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will be variation, depending on the vision of the observer, the
color of the dust, and the contrast available. Dark field micro-
scopie techniques will reveal particles smaller than these, to &
limit of approximately 0.4 micron. The smaller submicro-
seopmduanbemzedmdcompamdbytheuseoftheelm-
fron’ microscope. Other sizing techriques may take into
account velocity of samplmgs in ealibrated devices and actual
settlement measurements in laboratory equlpment The elec-
tron microscope and various ling instr

the cascade inpacter, have been used with some suceess for

the sising of liquid particulates, including ‘fogs and mista:”

Concentrations of these materials are umally reported ona
weight basis.

Permanent Atmospheric Impurities

The size of the air contaminant, its physical propertles, nnd
its mnc eﬂect on man are of prime lmpommce m ﬂ)e deslgn
of and the appli

] t. In actual practi thcneedforurhmd]mgand
air cleaning is established by the toxic, flammable, or nuisance
qualities of the contaminant. Considerable evidence and data
are available from experience and research to indicate the
toxic actions and the permissible exposure level of many com-
mon materials. However, it must be emphasized that, for the
most part, these exposure levels are based upon the industrial
exposure for a few hours daily, and they must not be applied or
exf.mpolated to include the air pollution sxt\mtwn whem a

INDUSTRIAL AIR CONTAMINANTS

q sal

Ma.ny release air as dusts,
fumes; smokes, m:st.s, and as fogs, vapors, and gasea. Un-
less control is applied, these materials will be dispersed
t.hrough the industrial atmosphere and will be transported by
air from the source to remote locations in the plant,
many workers to their toxic effects. The ventilation engineer:
must have an understanding of the process controls and venti--
lation controls which can be applied for their removal at the:
source; see Chspter 34 of ﬂ)e 1964 Gume ANp Data Book.

“Itis bsoltute contro! cannot be:
maintained and that the mdmdual is able to assimilate small
quantities of various toxic-materials without permanent in-
iury. This is the basic concept which is applied to the entire
science of industrial hygiene, and it is the basis for the stand-
ards of expostire level which have been developed L

Permissible levels of exp ,Iordxf-
ferent contaminants. Tables showmg

1965 Guide And Data Book )

In applying these threshold limits, the following factors
must be considered:

lkmdumﬁunofexpomiashrperdayfor5or6dayn;
‘wee] °
2. The measurementa taken must be indicative of the concen-
tration in the bmf-hmg zone of the sxpoM person. Average con-
in man
The average exposure should not exmd the threshold lmm.
value for a.n 8 hr day and, for
the threshold limif

chorter
Eeat.ly exceed it value. For exampln, it cannot,
assumed that, if 100 artapermxlonusafeformShr

exposure, 800 parta per for one hour.
.4, The threshold hmxt values presem.ed are ufpa- limils, and xt
is always desirable to operate weli below thess

5. Two substances with similar threshold limit values may be
entirely different in effect on the worhm.n, snd may bave dif-
ferent actions at higher the
threshold limit value has been placed at a level which minimizes
irritation and provides a wide margin of safety. In other cascs, the
maximum value is close to the concentration at which severe or
irreversible damage may be encoun

It is obvious that there are wide limits of individual sus-

ceptibility. There also may be considerable-variation in work
habits between individuals, and, in some instances, exposure
to contaminants may vary considerably in the day to day
manufacturing operations.

The effecta on health of selected toxic materials are sum-
merized in the Hygienic Guide Series of the American Indus-
trial Hygiene Association' in a manner that may prove more
practically useful Guldes for about 150 mdustnal compounds
have been p
atmosphenc coneentratlon (8 hr), severity of hmrds short

hnzardous to lll’e mﬁcant propertles industrial hygmne
{ and control), and specific
pmeedure& Euch gmrle eondenses mto two pages a vast
of and h on the ma-

terial under consideration.

