4] —64.4
] CulHan 87.80 117.9; 133 2| 149.0{ 16601 17581 190.8(.......4.......f....... 5
.| CsHisOn 39.8] 66.4 79.7] 93.71 109.50 11931 133.0] 153.4 175.8 197.7]
A e C:HOr ~30.5| —-100( 1.0 1.0 255 34 47.0f 63, 82.0f 10t.
myristate. . . .oicieiieeinaenas IO £ v} 115.0f 145.7{ 160.8] 177.8] 195.88 207.5| 222.6} 245. 269. 295. 18.5
a-napbinyl » (1-acetonaphthone). ...... . J Culi0 115.6] 146.3] 16).5} 178 4] 196.8] 208 25.81 246, zo. 295.5
B-raphihyl ketone (2-acetonaphtbone)........ CuHi0d 120,28 152,31 163.5! 185.7] 203.8f 214.7] 229. 251, 275.81 301.0f S55.5
n-nongt ketone (undeenn-2-ome)..............} Culiz0 68.2] 95.5| 1689 13.1 139.0] 148. 161.0] 181.2] 202.3] 224.0f 5
{ate. 1w HaOsy 134.3] 166,81 184.31 202.0[.......0.c...-.feeooefeei i deniadennnsns 30
7 - 120.6] 161.61 178 0 196.4] 214%3] 226.7] 242.0] 265. 2171 319.5
—560.9; 1.7} =32 Y| =214 -9.7} ~1.9] 48.4 24 4 60,3154
~59.0f ~39.8] ~30.1} ~19.4] ~7.3} +0.14 10.5 2. 44, 63.3] 118
1540 3300 49.6 61.6] 74, 8. 4.2 111.3] 129.83) 147.9
—4.5 -+16.8] 7.6/ 38.8] 51.3] 588 €69.2] &.0f 102.6f 121.2{~103
19.3] 43.6| 555 67.70 81.2} 89.8 100.0f 1i6.}] 133.21 150.2
5.4/ 300 422 55 70.71 8. 93.00 112.3; 133.8 1555 ~37.3
—105.1} —95.5| ~81.9! —73.4] —63.8] —57.7] —49.3] ~35.7| ~22.2] ~6.9|—140.3
Methyl proponats. ~42.0} —21.5| ~11.8] —1.0] ~11.0] 18.7] 29.0f 44. 61.8] 79.8 8.5
$-Methy'propiophenooe, 59.6] 89.37 103 8 120.21 133.0 149.3] 164.2] 187.4f 212, 3851
2-Methyipropiony tromids. 13.5] 334 506 €41 79.4 88.8} 101.6§ 120. 141.7} 163.0
Methyl propyl ether. .............. ~72.21 —54.3] —45 4 =354} =24.3] —=17.4} —~8.1} -+6. 2.5 39}
r ~12.0} 4800 1791 285 39.8] 473} 56.8 71. 85,81 103.3 —77.8
-19.9] ~1.0] -L83] 18.3]. 29.6] 36.2| 45.5 59. 73,8 8£3.9] —92
75.31 104.0] 119.0] 134.0} 150.8{ ¥61.7¢ 176.2{ 197. 21171 24550 1
54.0] 81.6] 9531 110.0] 126.21 136.7] 150.0{ 172 197.5¢ 223, ~3.3
7.4 340, 47.)7 61.8 77.8) 83.31 102.21 121 143.01 165 4} ~D3.2
16.0] 42,0 55.1] €9.2] 85.0f 95 108.6] 128. 151.20 175.0
109.8] 151.5] 167.3] 184.6| 203.7] 215.0] 220.5{ 254.4f 279.8| 307.0
~14.01 -+9.8] 2i 6] 34.5] 4.0 S53.1f 70.4 89. 1190.81 132.9] —S1
~347| —83] 3.4 20.4 38.24 475 5931 77.5f 97.8 119, 35.5
86.8] 117.0/ 131.8) 147.8] 165. 176.6} 191.5| 2140} 258.3; 252.51 23.5
—19.21 4291 4.0 254 39.8] 48.2] S59.B| 77.3] 96.71 16.7
—93.2| —~77.7f —70 0] ~61.3| ~-51.7] ~45.3] —37.1} —~24.1} —10. 11 45,
14.5] 40.0{ 53.20 €7.0 @€2.6] 92.6f 106.0f 126.6] 148.3] 171.5
99.0] 132.0] 143 3] 166.20 186.0] 198.3] 214.51 240.4f 267.9 297. 3.5
142,00 174.1] 120 8] 207.6f. 225.50 257.21 250.51 272.3) 294.6} 318. 57.5
52,6 74.21 85.8] 101.7] 119.3] 130.2} 145.5| 167.7F 193.2] 217.9] 80.2
156.0! 184,00 195 8] 211.2] 225.0] 234.5] 245, 263.51 231.4] 300. 160.5
160.8] 189.7| 202.8] 216.9] 231.5{ 241.3t 252,77 270.3] 289.5] 308.5] 184
94.0] 125.5 1420 158.0f 177.8] 150.0) 2060 729.6] 255.8] 232.5! 96
...... 128.6] 14551 161.8 181.7] 193.71 209.8] 234.0p 250. 283 122.5
104.3) 137.7] 153 8 171.6] 15151 203.81 220.01 244.91 Z/2.2] 300 50




— b- b
1 1 5 | 101 20 | 4 | 6 | 100 { 200 | 400 | 760 g
Name Formula P".c'“5
2-Nophthylamids....ccoceeennnneeriresnanans CuihbN 108.0 141, 157. 306.1f 111.3
NIcOtNa. .. .veraeeraronanannnnanns CutiNs 6l. 91.8l 127, 247.3
2-Niroandige .. ciieenuniainnnaan. R 04.00 135.71 150. 2.5 s
3Nieanlas. . ceeiie e N 19.31 151.5) 167, 305.7{ 114
S NErouaLing. . iiveeneeeiarenncn CBN0r 2.4 177.6f 154 336.0F 146.3
2-Nitrobeazaldeshyde. .. cooevnuenn... CrHsNOs 85.8 N7.7y 133, 73. 40,
3Ni CH.NOy 9.2 127.4 142.8 28.3t 58
Nitrobeazaas. CoHaNOy Hye 71§ & 210.6| +5.7
Nitroethana. .......... ceerteneeinan C:HNO. —=21.0{ +1. 12, 114.0} ~90
Nitroglyceenn....... CaH N ;00 127 167 133 veensf U
Niromethana..... CH;NO» =290, -=7.9 +2 10.24 ~29
2-Nirophaool. .. .. Ve CeXaNOy 49, 76. 9. 214.5! 45
2-Ni‘ropbenyl acetale. CsH:NC, 300.0 128.0f 142 253.0
iiighhm caree CxErQO.- —ig 4:'3 : ? }311’ .61 =108
Nitropropese. .... . N -18. 3 3. 5
Nitrotolueoe, C:HINO: 50. Ny 9. 2.3 -4
A Nigotolneaw,...... . J CHINO 50. 8!, 56, 1. 15.5
N aamtes U GBS | B 89 18 i N
N eow).... . th . . 109, .
N @t eereinotansansinneen .| C~Ha 4.2 2698 3%, 21, 6.
| CuHe 13323 166.3 1. 330. 32
. JCGE> +1. 25, 33. 150.8f —53.7
........ .. CHO 9. 86.11 99, 213.5) ~35
. CsHuO 2.4 5. 72. 193.0f 19
CuHa 265 260.3 7. 412 6.6
CnHxn 19.6f 1521 169. 317, p~]
CaHus —13.0{ +8 19. 125.6} —~56.8
CsH1O 54, 76. 83, 195.28 —15.4
C:sHi1s0 <X 43 60, 172.9; —~16
CuHOs 58,5\ 87.71 102, 227.
CsHirl 45. 74. 90, 225.5] —~45.9
...... CusHiDs 176.5 208.% 273, 3640. 14
CisH=O 12i.6 134.6 17). 321, 34
CruHn0s 153.6 183.1] 205. 353. [ X/]
........ CiHaN 13430 1683.3%  185. 332 31
........ CsHus0n 108. 125. 137, 25350 123
CsHCls 93.6 12.7] 14 Zis. 5.5
C:HCL +1. 27, . 160.5 ~22
Peatschlornethyibensene. . C.H:Cly 96.24 130.01 143, 299.
Pentachlcrophenal. . . . . CHCLO  J......)e...o . 309.3 183.5
Pentaccaane. . Ca:Has 194.20 0.0 233 350. 53.3
Pectadecans. . CusHa 9.6 121.00 135 0. 10
1,3-Pentadiens. CHa —71.8 —53.8 —45. 42,
1,4-Peatadiens. CsHa —83.5| —66 2] —57.1 25.
Pectaethylbenzece Ciali 86.01 120.G1 155. 7.
Pertasibylchlorobensens. ... CrHaCl %0.00 123.8 140.7 235,
B-Pealale. o i et CiHe —~76.6l —82 5 —~5).1 2511129 7
iso-FPeatans (2-mathylbutane)........cooueeennn CsHy —82.9f —65.8 ~57.0 27.8]—159.7
peo-Peatana (2,2-dimethylpropane).....cooen.e CsHu —102.0! 8.4 —7% +9.5 —15.6
2.3,4<Pentansiriol CsHi0n 155.0] 189.3 204 3.
—20.4 —63.3 —53 .
200y 45.7] 8 175.
................................ 118.20 1543, 173, 340. 9.5
58.2 8.9 100. 219.
67.0; 94.7| 128 228.
40.1] 62.5( 73. 181, 40.6
78.00 183.64 121, 215, 1.6
82.6/ 3.5 128, 2597 —6.7
332 618 73 195,
97.00 122.0¢ 141 265, 6.3
60.0] 8201 193, 3.5 ~-0.8
43.00 75.3% 89, 210.
106, 141,50 157, 314 70.5
81.7] H2.3 17. 261, 4.5
10 36,00 43, 165.
......... 12.00 37.0f 49. 165.0]
67.50 90.5 11 20.01 +7.5
. . 95.90 110 9.5
b . 99. 131.2 147 235.5; €28
Phenylzlyoxal. . .ooiiiiiiannn o CelHeDr ..., 5.0 8 193.5f 23
Pheaylhrdrasing. . iieeiinetiatonnnanienenes 71. 101.61 115, 28351 19.5
N-Pheaylumdnodiethanol. . ..ovveenniraiennnn. 3 145.0f 179.24 195, 337.3
1-Phenyl.1,3-pentanedioes. .. coooevnnnnnnnn..s CuH1:0: 93.0] 128.5 144, 2765,
2-Pheaylohenol....cooivieenieneinncanesnanes CrzHw0 00.0f I131.¢ 130, 500 565
4-Phenylpbenol,..ccvucieiiiiiieanionnanannn CeHuO  L......0....... 176. 303.0] 164.5
3-Pheqyl-l-propasol. ..........u0e verer ] GoHLO 7470 102.4 116, 5.0}
Phenyl isothiceynnals......eovvverrannnearans C7HNS 47, 75.6 89, 218.5} —21.0
PhOT008. v eianeierencercctnearionnsnnnsonas CHuD 42.0f 63.31 8. 197.
iso-Fhoronw. .. ....... CHuLO 33. 6.7, 81. 215
o CCl:0 —92.9 —-77.01 —69. +8.5{—104
Py CH.0s 95,51 121.3; 134 234.5, 130.8
thalids ..,.... C:HsOx 95.5 122.7 14, 200 73
Phihaloyl chloride | CeH.Cl:0n 8531 113.31 134 5.8, .3
2-Ficglize ... .... | CHN 1L +12.6 2% 123.8) ~70
Prupslic s ...} CHB0. 163.4 1952 212 2.4 13
a-Praeas,, JJ CieHue —~}.0 +24 g! 37 153.0] —55
Plaeme.. ettt ..} CroHus +420 300 42 1533
ottt N PP PTIN CsHulN ... —70 43 1Ch 0 —9




