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ROUTINE SAMPLING IFOR CONTROL OF
ATMOSPHERIC IMPURITIES*

The control and sampling of atmospheric contaminants in routine pro-
duction operations are matters with which plant and mnine managers toduy
are definitely concerned. A few years apo, such control was more or less
Yimited to firms that were losing a valuable product through faulty operation,
or to those that kpew that neglect of dust, fly ash, or gas control meant a
health, nuisance, or explosion risk, either to themselves or to their neighboras.
Today, however, twenty-eight states (Table 1) have  industrial hypiene
bureaus whose funetion it is to advise industry on the control of its indus-
trial hazards, while many insurance companies are well equipped to investi-
gate industrial hygiene problems from both the cugiteering and medizal
aspect.t Baltimore, Marylund; Detroit, Michigan; Rockford, IMineis, and
Bt. Louis, Missouri, are reported as having industrial hygiene burcaus.

The formulation of codes of good practice is a trend of comparatively
recent date. Underwriters’ codes covering fire and explosion risks have been
available for some years. To them is now being added information, such
as the National Silicosis Conference’s recommendations on dust counts in
relation to silicosis prevention!, New York State’s codes on siliea dust
control in rock drilling®, and the American Foundrymen's Association’s
codes on exhaust systems for general foundry workd®. The American
Standards Association has a committee which, it is understood, will suggest,
from time to time, safe concentrations of various contaminants. Some states
now furnish, on reguest, 2 list of maximum safe eoncentrations which they
recommend for various dusts and gases. {The Massachusetts list is given
in Table 2).

In some instances, as in Wisconsin and New York, the codes have been
made legally binding. Other states have issved the lists merely for the
guidance of persons who ask how clean the air of a workplace should be,

It is not our intention to crriticize these codes. The concentrations gen-
erally are not fixed by accepted medical standards, but represent zones or
ranges arrived at by practical trial. Obviously, the figures must be revised
from time to time as medical knowledge on the subject progresses, and

- especially as industry improves its housekeeping.

The purpose of this bulletin is to give in brief form descriprtions of
apparatus and methods which are actually being used by one or more labora-
torics in appreixing the environment in which men work. In making such
appraisals, two distinet steps are involved: first, measurement of air cur-
rents, and second, estimation of impurities. The resulting data can then be
epplied to the design of control equipment or to the appraisal of the results
brought about by such equipment.

Air Movement
N Lo Air Felocities
Alr velocities fn workplaces generally are below 100 F. P, M. (feet per

minute), Exceptions are warm places where fans or air blasts are used for
their cooling effect, mine shafts and haulage ways used as ventilation duets,

* Phis du part $ i the serlex bivaed ax ulletin No, 2, ander the anspices of the
Preventive Engincering Cominittes.

1 Dvtaidled information on insnrsneescompany actlvittes can Le had from Anetican
Muteal Allinnes, 3% North Michzan Avenne, Chitvago, and the Aswockition of Cas-
nalty & Nuvety Executives, (o John Streey, New York City,
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and atmospheres within the immediate zone of exhaust hoods. Low veloci-
ties must be measured by special instruments as they are below the range
measurable by pitot tube, venturi meter, or vane anemometer.

Smoke Dombs:

In schoolrooms or suditoriums, air conditioning engineers usually study
air distribution by the use of smoke. Smoke from tobacco is of too fine a tex-
ture to serve us well as the coarser smoke made from hygroscopic substances.

Titanium tetrachloride smoke tubes for testing work are safer to use
and give satisfactory results. They can be made as follows: glass serum
ampoules, costing ahout $2.40 a gross, are filled with 0.10 ce. of titanium
tetrachloride. The awpuule is then sealed and the neck »uf'-d out about
0.25 inch, dipped in water-glass as an adhesive, and about an inch of wicking
pushed over the neck. The wicking used in & sulfur lamp is satisfactory.
Since the compound reacts with air and becomes vitiated, the ampoules
should be sealed promptly. )

When a smoke test is desired, the neck of the ampoule is broken by lay-
ing it on a hard surface and pressing down with the thumb; the wicking
will protect the thimb against cetting with the glass. The TiCl, ruus out

“into the wick and smoke immediately results. .

A smoke gun can be made by soaking pumice with titanium chloride.
and packing in small glass tubes, such as caleivim chloride drying tubes.
Air is then blown through the pumice by means of a rubber aspirator bulh.
When not in use, the ends of the tube should be closed with stoppers,

Titanium tetrachloride is carried by niost supply houses and costs about
75 cents per quarter pound, which is enough to fill a large number of
amponles. Smoke tubes and smoke guns in convenient form are suppiied

by (g), (})-*

Thermo-anemometer:

C. P. Yaglou has recently developed? a simple thermo-anemometer capa-
ble of measuring velocities between 10 and 6,000 F, P. M. The temperature
of the wire is only 10* to 40° above air temperature and is indicated on an
ordinary thermomeier around the bulb of which the wire is wound. Small
dry cells furnish the heating current and the voltage is regulated by means
of a rheostat. These auxijliaries are assembled in a small box. Readings
to be taken are temperature of heated and of unheated thermometer and
voitage used. The velocity is read off a toble or chart, or computed from an
ecquation, By varying the voltage, any velocity can be measured with an
accuracy of 884¢.

A unit which is vest-pocket size and senszitive to very low velocities will _
be available shortly.

This instroment compensates for variations of air demsity due to tem-
perature changes, and is negligibly affected by humidity, radiant heat, and
convectional currents which it causes, It is particularly useful for mcasure-
ing air movement in rooms and in exploring “point” velceities in front of
exhaust hoods, because it officrs negligible obstruetion to airflow,

Its disadvantages are that it is not direct reading, it requires a short
time for the heated thermometer to reach equilibrium, and its readings must
be corrected for partial stem immersion when used inside small pipes. The
instrument is too new to have had any widespread field use. It is supplied

by (m).

o (a), (b}, ete.. vefer 1o firme suppiving equipment. For full et and addrosses,
met Table 4. Tage 18, of thix bulletin, .
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Hizh Air Pelocities
In the effcetive zone of exhaust hoods, the minimum velecity is about
150-200 fect per minute extending on up to 1,000 ¥, P. M. or more at the face
of the hood. It is often desirable to increase the hood's etfectiveness by
changes in desizn. Velueity contours can be sketched out as indicated in
Figure 1 of Bulletin No. 2 of this series. For measurements in such velocity
ranges, Yaglou's thermo-anemometer deviee is well suited.