FLAMMABLE GASES AND VAPORS?3+4

‘The use of £ ble materials is wid, d in our society.
Flammable gases and vapars may be found in such locations as
sewage treatment plants, sewage and utility tunnels, dry
cleaning plants, and automobile garages, as well as in indus-
trial finishing

procas plnnt.s Adequxw ventllatlon isa -

primary or p ting fires and
explosions of these matena.ls The need for good ventilation is
not removed by the use of other precautions such as the elimi-
natwnafthcwmhmwm, sdebmldmgomutrum, and the
use of algrm and systems.

The sblhty of & ﬂz.mmable hqmd or gas to fonn explosive

concentration values have been prepared by several sources,
notably the American Standards Association, Industrial toxi-
cologists today, however, advocate use of threshold limit val-
ues, ‘which are ti it i for a
normal workday, rather than i Howabl

tions. In the United States, these values are annually re-
viewed, revised, and published by the Committee on Thresh-
old Limits of the American Conf of Gover tal

d by its vapor p and volatlhty,
or rate of evaporation. A convenient method of expressing
t.h&epropertmmtomfertntheﬂaxhpmﬂoftbemteml
involved. The flash point may be defined as the temperature
to which a combustible liquid must be heated to produce a
flash when a small flame is passed across the ‘surface of the
liquid. Depending upon the test methiods, this may be either
theopmcupordosedcupﬂashpomt usually expressed in

Industrial Hyglemsts The latest available values (1963) are

reproduced in Table 2. These limits are guides, not

- hard-and-fast, rigid values. While they are based on working

- experience, laboratory research, and medical data, they are
. The engi

subject to should refer to the
Intest dard: ilable when evaluating a workroom
exposure.

degrees. The higher the flash point the more
safely can the liquid be handled. Liquids with ﬂa.sh points
under 70 F should be ded as highly f
Inp I usage, the air-vapor or air-gas mixture must be
in the explosive range before it will be ignited by a source of
ignition. The explosive range is defined as being between the
upper and lower explosive limits which are expressed as per-
cent by volume in air. Concentrations of material above or

Aircomuniﬂ"“f’ B
lower explosive range will not explode _Table 3

Ifelo‘:n:; of the common explosive materials, giving their
fists lower exploswe limit in percent by volume, the

zl?):; and flash point in Fahrenheit degrees, and the NBFU
. classifications by mimber. Where miztures of lammable gases

resent;: the reader is referred to other publica-
&xﬁrﬁmﬁlﬁe@m information on evaluating the hazard.
The designer of. equlpment for the control of combustible
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In general, dust clouds require lugh ‘temperatures and &
sufficicat concentration of dust for ignition. The Bsting in
Table 4 is rep ive of explosi iti
temperatures, explosive temperatures, ‘and pressure rise;
however, it must be recognized that some dlscrepancxw in
obtmmng test results are caused by .the difficulty in obtain-
ing dust suspension of uniform dispersion. This should be
kept in mmd when eompanng mu.!t.s from several sources.*

materialsis referred to Chapter 10 with respect to comt tible

anesthetics, and to Chapter 35 of the 1964 Guipe ANp Data
Book. In awgmng ventilation systems for-the control of
Wh]egnsaaudvnpors,themgneermustwmderthe
following:~ "

1. Most safety authorities and fire underwriters prefer to Em:t

dusts are p ds whenever the dust

lled, to d in the or settle

on honmnt.n.l surfaces mch as .beams and ledges.. Pmper
ventilation design will involve-the principles discussed in
Chapter 35,0f the 1964 Guips ANp Dara Boox. Special care
must -be taken to insure that the ventilation systems and

‘cancentrations to 20 to 25 percent of the lower expl
;.l;am mat:n‘al The raulung safety factor of dor 5 allovru !au—
:;i:“fgte rmhxt«uxe It is also a further safegumd un—

ognized sources of ignition. In’
explosive limit. It must be that, in

‘dusts_being 'y

chosen will p ‘the pocketing of dust inside of
the equipment itself. I.n many instances, magnetic traps are
used to separate t.ramp iron fmm o'.her me'.alhc and organic
and duct-
wotk When local exhaust ventilation is used; it is often

the uppe_r explomve limit, the ﬂammable gas or
vlpur mus} the active explosive range, in which
nny s oo f dilution or
evupomhnn rate will n:sult in operauon in the dangemu; explo-
sive range.