Compound Fresscze, . BE__
. Foeraals I { 5 | 101 201 40 { 63 { 100 | 200 { 400 | 760
ame ‘orm| Temperature, °C.
Piperonsl. .. J GO 87.0; 117.4 132, 148, 165.7 . 238, 263.0
Propuze. ... JGH —128.50—115 4| — 1085 —100. ] —92.4) —87 =355.6 —42.
Propenylbenss JGH 7. 438 570 71 87 154.70 179,
Propiooamide, JGH:NO 65.0f 91. 165. 119 134, 194, 213
poRi J CHOn 4.6| 28 39.7} 52 65. 12,
axhydride. . CeBuln 20, 4531 51.7 70 85. 146, 167.
Propionizile C:H.N =350 ~13.60 —3.0f 48 2, 7727 .
Propiophenons. ... CaH0 500 77. 92.21 107.6 124. 194.20 218
o-Propyl acetats. .. 3H1o0s —25, -5. +5. 16.0 28. 82, 101.
3 ace CsHiOr —383 —17.4 7.2 442 17. 6. 9.
o-Propyl aloobal (1 C;HsO -5 +5.00 4.7 2531 36 82. .
i%0-Propyt alcobol (2-propenal)......veeecsn... C:H:0 —26.4 =27.00 +2.4 127} 2. 7. 82.
- lami C:HaN —64 41 —46.3) —37.2 —~27.)] —16. 31. 48
Propy'! 8... ... ..} CsHus 6.3 31 43, 56. n. 135. 159
Propyi brnzoale. ... uooeiireieierinaaan Gl 0 518 838 9300 114.3 131 254 B
n-Preoyl bromide (1 -tromopropene). . HiBr —53.00 —33.4f —=2.3] —12.4 —0. 52.0
iso-Prepyl bromide (2-bromopropane). +H:Br —6).8] —42.5] ~32.8] ~22.0} ~10.1 41,
©- n-batyrate......cociieinane cere -] CrHadl ~1.6{ +22.1} 34. 47.0} 61.5 121,
e A M EHon Se3 ey B B 23 S 1.0 130.
m0- i 13 2217 S -16. . . . . . L
g NOs s2.4 77, 90.01 103.2} 117.7 . 175.8) 195.
..... —63 3| —50 O —41 ~-31.0f ~19. . 29.4 R
m0-Propyl chloride ( ~73.8} —61.1] —52.0f —=42.0{ -31.0 . 18.1 .
iso-Propsl chioromcetats. +3.8f 8.1 4. Si,a 63. 3 128. 148
iate. CsH:CiOs 9.7 323 4. 55. 68, 77. 123.0f 150
............ ~=131.9]-120.7]-=112. 1] =104.7}| —96 5i . ~—60.
veol (1 45 51 70. 83. 9.4 1. . 168.1} 188
—75.0{ —57 8f —42.0{ -39.3; —~28 . 12.8 3451121
30 —-22.7| —12. ~1.7} 410, . 62,
—=52.0{ —32.7] —22.72] ~12.11 =-0. g 50.5] 68
193.0f 224.2] 240.8] 255.5] 273.0f 232. 339.0f 340
—36 0} —13.5] —2.4} 4=10.0] 23.6) . 8). 102.
—43.3| —~22.1] —~11.7]  0.0] 413.2 . 69.51 89.
59.7] 86.31 99.9) 14.0] 130.1 5 198.0f 221,
43.0f 74.5| 88.0f 102.4f H8.1 . 185.
=55 (; —36.3] ~26.3] ~15.4] —3.2] 4.6 49,
76.0] 107,91 123.4] 140.3] 159.0! 171.4 8.5
133.21 165.4 181.0f 197.77 215 6; 2.0 288.28 313,
56 6/ 83.8 97.00 W17l 127.5 137.7 192.6f 214,
62.0{ 903} 1041} 119.8] 136.2] 146.6} 205. 228.
67.0] 94.71 108.0f 123.4; 139.8] 149.7, 206. 228.
-~14.2i +80f 19.4] 31.6] 450 53.8 102. 122,
3471 623] 76.0] 91.2] 108 0| 118.4 178. 202.5
<80 328 451 530 728 823 135. 155.9)
53,30 82.5) 940 106.8] 121.7] 130.2 189, 22).6
~18.9° +25 132 24.8 33.00 468 95. 115,
....... 10401 11831 134 01 150.6f 161.7 221, 245,
93.0) 129.8! 145 7] 16).8! 179.8 191.6 253.3; 278.
...... 151,70 167.71 185.31 204.21 216.3] 281.5¢ 309.
€5.71 99.71 114.24 130.0f 147.8] 158.6| 221. 247.
21.4) 45.8) 57.9] 70.8] 8531 94.1 144, 165.
59.7] 83.6] 103.8 119.8] 136.7} 148.1 21231 217,
63.5] 927 107.8] 123.7] 141.6] 152.0 2i4. 240.
103 41 133 6] 152.1] 168.01 185.3] 195.8 253, 276.
63 8] 93.00 107.6f 13.0] 140.1} 150.3 210.0f 233,
33.0f 60.1 7381 887 105.2] 115.7 173, 196. 5]
113.7} 136, 146.21 156.8f 172.2| 182.0] 230.5] 256.
183.0; 215.7} 232.0] 250.0 258.2| 279.8 332.8) 352,
-390} —-16.0f —4.0] +9.1] 241} 33.8 £9. 114.3
Oxalote ....oeiinnenan 95 0 124.2( 139.6 154 3] 171.9] 183.6 2425} 256,
Stearaldebyde. . ..... 140 0] 174.6] 192.1] 210.6] 230.8] 244.2 313.81 342.5]
Btearic CuHaxOs 173.7] 209.0] 225.0) 243.4] 263.3| 275.5 343.0] 370.
Btearyl al .. CuHuO 150.3) 185.61 202.0, 220.0{ 240.4f 252.7 320.3] 349.
322 O SO CsHs -7.0! 4+-18.0] 30.8] 44.6] 59.8] 69.5 122.5 145.2
Styrene 850 1i5.6; 129.8] 145.2] 161.8] 172.2 230.0F 254,
Buberie aci 172 8] 205.5] 219.5| 258.2] 25%.6; 245.4} 322.8] 345.
Bucemi 920] 11560 128.2f 145.3] 163.0] 174.0 237. 251,
115061 143,21 157.0] 174.0] 192.0f 203.0 253.5¢ 287.
39.0f 65.04 780f 91.8 107.5 117.2 170.0] 192.5
52,81 €0.4f 94.3] 109.8{ 126.0f 136.3 13431 217.5
32.3; 58.0f 70.6| 848 100.0j 109.8 163.5]{ 185.
53 0] 8331 937 108.5{ 123.2] 132.0 181.07 200.
65.0] 9551 110.0! 126.0f 144.0! 155.1 217.5t 243.5
63.8 93.7] 108.5] 124.5] 142, 152. 6] 214.6] 240,
183.8] 219.6] 237.6| 255.3| 276.3] 288.4 358.0f 336.
68,5 99.6] 11471 131.21 149.2] 160.0) 22551 254.0
53.21 89.0f 104.1] 321.6f 140.0f 152.0 220.0f 246.
............................ 1456.0; 157.7, 220.5] 245.0
-37.5 —16.0] —5.0| -+6.721 19.8 28.1 3.4 92
~16.3] 4-7.4] 19.31 32,1 457} 56.0 108, 130.5f —
-3 8 207 33.0; 46,20 60.8 70.0 124, 145.
7700 1100 126.0f 143.7{ 162.1{ 175.0 243,01 0.0
~20.6] -+2.4 13,8 26.3] 40.1 49.1 100.0 120,
100.0; 130.3} 145.3( 161.0{ 179.1] 190.0 250.4f 275.0
94.4 12500 140.3] 156 0} 174.2{ 185. 248.31 273.
76.4' 106 0! 12077 135.6! 152.71 164.01 225 B 2525
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Cozpound Presure, am. Bz .la;o
. N T 1 5 1 0 | 20 | 40 | 60 | 160 | 200 | 400 { 760 p‘;.‘“
ace Formula Temperature, °C. *C.
Tersdeoylamine. ... ......-. eveeasenennennees TN 026 138 1520, 1700 159.0f Z63.2 215. 3.8 D12
Tetradscylirimethyhilana. ., | CuHLS: 120,60 150.7; 166,27 183.5! 20L.5% 213.3 27, 215.0!  300.9!
Tolraelaoxysilade. .ece eneans | C.H=0S: 16.00 40.3% 526 65.8 8l 103. 146.2) 153.5
1,2.3,4-Tetraethylbenzese, 4 CuHa 6.7 952 Nig 122.2 145, 172 214 243.00 116
Tetaethylens glycol........... | CsH:10s 153.90 183.7] 137.% 212.3| 223. 250, 233.0| 307.8
Tetraethylane glyeol chlorchydrin. . -] C:HuClOs 19 3] 141, 156.1] 172 190.0! 214, 258.2] 231.5
Teraeth7llead.cnverracenannan. . .§ CsHxPb 384 63.6] 738 83.0f 102 1. 161.81 153.0{—136
Tetraetaylilans. ..v... . | CsHoSi ~1.0f +23 3% 50. 65.3 8. 130. 153.01
Tetralnn. . .ereaeansannnnan 1aH g 330 65.3 .0 93.3 Uo. 135, 181.8] 207.2t —-31.0
1.2,3,4-Tetramethyibecsens, CiaHne 426 637 srg 9.8 1L 133, 120.0] 204.4f —6.2
1,23,3-Tetramethyibensens, CicHu 40.6) 658 77.8) 91.0; 105. 128 1D.7] 197.9} —~24.0
1,2.4,5-Tetramethylbeazene. C:aHue 4500 65.00 74 8.0] 104 123, 172.1] 195, 73.5
22,3 3-Tetramethyibutans . ... CsHus —17.4 +3. 13.5) 24.6f 36, 54, 87.40 106.31-102.2
rramethylens dibromids (1,4-di .{CHBa 320, 58 724 &7.6] 104.0 128, !73‘3’ 197.5f —20
—~29.0! —6.8 4. 16.6] 30 50. 89.0] 110,00 -2.5
—51.3] —=31.0f —=20.6l ~9.3 3.5 . 58.5| 78.0!
s 116.8] 147.8 163.0] 179.8 197. 8. 268.3] 92.7
60.0] 87.71 10150 115.8 131, 154, revened]irecees] —=16.5
C:HuwO8 4261 S50 1230 165.6] 210, 235
S —40.7| —~20.8 —10. 0.0f +-12.5 30.5 5§ 64.7] 844 —33.3
13.6] 43.7] 56.08 €9.7] 84, 106. .8 146.7] 168.0
33.3] 65.7] 73.3] 93.71 110, 134.0 .2} 177.8) 2010
6431 92,8l 107.4 12,6 139. 164.1 5| 209.21 B1.§ S1.S
~250] —1.§ +100f 2.2 37.0 57. 75.4  95.51 116,
5200 77.8 502 103.8 119.0 140.5) 0 179.2f 153.5| 643
~25.5 —2.4 9. 2.4 3. 53, 77. 9.7] ™2
- Hs ~267 —4.4 6. 18.4 31 5.9 5] 89.51 110.6] —95.0
Tolueaas Sdamine. ........... C:HuN» 105.50 137.2) 151,70 167.9{ 185. 211.5 B2.8 236.0] 0.0
2-Teluie nitrile (2-tolunitrile). ... CH/N 3.7 6.0 7.9 93.0f 118 135.0 .0} 180.0] 205.2 —-13
4-Toluie aitrile (4-tolunitrile).... CHN 4250 71,3 esig 1017 109, 145.2 193.01 217. 2.5
2-Tolidm®. s veenrasconcoass . C/HN 4301 €9.3 814 954 TiD. 133.0 176.2] 199.71 —16.3
3-Tolwdine .. CrE:N 41.00 6.0 &g 95.7] N3 136.7] 180.6| 203.31 ~31.5
4-Toluidiae, ..., CrELN 42.0] 63 8.8 95.8 111 133.7] 176.9] 200.4 44.
2-Tolyt 1socyanide SHrN 25.21 51.0] 6.0 7321 94.0 nz.7 159.9] 1D.5
4-Tciylhydrasise. . .. CrHuN» 824 110.0] 13.8 1336 1541 173.0 219.50 28201 65.3
Tribromcucataldehyd C-HB 8.5 45.0} s3of 72.1f 87, Ji0. 151.6] 174, .
1,1,2-Tribromobutane, CsH1Bry 450 73.5| &.8 103.2 120, 145, 192.0} 216.
1,2.2-Tribromobutane, CH:Bry 41.0] 690 &2 53.6 b 141.8 133.0f 213.8
2,2.3-Tribromobutass, . CH;Bry 332 6.0 798 94.6 1. 136. 182.2) 26.5
1.4.2-Tri . C-B:Bn 32.6] 53.0f 70.6] 8.2 100 123.5 51 165.4) 183.4] —26
1.2.3-Tribrcamopropese CiEBr 475 758! %300 105.8 1Z2. 143.0 0] 195.01 220. 15.5
Tr zsobutylamios. ... Gtz 323 574 €38 &3.00 97 119.7 0| 157.8) 179.0f —22
Trisobulyless......... | CreHe 18.00 Hol 553 700 2. 110.0| 2l 153.0] 179.0
24,5 Trrertoutyty €0 95.2] 1251, 1420f 138.60 177, 203.01 225.2] 250.6| Z76.3
Terchloreace i A e et ieeaeenencnnnnan | C-ECLO: 51.00 760G &2 10 16 157.8] 155.4f 175.2) 195.6f 57
Trichloroscetie aob7arida. ... e eeeenens e CiCls0s 562 8.3 9.6 1143 131.2 155.2 .2 199.§ 223.0
Trictlorcacetyl bromida. e oveenenvenearennnns. C:BrCLO —7.4 +16.70 2931 421 57 79.51 4l 120.2] 143.0
2,3,5-Trichlor08niii®e «veeereserennennnnenenns CaH.CLN 134.0{ 157.8] 170.0f 182.6f I95. 214.6] 229.8f 236.4] 252 73
1,2.3-Trichlcrobenzenn. vomueenncerenenneneans CsH:Cl 40.0] 70¢C, 86 1i01.8 119.8 146.0 2L 193.5) 21350 s2.3
1,2.4-TrichiorobAGIoNe. cvene vaeenensaeannenens CsHCly 38.4) 673 8.7 97.21 14 140_0] o] 187.7] 213. 17
1,3.5-Trickloro e ereanenaeanrannn vesaan CH:Cli ... 638l 730 937 1io. 136.0 7l 1330 2084 6.5
1,2 3-Trichlorohutane. .. ereenneenrennannnans CH: 30.5| 2720 4.0 5500 718 96.2| 0f 143.0f 159.0
1,11-Trichloroethane. .ceuveereenrensenneranns C-HiCl —52,0| —32 0] ~21.9( —~10.8 41 20.0 .2} a6l 74.1) —30.6
1,1,2 Trichlor0oelbacs. .uuuve s eass ornnnn veennen C:-H.Clu —24.0] —20] 8.3 21.6] 35. 55.7 3] 93.0] 3.9 —-26.7
Tiehlorouth Y180, . o e eeeranenanrannannansen C:ECl, —43.8 —22.8 ~12.4 —1.0 +11. 31.4 0} 67.0] 8.7} -73
TrichloroBuorometBane. ..cocen e eieneresannans CCL.F —~84.3] —67.6f —~53.0| —49.7] —39.0 —23.0 Al +6.8) 2.7
2,4,5-Trichloropheool. . .| C:HLLO 72.00 1021 117.3 134.0f 151.5 173.0 5| 265 251.8f 62
2,4,6Trichlorophenol. C:H,CLO 76.5 105.9! 120.2] 135.& 152, 177.8 0} 222,50 2%6.8] 65
Tri-2-chlerophenylchiop! CisHcCLO-PS| 188.2] 217.2 312 236.7] 261.7] 211.5t 233.8 .8 322.0f 341.
1,1,1-Tricklcropropsne. HHCh —~23.8] —~7.00 442 162 2. 50.0 7} 37.5| 108.2] ~77.7
1,2.3-Trichlaropropane, SHC 49.0] 33.71 % 59.3} 74.0 85.1 & 137.00 158.0] —~14.7
1,1,2-Trichloro-1,2,2-trif C:CLF, —68.0} —43.4 —40 3] ~30'Q] —13. 1.7 51 302 47.6} —35
Tricosane........ CxHis 170 0f 206.3{ 223.0] 232.0{ 261. 289.8 51 339.81 366.5| 47.7
TriCeEnns, uusenrrenreaeriasasarnanranennns Culxn 59.4) 933 1046l 120.2 137 162.5! O 209.4 40 —6.2
Tridecanois 8eid. . .neneseresnsnrncencaanens C1 5250y 137.8) 156.3] 131.0{ 195.8] 212.4 6.0 2 276.5) 28.00 4
Triethoxymethylailane...cvuvieerennencnnns CrHHOSI —1.50 +22.8 346 47.2 617 82.7 of 12181 1435
Tricthoryphenylsiass. cerueraetersenancnnenn- CrH=0sSi 71.0] 93.81 112.6] 127.2] 143.5 167.5| 133.0] 210.5| 2335
1,24 Tciet 710003080 . veveneennisannnanenn. CuHu 4.0 742 85 10400 1217 146.8] 163.3] 193.71 2130
1,3.4-Tristhylbensene, ...ovieinruriianenenn. CuHis 47,9 76.00 902 058 12 147.7| 158.3} 193.2] 2175
Trizthylborms. coveueess CiHuB  L.voodden.... —143.0{—140.6|—131.4{—125.2{—116.0|—~101.0{ —81.0} ~56.2
Tristhyl CAmDBOFORILE. oo vunnrnennrennnnnnnn. CiExQs  |....... 150.20 1400 1336 201 zz8.6| 250.8] 276.0] 01.6f ¥3S
CIMTBLA. .oz enarenacsanamsanacnnronnsnnres Crz 107.0] 133.70 15.0f 1710 190 217.8] 24221 257.5{ 294.
Tristhplaneglyeel. v venrreniecioneisennnnenns CiH0s 1140} 133,00 1533 174.00 190.3 214.6| B5.2) 256.5) 2783
Tristhylheptylnlane....... CuHaxSi 70.0; 99.8 146 130.30 143.0 174.00 196.0] 221.6] 247.0
Triethyloctylsilans ...... A CuEeSi 73.7) 1038 1206l 137.7] 155.7 134.3] 203.0f 235.0] 2:2.0
Tristhy) orthoformata....... C:HiO 4550 0.2 4.5 53.4 61.5 83 0] 106.0] 125.7] 146.0
phosphate. .ooieeenennnns CeH:s0P 39.6] 67.80 §2.1] 97.8 llé.ﬂ 131.6] 153.71 187.0 2tt.0
Triethylhalium . ..ceesen. CaHusTl +9.31 37.6] 517} 67.7] 8. 1121} 136.0f 1a3.5] 192.1] —&3.0
TriSusrophenylsilare. ..... CaHsFsSi ~31.0] —9.7] +0.8] 12.3 25.4 44,20 60.1} 73.7) 3.3
Trimethallyl phosphats. ... Ci:HnPO, 63.70 131 0] 149.8 139.80 192.0 225.2] 255.0f 223.5| 374.0
2,3,5-Trimetny! Cu:Hu0 75.0{ 1030 1223 137.5] 154.2 179.70 200,31 224.3| 247.5
Trioethrlamine. . C:HsN —97 1 —81 7} —73 § —65.00 —35. —40.30 —27.0] <125 +2.91—-117.%
2,4,5-Trimsthylaaiine, C3HuN 63.4] 9590 190 13.7] 139. 162.0| 182.3] 203.7| 4.5 &7
1,23-Trimsthyibeazen sEls 168 426 559 69.9] 854 103.8 m.% 152.0) 17511 —25.5
124 Trimetiylnsen CoHx 136 383 57 645 79.Si 102.8] 122.7] 145.4) 169.2} —43}
1.3.5-Trimetaylbeoens. . C.Hee 9.6l 347 4740 610 751 3 93.9/ 113.8] 141.0f 163.7] —44.8
2.23-Trimathyloutase .. LCGHE. Lo —13'g =7.5 +5.20 133 2.4 41.2) 604 239 —25.D
Trizmatayl ciTats A CHLOy 16 20 146,21 1504 173A 19420 Jo5 50 2i9.60 24131 254.20 2376l 735