Vane Anemometer:

In the case of lorge %“ouds, such as those placed over electroplatirg o
vats, either a velometer or a small vane ancmometer is convenient, For
exploring small hoods, however, both instruments take up too muech space
and intorfere seriously with the normal ajr currents which the heod is in-
tended to form. Furthermore, the portable vanc anemometer is a delicate
instrument; it needs frequent calibration, and is easily damaged by corrosive
chemicals, by dusts, and even by steam or water vapor. It is advizable to
use the vane anemometer only when no corrosive substances are being
generated. .

Velometer:

This ix & direct-reading device consisting of a double-pivoted vane which
is deflected by impact against the air stream. A pointer attached to the

-vane indicates the velocity on a calibrated scale. All moving parts are

housed in a small case. For low-range readings, the air enters the meter
directly through a small port and the whole case must be placed into the air
stream. For high-velocity readings, various size orifices are placed within
the port to reduce vane defiections. For measurements of velocity inside
pipes, a double-pitot tube is provided and connected to the meter ports by
rubber tubing. )

Velometer readings are instantaneous, but several must be taken to
insure a good average. One can measure velocities of several thousand feet
per minute, as in exhaust ducts, or a few hundred feet per minute in the
vicinity of large exhaust hoods. Although a dust-filter attachment is now
available for keeping the miechanism clean, it is questionable whether it is
wise to use the instrument in any but clean air. The device is supplied by (h).

A fless accurate, but very practical instrument, known as the “Grillo-
meter,” has been developed for measuring air velocities through grills. It
js a torsion deviec and is direect reading. It is supplied by (d).

Pitot Tube, Venturi Meter and Qrifice Meter:

While these three instruments measure flow rather than velocity, they
are too well known to need any deseription. The pitot tube has. long been
the sole “self-standard” instrument and the most used for determining flow
in pipes or ducts, for making traverses, and the like. Recording venturi
meters and orifice meters for measuring the flow of fluids (liquids and gases}
are sold today by several firms. In the construction of exhaust systems, it
is well to consider the permanent installation of a venturi, or an orifice
meter, or even a recording meter near the exbaust fan. The A, 8. M. E.
book? pives full details of the basic principles, design, and use of these
instruments. i
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- Atmaespheric Impurities

For the purposes of selecling sampling and control metheds, in relation
to exhaust systems in plants or mines, several distinct types of atmospheric
impurities must be considered:

A, Relatively insoluble mineral dusts, such as =ilica, many silicates,
and fly ash.

B. Relatively soluble mineral dusts, like calcite (limestone).

C. Finely-divided fume substances that are difficult to catch in
water. Examples arc lead, lead oxide, and zine oxide,

"D. Dusts that may be affected by water. Examples are flour,
lepther, and ouap. Many of these dusts are explosive if inixed
with air,

E. Agqueous mists, such as chromic acid entrained from electroplat-
ing baths, or condensate from vats of various sorts.

F. Water-soluble gases, such as hydrochloric acid. Such soluble
gases usvally contain mist as well as gas, the proportions
depending upon local conditions.

G. Gases or organic vapors, like benzene, soluble with dificulty.
Thesze react slowly with most liquids but may be adsorbed
readily by solids, such as activated carbon.

Instruments for Dust Sampling
Impinger:

The impinger is commonly used in sampling dusts, like classes A, B, and
occasionally mists, like elass E, and some gases, like class ¥, It is definitely
unsuited to class G gases, Jike chlorine or organic vapors. It is not efficient
against finely-divided fume substances, Class C, such as lead or zine oxide,
and rarely is it suited to sampling organic dusts, like ¢lass D.

The impingerS consists in a flask in which a tube with tapered end is
held at a fixed distance from an attached glass plate or from the bottom of
the flask. Air is drawn through the tube and the impurities are trapped in
the Hquid in which the tip of the tube is immersed. Suitable fractions of the
dusty suspension are then withdrawn and the dust particles counted under
the microscope or the total dust concentration is estimated by the usual
analytical procedures. .

The impinger is now made in two sizes, one sampling at one cubic foot
per minute, and the other at three to five liters per minute. Used originally
with water as the dust-catching medium, it is now common practice to use
other liquids, such as isopropyl aleohol, limitation depending upon volatility
of the Jiquid and its readiness to foam. .

The suction device for the impinger can be run by a compressed-air
actuated ejector or by a pump driven by an electric motor. The midget-
jmpinger equipment is much smaller and can be run by hand. It is lighter
than the large umit, Furthermore, it is hand operable, nll of which makes
it particularly suited to mine-gir sampling. Both types of impinger were
developed by the U. 8. Bureau of Mines, which recommends both for general
use in measuring dustinces, Impingers, either Jarge or midget size, are
supplied by (e), (i), (j), (K), ().

For sampling finely-divided fume substances, like lead, which are well
dispersed, a small electric precipitntor gives accurate results. While the
complete precipitstor assembly is not expensive, it requires a transformer
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weighing some 13-23 pounds to raise the voltage to 15,000 to 25,000, Con-
struction details with a list of equipment needed for making such precipi-
tators are given in Drinker & HatchS This equipment is available from (m).

Barnes & Penney, of the Westinghouse Electric & Manufacturing Com-
pany, have described® a =mall precipitator which should be wel! adapted to
field use and is now available from (j). The high-tension side of this new.
type precipitator is grounded, making it more practicable for general field
use, )

Sampling Dust for Direct Microscopy and Counling

The purpose of taking and counting dust samples is to determine how
much the dustiness of the air in question departs from some arbitrary figure
or accepted standard, The gruo-sample instruments, viz,, the konimeler ),
the Bausch & Lomb dust counter (a), {m), and the Owens jet dust counter
(e), give useful indications of changes in dustiness. All three instruments
are light and are operated entirely by hand. However, they do not imitate
the impinger in any way, so that it is impossible to convert impinger to
grab-sample counts. The reason why such conversions are faulty is hecause
the grab samplers favor dust sizes below the size-particle range for which
the impinger technic is best adapted.