2. In occupied phces where ventilation ia
health controt, the danger of an losion wilt
most uuunees, le gases and vapors are also toxic, and the

are far below the lower ex-
losvehmxtofthe ial. As an

or we\one vapors will keep the concentration bef::v 1000 parts

is equivalent to 0.1 percent. by volume. The
P:rwer explosv: limit for acetone u 2.5 percent by volume. Thus,
proper ventilation to reduce the h hazard will mult in con-~
centrations far below the lower explomve limit.

3 Pmper location of. exhaust and supgly venhlnhon equip-
ds upon the manper in which the contaminant is
olym d upon other problems of the.process, and only
uecnndmly upon the relative density of . 3 vapor
Again using acetone as an example: e
density of air = 1.0 density of acetone vapors = 2.0
2.5% = 0.025 parts acetone = 0.025 X 2 = 0.05
97.5% = 0.975 parts air =0.975 X 1 = 0975

-1.025 '
The density of air-acetone mixture at lower explosive lmnf.s
is then 1.025.

plled lor proper
minimized. In

It can be seen that the specific gravity of the explosive
mixture is substantially the same as that of air alone, and it
is apparent that cross drafts, moving eq\upmem., and tem-
pent.ure dxﬂemntm.ls may cause sufficient mixing to.prod

xgmhnn w1 eau:e an explosion. In addition, a drop *

ble to install separation equipment as close to the source

. of dust as possible to prevent the transport of the quantities
* of dust in the exhaust system.

AR POLLUTION'®

The total particulate load in the atmosphere includes ail
forms of air contaminants outlined in this chapter. The
sources of these materials may be natural, as with the perma-

> nent atmosphenc unpunhm or man made where t,he maten-
- als may arise {rom d

l.ml and industrial
combustion process along with the air contsminants ex-
hausted for health control. Contaminant sizes will cover the
broad range illustrated in Fig. 1. The larger particles will
settle out of the air rapidly, in the vicinity of the source. The
smaller particles will remain suspended for long periods of
time, settling many miles from the source, or becoming a
permanent contamination i in the air..

1t has been to evaluate at. heric dust
loads in terms of soot fall in tons per square mile per month.
Such data published for the cities in this country range from
20 to 200 tous per square mile per month. To the ventilating
and- m—condmunmg engineer, however, these values have
little significance since they do not express any measure of the
suspended material which- must be cleaned from t.he veatila-
tion air before it can be used.

Soot fall data are most useful in mdxcat.mg the eﬁechvenes

of smoke abat: t and proper ), , and, to
some extent, serve as comparative indices of ‘such oontrol
programs.

In ! i t for 3

and di these t.hmughout the
s'.mosphere, with no regard to hca-wr than air vapors. The
engmeer is cautioned to provide proper exhaust nnd supp!y
air patterns to control the h fous material,

the engineer requm data of the type illustrated by Table 5.
Utilizing the air loading in terms of grains per thousand cubic
Ieet. or mxlhgmms per cubic meter, he may use.technical

its source, or to take into account drafts, equipment move- .

ment, and convective forces, to provide good distribution of

ided by t.he au' c!ea.ner suppher or the sup-

. plier's rep ive in t which wﬂl do the

iob ad ly, with '.he of power and
Itis

exhausy and supply air for general dilution and exhaust,

COMBUSTIBLE DUSTS®+#

Many mireral and organic dusts are capable of producing
dust explosions. Often, & primary explosion results from a

-zmall amount of dust in suspemnon, which has been exposed

from the itable that there is 8

considerable variation in the
rural and suburban districts, and many industrial develop-
ment, areas. On the one !nmd, simple air filters may be all that
is required for proper air cleaning, in other indtancés, it may
be necessary to resort to heavy duty industfial gas cleaning

to a source of igniti and - vibration created
may then be sufficient to dxslodge large accumulnhons ot dust
on horizontal surfaces, theréby at

ung P

t to supply air that is clean enough for human use,
or for process requirements.
(Continued on p. 164)