Compound Preware, . B
N ¥ 1 L 5 V10 1 20| 4 | 60 |
ane Temperature, *C.
Trimethyleneglyeol (1,3-propanediol)...........[C:HO 59.4; 87.2) 100. 115.5 131.0f 141.1
I.Z#ﬁimnhyl-&el&yfbmme ........... CunHus 43.71 7. &4, 9.7 106. 126.3]
1,3,5-Trimethyl-2-ethylbensene, . .{CuHue 38.8f 67. 8. 96. H3. 123,
2,23-Trimetbylpentane... CiHis =29.00 —7.4 3. 16. 2. 38.1
2.2.4-Trovethyipentans Ciln ~36.5} ~15.0] 4. +7. 20. 1
2.3,3-Trimvethylpentane. .{ CuHa ~25.8] =3.9 +6. 19. 33.0f 41
23,4-Trimethy)pentans. Callss -3 —4.1 47U 1931 32 .
2.2,4-Trimethyl-3-pentaccne. CiHis0O 47 360 4. 57. 69,
Trimethyl phosphate. ... . . C:H, O 2.0, 53.7] 67. . 100. 10.
Hi 4.1 72.00 9. 107.1] 124, 135
37.5 65.724 79.7 8 1
53.5¢ 82, 97. 113, 13}. 142,
169.71 188.4 197. .8 2i5.5) 221.
1935| 04l 208 2070 0.3 305.
96.0l 125.7] 140. 155. 173, 134,
101.5{ 131.6 147.0{ 161.8 1719, 90.
82 41 112.40 1T, 143.77 161.4] 173,
154.6f 184. 193. 213.21 9. 9.
32,71 59. 73. 85.6f 104.4 115,
101.4] 133.1] 143, 166.0f 185, 197.
114.0{ 142, 156. 172.01 183, 199.5]
1.y 9. 112. 127.51 143, 153.
4228 61.71 N. 93.1] 107. 16,
34.5] 59.6f 71. 84.0{ 98, 107.
>V crevsracascscssesertarsarrane 37.5| 65. 2. 95.24 101 12,
Valeronitrile. covesavniacrncenecasonccecann.. CHuN ~6.0f +18.H 30. 4331 57. 66.
Vanilin...occeeaconcacenasecannsncananaccens C 107.0f 133.4 154.0{ 170.5{ 183.7] 199,
JCHOy -—43.0| —23.01 =-18.0 —7.0] +5. 13.
....... CsH10 4191 63.0f 8} 94.71 110.0{ 119
. CoH1D 43.4] 69.9 £3. 97.2] 12, )
.| CsHiD 45,28 72.00 85. 100.0{ 116 125.1
A CE:CL —105.6f —90.8] ~83.7| —75.7] ~66.8] —61.1} ~53.21 —41
CHILN ~51.0f ~30.7] —20. -9.04 3 1.
fuoride (1 -fluorcethylene). .. q:8 -149,3{—=138.0{—132. 2§ 125 41 —=118.0]=113.0} =106,
Vinyhdene chioride (1,l-dichloroethens) .......]| C:H:Cls =-77.2{ —60.0] —51. 24 —41 71 —31.1] =24,
4 CisHi=0 é4.6 91.721 105 120.31 136, 146.
2 -H 138.2f 171.1] 187.0{ 205.0f 2. 236.
24-Xyaldshyde. .. .. oiiiaenans. 59.00 85.9 99. 114.04 129, 139.
2-Xyleoe (2-xylene). —~3.8} +20, 321 45.1] 59.51 €8
3-Xylene (3-xylene)... —~6.9] -+16 8 233] 41,1} 5531 64
A-X¥lene {#-xylene). .. —~81} L1550 7.3} 401 B4 &3.5]
24-Xyidipe . ..... 52,6 73.8 93 197 6§ 1D. 133.7
26X PUdina, e i i 400 72.6 B7 0L 102.71 120 131.5

Reprinted by permission from CHEMICAL ENGINEERS' HANDBOOK, 5th Ed., edited by
R.H. Perry and C.H. Chilton. Copyright 1973 by McGraw-Hill Inc. All Rights
Reserved. Printed in USA. No part may be reproduced, stored for retrieval or
transmitted, in any form or by any means, electronic, mechanical, photocopy-
ing, recording or otherwise, without prior written permission from McGraw-Hill.



XHIBIT 4-2

VAPOR PRESSURES OF INORGANIC MATERIALS (9)

Compiazad Pressure, nm. By .
. ot S S O IO 0 O 0
3me Temperature, “C.
D00 en e eererecenenns Y, [J2 T L I S S
Mrorehids . Clavemas ]l | —522! —ud 3 Smd B ! d $nd T2
e AlBoy 81.3 103.8 1180 124.00 50 1617 176, || 19.84 277.
AlCls 100.00 1154 1238 1318 13 145 152,00 1608 i71.
AlF, 138 | 1203 4 1328 | 1330 | 13787 ) 138 | 1422 | w57 | 1436
173.0; 20 58 2 265, 294.5 32.00 354
AlOy 2148 3 585 2445 259 259 2565 2766 374
NE; —109.1} ~97.5 —91.9 —85.& —79.2% —74H —53.4& =500 —45
Ao PN i\;gfm W83 DS B0 e TR0 _3'%3 —3%'01 _ﬁg '335
omubrm [T . . 52,0 27 X N .
N-H,COs -26.1 —lo.a =28 45, 14, 19. 2.7 _37. 48,
1938 9.8 261 295 .5 "193.2 316
~35.71 =236 =209 —12.6] —7.4 —0.5 +9. 20
~36.01 —23.7] —20.8] —12.3] -7 0.0} 10’ 21
247.00 2635 28 302 16.00 BLY 355 X
934 | 1033 | w3t | 14 ] 135 | 123 233
126.00 149271 1533 1 183, 203.5 25.7] 230
1. 82 100¢ |1 183 14331 165.9 192,
43 6.8 758 9 g e ...l
203.8 235 2838 257.8 L 333
626 | 666 | 791 812 | 83} 97 | 1035 | 1242
~213.9 —210.9 —207.9 —~204.9] —202.9 —200.5 ~195.6! —~150
461 #7| 49 31 48} 518 | 53| 3579
70. 85.20 1013 18 1306 145 167 193
+11.7] +B. 36. 53 7 ) 109
APURN IO —2.5 4. 53 % 41
21080 —i03.1] =080 —924] 8. ~75.5 —64.
2926 259 il 279.2) 2 3103 3325 3.0 412
~130.8] —123.70 —117.7 —110.2] 10384 —98.00 —87.2 —75.
934 | 109 | 20| 195 | 1240 | 1300 | 1403 | 1518
19 3.1 35, 45, 55. 7.
325 )| 392 | 381 3| 0| 440 451
3281 3% | 36 35 | sl 435 | 461
3n 308 o411 435 | 461
109 | 136§ umm w7z} 240 ) w21 ] 133 | 1370
282 | 305 3277 340 ] 30 22 | 425
| 19 g B Hg 3M) w8y el
Dxboransh - eeene. ) BsHS -75.3] —6.3 - —~45.4 ~382 — =15 . o
Boriza cathonsl..c..un..........| BECO —127.3 ~120.1] =114.1) ~105.6] —101.90 —95.3] —B5.S| —74
; ~45.00 =355 —25.0 —13.Z 58 44 18 34
0.8 9.2 1000 1i7.4 127.5* 123 163 ... ).
~149. 50 —144°30 —13305| —131.6] —~127.2 —~120.9! —111.2] "9
—9'y 307 -mo -—so -—o04 96 24 49,
-89 -9 —92d 4271 10 201 34.8  51.
—~BY ~623 538 ~43 -4 -2.1} 130 408
204 -1 F1s] o 2z 335 s03 70
—75.20 —66.9] —57.59 —a7.8] ~—4i.2) —32.8 —18.9 3.
—1454] =113} —136.4] —131.0] ~127.6] —123.0} ~115.9] —108.
—~328 ~-B.Oo -8 —80 —-9d +9 243 Al
—51.0; —41.9 —32.¢f —21.0] —~14.0f 45 499 25
455 | 44| 516 ) 55| 518} 6l &8l m
618 | 656 | 695 762 § 797 87 508
181 | 128 | 1349 | 1400 | wase | 1486 | 156t ) 1651
481 512 | 54 03 742
weo | 1149 | 1200 | 1257 | 1295 | 4 | 1309 | 1388
926 | 983 | 1046 | Mt | 152 § 1207 | 1283 | 1388
3828 | 3946 | 4060 | 4196 £73 | 4518
—(23.4 <19.5 —114.4) ~108.6 —100.8 —100.21 —93.00 85
~54.3 —447 ~225 =153 =51
—217.3] —215.0| ~212.8] —210.0] —203.1] —205.7} —201.3} —196
—1023) ~95.0f —83 —76.4f —70.2] —61.7 —49.8 —35
—119.8] —133 —~106.0| =983 —~93.0] ~85H —75.04 —62
~26.5l —~13.0] —s.4 <486 17 . 4570 65 75
41.2 9 6.3 8 9%.00 109.90 1308 ......1.......1 404
SRR I IR 96.3 1063} 119.7] 139.7] 1635 T189.5 90°1
S3000) =194 =82 4 123 Bod 3373 57 76.7] ~22.6
—174.1] —169.3] —16%.3] —~153.8] —155.4] —150.7} —143.6] —135.5 ~127.7] ~133.7
34§ 375 409 49 ] 4741 509 561 624 | 690 235
838 1 g7 | om | 93 | w0 | w72 | 1i& | 1z | 1300 6356
87 | s { 93 | 989 | 1083 | 1089 | 1139 | 1217 } 150 636
798 | 84 | 23| 97 | 9 ] 105 | 1092 | 10 | 125t 683 -
83 ) 83| oB |l 976 | 109 | 1055 | w2y | 1200 | 12% 621
—106.7| —101.6] —93.3] —84.5] —P.0f ~71.7] ~60.2 —47.3 —33.8 —100.7
—193.4 —139°0] —134.3 —123.8 —125.3) ~120.8 —1144 -107. —100.5 —145
—80.4 —71.8 —62.3 —51.3 —4h1} —337] =207 —a9 +11.5] —8
~8i.6{ ~73.1| —68.3] — —48.00 —39.4 —255 —12.8 42.2| —M§
....... —59.0 —51.2] —42.8 =372y -20.4l —17.8 —40 1.1 —%
-23.8 -13 ~2.1| 41037 8.3 29.1 44, 62 73.8} —9¢t
535 63 753 67.6] 932 1053 12 1361 151.0f -80
1763 | 1383 | 1928 2013 2159 | 223" 231 | 2482 | 1615
633 7951 9.2 983 108.0 121 137 151.0
+3.2 1. .7 385 %37 580 5 9.3 17.1
..................... 770°| ol 3%3 964 973 | 1050 35
.............. -3 +itod 185 2.0 62 £.0 ~11
....... §3 3o 1215 1332 1485 1712 15306 223¢ 755
179571 18797} w070 | 2067 | 217 0 B3| 265 | 35 | w3
7131 7 84+ 87 | 91 | 1052 | 1139 | 1355
65 | 702 | 78 838 ) a6} 90 | w7 | 129 | 1390 422
....... 810 | 66 | 716 | 7 86 | 97 | w3 | s | 1336 €03
958 ~832 ~768 —70.1) —627] —57.9 <518 —i26 —330 —20.00 —~31.4
-35.7 —18.3 —10.00 —rg 436 187 226 3.3 R
~7%.9 —61 % —53 8§ ~4'1 -37.5 =32k —259 -y —23% +8.3] -5
1344 108 —113s —1n2 8 1068 1023 970 -2 -5 —128

* Coz=piled itom the extendad tables oublished by D, R. Stull ia Ind. Eng. Chem,, 33, 517 (1947).



Frewirs, 5o Mg Maelting
T T 5 1T 0 T & 1 ® | & [ 10 | 20 | 0 | 76| iain
_ Tempersture, *C - °C.
v ~68 91 —54. —46 7] —38, =30 .7 -I17. —5.4f +10. 6.2 12
Fruorioe...oeee.s . AF Z2n0l —216:9 —218.1) —2010) —207.7| —205.6 —~202.7} —198.3} —193.2 —187.5] —223
e Thl Cled -y Sl d pd <img SR SBa S e
Geemazina il —2v8 —is0 —40] +80 162 225 44 63g 8s0 —495
Srdride. .. S18.g -5 0 —153 1904 ~Dlg —1s| -3 ~114 —i0.d 8.9l 168
) —41. bt /8 -2 -3, . . - . A -—
LGt o B3 Tshe —45.4 —35.0 —n.4 —i62d —63 488 h
Droomace T8a7) “eonl —e0ll] —.o —332 —307 — =571 +B 1.8l 109
L iskionrry 39 —i28 09 +i18 23 355 a8 e 110.8| —105.6
F o : 1859 | 2059 | 254 | 2256 201 | 22 ) 257 | 2o .
Belum, oo oenenns —~21.7] =215} =0V =Z1.1 =270.2{ —270.6] —270.3] —269.8 —259.3} —~268
o Eytrorea. Z263'3| ~261°9 —261.3] ~260.4| —250.6 —258.9] ~257.90 —236.3| — ~252.5] —29.1
N ey A B T8 —127.4) —1218] =154 —108.3 —103.8 —97.7] —88.¥| —73.0f — -
CHIORIdBe v eeevannnaarnrons . |BQ —~150.8f —140.7} —135.6] —130.0f ~12.8] —~119.6f —114.0; —105.2] — —84.81 ~114.3
§ 1ECY 70 —55.3 —47.7) =39.71 —309 —25.1 —17.8 =53 0. o -3,
e 787 658 —s60f —a5.0f —379 —mA —13.4 4235 197 —®7
LB ~1096 —1023 —04.5 —85.6] ~79.8 —72.1| —60.3 —48.3 —35.1] —50.9
—173 +12 w2l 21| 30 45l sie 65 Lo 100 0.0
—1343| —122.4 ~v63| —109.7 ~1023] —97.9 —ai.6| —323| —71.8] —e0.4| —25.3
—132 =24 -5 -5l e 28 2o 353 496 siol —897
—1i5.3] —103.40 —57.9 —91'8 —34.7] —80.2 —74.2 —65.2 ~53.6. —41.1] —éb
—Sh A —824 —75.4 —67.8 —501} —5371 —45.A —32.4 —17.2] —2.0f —3.0
387 622 7.2 87 o975 1054 ues 1373 1598 1830 129
-0 —70.7 —63.0] —545 —453 -394 -39 —207 =873 53
767 | 1957 | 2039 | u:| 2m4 | zm | zed | 2475 | 205 | 235 | 1538
....... —6.5 +4.6 167 303 399 “s0.3 “e30f 8.1 105.0f —2i
i990] 2208 255 260 268 27 2725 ;50 280 31900 304
............. 0] P 75! 85| &2 ) 7| Sl | 102
Zioo 3 “idi3) —187.2 ~182.9| 1784 1757 1718 ~i65.90 —159.0 ~152.0f —156.7
1 N62 | 14| 1300 | 1358 | vz | 1519 | 1630 | s | 375
53| s738| 60 | 66| es6 | ;| w5 | 76| 86 | o4 | 373
47 | 615 | 8 75 | 70| 7| 83| 3| 94 | 300
...... o4 | 950 | 1003 | 10% | s | was | w29 | 133 | s
e 51 | & 68 | 701 | 750 | 87 | a7 2
o3 | 103 | w85 | 1 | nw | 2 | 125 | B30 | v | wn
slSdaoooolll o |-es2 | 928 975 | 1005 [ wes [ w74 | nos | neo | iz | w28t | wis
LtBIUm, o eever s ee v nneneeeres L L mn ] s | st ] sl | ez | um]im | B2 | iss
BrOmBida, oo eneenen s on LiBe 748 | 80 | 88 | 99| 08 | 108 wis | nar | 128 | 310 | 397
eSlocide. .01 LI Licl 783 | 8o | o2 | s 0dl | 12 | 1203 | ymo | 1382 | eis
Buorida. oo rnnoeeeeeerin w7 | owse | vani bz | 1B | vz | s | e | o | st |, &0
P P B | w2 | e oz | 955 1 93 | 1w | no | uz | 4
Magpesicm Mg 621 702 743 739 967 1034 1107 651
ctlorida, AMCla 778 | 87 | o3 | 9% | ws0 | 108 | w2 | 123 | Bs | W8 | 712
fargpasse Ma 1292 | 1434 | 1508 6 | 1720 | 1792 | 1900 250 |1
chiorida MaCly 773 | es | s | 913 | ee0 | 128 | M08 | 1o | 630
Mezcury.. B 1.2 1648 168.0] 2086 233 2090 2817 207 380 357.0f ~38.9
Mercurie bromide T 3 1365 1653 179.8 1943 2115 2216 278 2627 00 31900 27
chioeida ......... C ExCh 1362 1660 180.2 1958 2125 2221 BTl 2565 5.5 304.0] Z77
Y0019 .o ee el Eily 15750 1e9.20 2045 2000 2382 2090 18 B 3247 3550 259
Molybdenua......... L) Mo 3102 3393 3535 3690 3359 0 4109 4322 4553 4804 2622
Becflaorida, oornnss MoFs —65.5| —49.0, —40.8 —32.00 —z2.1 —16.4 —8.0] +4.1] 122  36.
: o0y 785 | 814 | 81 | 82 | 971 55| w4} w82 [ 1z | 195
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EXHIBIT 4-3