A skilled technician can count about twelve impinger samples in a day.
1t is easy, however, to compare some thirty to forty grab samples in a short
time. In practical field work with the grab sampler, the effectiveness of
dust-control equipment or methods ean thus be demonstrated rapidly,

Explosive Dusis

Most explosive dusts are affected by water, while some of them, espe-
cially organic dusts, such as flour, are difficult to wet. Explosive concentra-
tions of ail such dusts are very high (10-15 gms./m8) as compared with dust
eoncentrations of hygienic significance (0.5 gms./m?3), so that explosive dusts
are determined by weight rather than by count. Air is drawn through a
weighed paper extraction thimble and the inerease in weight caused by the
dust from a known volume of air is noted. An objection to this procedure
is the trouble and time required to equilibrate the paper thimble against the
moisture in the air. This objection, however, is not serious if the weight of
the dust sample, as in the case of explosive dusts, approximates that of the
thimble, .

It should be remembered that in sampling explosive dusts one must use
a suction device that avoids the chance of electric sparks.

Quantitative' Analysis

In the case of all dustis, classes A, B, C, and I, the estimation of the
sample taken from the air can be made by counting representative fractions
under the microscope, or the sample can be analyzed by appropriate chami.
eal methods, or the material can be weighed. The large impinger and the
electrie precipitator are equally well adapted to either procedure: The mid-
get impinger collects, in reasonable sampling time, a relatively small amount
of dust, but enough for counting.

Dusts, like silica, that are {roublesome to determine chemieally, are
generally counted, while those like lead, manganese, and cadmium, are
determincd chemicalily.

In places where composition of the dust and the particle size remain
5 X ;
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substantiaily the same day after day, it is possihle {0 estimate roughly dusti-
ness in impinger samples from the turbidity of the dusty emulsions. Such
estimates can be made in Nessler tubes, by tyndallmeter®, or by an adapta-
tion of the turbidity methads commonly used in water analysis.

Light-Field vs. Dark-Field Counting

For routine control work, the relative advantages of these two methods
of counting dust samples (no matter what sampling instrument is used) are
unimportant. It iz immaterial which method is nsed. If the person deing
the counting feels that the light-field set-up is hard on his eves, or the wmag-
nification too low, h,\' -1 means he should try the dark-field sueilwa, On the
other hand, if he is using the impinger and wishes to copy in exact detail
the procedure recommended by the ¥, 8. Public Health Service, then light-
field counts must be made. The Buresu of Mines recommends a micro-pro-
jection methed for impinger countsd. The konimeter, recommended by the
Burecau of Mines for control sampling, is used in South Africa, where it
originated, with dark-field, while the Bausch & Lomb counter is. available
with dark-field only. Qwens samples can be counted by either light- or
dark-field.

Gas Sampling

Gas concentrations commonly met in sanitary air analysis are very low.
Conecentrations that men may breathe usually are given in parts per million
by volume (P. P, JL.), or in milligrams per liter, or per cubic meter under
specified temperatures and pressuves.

Some gases and vapors, notably carbon monoxide, hydrogen sulfide, and
mercury, in minute amounts, give strong chemical reactions which makes
possible rapid estimations and still better, continuous records of poliution,
However, the great bulk of gases and vapors from organic solvents, such
as benzene, carbon tetrachloride, and carbon disulfide, cannot be caught effi-
ciently unless sampled at slow rates, such as 12 to 1 liter per minute. Some
of them, such as benzene, ¢an be absorbed directly in special solvents or
adsorbants, like charcoal or siiica gel, or can be converted into another
compound which can then be estimated by an appropriate method.

The greatest difficulty in estimating organic vapors in air oceurs when
mixtures of vapors are present. Unfortunatel,\', this is all too often the case,
Then, the devi ising of short cuts in itself offers a major problem, but loeal
eonditions sometimes permit the approximations of the propertions of the
several ingredients in the collected sample and caleulation of the total by
estimating only the most easily-determined single constituent.

Condensation

The general availability of “dry ice” (temperature = —79* C.) makes
convenient the routine collection and estimation of volatile compounds, like
gasoline, for which liquid air (temperature = —192* C.) formerly was used.
A convenient cooling mixtiure is made by pouring ethyl alcohol or gasoline
on cracked dry ice. The condensation apparatus is then immersed in the
cooling mixture. ’

Liquid air is available in most Jarge cities and offers a convenient cooling
medium, but it should be remembered that it forms e}.p!osx\'c mixtures with
inflammable dusts or gases,
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Yapor-Pressure Measurements

If orly one substance is present—and that in 2 high degree of purity—
measurements of concentration can be made conveniently and quickly by
condensing the vapor with the dry-ice mixture and then estimating the con-
centration by the Burrell-Jones vapor-tension method”. This precedure is
not in common use in industrial hygiene problems and needs further study.

Routine Sampling and Recording of Air Impurities

If control equipment has been installed, samples should be taken period-
ically for check-ups. This is the best way to tell whether the equipment is
functioning as it should. If concentrations obviously are high, 1t is usually
& waste of time to take the sample and to estimate it. For instance, a leaky
elevator in a crushing plant or a defective rattler or an unhooded swing
grinder in a foundry may cause such high dust concentrations that an impin-

ger sample will be turbid in a few minutes. Little is gained by going through

the sampling routine in such cases, unless one wishes to have records before
and afier repairs have been made.

Today, many plants operate crushing units and other dust producers at
night to take advantage of reduced power rates and to stagger employment
over fwenty-four hours, During the night shift, dust inspections can be
made rapidly, using nothing but the beam from an ordinary fiash light to
detect dust Jeaks.

In the case of some gases and vapors, one's sense of smell often permits
detection of gas concenirations which exceed desirable limits. Such a test

. 1s quite unreliable unless one returns frequently to clean air or carries with

him a respirator with an activated charcoal cartridge through which he

takes several breaths before attempting to gauge the strength of the odor. .

One becomes used to even such dangerous or disagreeable odors as hydrogen
sulfide in a few monments and it is, therefore, risky to estimate their
strength by smell.

Suoch crude tests do not take the place of regular sampling technie.
How often the routine sampies thould be taken depends cnt:rely upon loeal
econditions. In some places, they are taken daily, while in others, several
times a vear is enough. It is well to play safe and to take them too often
rather than too seldom. The men quickly become used to such sampling and
pay no attention to the procedure. Obviously, the sooner the sampler has
the man's interest in his resalts, the better will be the outcome., It is com-
mon for the workmen to ask what the results are and to see to it that the
samples in their particular departments are satisfactory.