METHOD FOR ESTIMATING STORAGE TANK EMISSIONS

4.3 STORAGE OF PETROLEUM PRODUCTS Revised by William M. Vatavitk
: - and Richard K. Burr

Fundamentally, the petroleum industry consists of three operations (1) crude oil production, (2) petroleum
rcfining, and (3) transportation and marketing of finished products. Associated with these operations are
evaporative emissions of various organic compounds, either in pure form or as mixtures.

From an air pollution s'tandpoin.t, the petroleum industry is defined in terms of two kinds of evaporative
losses: (1) storage and (2) marketing and transportation. (See Figure 4.4-1 for schematic of the industry and its
points of emission.)

4.3.1 Process Description!-5

Petroleum storage evaporation losses are associated with the containment of liquid organics in large vessels at
oil fields, refineries, and product distribution terminals.

Six basic tank designs, are used for petroleum storage vessels: (1) fixed-roof (cone roof), (2) floating roof

(single deck pontoon and double deck), (3) covered floating roof, (4) internal floating cover, (5) variable vapor
space, and (6) pressure (low and high). ;

The fixed roof tank (Figure 4.3-1) is the least expensive vessel for storing centain hydrocarbons and other
organics. This tank generally consists of a steel, cylindrical container with a conical roof and is equipped with a

pressure/vacuum vent, designed to operate at slight deviations (0.021 Mg/m? maximum) from atmospheric
pressure.

PRESSURE-VACUUM :
E/ VENT GAUGE HATCH MARHOLE

/ LIQUID LEVEL

NANHOLE
e =—=——r = -ﬂ

-
===,
—
—————4

Figure 4.3-1. Fixed roof storage tan%.



A floating roof tank is a weldzd or riveted circular vessel with an external float-type pan or pontoon roof
(single- or double-deck) equipped with single or double mechanical seals (Figure 4.3-2).
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Figure 4.3-2. Double-deck floating roof storage tank {nonmetallic seal).

The floating roof prevents the formation of a volume of organic vapor above the liquid surface, which would
othzrwise be vented or displaced during filling and emptying. The seal, which is designed to close the annular

space between the roof and vessel wall, consists of a relatively thin-gauge shoe ring supported against the tank
shell around the roof. - :

The covered floating roof tank, simply a steel pan-type floating roof inside a fixed roof tank. is designed to
reduce product losses and maintenance costs. Another type, the intemal floating cover tank, contains a floating
cover constructed of a material other than steel. Materials used include aluminum sheeting. glass-fiber-reinforced
polyester sheeting, and rigid plastic foam panels.

The lifter and flexible diaphragm variable vapor space tanks are also used to reduce vapor losses (Figure 4.3-3).
With the lifter tank, the roof is telescopic; i.e., it can move up or down as the vapor above the liquid surface

expands or contracts. Flexible diaphragm tanks serve the same function through the expansion and contraction of
a diaphragm.

Pressure tanks are especially designed for the storage of volatile organics under low (17 to 30 psia or 12 to 21
Me/m?) or high (up to 265 psia or 186 Mg/m?) pressure and are constructed in many sizes and shapes, depending

on the operating range. The most popular are the noded hemi-spheroid and the noded spheroid for low pressure
and the spheroid for high pressure. Horizontal cylindrical forms are also commonly used for high pressure storage.

4.3.2 Emissions and Controls!-3.5-7

There are six sourcas of emissions from petroleum in storage.
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Figure 4.3-3. Variable vapor storage tank (wet-seal lifter type).
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Breathing losses are associated with fixed roof tanks and consist of vapor expelled from the tank because of
thermal expansion, barometric pressure changes, and added vaporization of the liquid.

Working losses consist of hydrocarbon vapor expelled from the vessel as a resunt of emptying or filling
operations. Filling losses represent the amount of vapor (approximately equal to the volume of liquid input) that
is vented to the atmosphere through displacement. After liquid is removed, emptying losses occur, because air
drawn in during the operation results in growth of the vapor space. Both filling and emptying (together called
“working”) losses are associated primarily with fixed roof and variable vapor space tanks. Filling losses are also
experienced from low pressure tankage, although to a lesser degree than from fixed roof tanks.

Primarily associated with floating roof tanks, standing storage losses result from the improper fit of the seal
and shoe to the tank shell.
Wetting losses with floating roof vessels occur when a wetted tank wall is exposed to the atmosphere. These

Josses are negligible.

Finally, boiling loss is the vapor expellsd when the temperature of the liquid in the tank reaches its boiling °
point and begins to vaporize.

The quantity of evaporation loss from storage tanks depends on several variables:

(1) True vapor pressure of the liquid stored,
(2) Diurnal temperature changes in the tank vapor space,



(3) Height of the vapor space (tauk outage),
(4) Tank diameter,

{5) Schedule of tank fillings and emptyings,
(6) Mzchanical condition of tank, and

(7) Tvpe of paint applied to outer surface.

The American Petroleum Institute has developed empirical formulae, based on extensive testing. that correlats
breathing, working. and standing storage losses with the above parameters for fixed roof, floating roof. and
variable vapor space vessels.

Fixed roof breathing losses can be estimated from:

5 o 274 WK P_) 068 pl.73 {051 41050 g ¢
v 14.7-P

(1)

[

where: B = Breathing loss, Ib/day-10? gal capacity
P = True vapor pressure at bulk liquid temperature, psia
D = Tank diameter, feet
H = Average vapor space height, including correction for roof volume, feet
AT = Average daily ambient temperature change, °F ’
Fy =Paint factor, determined from field tests (sze Table 4.3-1)
8 Adjustment factor for tanks smaller than 20 feet in diameter (see Figure 4.34)

on

V¢ = Capacity of tank, barrels
K = Factor dependent on liquid stored:
=0.014 for crude oil
= 0.024 for gasoline

=0.023 for naphtha jet fucl (JP-4)
= 0.020 for kerosene
= 0.019 for distillate oil
W = Density of liquid at storage conditions, ib/ual

Table 4.3-1. PAINT FACTORS FOR FIXED ROCF TANKS?

Paint factor (Fp)
Tank Color - Paint condition
Roof Sheli Good Poor
White White 1.00 1.15
Aluminum {specular) White 1.04 1.18
White Aluminum (specular) 1.16 1.24
Aluminum {specular) Aluminum [spacular) 1.20 1.29
White Aluminum {diffuse)} 1.30 1.38
Aluminum {diffuse) Aluminum {diffuse) 1.39 1.46
White Gray 1.30 1.33
Light gray Light gray 1.33 1.44b
Medium gray Medium gray 1.46 1.58b

2Reference 2.
bEstimated from the ratios of the seven preceeding paint factors.
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Figure 4.3-4. Adjustment factor for small-diameter fixed roof tanks.2

Breathing losses of petrochemicals from fixed roof tanks can be estimated from the respective gasoline loss
factor, calculated at their storage temperature:

M,\ [P,
By = 0.08 \yo/ \Bg/ Bc @

where: Bp, B, = Breathing losses of petrochemical (p) and gasoline (G), Ib/day-10? gal

Mp Molecular weight of petrochemical (p), 1b/mole

H

W Liquid density of gasoline, 1b/gal

n

True vapor pressures of petrochemical (p) and gasoline (G) at their bulk storage temperature,

Pp, PG \
psia

This same correlation can also be used to estimate petrochemical working loss, standing storage loss, or any other
kind of loss from any storage tank.
A correlation for fixed roof tank working loss (combined emptying and filling) has also been developed:
180+ N
F¢ = 1000WmP |

6N 3)

where: Fp = Working loss, 16/10° gal throughput



P

N

)

True vapor pressure at bulk liquid temperature, psia

Number of tank turnovers per year (ratio of annual throughput to tank capacity)

m = Factor dependznt on liquid stored:

=3x 10* for gasoline
=2.25x 10 for crude oil
=3.24 x 10% for naphtha jet fuel (JP-4)

=2.95 x 10°% for kerosene

=2.76 x 104 for distillate oil

Standing storage losses from floating roof tanks can be calculated'from:

where:

S

274WK, 15 [ p \ . 07
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c 147 —P

Standing storage evaporation loss, 1b/day-10° gal capacity

Factor dependent on tank construction:

0.045 for welded tank, pan/pontoon roof, single/double seal

0.11 for riveted taqk, pontoon roof, double seal

0.13 for riveted tank, pontoon roof, single seal

0.13 for riveted tank, pan roof, double seal

0.14 for riveted tank, pan roof, single seal

Tank diameter, feet; for D > 150 feet (45.8 m) use “Dy/150" instead of “D1-5~
Average wind velocity, mi/hr

Seal factor:

1.00 for tight-fitting, modem seals

1.33 for loose-fitting, older seals (typical of pre-1942 installation)
Factor dependent on liquid stored:-

1.00 for gasoline

0.75 for crude oil

0.96 for naphtha jet fuel (JP-4)

0.83 for kerosene

O]



0.79 for distillate oil

~
]

p Paint factor for color of shell and roof:

1.00 for light gray or aluminum

)

0.90 for white

Finally, filling losses from variable vapor space systems can be estimated by:

F, = -1-999‘—,?-“—1& (Vi - 0.25VN) (5)
where:m = Factor dependent on liquid stored (same as equation 3)

F, = Filling loss, 1b/10? gal throughput . -

V; = Volume of liquid throughput, bbl/year

Ve = Volume of expansion capacity, barrels

N = Number of tumovers per year ;

W = Density of liquid at storage conditions, lb/gal

Equations 1 through 5 can be used to calculate evaporative losses, provided the respective parameters are
known. For those cases where such quantities are unknown or for quick loss estimates, however, Table 4.3-2
provides typical emission factors. Refinement of emission estimates by using these loss correlations may be
desirable in areas where these sources contribute a substantial portion of the total evaporative emissions or are of
mzjor consequence in affecting the air quality.

The control methods most commonly used with fixed roof tanks are vapor recovery systems, ‘which collect
emissions from storage vessels and send them to gas recovery plants. The four recovery methads used are liquid
zbsorption, vapor compression, vapor condensation, and adsorption in activated chuscoal or silica gel.

Overall control efficiencies of vapor recovery systems vary from 90 to 95 percent, depending on the method
used, the design of the unit, the organic compounds recovered, and the mechanical condition of the system.

In addition, water sprays, mechanical cooling, underground liquid storage, and optimum scheduling of tank
turnovers are among the techniques used to minimize evaporative losses by reducing tank heat input.



Table 4.3-2. EVAPORATIVE EMISSION
. EMISSION FACTOR

Floating roof
Vapor Standing storage loss o
pressure Mole “New tank” conditions “*0Old tank™ conditions
ratio wt (M) Ib/day- kg/day- b/day- kg/day-

Product (P/Pg) {ib/mole) 10? gal 10° liter 10° gal 10° liter
Crude oii® 64.5 0.029 0.0034 0.071 0.0086
Gasoline® 556.8 0.033 0.0040 0.088 0.011
Naphtha jet fuel 63.3 0.012 0.0014 0.029 0.0034

{JP-4)¢
Kerosene® 72.7 0.0052 0.00063 0.012 0.0015
Distillate fuel® 72.7 0.0052, 0.00063 0.012 0.0015
Pcetons 0.543 58.1 0.014 0.0017 0.033 0.0043
Ammonium hydroxide 1.53 35.1 0.023 0.0028 0.062 © 0.0074
(28.8 % solution)

Benzena® 0.2108 78.1 0.0074 0.00089 0.020 0.0023
Isobutyt alcohol 0.0263 741 0.00086 0.00010 0.0023 0.00028
Tertbutyl alcohol 0.0843 74.1 0.0029 0.00034 0.0074 0.00039
Carbon tetrachloride 0.264 153.8 0.018 0.0021 0.048 0.0057
Cyclohexane® 0.230 84.2 -0.0083 0.0010 0.022 0.0027
Cyclopentana® 0.776 70.1 0.024 0.0028 0.652 0.0074
Ethy! acetate 0.210 88.1 0.0081 0.00097 0.021 0.0025
Ethy! 2lcohol 0.120 46.1 0.0024 0.00029 0.0064 0.00074
Freon H 2.01 137.4 0.12 0.014 0.32 0.038
nHeptanec 0.103 100.2 0.0045 0.00054 0.012 0.0014
nHexane® 0.353 86.2 0.013 0.0016 0.036 0.0043
Hydrogen cyanide 1.42 27.0 0.017 0.0020 0.043 0.00051
}sooctana® 0.112 114.2 0.0055 0.00066 0.015 0.0018
Isopentane® 1.86 722 0.057 0.0089 0.15 0.018
Isopropyl alcohol 0.0933 60.1 0.0024 0.00029 0.0064 0.00077
Methyl alcohol 0.272 320 0.0038 0.060046 0.010 0.0012
nPentaneC 1.26 72.2 0.038 0.0046 0.10 0.012
Taluene® 0.0524 92.1 0.0024 0.00029 0.0062 0.00072

2References 2, 3, 6, and 7,

Factors basaed on following conditions:
Storag= temparature: 63°F(17.2°C).
Daily ambient temperatura change: 15°F (~8.5°C).
Wind velocity: 10 mi/hr {8.5 m/sec).

Typical fixed- and fioating-roof tanks

Diameter: 80 ft {27.4 m) for crude, JP-8, kerasene, and
distiliate; 110 ft {33.6 m} for gasoline and alt
petrochemicals.

Reid vapor True vapor Height: 44 ft {13.4 m) for crude, JP4, kerosene, and
pressure pressure distiliate; 48 ft {14.6 m) for gasoline and all
psia Mg/m? psia Mg/m? petrochemicals.
Capacity: 50,000 bbl {7.95 x 10% liter) for crude, JP-4, .
Crude oil 7.0 49 4.6 32 kerosene, and distillate: 62,000 bbbt {10.65 x 10°%
Gasoline 105 7.4 5.8 4.1 liter) for gasoline and all petrochemicats.
Naphtha jet 25 1.75 12 0.84 Outage: 50 percent of tank height. )
fuel {JP-4) Turnovers per year: 30 for crud= oil; 13 for alt others.
Kerosene <0.5 <0.35 | <05 <0.35
Disullate <0.5 <0.35 <0.5 <0.35
oil

Cindicates petroteur products whose evaporative emissions are exclusively hydrocarbons (ie., compounds containing
only tha elemants hydrogen and carbon).



FACTORS FOR STORAGE TANKs?. b

RATING: A

Fixed roof

Breathing loss

Variable vapor

space

‘New tank’’ cenditions *Old tank” conditions Working loss Working loss

Ib/day- kg/day- Ib/day- kg/day- 16/10° gal | kg/10° liter | 16/10° gal | kg/10° liter
10° gal 10° liter 10? gal 10% liter | throughput | throughput | throughput | throughput
0.15 0.018 0.17 0.020 7.3 0.88 Not used Not used
0.22 0.026 0.25 0.03% 9.0 11 10.2 1.2
0069 0.0033 0.079 0.0095 24 0.29 23 0.28
0.036 0.0043 0.011 0.0048 1.0 012 1.0 0.12
0.038 0.0043 0.041 0.0048 1.0 0.12 1.0 0.12
0.093 0.011 0.10 0.013 3.7 0.45 4.2 0.51
0.16 0.018 0.18 0.021 8.3 0.76 7.1 0.86
0.050 0.0057 0.057 0.0069 2.0 0.24 23 0.27
0.0057 0.00067 0.0084 0.0079 0.23 0.028 0.26 0.031
0.018 0.0021 0.021 0.0026 0.74 0.90 0.83 0.099
0.12 0.014 0.14 . 0.016 4.8 0.58 54 0.63
0.057 0.0067 0.064 0.0079 2.3 0.28 26 0.31
0.16 0.019 0.18 0.022 6.4 0.77 7.2 0.87
0.055 0.0062 0.062 0.0074 2.2 0.27 25 0.30
0.016 C.0019 0.018 0.0022 0.65 0.079 0.73 0.089
0.81 0.088 - 0.92 0.1 324 39 36.7 44
0.031 0.00386 0.033 0.0040 1.2 0.15 14 0.16
0.088 0.010 0.10 0.012 3.6 0.43 4.0 0.49
0.11 0.073 0.13 0.015 45 0.54 5.1 0.61
0.038 0.0043 0.043 0.0051 1.5 0.18 1.7 0.21
0.29 0.047 0.45 0.053 15.7 1.9 17.8 2.1
£.616 0.0015 G.Cio Q.0022 0.68 C.08¢ 074 . 0.090 .
0.026 0.0031 0.029 0.0034 1.0 0.13 1.2 T 0.14
0.26 0.032 0.30 0.036 10.6 1.3 120 ‘1.4
0.016 0.0019 0.018 0.022 0.64 0.077 0.73 0.087

Typical fioatingroof tank
Paint factor IK ) New tankwhite paint, 0.90; Oid
tank-whita/aluminum paint, 0 95,
Seal factor {Kg): New tank-modern seals, 1.00; O!d
tank-50 percent old seals, 1.14.
Tank factor {Ki): Mew tank-welded, 0.045; Old tank-

50 percent riveted, 0.088.

Typical fixed-roof tank
Paint factor (Fp): New tank white paint, 1.00; Oid
tank-whrte/aluminum paint, 1.14.

Typical variable vapor space tank
Diameter 50 ft {15 3 m).

Height: 30 ft {9.2 m).
Capacity: 10,500 bbl {1.67 x 10* liter).
Turnovers per year: 6.
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CHAPTER 5

CONTROL TECHNIQUES

This chapter will include a description of
the air pollution control techniques most applicable
to the reduction or elimination of toxic substance
emissions. For more details on the subject of
the techniques mentioned here, and for descriptions
of some of the less—~generally applicable emission
reduction measures, the reader is referred to
such documents as EPA Publication Numbers AP-68,
"Control Techniques for Hydrocarbons and Organic
Solvent Emissions from Stationary Sources" (11),
AP-51, "Control Techniques for Particulate Air
Pollutants" (12), and AP-40, "Air Pollution Engi-
neering Manual" (13).

One of the simplest and most highly efficient
emission control techniques available is contain-
ment. The keeping of toxic materials in closed
tanks, vessels, containers and other processing
units that do not leak, are not allowed to overflow,
and are not vented to the atmosphere any more often
and in any greater quantity than is absolutely
necessary will go a long way toward reducing
atmospheric emissions. In the case of volatile
materials, such containment may require equipment
construction features that will enable considerable
vapor pressures to be withstood.

Process modifications often prove to be
a relatively easy method of effecting emission
reductions. As discussed previously, the lowering
of temperatures and raising of pressures tend
to reduce the eqguilibrium vapor-phase concentra-—-
tions of pollutants, and the minimization of
exposures to ailr currents tends to reduce evapora-—
tion and aerosol generation rates. Reducing the
amounts of toxic materials used or formed in
processes, or substitution with a less-toxic or
non-toxic material, is another simple type of
emission control measure. Operating and maintenance
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practices that can help to reduce emissions include
the prevention of leaks, overflows, and spills, and
the inspection of pressure relief valves to insure
their proper closure and seating, and of gaskets,

packing, seals and emergency rupture discs to insure
their integrity.

Concerning types of add-on air pollution control
equipment, the most widely applicable to organic
gaseous toxic substance emissions are adsorbers
and afterburners. Both are versatile enough to
control the emissions of a very wide range of organic
materials, and can be highly efficient over wide
ranges of pollutant concentrations if properly
designed, operated, and maintained.

The adsorption of the toxic substance onto
activitated carbon or another suitable medium is
generally most economical when very low pollutant
concentrations are involved, or when the recovered
material would be of significant value and when
the pollutant is not too volatile to be effectively
adsorbed (such as is often the case for materials
normally occuring only in the gaseous state). When
the adsorptive capacity of the activated carbon or
other medium is attained, the medium must be either
replaced or regenerated (e.g., by steaming followed
by cooling), in which latter case the pollutant
can ordinarily be either re-used or incinerated.

The use of either direct-flame or catalytic
afterburners to convert gaseous organic pollutants
to harmless carbon dioxide and water (accompanied
in some cases by some less harmless combustion
products) is most economical at higher concentra-
tions of pollutants that are not worth recovering,
and for pollutants too volatile to be effectively
adsorbed. An afterburner should be designed to have
a sufficient gas stream residence time, or
volume—~of-combustion-chamber to volumetric-flow-
rate-at—-combustion-temperature ratio (normally at
least about 0.3 to 0.5 seconds), a sufficient combus-—
tion chamber temperature (normally 1200°F to 2000°F



for direct-flame units, but as little as about 5Q0°F
to 800°F for catalytic units), and a sufficient
entrance throat velocity (in direct-fired units)

to result in good turbulence for thorough mixing
(normally 25 to 50 feet per second].

Condensers (both those involving indirect
heat transfer, such as shell-and-tube types, and
those involving direct cooling medium-gas stream
contact, such as the barometric types that cool
through the latent heat effect as sprayed water
evaporates into the gas stream) and absorbers (for
example, packed columns with circulating liquids)
are often employed in chemical processing plants,
but typical process units would seldom be
efficient enough to serve as final gaseous emission
control devices.

In the case of inorganic gaseous emissions,
a wide variety of wet scrubbing techniques could
be considered for the achievement of emission
control. The solubility of the gas of concern
in the scrubbing liquid (which would often require
adjustment to either an acidic or an alkaline
condition) would be of primary concern; solubilities
can be checked in such references as the CRC "Hand-
book of Chemistry and Physics,”" and R.H. Perry
and C.H. Chilton's "Chemical Engineers' Handbook."
Other important scrubber parameters include the
ligquid~to-gas flow rate ratio (L/G), the gas stream
pressure drop (AP), and the contact time and condi-
tions.

Particulate toxic substance emissions are most
efficiently controlled by fabric filters (e.g.,
as contained in baghouses) or by panel filters.
In the former case, the dust is generally removed
in place by shaking or reverse—air techniques,
while in the latter case the panels must be
removed at intervals for replacement or recondi-
tioning. Filtration is highly reliable if the
wmedia are correctly installed and maintained.
The nost important operational parameter is the



gas stream pressure drop, which will decrease if
the gas stream is by-passing the media because of
incorrect installation, excessive dust build-up,
defective seals, a loss of media integrity, or other
problems. For a toxic particulate pollutant whose
physical nature renders filtration unsuitable, wet
scrubbing is most likely to be employed. Cyclones,
impingement separators and settling chambers would
only infrequently provide adequate collection
efficiencies for the final control of toxic parti-
culate emissions. Electrostatic precipitators are
much more complex control devices that can be

very efficient but also sensitive and unrealiable
for most of the types of applications discussed
here.

The reduction of both gaseous and particulate
emissions depends not only upon the effective
operation of add-on air pollution control equip-
ment, but also upon the efficiency with which
fugitive contaminants are captured and ducted to the
control devices. In this regard, the importance
of adequate hood design should not be overlooked.
Hoods should be designed and operated so as to
provide air velocities at locations of contaminant
releases of at least the values indicated in Exhibit
5-1 (14).

A word on the utilization of tall stacks, or
other such elevated release points, is appropriate
at this point, since these are frequently employed
for the purpose of reducing ground-level air pol-
lutant concentrations. Many are of the opinion
that a tall stack constitutes a simple and effective
air pollution control device, resulting in the
greatly increased atmospheric dilution of emis-
sions; it is true that many of the principal pol-
lutants are formed in nature at rates approaching
or exceeding anthropogenic emission rates, but
are harmless because of their distribution over
wide areas of the globe. The same cannot usually
be said of toxic substance emissions, many of which
do not even exist in nature, and would tend to
reach intolerable levels if emitted indefinitely,
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even at low rates, because of the lack of natural
means for their elimination from the enyironment.
Thus, higher toxic substance release points may
simply result in the substances being distributed
over wider areas and adversely affecting more sen-
sitive individuals and receptors, before the effects
are noted, the causal substance detected, and the
source of the emissions identified. For these
reasons, tall stacks are not generally believed

to be the proper means of effecting toxic substance
air pollution control.
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CHAPTER 6

START-UPS, MALFUNCTIONS AND SHUT-DOWNS

This chapter deals with the excess emission
situations that may be associated with process
start-ups, malfunctions and shut-downs, in that
these represent departures from normal operations
during which ordinary emission control techniques
may prove insufficient or ineffective.

Start-ups and shut-downs are relatively common
occurrences that are often responsible for substan-
tial portions of the total toxic substance emis-
sions. One of the reasons for this fact is that
many operations involving highly toxic materials
are specialty processes conducted on a small scale,
and in a batch rather than a continuous fashion,
so that start-ups are frequent.

The cleaning and drying of reaction vessels,
columns, piping and other appurtenances prior to
start-ups or following shut-downs often necessitates
the opening or exposure of this equipment to the
air, during which evaporative emissions may occur.
Such cleaning procedures may be especially common
at specialty facilities where many different products
are made in the same equipment.

When reaction vessels are charged with raw
materials prior to start-up, and when these must
be mixed, or when reaction vessels must be emptied
following shut-down, and the products must be
drummed, air that contains pollutants may be
displaced more rapidly than at any time during
the remainder of the operation, and spills and
subsequent aerosol generation and/or evaporation
may be the most likely to occur at these times.
Often start-ups and shut-downs must be effected
with some haste; often delays develop that prolong
the time of exposure of toxic substances to the
atmosphere; in either case, excess emissions may
often be the result.



The multiplicity of tasks that need to be
accomplished during start-ups and shut-downs, and
the necessity that these be performed in a certain
order, results in a higher likelihood of accidents
and excessive emissions at these times. Air pollu-
tion control devices should be functioning before
the processes whose emissions are to be controlled
are started up, if possible, or else the devices
should be on very soon after start-up is effected.
Similarly, when shutting down, the pollution control
devices should be turned off last, or as late as
possible. In addition, the opening of any heated
or pressured vessels containing toxic substances
must be done with care if excess boil-over emis-
sions are to be avoided.

Malfunctions that can result in excess toxic
substance emissions may be either process-related
or emission control device-related. When a process
malfunction occurs that requires the shutting
down of the operation, all of the types of excess
emissions described above with respect to normal
planned shut-downs may occur, but the abnormal
and unplanned nature of the event results in
an even greater likelihood of excess emissions.

The emergency blow-down of an operation, during
which materials may be removed from process equip-
ment very rapidly in the interest of safety, can
often be expected to result in exceeding the
capacities of air pollution control devices to
function effectively. If a process malfunction
results in an excessive pressure build-up, an
emergency relief valve may open or a rupture disc
may burst, suddenly releasing a quantity of poten-
tially toxic materials directly into the atmosphere.

Other, and often less dramatic, malfunctions
involve only air pollution control equipment.
This could involve such occurrences as the over-—
heating and automatic by-passing of an adsorber
or a baghouse (or, alternatively, the destruction
of such equipment by heat or fire), or the loss
of a wet scrubber's water supply. In such cases,



especially if there is no violation of applicable
air pollution emission standards (as is often

the case with toxic substance emissions) and

if the resulting increased emissions are believed

to be tolerable by the operator, the operation

may simply be continued, perhaps indefinitely, with-
out the benefit of air pollution emission controls.



CHAPTER 7

INSTRUMENTATION, MONITORING,
RECORD-KEEPING AND REPORTING

The basic types of instrumentation related
to toxic substance atmospheric emission evaluations
provide the values of parameters associated with
process conditions, air pollution control equipment
operations, and gas stream properties. These
instrumentation types are discussed in turn below.

Process instrumentation can enable determina-
tions to be made of the concentrations and rates
at which toxic pollutants may be evolved within
process equipment. Conditions of temperature,
pressure or vacuum, flow rate, weight or density,
volume or level, and others in some cases are useful
in uncontrolled emission estimation, being indica-
tive (as discussed in greater detail previously)
of such significant factors as toxic material vapor
pressure and vapor-laden air displacement rates.
Unusually high temperatures, vacuums, flow rates,
levels, or rates of fluctuation of process conditions
may be accompanied by abnormally high emissions.

Air pollution control equipment instrumentation
is useful in estimating the removal efficiences
that may be obtained. In the case of an adsorption
unit, the temperature of the bed is most important
in determining the medium's capacity to adsorb
a specified toxic substance, and unusual temperature
increases may result in the bed actually becoming
an emission source, as accumulations of potentially
toxic materials may be desorbed. Such temperature
increases may be attributable to the process
emission source changing, a loss of cooling system
effectiveness (where such a system is employed),
or a latent heat of adsorption (which is related
to the latent heat of condensation, or of evapora-
tion, since the adsorption of a vapor is physically
similar to its liquefaction from the gaseous state)
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effect due to the adsorption of significant quan-
tities of pollutants from the gas stream in

a short period of time. The effectiveness of the
adsorption medium's steam regeneration, where

this step is employed, can be estimated by the
temperature to which the bed is raised, and the
temperature to which it is subsequently cooled
before re-use, as well as by the amounts of con-
densed steam and organic materials accumulating
during the regeneration stage. Finally, the

gas stream pressure drop through the adsorption
unit is related to the thickness of the bed,

and the gas stream volumetric flow rate is related
to the gas residence time in the bed, both of
which are important parameters for estimating con-
trol efficiences.