We know of one mining company whose ¢oncentrating plant is equipped
for the taking of monthly dust samples. Various sampling stations have
compressed air piped to convenient points and each station has an arrange-
ment for holding the impinger bottles. In this plant, it is vsual for one
operator to take, at the same time, samples on four floors of a single building,

Samples should be taken wherever men work. It is a mistake to ignore
places where one believes that there is no dust or gas. The samples are
about the only proof that the emplover can bring forth that he has taken
proper precautions to prevent a disease, such us silicosis or a chronie poison-
ing from benzol. The mere statement that he or anyone else thought the
atmosphere sufficiently clean is not enough.

It is advisable to plot the results of periodic samples w:th the days or
7
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months as absciszae and the concentrations or dust counts as ordinates,
Such plots can be made conveniently on a master sheet, comments noted on
the plot which is blue printed with each new hatch of samples, and the prints
given to the appropriate departments. '

Continuous Records

It is obvious that continuvous records of either dust or gaseous jimpuri-
ties are more informative than occasional or intermittent rccords. It is
possible to take continuous records of relatively heavy pollution, as in the
stacks of poveer piancs, and also of urdinary atmeospheric poliution which is

.of relatively low concentration. It is understood that lMine Safety Appli-

gnees Company, Pittsburgh, will offer shortly a dust recorder that may prove
nseful in common sanitary air analyses.

As noted previously, gases that give strong chemical reactions, particu-
larly those involving pronounced heat or color changes, are suited to estima-
tion by eontinuous recorders. A carbon monoxide recorder (j), which meas-
ures the heat liberated by a catalytic combustion reaction, is in wide use
today. A recorder for mercury vapor (f} has also found considerable appli-
cation. The applicability of recorders in sanitary air analyses has hardiy
been touched upon and it is reasonably certain that others will be developed
as need arises.

Phofographs

It is common practice in power-plant operation automatically to take
photographs at regular intervals of the smoke escaping from the stack. Such
records provide useful evidence if the plant is accused of faulty operation.

Oceasional photographs of various plant and mine operations are ofien
of greater practical usefulness than are records of dust counts or of gas or
vapor cancentrations, A% an exhibit on the company’s bulletin boards, photo-

‘graphs are effective warnings to the men to clean up. In routine sampling,

they should certainly be taken occasionally and incorporated as part of the
inspector’s report. .
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TABLES

Summary of Industrial Hygiene Activities in States and
Cities in the United States from June, 1938, List fur-
nished by the Division of Indusirial Hygiene, U. 8. Public
Health Service, Washington, D. C.

Concentrations of Inflammable Vapors, Suggested by the -

U. 8. Bureau of Mines, and Limits for Practical Control,
Saggested by the Massachusetts Division of Occupational
Diseases.

Analytical Procedures in Current Use in Industrial

Hygiene.

Firms Supplring Equipment ientioned in this Bulletin,
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TABLE IL

CONCEXTRATIONS OF INFLAMMABLE VAPORS, SUGGESTED

BY THE U. 8. BUREAU OTF MINES, AXD LIMITS FOR PRACTICAL
CONTROL, SUGGESTED BY THE MASSACHUSETTS DIVISION
OF OCCUPATIONAL DISEASES

tower Limit,

Maximum Concentration Suggested

*  Milligrams/cu, meter

l . 12

by Volume by Massachuzatte
GAS OR VAPOR o GAS OR VAFPOR P.P. M
Ammonia . 16 Amnionia 100
Acetaldenyde orvmrmonmnons #
ACEtnne ... 3 AMY] RCPIATE i ceri e msteseinans 400
Acetone (turbulem mixture)... 2.5
Acetylen 3.0 Aniline 5
Acet)'lene {turbulent mixture).. 2.2 Arsine 1
Benzene 1.4
%ﬁx:ln}- 8!.1 Denzot ke
Bt TUINACH FAS e bty 2
Butane 1.9 Cadmlum 0.1
Butyl acetate 30° C.) wrvccecrsnenas. 1.7 Buty]l Acetate . icisinmeen 400
Carbon diulfide oo 3.0 Carbon bISUIAde ... 15
Carbon MMOXIAC .vvmuconmnens 12,5 CRrhun MONOKIAE  wmcmcemnmee 100
! CPICIOREXANG v sremirenmrcemreneess £ Carbon tetrnchloride ...cvvve. 100
| Dichlorethylene . mmmunomm, 10 Chlcrine t
i thane 3.2 Chlorodiphenyls ... inccimen. 1
i Ethyl acetate ... 25 (.h!oronnphumlenc-s [ 1to 3*
i Ethyl flcohol . 4 Chromie actd . cviicnes 0.1
\ Ewny] bromide e % Dichlorbenzene oo, i3
s Eth¥t chlaride .. srrssssint tossirernies & Dichlorethyl ether a.imimsee 15
! - Eithy] cther 1.7 Sther 100
- Ethyl formate . FUUPIRRVRISU X -3
Ethy] nltrite a3
. Ethylene 3.0 B
l'-"th)!ene Aiehlor me wnrerserriristiens B Ethylene dichlorlde aeennn. 100
Ethylene oXIe unavnsmmummns 3.0
Furtoural (323* C.) emmmeimssorrene £ Formaldehyde .owimeiren. 20
Gaspoline 14 Gasoline 1000
t Hydrogen 441 Hydrochloric aetd . ccincoe 10
i Hydrogen cvanide ., 20
1 H¥drogen NUOTide . oo
' IHuUMInALNE GAR v 5.8 Hydrogen sulfide wommoowomn. 20
. Lead 0.15*
: Methane 5.3
: Methane (turbulent mixture).... 50 Mercury 0.1
. Methyl ncetate i mmsiommsits 1
i Afethy¥l aleehol .. S . 7 Methanol 200
i Methil bromide e e 3.5
' Methy¥t chloride ... 8 Monochlorbenzene wmaces 75
l Meth¥l eyclohesane .vvemmew 1.2 .
Methyl eihyl ketone e, 2 Nitrob . 1
| Methyl {OIMALE e cresimecsssers § Nitrogen OXideS oo 10
\ NAUFR] TBE s &8 zONE 1
i Pcntxme 1.43 Phosr:ene 1
: l 2.4 Phosphine 2
) - ln'l “aceinte o 20 Sulfur Gioxide e 10
m 0" C.} 1.3 Tetrrehlorethane w.acomenan. 10
[ 14 ‘reluehlorethﬂene oo 20D
} Vlnyl chloride wuunmmimmmmmmm 4 To 200
i Water gas Stod 'I‘riemorel.h\ 18NC i s 200
'I‘nrpenune [T 200
‘ Xylol, coal (ar naphtha....... 200
1 Zine oxiAe TUME crmrreeoorn 15
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TABLE 111,

ANALYTICAL PROCEDURES IN CURRENT USE
IN INDUSTRIAL HYGIENE

The substances listed in the following table are more or less
commonly found in industrial atmospheres. Methods of deter-
mination which are suggested have all been used by laboratories
in this country and found to be satisfactory, Not zll of the
methods listed, howev=v, are specific.