Afterburners may include combustion-zone tem-
perature (which is about the same as exhaust tem-
perature only if no heat recovery is employed]}
instrumentation, but the inlet gas stream volumetric
flow rate, inlet temperature and pollutant heating
value, and the rates of firing with natural gas
(or other fuel, such as distillate oil if used)
and of combustion air injection (if needed for the
burner oxygen supply) can be used to calculate the
combustion temperature by means of an enthalpy
balance. The gas stream flow rate is also important
because, if it is unusually low, the required degree
of turbulence to effect complete pollutant combus-
tion may not be achieved; while, if the flow rate
is too high, in addition to the possibility of
the combustion temperature dropping too low, the
required residence time for complete combustion
may not be obtained.

When scrubbers are utilized for emission con-
trol, the pollutant removal efficiences obtained
are ordinarily dependent upon the gas stream pres-
sure drop and on the ratio of the liquid flow rate
to the gas stream flow rate (L/G). In addition, the
liquid stream pressure drop is of interest because
an abnormally low reading may be indicative of
insufficient atomization, and an unusually high
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reading may be indicative of nozzle plugging (and
reduced liquid flow). The acidity, alkalinity,
density or other composition-indicator of the
scrubbant may also be measured.

The functioning of a particulate matter fil-
tration system is best indicated by the gas stream
pressure drop, since an unusually low differential
may result from gas stream by-passing (due to
leaks, defective seals, incorrect valve settings,
improper filter element installation or fit, tears
in the filter cloth, etc.), and an unusually high
pressure drop may indicate that emission control
problems may be developing (such as the plugging
of filter medium pores, or the malfunctioning
of filter cleaning devices such as shakers or
reverse-air equipment). Temperature recording
instruments may indicate whether the filter ma-
terial's upper temperature limit may be exceeded,
or whether the dew point of the gas stream may
be reached (which can result in filter material
damage or simply difficulties due to an excessive
pressure drop). The levels of collected particulate
material in the hoppers of baghouses can also
be checked to insure that the egquipment is
functioning.

Toxic substance atmospheric emission monitoring
is not generally required by law and is often
not practical because of the complexity and cost
of the monitoring equipment that would be required.
As a result, such monitoring would only infrequently
be found at a continuous—-type, large-scale
operation and rarely found at a batch-type, small-
scale operation. The results of in-plant monitoring
undertaken to establish compliance with occupational safe-
ty and health standards, if available, may be useful in
some cases but cannot be used directly since both
the in-plant and ambient air concentrations , and
the corresponding acceptable levels, will generally
differ.

The record-keeping and reporting of toxic
substance atmospheric emissions is also not
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required; however, the authority to enter and in-
spect emission souxrce premises discussed preyiously
includes provisions for access to relevant records.
The inspection of process emission source and

air pollution control equipment parameter values,
as are often recorded either in log books or on
strip-type or circular chart recording machines,
can reveal not only typical values, but also de-
partures from normal that may be related to exces-
sive emissions as discussed in detail previously;
however, the possibilities of faulty instrument
readings and non-functioning sensors should be

kept in mind. Thus, process emission source and
air pollutuion control equipment operational records
may serve as a useful inspection and evaluation

aid if the reliability of the records is proper-

ly taken into account.



CHAPTER 8

FIELD INVESTIGATIONS

This chapter is devoted to describing the
performance of field investigations of potential
toxic substance atmospheric emission facilities;
however, a thorough understanding of the previous
chapters included in this manual is required for
the successful performance of the inspection pro-
cedures outlined here, which are intended to insure
that atmospheric pollution attributable to the
release of toxic substances is not allowed to
occur.

Field investigations may be conducted either
as a matter of routine or for various other pur-
poses, such as in response to complaints, in check-
ing on a visible or odorous emission noticed by
chance, or in following up corrective measures
required to alleviate a known problem. Routine
facility visits may be made at a frequency to
be determined based on regulatory agency policy,
for example, on a quarterly schedule; however,
the visits should not be made at regular intervals
or on a pre—arranged basis if the most accurate
picture of routine operating and maintenance con-
ditions is to be gained by the inspector. On the
other hand, the cooperative arrangement of an
inspection visit can be beneficial in insuring
that production is scheduled to be on-going and
that time will not be wasted in gaining entry to
the plant and in presenting an itinerary of the
visit. Thus, the above factors must be weighed
in deciding whether or not the inspection should
be arranged with the facility owner or operator
in advance.

Certain items of safety and inspection equip-
ment should be taken on the visit by the field
investigator (see Exhibit 8-1). The safety equip-
ment includes a hard hat, safety eyeglasses or
goggles, chemical-resistant safety shoes or boots,
and a gas mask equipped with activated carbon
canisters (or other suitable safety respirator).
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In some cases, such additional safety items as
ear protectors (for example, cotton plugs), pro-
tective gloves, and fireproof clothing may be
required.  The investigator may find it advisable
to check on the existence of any unusual safety
requirements in advance, since source facility
owners and operators may refuse the investigator
entry if the required safety equipment is not
available.

Items of inspection equipment that the inves-
tigator may have need of include the appropriate
credentials, an inspection manual and forms, a
notebook and writing implements, a wristwatch,

a camera with film, a tape measure, a flashlight,
a compass (if directions in the plant area are
not well known to the inspector), and sample bags
(with ties) or containers, with a pocket knife

or scraper and a sample brush. The inspector may
know some of these items not to be required, de-
pending on the characteristics of the facility

to be visited.

Prior to attempting to conduct an emission
source facility inspection, the field investigator
should seek whatever relevant information may be
available in the files of environmental regulatory
agencies, and in some cases other governmental
agencies. This information may prove valuable
in helping the inspector to prepare an itinerary
for the visit, to fill in some of the information
required on the inspection forms in advance (so
that the data may simply be checked rather than
written out while at the plant, leaving more of
the inspection time for actual observation), and
to more readily detect variations from normal oper-
ating conditions. Before leaving to visit the
facility in question, the investigator should,
of course, be certain that he can locate it readily.

When the field investigator reaches the vicin-
ity of the plant, he should circumnavigate it
and complete a copy of the pre-entry chemical



emission source inspection form presented here

as Exhibit 8-2. Many of the general items of infor-
mation to be filled out on the pre-entry inspection
form are of obvious relevance. These include the
facility name, the facility address, the person

to contact, his telephone number, the inspector's
name, the inspection date and time, and the reason
for the inspection. Meteorological conditions

such as temperature, wind speed, wind direction,
cloud cover and precipitation are relevant both

as factors having some bearing on process condi-
tions, atmospheric emissions, ambient concentrations,
and the inspector's evaluations. It should be

noted that the atmospheric stability condition,
which may greatly influence the relationship between
emission rates and ground-level concentrations,

can be approximated based on the time of day, wind
speed and cloud cover (see Turner's "Workbook of
Atmospheric Dispersion Estimates," EPA Publication
Number AP-26, for more details (15)).

While it is desirable for the inspector to
view the facility from all directions, any visible
emission evaluations should be accomplished with
the wind direction being roughly perpendicular
to an imaginary line drawn between the observation
point and the source, with the sun being roughly
at the observer's back (or, if the observation
is being made at night, with the moon or other
light source behind the plume as seen by the
observer), and with a suitable background against
which the plume can be viewed. Since toxic sub-
stance emissions may be of concern even in very
low concentrations and quantities, even the faintest
of visible emissions should be recorded as such.
The information to be recorded includes the plume
release location, its opacity and color, a descrip-
tion of the background against which the plume
opacity is judged, the observer's location, the
distance and direction from the observer to the
plume, and the photograph number (if any is
taken). Visible emission evaluations should be
made in accordance with Method 9 of 40 CFR 60,
Appendix A.
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The odorous emission section of the pre-entry
inspection form must of necessity be completed
with largely subjective information. Odor strength,
type and persistence should be judged carefully
and recorded. The observer's location, the apparent
release location, the distance and direction to
the apparent source, and the number of any photo-
graph taken should also be recorded. Any odorous
emission evaluations must of course be made in
the direction from the source toward which the
wind is blowing at the time. As a guide for the
estimation of toxic substance ambient concentra-
tions, a list of odor descriptions and thresholds
was presented as Exhibit 3-6. It may at times
be advisable for a field investigator to familiarize
himself with the odors characteristic of toxic
substances that may be released from a plant that
he is about to visit or has just visited.

The pre-entry inspection form also includes
provisions for recording data regarding particulate
deposition and ecological effects on any type of
receptor. Observations of cumulative particulate
matter deposition or ecological effects (which
will probably only very seldom be evident, even
to a trained observer familiar with the area's
ecology) will most often be made in the direction
of the prevailing wind at the time of the inspec-
tion visit, but may also be more frequent where
the potentially sensitive ecological element is
particularly close to the source. In the case
of particulate matter deposition or a suspected
ecological effect, photographs should be taken
and samples should be obtained for subsequent
analysis.

The field investigator may also wish to sketch
the emission source facility location, for the
purpose of showing relative source, receptor, and
observation locations, before entering the plant.
Such a sketch may help to clarify some of the
information recorded above on the pre-entry inspec-—
tion form.



When he has completed his pre-entry observa-
tions, the field inyestigator should proceed to
the plant admission gate. As may be necessary
to gain entry and to perform his duties, the in-
spector should present his credentials and state
his intent; acquaint any plant official question-
ing the inspector's right to enter, examine records
and copy information with the relevant provisions
of Section 114 of the Clean Air Act (as discussed
previously); and inform any plant official refusing
to allow entry or inspection of the penalties
prescribed under Section 113 of the Clean Air
Act (as also discussed previously). Should the
field investigator's right be persistently refused,
he should make a written record of the name and
position of the plant official involved and of
any other relevant factors, depart from the plant,
and report the incident to the environmental regula-
tory agency's attorney for further action.

If permitted to enter the premises of the
facility, the field investigator should meet with
the official in charge (who will often be the
plant manager) or his designated representative
(who may be the plant environmental engineer).

The inspector should explain the purpose of his
visit and propose an itinerary of what he would
like to see and about how long he expects his
visit to take. Ordinarily the inspector will want
to review the plant's operating and maintenance
records, logs and recording charts, making notes
of any important emission-related information; in-
quire about the day's operating schedule and any
unusual conditions, start-ups, malfunctions or
shut-downs that may be occurring; and proceed with
his observations of the on-going operations, the
state of maintenance of process and control eguip-
ment, visible and odorous releases, and instrumen-
tation readings related to atmospheric emissions.

A sample reactor inspection form is presented
as Exhibit 8-3. The first few items to be entered
on the form (facility name and address, inspector,
date, and name of system), as well as on additional
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forms to be described below, should not be omitted
as they are necessary for the unambiguous identi-
fication of the inspection record, which may at
some later time become inadvertently separated
from other papers on which the identifying infor-
mation has been recorded. The next information
to be entered on the inspection form serves to
identify the subject item of equipment, in this
case the specific reactor, that may be a source
of toxic air contaminant emissions to the atmos-
phere. The roll film numbers of any photographs
taken of the reactor, whether from on or off the
plant property, should also be recorded (as well
as any pertinent notes regarding the on-going
operation, the details of greatest interest, the
view of the reactor being shown, etc.) on the
inspection form; such photographs would generally
not be intended for use as part of any subsequent
litigation, but would rather serve to improve the
field inspector's recollection of his visit as

he writes his inspection report, to reveal details
that he may have overlooked, and to confirm the
identity of the subject reactor, should doubts
arise for any reason, subsequent to the completion
of the visit.

The remainder of the information to be entered
on the reactor inspection form is that which would
be required in order to arrive at an accurate judg-
ment as to whether the reactor may constitute a
significant source of potentially toxic atmospheric
emissions. All other factors being equal, the mag-
nitude of such emissions will often be approximately
proportional to, or at least directly related to,
the capacity of the reactor. Of the size-related
items (capacity, diameter, and height or length),
it would often be unnecessary to obtain the values
of all three parameters; any two could be used
to estimate the third (for a cylindrical vessel,
V=1rd2h/4 or V=nd22/4, where V is the volume in
cubic feet, d is the diameter in feet, h is the
height in feet, and % is the length in feet), and
the capacity alone would usually be sufficient
for the field inspector's needs. While viewing
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the reactor for the purpose of size estimation,

the inspector should also note the equipment's
apparent physical condition, for example, the pres-
ence of leaks. Evidence of the leaking or spillage
of potentially toxic liquid or solid materials
(which may later become airborne] may be seen
either on the reactor vessel itself, on the ground
or floor below, or elsewhere in the area. Indica-
tions of gaseous leaks may be visible either dir-
ectly, or through resulting particulate deposition
or corrosion patterns on equipment surfaces, or

may be noticeable due to the odorous nature of

the leaking gas.

The type of reactor operation, usually either
batch or continuous, should be check-marked on
the inspection form. Batch operations often entail
greater atmospheric emissions per unit of product,
since they involve frequent start-ups and shut-
downs, with the charging and removal of materials
and related displacements of particulate- and/or
vapor-laden air or other gas; continuous opera-
tions, while often larger in terms of total pro-
duction, are generally steadier in nature and more
fully enclosed, with little net volume change or
displacement occurring. The reactor charging method
should also be checked; dumping or pouring materials
into an open reactor porthole is far more likely
to result in atmospheric emissions than is charging
through a tightly connected pipe. Certain addition-
al items to be check-marked on the reactor inspec-
tion form apply to the use of agitation, which
may raise dust, liquid droplets, or vapors that
are subsequently released; heating, which may pro-
mote active boiling (similar to mechanical agitation
in effect) as well as increase the vapor pressures
and gas-phase concentrations of potentially toxic
materials; cooling, which usually has the reverse
effect and thus may decrease emissions; pressuri-
zation, which may decrease the vaporization of
potentially toxic materials but may also increase
losses through leakage; vacuum operation, whose
effects may be the reverse of those due to pres-



surization; and certain types of auxiliary equip-
ment (for example, fractionation columns, reflux
condensers, steam or water ejectors, wet scrubbers,
combustible~gas burners, etc.), which may serve

to reduce emissions, whether primarily intended

as either process or air pollution control equip-
ment.

Further information to be recorded on the
reactor inspection form provides additional details
that may be needed by the field inspector for the
determination of the significance of toxic sub-
stance emissions. The processing time, in com-
bination with the reactor capacity noted previously,
can be used for the estimation of process weight
rate, to which the emission rate is ordinarily
related. Alternatively, plant log books may be
consulted for production rate data. The tempera-
ture cycle data (for example, 30 minutes heating,
60 minutes at 250°F, 30 minutes cooling) are useful
in determining that portion of the operation time
during which the critical reactor conditions and
maximum emissions may actually occur, and may often
be recorded automatically on circular charts; the
pressure cycle data may serve a similar purpose.
Abnormal values of recorded temperatures and/or
pressures may be indicative of emission-related
malfunctions. The discharging method and cleaning
method employed during the operation and mainte-
nance of the reactor, as they relate to its toxic
substance emission potential, should also be entered
on the inspection form.

One of the most important sections of the
reactor inspection form is that in which the raw
materials, intermediates, products and by-products
are listed. Only the amounts of the raw materials
and products need ordinarily be listed, and the
amounts for either group alone may often be suffi-
client to determine the amounts for the other group.
The emissions of a particular toxic material would
most often be expected to be proportional to
the amount of that material present. While reaction



intermediates and by-products are usually only
present in small quantities, often not measured,

and may be estimated if necessary based on con-
siderations of chemical equilibria, kinetics, and
stoichiometry, these materials can sometimes be

of concern in terms of emission toxicity, parti-
cularly where the raw materials and products are

not toxic and emission controls are thus inefficient
or non-existent. In any case, a knowledge of the
materials present in the reactor is a prerequisite
to a determination of the equipment's potential

for significant toxic substance emissions. The
relevant biological, chemical and physical proper-
ties of the materials present can be investigated

in detail subsequent to the inspection visit in
order to permit as accurately as possible an assess-
ment of each material's toxicity and emission rate.