It is massumed that the user of this tahle is familiar with
eommon analytical procedures and with the general methods of
sampling or collecting atmospheric impurities. For examnple,
lezd as a dust, such as Jead arsenate, would be caught by impin.
ger; lead fume from lead burning by electric precipitator; while
lead tetraethyl would be collected by means of a bubbler. Differ-
ent rates of flow would be used in each case.

MATERIAL

Method of Collection

Method of Determination

Acetone

Ammanis

Aniline

Arsenic (dust)

Arsine (gas)

Benzene

Broemine

Draw air through bubbler
containing H:0.

Draw air through H.SO; ro-
Jutlon in gas wash bottle.

- t.ow Cone.

Draw iy through bnbbler
contalning seidified (H-50,)
dist. water and methyl red
indicator. Continue to e¢nd
point,

Cone. Greater Than 19
Draw alr through bulbler
containing 80 cc. of a satur-
ated solution of borie rcid,

Draw air u\mugh bubblers
containing 10% H.S0,.
Draw alr through impinger

containing water.

Draw alr through bubhler
containing alcoholic KOH.

Draw air through nitrating
acid,

Draw air through indieating
nstrument.

Draw afr through bubble
containing I. solution in KI
with starch.

13

Aodified jodometric W,

Determine NHy by A PL H. AL
Standarvd L\Ietl:od’ u,

Caleulate NH: concentration
ag in ordinary acidimetry.

Titrate with 0,025 N, H.S

Q,
vsing methyl red indicator,

Depends upon reaction of
aniiine with Br. nzing sodium
indigo disulfonate as an indi-
cator 2,

Iodometric.
Aodifed Gutzejtis,

Colorimetric or velumetrie
::l:'t:eemtnntionAai: dll_{nitrogﬂh-

N .t T 5. Buli.
No. 2, Part 1 (Jan..ylsss}.

Equipment from {4).

lodometrle.

P9



e e —— ——

MATER!AL

Methad of Collection

Method of Determination

Carbon dioxide

-Carbon disultice

Carbon disulfide
and hydrogen
sutfide in
presence of
each other

Carbon
monoxide

Chiorine

Chlorinated
hydracarbons,
general

Carbon tetra-
chloride

Chromic acid
{mist)

-

Draw air through “ascarite™
after removing  witler viggna®
on “drierite™ and weigh.

Praw alr through bhulbler
contalnbyga bnflered XaHew.
solution and phenolsulphono-
phthalein indieator.

Gas-colleeting Lottles,

raw air through alcohnlic
KOH 1o form potassium ethyl
xanthate,

Draw alr through 10% CdCI,
solution, then throurh 235%
H-SO, and through 3% =sco-
hnlie KOH.

Low concentrations, 10 1tn
1,500 PPM, by heat liherated
from combustion with Hop-
calite ar catalyst. Concen-
tration on dial of a millfam-
meter. Hi:,'h concentrations,
0.05 to 1.0% (510-10.060 PP
use detcctm deprndinr.: npon
liheration of I, firem 1.0v, or
eolor reaction with PaCL
ampoules.

Detalls from makers of the
above equipment (b) (e} (§).

Draw alr through O-tolidine
{eﬁem fn spccial absorption
ube,

Dravw air through lo K1
solution,

Physical method such as ab-
sorption on activated char-
coxl or by use of interfer-
ometer,

Thermal decomparition meth-

{As ahove).

Tmplager with approximately
normal NaOH, or with elec-
trie preclpatator

14

Compaty resulting enlur
apainst standards, Ref.: Hig-
wing & Marriott. J.ooam.
Chem. Soc,, vol. 32, p 38
(141%).

\‘olmmtl fe gas anal. method.
RNet,: Lureaw of Mines
llullc‘ln Nn. i and I C.
T017 (1438).

Determine xanthate jodonietl-
rleally.  Ref.: Matuszak, M.

.2 Ind. I.nt Chem., Anal.
Ed., vol. 4, pp. 98- 100" {1332).

Iodometvie.  Determine CS,
as above., Ref.: Barthelemy,
H. L.: Tubize Chatillon Corp..
Rome. Ga., or Div. of Ind.
go N. Y. State Dept. of
r. g0 Cemre St., New

Ref.: U, S, Bureau of Mines,
Tech. Paper 582,

Also: Drinker, C. K.: Carbon
Monoxide Asphyxia, Chapt. B
by Sendroy. Oxford Univer-
sity Press, New Yark, 1938.

Transfer sample to Nessler
tube and compare with stan-
dards after standing., Ref.:

Porter: J. Ind. Ens. Chem.
vol. 18, p T30 (1826).

!odometx;lc.

- Ref.: Air Hyg. Dulletin No,

2, Part 3 (March, 1938).

Equipment from (1) (m).

JTodometric.  Ref: Bloomfield
and Blum: U. S, Pub. Health
Rtep., No. 43, n. 2350 (1928).
Determine chromate with x-
diltwhenylcarbulde as  Indi-
eator,

Ref.: Toe, J. H.: Photochem-
feal analvsis.” 2 vols, Wiley
& Sonm, New York. 1528.1924,

01040
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MATERIAL

Method of Collection

Method of Determination

Esters

E£thyl bromide
Ethyl chioride

Formaldehyde

Hydrocarbons,
general

Hydrachloric
acld

Hydrofivoric
scid

Hydrogen
cyanide

Hydrogen
.faiﬁdc

Gas-collecting bottlex,

Liraw  alr through bubbler
contpining water.

(1) Zeiss portable interfer-
ometer.

(2) Absorption on solid ma-
lerials, such as activated
charceoal or silica gu) =

Gas-collecting bottle,

Belf-contained  Instruments:

operate on the heat of com-
bustion principle and give
readings of the peresntage of
the lower explosive limits di-
rectly on diais. Special eali-
brations of the dials can he
olLtained depending on ths—
application.

Draw .alr through glycervl-
polassium  earbonate-water
soln. of the ratio 1:1:1.

Praw  ajr through bLubbler
containing KOH.

raw air throuzh Lubhlers
containing 0,57 'H.

Colorimetric Indicator.

See also earbon Aisulfide.
Draw air through activated
alumina coated with AgRCN
or I'bAc.

Instrument using this method
sensftive to 23-400 PN, In-
atrument  for  colorimettle
method using test nAPer sen-
u;l)ho to 0.02% sunplied hy

Praw  alr through bubljer
containing 1. soln, In K1 with
rtarch,

15

Hydrolyze with XNanl], hacL
thirate execess NnivH., Ref.

Patty, Yant_ aml Schrenk:
. 8. Puh. Heulth Tp, No,
3, p. 811 (1036).

See MeBr,

Colarimetric  mothod using
Schifi’'s =oln. =, Also, Donige
methord,

Chapin, R, M.: J. Ind. Enz.
Chenm,, vol, 32, P oes (1921).

Full information from (n}.

Yolumetric gas analysis

method i€,
Also, U, S. Bureau DMHnes
1. ¢c 017 (1038).

F.;?uh»ment from (L) (e}
h.

Determine chlaride fon Ly
Volhard method. Ref.: Hel-
ier: Gesund. Ingenfeur. vol.
.-o.p 261 (1922), Chemn, Abst.,
vol. 27, p. 355 (1%33).

Dixtill funrides as hydeofio-
silicle acidd. Titrate flunvides

Jin  distillate with thorium

nitrate soln. using  xodiun
Miuﬂne sulfonate as indi-

ato
;!ef.. Wiillard- and Winter:
Ind, Eng, (‘Plem. Anal. Fd.,

3
}-ﬁalruﬂ pnnd Abhott,  ({ibid),

vol. 5, n. 236 (1233},
Titrate wilhh AN,

Tiange of 50-1,000 PPl
Equipment frem (J).

(‘nneentrntlml s indicated Ly
Jengrth of color ehange, Ref:

an-nud Yant and PBe rter

L . Wurean Minex, R. 1. No.
ali “(Jome, 14351, .

Sea also: Reed. JJ. Th: I, Sae,

Choem. Ind., vol. 55, pp. $3-H
(1435},

Teulinnetric,
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MATERIAL

Method of Collection

Method of Determination

Lead, as dust
or fume

Mercury

Methane

Methang)

Methyl bromide
Methyl chloride
Ethy! bromide
Ethyl chloride

Nitrie acid

Nitrogen
tetroxide

Oxygen

Impinger or electric precipi-
tator.

Draw alr against ScS coated
paper

Lampshade detector (using
Se8) available from (1) ()

Freeze vapor with dry ice.

Gas-calleulng bottle.
vwinvustible  pas indicator
from (b) (c) ) ).

Flame Safety Lamps Irom
(b} (e) ().

Draw alr through bubbler
containing water.

Collect samp1e in  partly
evacuated bottle,

Absord MeOM In distilled
water by thorough agitation
of water in tho bottle.

Coliect samples by Mg dis-
placement.

Draw anir through an seidi-
fled 5% .0, bubbler follovwed
b{ 2 or 3 5% }OM H,0: bub-
biers.

Draw alr through liquid alr
trap.

Gas-collecting boille.

16

See Alr Hyz. Bulletin No, 2,
Irart 6 (1835).

Compare color change against
standards,

Rel.: Nordlander, B. W.: Ind.
Eng, Chem., vol. 19, p. 522
€1327).

Rel.: Frasert J, Ind, Hyg, &
Tox., vol. 1G, », 67 (1534).

V'ol. gas anal, method ¥,
Ref.: Honvar Pepe, Currie.
U S( %usuu Mines Buli. No.

See nisot 1. S. Bureaun .\nne:'

1. C. No. 33 (1837).

Discussion,

Ref.: Wright, L. O.: Ind.
Eng Chem., vol. 19, p. 256
(1527).

Oxidize to formaldehyde and
determine colorimetrically
(Denige method) 1,

Sce  also: Forma.ldehyde.
Chanin's meth

Petermine by modified Den-
ige method.

Ref.: Schrenk and Yant: U.
S. Bureau Mines, Personal
eommunication (1933).

Analyze volumelrically by
slow combustion with a
white-hot platinum coil and
large _excess of Oa

Ref. Sayers. lant. 'rhornas.
and Berg u. Public
Henlth Bull No. ISa (1829).

For JMeBr zee also: DBusbey
and Drake: Ind. Eng. Chem.,
Anal. Ed, wvol. 10, p. 390
C1538).

Determine N 0O; with phenol-
sulionic acid by A. P. H. A,
Standard methed ¥, Ref.:
Drinker and Snell: J. Ind.
:g;g) Tox., vol. 20, p. 321,

Oxidize as above and dofer-
minebhy nltron aeciate method.
Ref.: Coltman: J. Ind. Hyg.
& ‘Tox., voi. 20, p. 258 (1935,

Yol. gas anal meth
(S“Fl):rew Mines 1. C,, 1011)

02342



MATERIAL

Method of Collection

Method of Determination

Ozone

Phenol

Phosgene

Phosphorus
teichioride

Radicactive
substances

Sulfur chloride

Sulfur dioxide

Bulfuric acid
{mist)

~ Toluol

Trichlor.
ethylene

Partially evae, hottles con-
taining  starch-Ki solution.

In presence of N0, cellect

by liquid air.

Draw afr through bdbubbler
containing NaQH =olutlon.

Draw air through bubbler
conlainlnf aniline water sat+
urated with diphenyl-urea.

Praw air through ‘bubblcr
containing Br water,

Physical methods using elec-
troscops.

Draw air slowly through
HNO; solution ¢f AgNOs.

Draw alr through I.-KI
starch solution.

Partially evacuated bottle
containing I-KI starch soln.

Draw ajr sutomntically
through acid H:0..

Draw air through NaOH In
tmpinger.

grg‘ug& a&lr through fuming

Draw alr through speclally
designed absorption  tube
containing absolute ELOH.