The reactor inspection form, as well as
additional forms described below, also includes
provisions for the recording of exhaust gas infor-
mation. As the field inspector makes a note of
the location and height above grade of the
exhause release point, he should also record the
plume opacity, the existence of any odor downwind,
and the numbers of any photographs he may have
the opportunity to obtain. Of the volumetric gas
flow rate, vent top-inside diameter, and gas exit
velocity, if any two are obtained2 the third may
be directly calculated (from G=wd4v/4, where G
is the volumetric gas. flow rate in cubic feet per
second, d is the vent top-inside diameter in feet,
and v is the gas exit velocity in feet per second).
Of the three parameters, the volumetric gas flow
rate is by far the most important (as it represents
flow conditions elsewhere in the system, as well
as at the exit), and it alone may often be suffi-
cient for the inspector's needs; however, if in
addition to the estimation of emission rate (for
example, by multiplying the volumetric gas flow
rate times the exhaust-gas concentration of a toxic
material) the resulting ambient air concentration
or deposition rate is to be estimated through the
utilization of diffusion modeling technigues, either
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the vent diameter or the exit yelocity, oxr both,
may first be required in order to estimate the
rise of the plume above the top of the stack or
vent. The gas exit temperature would be need-
ed by the field investigator in any case, for the
conversion of the volumetric gas flow rate to
that which would occur elsewhere in the system,
where the temperature may differ. Exhaust gas
monitoring equipment readings (for example, for
the concentration of total hydrocarbons}), if
available, should also be noted by the inspector.

A few additional items that pertain to poten-
tial exhaust gas release from reactors in particular
may also be entered on the inspection form. These
include the valve pressure setting (which should
prevent unnecessary releases), the rupture disc
pressure rating (which should be adequate to pre-
vent unnecessary blowouts), their conditions, and
the use of any blowdown and spill controls (for
example, diked areas, knockout drums or tanks for
containment, flares or scrubbers for emission
reduction, etc.). Finally, the reactor inspec-
tion form includes space for a sketch of the
system. This should be included for all but the
simplest operations. Flow rates and conditions
of temperature and pressure that vary locally
within the system may be indicated on the sketch.
The reverse side of the inspection form should
be used where more space is required, whether for
the sketch or for other information for which
the front side of the form contains insufficient
space.

A sample dryer inspection form is presented
as Exhibit 8-4. Since many of the items of infor-
mation required for the completion of this form
were discussed above in connection with the re-
actor inspection form, only the items unique to
the dryer inspection form will be discussed
here. The type of dryer (agitated, fluid bed,
gravity, pneumatic conveying, rotary, screen, screw
conveyor, spray, or tray) and type of heat trans-
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fer (direct or indirect) should interest the in-
spector since the degree to which the material
being dried is exposed to and mixed with the drying
medium (air or other gas) is an important factor

in determining not only how much drying occurs

but also how much of any toxic material present

may be transferred to the gas stream. The chemical
composition of the drying gas stream, if other than
that of air, may be important for the determination
of the emission control efficiency obtainable

when using certain devices or techniques. The
composition of the material to be dried is of
obvious relevance, since the toxic substance of
concern would normally be contained in this
material, and its physical form (for example, pow-
dered, granular, pelletized, etc.), as well as

mesh size, would be necessary in order to evaluate
the possibility or degree of particle entrainment
expected. Since interparticle cohesion is also

of importance in this respect, the percentages

of moisture (or organic liquid) in the material
both before and after drying are also of interest.

A form intended for use during the inspection
of grinding and milling operations is presented
as Exhibit 8-5. Again, since many of the items
required to complete the grinding or milling operation
inspection form were discussed previously in
connection with the reactor inspection form, their
descriptions will not be repeated here. The
type of the mill (for example, ball, hammer, jet,
pebble, planetary, ring-roller, rod, roller, tube,
vibratory, etc.) is directly related to the inten-
sity of the grinding operation, the degree of size
reduction achieved, and, thus, the likelihood,
magnitude and nature of atmospheric emissions from
the equipment. It should be noted that only dry
grinding or milling operations would normally be
expected to result in particulate emissions.
In this regard, information concerning the chemical
composition of the material being processed should
be supplemented by the physical form and mesh
size of the material both before and after the



grinding or milling operation.

A storage tank inspection form is included
as Exhibit 8-6. This particular form is designed
so that a single copy may be employed during the
inspection of a considerable number of material
storage tanks, such as may be encountered on a
tank farm or elsewhere on the grounds of a large
chemical production facility. The reasons for
the inclusion of specific identifying information
on the form were discussed previously in connection
with the reactor inspection form. Many of the
additional items to be completed (for example,
material stored, storage temperature, rated capa-
city, annual throughput, tank diameter, tank height,
roof color, shell color, condition of paint and
general state of repair, etc.) are employed directly
in the estimation of evaporative emissions accord-
ing to such methods as those detailed in "Compila-
tion of Air Pollutant Emission Factors," EPA Pub-
lication Number AP-42, Section 4.3, which was
presented earlier in this inspection manual.

Additional items reguired to complete the
storage tank inspection form may be employed in
modifying the results of such an emission calcu-
lation. For example, the tank vent pressure setting
may be sufficient to prevent some or even all
atmospheric releases from the equipment. Since
the storage tank evaporative emission calculation
procedure applies to equipment outdoors and in
the open, reductions in or the elimination of ex-
posure to direct solar radiational heating (as
well as to the clear nighttime conditions that
promote radiational cooling) and to the effects
of the wind may indicate that a downward adjustment
should be made to the calculated emission rate.

The storage tank level indicator reading is

more than just an evaporative emission calculation
input parameter (and suitable assumptions, such

as that the average condition is one in which

the tank if half-filled, could be made without
checking the indicator); rather, the level indicator
should be in a functioning and readable condition
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so as to serye as an aid in the preyention of
overfilling and spillage.

Finally, the storage tank inspection form
includes provision for the recording of the use
of atmospheric emission control equipment. In
the case of storage tanks, a variety of control
techniques beyond the more generally applicable
gaseous emission reduction methods (which, for
example, include absorption in a wet scrubber,
adsorption on activated carbon, condensation in
an indirect heat exchanger, incineration in a direct
flame afterburner, etc.) are often employed. Such
methods may include storage tank design measures
such as floating- or expansion-roof or pressurized
construction; return lines to stationary tanks,
tank trucks, railroad tank cars, etc. for the
vapor-laden air displaced during £illing operations;
other types of vapor balance and recovery systems,
some of which may be rather complex in nature (for
descriptions of these see such references as
"Air Pollution Engineering Manual," EPA Publica-
tion Number AP-40, Chapter 10); and spill con-
tainment measures such as the construction of
dikes around tanks that can allow spilled materials
to be removed by pumping or other collection meas-—
ures before evaporation occurs.

A pump and compressor inspection form is pre-
sented as Exhibit 8-7. In general, the emissions
of any potentially toxic material that is being
handled may be expected to be dependent on the
flow rate through the equipment. The inlet and
outlet fluid temperatures and pressures are impor-
tant in determining the amount of material that
may escape at the locations of seals between moving
and stationary parts (for example, at rotating
impeller shafts and reciprocating piston connecting
rods) and, less often, at other points. Mechani-
cal seals (ordinarily flat face-plate pairs, one
rotating and one stationary, perpendicular to ro-
tating shafts) are generally superior (to packed
seals) for liquid containment purposes, espe-



cially the internal type utilizing hydrostatic pres-
sure for a tighter seal. When double mechanical seals
are employed, a pressurized purge liquid may be
introduced between them to prevent leakage of the
toxic liquid being pumped. Labyrinth seals, used

in handling gases, include multiple knife-edges

or touch-points to achieve a cumulative pressure
drop through the series of orifices that minimizes
gas leakage; in addition, a pressurized non-toxic
purge gas may be introduced into the seal to counter
such leakage. Except where a lubricant or purging
fluid is continuously introduced under pressure,

a small amount of leakage is to be expected even
from seals in good condition. Add-on emission
control equipment for pump and compressor leakage

is seldom employed. It should be noted that a
single pump and compressor form can be completed

for a number of similar items of equipment by
filling in ranges of data or typical values, ra-
ther than data representative of a single item of
equipment only.

A hood and ductwork inspection form is pre-
sented as Exhibit 8-8. These items are important
for the reduction of fugitive toxic substance emis-
sions. In general, the greater the volumetric
ventilation rate utilized in a potential fugitive
emission area, the greater the percentage of air
pollutants that may be captured for conveyance
to the air pollution control equipment. (If no
such equipment is employed, the hooding and venti-
lation only serve to alleviate in-plant toxicity
problems.) The hood type (the design should en-
close the source area as much as possible, and
include flanges around entrance edges to keep
the air flow on the source side of the hood),
the hood dimensions and, most important, the dis-
tance to the source (whose inverse square is
usually roughly proportional to the induced air
velocity) are all factors that affect the hood's
fugitive emission capture efficiency (14). The
existence of a high air velocity near a central
duct opening in the hood, but very low velocities
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near the edges of the hood, can be remedied by

such air flow distribution aids as multiple take-
off duct openings, baffles, filter banks, etc.

The velocity at the source that must be induced

by the hood for efficient air pollutant capture

is dependent on both the source release velocity
(ranging from high for grinding operations to
negligible for slow evaporation] and on the presence
of interfering air currents (due to open doors and
windows, nearby equipment operations, etc.).

Lengths of ductwork operating under conditions

of positive pressure may permit the escape of toxic
air pollutants, and connection locations that are
not tight-fitting should be checked for air leakage.

An industrial waste incinerator inspection form
is included as Exhibit 8-9. Such incinerators
should not be overlooked by the inspector, since
they may constitute highly significant sources of
toxic air pollutant emissions. The number of
internal combustion chambers (usually two or three)
physically separated by refractory walls is direct-
ly related to the incineration efficiency that may
be obtained, since abrupt changes in the direction
of gas flow that occur between chambers improve the
mixing of potential pollutants, combustion air,
heat and flame. The volume of each chamber can
be used to calculate the corresponding residence
time (volume divided by volumetric gas flow rate
at combustion temperature), which would normally
total about 0.3 to as much as 10 seconds. The
waste preparation and charging method is an impor-
tant factor in determining the controllability of
combustion conditions, which should be maintained
free of such effects as erratic burning or sudden
flame quenching. Similarly, the draft should be
well controlled, with the combustion air being
preheated for the most effective incineration.

The operating temperature of the unit should be
maintained as high as possible, the normal range
being 1600 to 2000°F. Temperature controls are
ordinarily also necessary for the protection of
the equipment itself.



In order to proyide for the recording of suf-
ficient information regarding air pollution emission
control egquipment, whether used in conjunction
with a reactor, dryer, grinder, mill, storage
tank, incinerator, or other potential source
of atmospheric contaminants, an emission control
equipment inspection form has been included as
Exhibit 8-10. The information that is to be enter-
ed on this form would be adequate to permit a reason-
able estimation of control effectiveness to be
made. Although a great number of additional items
could be employed for the most accurate determi-
nation of control efficiency, the specific data
required and the computational methods involved
have been detailed by others (for example, see
"Air Pollution Engineering Manual," EPA Publication
Number AP-4C, Chapters 4 and 5), and their descrip-
tion is beyond the scope of this manual.

In addition to the usual identification infor-
mation, the emission control equipment inspection
form includes provisions for the entry of the
name of the process emission source whose emis-
sions are being controlled by the subject equipment.
Certain items should be recorded regardless of
the type or types of control equipment being em-
ployed. These include the gas volumetric flow
rate (specified as the inlet or outlet value),
the entrance temperature of the gas emanating from
the source equipment, the exit temperature of the
gas from the final control device, and the gas
stream pressure drop through the control system.
Space is also provided on the emission control
equipment inspection form for entering the operat-
ing condition (satisfactory, or unsatisfactory
due to the leaking of gas, plugging of lines, over-
loading of hoppers, etc.) of each device.

The following sections of the emission control
equipment inspection form pertain to specific cate-
gories of devices; each category utilized for the
control of the subject process emission source
should be check-marked. For the vapor condenser
category, a knowledge of the type (for example,
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shell-and-tube, barometric, etc.) of deyice is
essential to the understanding of its operation.

A barometric condenser also functions as a wet
scrubber, effecting a removal of particulate matter
and additional control of soluble vapors contained
in the exhaust gas stream. Information regarding
the cooling fluid, the coolant flow rate, the
coolant inlet temperature and the coolant outlet
temperature is useful for calculating the total
amount of heat transferred, the reduction in

the exhaust gas stream temperature, and thus, the
quantity of vapor that is removed from the exhaust
gas stream and converted to liquid form. For an
indirect condenser (such as one of the shell-and-
tube variety), the heat transfer area may be

either used as a check (the total amount of heat
transferred should equal the product of the heat
transfer area, the average temperature difference
between the coolant and exhaust gas streams, and
the overall heat transfer coefficient, which may be
approximated in accordance with the data and methods
presented in "Chemical Engineers' Handbook" by
Perry and Chilton), or may be used in place of
accurate coolant flow rate and temperature data

to estimate the amount of heat transferred, the
decrease in exhaust gas temperature, and the con-
denser's effectiveness. If the exhaust gas tem-
perature is monitored and recorded, such calcula-
tions may not be necessary.

Scrubbers may vary considerably in design
and in effectiveness for the removal of either
particulate matter, vapors, or both. The type
of scrubber (for example, spray, packed, venturi
or ejector) being used is a good though highly
approximate indicator of the control efficiency
that may be obtained. A knowledge of the scrubbing
liguid composition and pH is important in the case of
gaseous contaminant emission control, since the
solubility or reactivity of the contaminant in
the liquid may be critical to the scrubber's
effectiveness. The scrubbant circulating flow
rate is also relevant to the device's ability to
remove contaminants from the exhaust gas stream
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for many types of scrubbers, and equipment remoyval
efficiency as a function of flow rate may be

either calculated or located in pertinent reference
books. Because of the great variations in scrubber
designs often encountered, and the often strong
dependence of effectiveness on the scrubber's physi-
cal shape and size, space has been provided for

the entry of information regarding the device's
geometrical form and key internal dimensions (af-
fecting gas and liquid flow inside the equipment).
Alternatively, the monitoring or analysis of scrub-
bant composition may be combined with blowdown

and make-up rates to result in an estimation of
contaminant removal efficiency and atmospheric
emission rate.

Afterburners for the incineration of vapors
or fine particulate matter in the exhaust gas stream
may be of the direct flame or catalytic type, either
of which may involve heat recovery (where the
hot gases leaving the device preheat the gases
entering, through indirect heat exchange). Time,
temperature and turbulence are critical to the
effectiveness of the device, the residence time
of the gases being dependent upon the inside volume
of the device, the temperature attained being de-
pendent upon the fuel firing rate and utilization
of heat recovery, and the turbulence being a func-
tion of such factors as the linear gas velocity
as it passes through the device. The monitoring
of the maximum gas temperature would be a useful
indicator of the emission control efficiency that
may be obtained.

An adsorber may contain either activated carbon
or another suitable material having a characteristic
capacity {in pounds of adsorbate per pound of
adsorbant in the bed) for the removal and retention
of any gas stream contaminant. Regeneration, usu-
ally with steam, causes the contaminant that has
been concentrated in the adsorbant while the bed
was on-line to be released, and a final emission
control step (condensation, incineration, and/or
other methods) must then be employved. The tempera-
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ture of the adsorption medium, which may be mon-
itored and recorded throughout the control-
regeneration-cooling/drying (usually with clean
air) cycle, may be used to gain important insight
regarding the functioning of the regenerating type
of adsorption system.