Combustion method for
chlorinated hydrocarbons,

17

Iediometric ¥,

Ref.: Coltman and MeDPher-
sun, J. Ind. 14y & Toux.,
vol. .20, p. 463 (IQ:S)

Determine colorimetrically 3,

Filter off precipitate of di-
phenyl-ursa in tared Gooch
erucible, dry and weigh, dis-
solve diphenyi-urea  with
sleohol dry, angd | rexgh

Ref.: Yant, et al.: Ind. Eng.
Chem., Anal. Ed., vol. §, D
20 (1836). -

Boil and de¢termine P by
colcg’imeuk molybdate meth-

Ret Schwartz, et al.: J. Ind.
vr. & Tox., vol. 15, p. 362,
368. 433 (1933).

Dimh e the precipitated AgCl
in NH,OH agatn precipitat-
ing with HNO,;%,

Jodometsic,
Ref.: Grifin and Skinner,
ang.(Eng’ Chem., vol. .24, p.

Solution from sampling bottle
brought to same intensity as
a blank by addition of rtan-
dard lodlne solution.

Rel.: U Nureau Mines,
R. 1. No. 3005 (1930).

Conductivity method with

Ref.: Thomas: Ind. Eng.
Chem., Ansl. Ed., vol. 4,
p. 253 (1932).

Acidify with HC] and deter-
mine sulfate as BaSO..

Bimilar to ). 8§, Bureau
Mines method for C,H. using
KOH instead of NaOH.

Determine colorimetrically on
reaction with pyrrhline and
50 sodium hydroxide,
Ref.: Barrett: J. Ind, live, &
Tox., vol. 18, P. 241 (1936),

Afr 1ivg. Bulletin No., 2,
Part 3 (March, 1938).
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TABLE 1V,
FIRMS SUPPLYING EQUIPMENT MENTIONED IN THIS BULLETIN

(=) Bausch & Lomb Company
Rochester, New York.

{b) E. D. Bullard Company
275 Eighth Street, San Francisco, California.

(¢} Davis Emergency Equipment Co.
55 Van Dam Street, New York, New York.

(d)  Detroit Air Meter Company
Detroit, Michigan.

(¢} Fisher Scientific Co.
709-717 Forbes Street, Pittsburgh. Pennsylvania.

(f) General Electriec Company :
1 River Rd., Schenectady, New York.

{(g) E.V.Hil Co.
179 West Washington Street, Chicago, Illinois.

(h) Illinois Testing Laboratories, Ine.
420 N. LaSalle Street, Chicago. Illincis.

{i} Macalaster Bicknell Co.
171 Washington Street, Cambridge, Massachusetits.

{j) Mine Safety Appliances Company
Pittsburgh, Pennsylvania.

{k)} Pulmosan Safety Equipment Corp.
176 Johnson Street, Brooklyn, New York,

{1} Union Cerbide Company—Linde Air Products, Inc.
80 East 42nd Street, New York, New York.

(m) Willson Products, Inc.
Reading, Pennsylvania,

{n} Zeiss Company
485 Fifth Avenue, New York, New York.
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ROUTINE SAMPLING FOR CONTROL OF
ATMOSPHERIC IMPURITIES*

The control and sampling of atmospheric ¢contaminants in routine pro-
duction operations are matbters with which plant and mine managers toduy
are definitely concerned. A few years ago, such control was more or less
limited to firms that were losing 2 valuable produet through faulty eperation,
or to those that knew that neplect of dust, fly ash, or gas control meant a
health, nuisance, or explosion risk, cither to themselves or to their neighbors.
Today, however, twenty-eight states (Table 1) have industrial hygiene
bureaus whose function it is to advise industry on the control of its indus-
trial hazards, while many insurance companies are well ¢quipped to investi-
gate industrial hygiene problems from bolh the engivecering and medical
aspect.? Baltimore, Maryiand; Detroit, Michigan; Rockford, Iilinois, and
St. Louis, Missouri, are reported as having industrial hygiene bureaus.

The formulation of codes of good practice is a trend of comparatively
recent date. Underwriters’ codes covering fire and explosion risks have been
available for some years. Te themn is now being added information, such
as the National Silicosis Conference’s recommendations on dust counts in
relation to silicosis prevention!, New York State’s codes on silica dust
contro]l in rock driliingZ, and the American Foundrymen's Association's
codes on exhaust systems for general foundry work®., The American
Standards Association has a committee which, it is undersiood, will suggest,
from time to tite, safe concentrations of various contaminants. Some states
now furnish, on request, a list of maximum safe concentrations which they
recommend for various dusts and gases. (The Massachusetts list is given
in Table 2).

In some instances, as in Wisconsin and New York, the codes have been
made legally binding. Other states have issued the lists merely for the
guidance of persons who ask how clean the air of a workplace should he.

It is not our intention to eriticize these codes. The concentrations gen-
erally are not fixed by accepted medical standards, but represent zones or
ranges arrived at by practieal trial. Obviously, the figures must be revised
from time to time as medical knowledge on the subject progresses, and
especially as industry improves its housekeeping.

The purpose of this bulletin is to give in brief form deseriptions of
apparatus and methods which are actually being used by ¢ne or more labora-
tories in appraising the environment in which men work. In making such
appraisals, two distinet steps are involved: first, measurement of air cur-
rents, and second, estimation of impurities. The resulting data can then be
applied to the design of conirol equipment or to the appraical of the results
brought about by such equipment.

Ailr Movement
Low Air Fricities
Air velocities in workplaces generally are below 100 F. P. M. (feet per

minute). Exceptions are warm places where fans or air blasts are used for
their cooling effect, mine shafts and haulage ways used as ventilation ducts,

¢ SPhis d part 5 In the seriex Issued as Baelletin No, 2, under the ansplees of the
reventive Engineetineg Committee,

1+ Detalled formation on insorancescompany activithes can Le had from Ameriean
Mutpat Alinnee, 819 North Michigan Avenue, Clivage, and the Asgociation of ns-
nalty & Surely Executives, &b John Street, New York City.

1
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and atmoespheres within the immediate zone of exhaust hoods. Low veloci-
ties must be measured by special instruments as they are below the range
measurable by pitnt tube, venturi meter, or vane anemometer,

Smoke Dombs:

In schoolrooms or auditeriums, air conditioning engineers usually study
air distribution by the use of smoke. Smoke from {obaceo is of too fine a tex-
ture to serve as well as the coarser smoke made from hygroscopic substances.