Filter types include fabric filters or “"bag-
houses" from which'the accumulated particulate
material is removed by such methods as shaking
or blowing with reverse-direction air jets; and
panel filters, which are either cleaned or replaced
periodically. Both the filter material (because
of its resistance to corrosive or hot gases, which
may destroy the fabric) and the total filter surface
(because of the considerations of particulate load-
ing and gas stream pressure drop, which may lead
to excessive wear and by-passing) are important
in determining the success of filtration as a con-
trol measure. The field investigator should care-
fully note the disposition of the collected dust,
since the very high efficiency obtainable through
appropriate filtration procedures may be seriously
overestimated should portions of the collected
dust be lost because of careless handling. Filter
pressure-drop monitoring is very useful.

Cyclone types include simple, multiple (par-—
allel) or series arrangements - any may be operated
wet so as to avoid the re—entrainment of particles
from the inside walls of the devices. The cyclone's
principle of operation involves the migration of
particles suspended in the gas stream, under the
influence of centrifugal force, across the dia-
meter of the device and toward the wall for collec-
tion, as the gas stream simultaneously spirals
downward. As a result, the collection efficiency
obtained with a cyclone is dependent on its diameter
and height. Since cyclones, when used as control
equipment, only collect the larger particles and
seldom attain extremely high efficiencies, the
amount of particulate matter that is removed from
the hopper is a good indicator of the amount that
may be emitted to the atmosphere.
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The emission control equipment inspection
form also includes provisions for the description
of any other type of control equipment that may
be encountered by the field investigator. For
such equipment, the inspector should record the
type or name of the device involved, its mode
of operation (for example, centrifugal, diffu-
sive, electrostatic, gravitaticnal, etc.), and its
geometric form and dimensions relevant to the
flow of the gas and the performance of the device.

A generally applicable emission source summary
form (which can also be filled out by environmental
regulatory personnel or by a source facility repre-
sentative prior to or subsequent to the inspection
visit) is presented as Exhibit 8-11. The form
is chemical-substance emission oriented; each
material of concern is to be listed in the first
column, the equipment related to the substance
is to be listed in the second column (along with
any pertinent instrumentation readings, such as tem-
peratures, pressures, volumes and flow rates, as discussed
previously), and emission parameter information
(where known, or when subsequently calculated)
is to be listed in the remaining columns. A minimum
of proprietary information need be sought in
completing the form, since emission data are by
law not entitled to confidential status.

A self-explanatory toxic emission preliminary
assessment procedure that may be used by the in-
spector is outlined as Exhibit 8-12. Alternatively,
after having completed his inspection visit and
returned to his office, the field investigator
can utilize the information he has gathered in
estimating the uncontrolled emission rates and
the efficiencies of air pollution control devices
in reducing potentially toxic emissions (under
both normal and abnormal operating conditions),
approximating the ground-level ambient air
concentrations of the toxic substances (in consulta-
tion with agency personnel responsible for atmos-—-
pheric dispersion modeling, or employing appropriate
references to obtain dilution factors (6) and/or
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volumes (15)), and comparing the concentrations
to permissible ambient leyels determined as dis-
cussed previously in this manual, or by other means.
The principal reference documents that are recom-
mended for use by toxic air pollutant emission
field investigators are listed in Exhibit 8-13.
Finally, the field investigator should prepare a
report for his supervisor including his observa-
tions and describing his findings. Since there
are relatively few toxic substance emission stan-
dards, such inspection reports should be made

available to those involved in the development of
such regulations.
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EXHIBIT 8-1

ITEMS OF SAFETY AND INSPECTION EQUIPMENT

Safety Equipment

Hard hat

Safety eyeglasses or goggles

Chemical-resistant safety shoes or boots

Gas mask with activated carbon canisters (or other
suitable safety respirator)

Ear protectors (e.g., cotton or synthetic plugs)

Protective gloves

Fireproof clothing

Any other items required of visitors by the plant
owner oOr operator

Inspection Equipment

Credentials to establish identity and authority

Inspection manual and forms

Notebook and writing implements

Wristwatch with sweep-second hand (or wristwatch and
stopwatch)

Camera with film

Tape measure

Flashlight

Magnetic compass

Sample bags (with ties) or containers, with pocket
knife (or scraper) and sample brush




EXHIBIT 8-2
PRE-ENTRY CHEMICAL EMISSION SOURCE INSPECTION FORM

Facility name
Facility address

Person to contact Telephone no.

Inspector Date Time /7am  //pm
Reason for 1insp://Routine (Last insp. date: ) //Other
Temperature OF Wind speed mph Wind direction

Cloud cover Precipitation Other observ.

VISIBLE EMISSIONS
Plume Back- Obser—- Dist. (ft)
Exhaust Release Opacity Plume ground ver's & Dir. Photo

Type Location (%) Color Descrip. Location to Plume No.
Stacks

Vents '
Fugitive

Undeter-
nined

ODOROUS EMISSIONS
Odor Apparent Dist. (ft)
Odor Persis— Observer's Release & Dir. Photo
Qdor Type Strength tence Location Location to Source No.

PARTICULATE DEPOSITION

Photo Sample
Recep. Type Recep. Loc. Dust Color Dust Coverage No. No.

ECOLOGICAL EFFECTS
Recep. Type Recep. Loc. Effect Description Photo No. Sample No.

SKETCH OF FACILITY LOCATION
(With emission source locations, property lines and fences,
entrance gates, surrounding roads, homes and institutions, parks
and forests, lakes and streams, observation and receptor loca-
tions listed above, distances and compass directions, etc. - use
reverse if more space is required.)



EXHIBIT 8-3
REACTOR INSPECTION FORM

Facility name and address
Inspector Inspection date

Name of system

EQUIPMENT DESCRIPTION

Name of reactor Loc./desig. on plant layout Photo no.
Capacity al Diam ft Ht. or length ft Condition
TYPE: Batch //Continuous //Other

AUX. EQUIP.: //Column [//Ejector [//Condenser [/Scrubber
//Afterburner [//Other
CHARGING: [//Port [/Pipe [/Other B
AGITATION: /7/Yes /7No HEATING: /7/Yes //No COOLING: /7¥Yes //No
PRESSURIZATION: [/Yes /[/No VACUUM: [JYes /[/No

Processing Time Temperature cycle Pressure cycle
min Of min psig  min
Discharging method Cleaning method

MATERIALS PRESENT
Materials & Wts.(#) Intermediates Products & Wts. (#) By-Products

EXHAUST GAS
Release loc. or desig. Release ht. Plume opacity Odor Photo

on plant layout ft 2 no.

Vol. flow rate acfm Vent diam. in Exit vel. fps Exit temp OF

Valve pressure setting & Rupture disc pressure rating &

condition psig condition psig

Monitor. equip. rdgs. & units  Blowdown & spill controls
SKETCH

(Use reverse if more space is required)



EXHIBIT §8-4
DRYER INSPECTION FORM

Facility name and address
Inspector Inspection date
Name of system

EQUIPMENT DESCRIPTION
Name of equip. Loc./desig. on plant layout  Photo no.
TYPE: //Agitated [//Fluid bed //Gravity //Pneumatic conveying
/7Rotary [/Screen [/Screw conveyor [7/Spray [7/Tray
, /70ther
OPERATION: //Batch //Continuous //Other
HEAT TRANSFER: //Direct //Indirect
DRYING MEDIUM: //Air [7Other gas

Capacity Temp. cycle Pressure cycle Condition
1b OF min mm Hg min
in out

MATERIALS PRESENT
Materials to Physical Mesh Size Moisture In Moisture Out
be Dried Form { b4 ) (%) (%)

CONTROL EQUIPMENT
/7Cyclone [/Filter [/7/Scrubber [/Afterburner [//Adsorber
/7/Condenser [//Other

EXHAUST GAS
Release loc. or desig. Release ht. Plume opacity oOdor Photo
on plant layout ft % no.
Vol. flow rate —acfm Vent diam._ in Exit vel. fps Exit temp_ OF
Monitoring equip. rdgs. & units

SKETCH
(use reverse if more space is required)



EXHIBIT 8-5
GRINDING OR MILLING OPERATION INSPECTION FORM

Facility name and address
Inspector Inspection date
Name of system

EQUIPMENT DESCRIPTION

Capacity lb Condition
TYPE: [//Ball //Hammer //Jet //Pebble //Planetary //Ring-roller
/7/Rod /7Roller /7Tube //Vibratory /7Other
OPERATION: [//Batch //Continuous //Other

MATERIAL PRESENT
Material to be ground or milled
Physical form before process

Material size before process X mesh
Physical form after process
Material size after process X mesh

CONTROL EQUIPMENT
/7Cyclone [//Filter //Scrubber [//Other

EXHAUST GAS
Release loc. or desig. Release ht. Plume opacity Odor Photo
on plant layout ft % no.
Vol. flow rate acfm Vent diam. in Exit vel. fps Exit temp OF
Monitoring equip. rdgs. & units

SKETCH
(Use reverse if more space is required)
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EXHIBIT 8-7
PUMP AND COMPRESSOR INSPECTION FORM

Facility name and address

Inspector Inspection date
Location or designation on plant layout Photo no.__
Name of system
Name of equipment

Number of similar items of equipment described on this form

Equipment type: //Pump [//Compressor (No. of stages )
Jgpm
Material handled Flow rate /71b/min
Inlet temp. OF Inlet pressure psia
Outlet temp. OF Outlet pressure psia

Seal type: [/Packed
(Packing material Lubricant press. psia
//Mechanical (//Internal //External
/7Single  /7Double

Purge liquid pressure psia)
/7Labyrinth (Purge gas pressure psia)
//0Other
Seal condition Leakage
Emission control
SKETCH

(use reverse if more space is required)



EXHIBIT 8-8
HOOD AND DUCTWORK INSPECTION FORM

Facility name and address

Inspector Inspection date

Location or designation on plant layout Photo no.
Name of system

Name of source equipment controlled

Volumetric ventilation rate acfm at Op

Hood type: [//Plain rectangular //Flanged rectangular

/7/Plain slot //Flanged slot
/7Plain circular //Flanged circular
/7Booth /7/0Other
Hood dimensions: Length in. Width in. Height in.
Diam. in. Flange in. Distance to source in.
Air flow distribution aids: //Multiple take~offs (No. )
[/Baffles [/Filter banks //Other //None

Source release velocity: //High /7Moderate //Low //Negligible
Interfering air currents://High //Moderate //Low /7/Negligible
Ductwork operation: [//Negative pressure [/Positive pressure

Hood condition Ductwork condition
Connections

SKETCH
(use reverse if more space is required)



EXHIBIT 8-9
INDUSTRIAL WASTE INCINERATOR INSPECTION FORM

Facility name and address
Inspector Inspection date

Name of system

EQUIPMENT DESCRIPTION

Name of equip. Loc./desig. on plant layout _ Photo no._
Operation: //Batch //Continuous //Other

No. of chambers Volumes of chambers £ft3
Waste preparation & charging method Charging rate 1b/hr

Aux. Fuel: //0il gph //Gas scfth //None //Other & rate
Draft: //Forced //Induced //Natural //Preheated //Other
Operating temperature OF Temp. controls
Equipment condition

WASTE COMPOSITION
Material Physical Form Percent by Wgt.

CONTROL EQUIPMENT
//Afterburner //Scrubber [//Other

EXHAUST GAS
Release loc. or desig. Release ht. Plume opacity Odor Photo

on plant layout ft % no.
Vol. flow rate acfm Vent diam. in Exit vel. fps Exit temp. OF

Monitoring equipment readings & units

SKETCH
(use reverse if more space is required)



EXHIBIT 8-10
EMISSION CONTROL EQUIPMENT INSPECTION FORM

Facility name and address A

Inspector Inspection date
Location or designation on plant layout Photo no.
Name of system

Name of source equipment controlled

Gas volumetric flow rate acfm (//in [/out)
Entrance temp. Or EXit temp. OF Pressure drop___ "H,0

Check all types utilized to control the source equipment:

//Condenser TYPE: //Shell-and-tube //Barometric //Other

Condition
Cooling fluid Coolant flow rate gpm
Coolant inlet temperature OF
Coolant outlet temperature OfF
Heat transfer area ft<
//Scrubber TYPE: //Spray//Packed//Venturi//Ejector//Other
Condition
Scrubbing liquid composition and pH
Scrubbant circulation rate gpm
Geometric form Dimensions in.
/7/After- TYPE: //Direct-flame //Catalytic //Heat recovery
burner /70ther Condition
Dimensions: in.diam in.long Temp. YF
//Adsorber TYPE: /J7Activated Carbon //Other
Condition
No. of beds Weight of adsorbate in each 1b
Time on-line before regeneration min.

REGENERATION: /7Steam /7Condensation //Incineration
//Replacement [//Other
/7Filter TYPE: /7Shaker //Reverse-air /7Panel //Other
Condition
Filter material
Filter surface area fté
Disposition of dust
/7Cyclone TYPE: /7Simple//Multiple//Series//Wet//0ther
Condition No. of clones
Diam. of each in. Hgt. of each in.
Disposition of dust
//0ther Type or name
Mode of operation
Condition
Geometric form Dimensions in.

SKETCH
(use reverse if more space is required)
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EXHIBIT 8-12
TOXIC EMISSION PRELIMINARY ASSESSMENT PROCEDURE

What chemical substance is present that could be released?
a. Particulate less than 1 mm in size
b. Material with vapor pressure of at least 1 mm Hg

What are the source emissions prior to entering any con-

trol devices?

a. Concentration from vapor pressure or chemical equili-
brium data, etc.:

mg/m3 mg/m3
Average ppm Maximum ppm
What is the expected emission control efficiency?
Average emission conditions %

Maximum emission conditions %

What are the emissions leaving the control devices?

mg/m3 mg/m3
a. Concentration: Average ppm Max. ppm
b. Release rate: Average 1b/hr Max. 1lb/hr

What is the expected peak ambient concentration?
a. From concentration dilution factor = 5
3 (3.16 + Dist. to Boundar% or Recep./10 Vent Diam.)

mg/m mg/m3
Average ppm Maximum ppm
b. From release rate dilution volume =
3.14 (Wind speed) (Release height)2
mg/m3 mg/m3
Average ppm  Maximum ppm
c. From odor thresholds and perceptions
mg/m3 mg/m3
Average ppm Maximum ppm
What is the permissible ambient concentration?
a. Ambient standard, guideline or criterion
mg/m3 mg/m3
Average ppm Maximum ppm for hr.
mg/m
b. Calculated from 1.65 x 10~3 (TLV) ppm

c. Calculated from 4.77 x 107° (LD5g in_mg/kg body wgt.)
d. Carcinogen recommended limit: 1 ng/m3 or 0.000001 mg/m3

What is the potential for a toxic air pollution problem,
based on a comparison of the answers to Questions 5 and 6?

8-33



EXHIBIT 8-13

PRINCTIPAL REFERENCE DOCUMENTS RECOMMENDED FOR USE BY

TOXIC AIR POLLUTANT EMISSION INVESTIGATORS

Reference

Title Author Subject No.
Toxic Substances Christensen 'LDSO's, TLV's, (2)
List (NIOSH) et al trace names
Dangerous Proper-— Sax Toxicity rat- 3)
ties of Industrial ings, LD O'S,
Materials TLV's, etc.
Handbook of Chem~ Weast Chemical formu- (4)
istry and Physics lae, physical
(CRC) properties
Chemical Engi- Perry and Chemnical pro- (2)
neers' Handbook Chilton cesses, equip- )

ment, etc.

Air Pollution Danielson Con*trol methods, {(13)
Engineering Manual eyv:cnent, emis-—
(AP-40) sion Zactors, etc.
Industrial Venti- ACGIH Hood design, (14)
lation TLV's, etc.
Workbook of Atmos— Turner Calculating am- (15)

pheric Dispersion
Estimates (AP-26)

bient exposures
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