Titanium tetrachloride smoke tubes for testing work are safer to use
and give satisfactory results. They can be made as foliows: glass serum
ampoules, costing about $2.40 a gross, are filled with 0.10 ce. of titanium
tetrachloridz. The awmpuule is then sealed and the neck »V+4 aut about
0.25 inch, dipped in water-glass as an adhesive, and about an inch of wicking
pushed over the neck. The wicking used in a sulfur lamp is satisfactory.
Since the compound reacts with air and becomes vitiated, the ampoules
should be sealed promptly.

When a smoke test is desived, the neck of the ampoule is broken by lay-
ing it on a hard surface and pressing down with the thumb; the wicking
will protect the thumb against cutting with the glass. The TiC!, runs out

“into the wick and smoke immediately results. .

A smoke gun can be made by soaking pumice with titanium chloride
and packing in small glass tubes, such as caleium chloride drying tubes.
Air is then blown through the pumice by means of a rubber aspirator bulb,
When not in use, the ends of the tube should be closed with stoppers.

Titanium tetrachloride is carried by most supply houses and costs about
75 cents per guarter pound, which is enough to fill 2 large number of
ampoules. Smoke tubes and smoke guns in convenient form are supplied

b)" {g)! (j).‘.’ )

Thermo-anemonieter:

C. P. Yaglou has recently developed* a simple thermo-anemometer capa-
ble of measuring velocities between 10 and 6,000 T. P, M, The temperature
of the wire is only 10° to 40° above air temperature and is indicated on an
ordinary thermometer around the bull of which the wire is wound. Small
dry cells furnish the heating current and the voltage is regulated by means
of a rheostat. These auxiliaries are assembled in a small box. Readings
to be taken are temperature of lieated and of unheated thermometer and
voltage used. The veloeity is read off a table or chart, or computed from an
equation, By varying the voltage, any veloeity can be measured with an
accuracy of 984,

A unit which is vest-pocket size and sensitive to very low velocities will

be available shortly.

This instrument compensates for variations of air density due to tem-
perature changes, and is negligibly affected Ly humidity, radiant heat, and
convectional currents which it cauvses. It is particularly useful for measure-
ing air movement in rooms and in exploring “point™ velocities in front of
exhaust hoods, Lecause it offers negligible obstruction to airflow,

Its disadvantages are that it is not direct reading, it requires a short
time for the heated thermometer to reach equilibrium, and its readings must
be corrected for partial stem immersion when used inside small pipes. The
instrument is too new to have had any widespread field use. It is supplied

by (m).

® (A}, (L), ete., refer 1o firmsa =uppiving equipment. For full Hst and addresses,
rec Table 4, Page 18, of this bulletin,
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Hish Air Vebocitivs
In the effective zone of exhaust hoods, the mrinintum velecity is about
150-200 feet per minute extending on up to 1,000 I°. P. 3. or more at the face
of the hood. It is often desirable te increaze the hood's effectiveness by
changes i design.  Velocity contours can be sketched out as indicated in
Figure 1 of Bulletin Nuo. 2 of this series. For meagsurements in such velocity
ranges, Yaglou's thermo-ancmonmeter device is well suited.

Vane Anemometer:

In the case of large houvds, such as these placed over electroplativg ar
vats, either a velometer or a small vane anenmometer is convenient., IFor
exploring small hoods, however, both instruments take up too much space
and interfere seriously with the normal air currents which the heod is in-
tended to form. Furthermore, the portable vane anemometer is a delieate
instrument; it needs frequent calibration, and is easily damaged by corrosive
chemicals, by dusts, and even Ly steam or water vapor. It is advisable to
use the vane ancmometer only when no corrosive substances are being

generated.

Velometer:

This is a direct-reading device consisting of a double-pivoted vane which
is deflected by impact against the air stream. A pointer attached to the
-vane indicates the veloeity on a calibrated scale. All moving parts are
housed in & small case. For low-range readings, the air enters the meter
directly through 2 small port and the whole case must be placed into the air
stream. For high-velocity readings, various size orifices are placed within
the port to reduce vane deflectians. ¥For measurements of veloeity inside
pipes, a double-pitot tube is provided and connccted to the meter ports by
rubber tubing. .

Velometer readings are instantaneous, but several must be taken to
insure a good average. One can measure velocities of several thousand feet
per minute, as in exhaust ducts, or a few hundred feet per minute in the
vicinity of Iarge exhaust hoods. Although a duxt-filter attachment is now
available for keeping the mechanism clean, it is questionable whether it is
wise to use the instrument in any but clean air, The device is supplied by (h).

A less accurate, but very practical instrument, known as the “Grillo-
meter,” has been developed for measuring air velocities through grills, It
is a torsion deviee and is direct reading, It is supplied by (d).

Pitot Tube, Venturi Meter and Orifice Meter:

While these three instruments measure fiow rather than velocity, they
are too well known to need any description. The pitot tube has.long been
the sole “self-standard” instrument and the most used for determining flow
in pipes or ducts, for making traverses, and the like. Recording venturi
meters and orifice meters for measuring the flow of fluids (liquids and gases)
are sold today by several firms. In the construction of exhaust systems, it
is well to consider the permanent installation of a venturi, or an orifice
meter, or even a recording meter near the exhaust fan. The A, 8. M, E.
book? gives full details of the basic principles, design, and use of these

instruments.
3
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Atmospheric Impurities

For the purposes of selecling sampling and control methods, in relation
to exhaust systems in plants or mines, several distinct types of atmospherie
impurities must be considered:

A. Relatively insoluble mineral dusts, such as silica, many silicates,

and fly ash.

B. Relatively soluble mineral dusts, like caleite (Himestone),

C. Finely-divided fume substances that are difficult lo cateh in
water. Examples are lead, lead oxide, and zinc oxide.

"D. Dusts that may be affected by water. Examples are flour,
leather, sl ovap. Many of there dusts are explosive if iuixed
with air.

E. Aqueous mists, such as chromic acid entrained from electroplat-
ing baths, or condensate from vats of various sorts.

F. Water-soluble gases, such as hydrochloric acid. Such soluble
gases usually contain mist as well as gas, the proportions
depending upon local conditions,

G. Gases or organic vapors, like benzene, soluble with difficulty.
These react slowly with most liguids but may be adsorbed
readily by solids, such as activated carbon.

Instruments for Dust Sampling
Impinger:

The impinger is commonly used in sampling dusts, like classes A, B, and
occasionally mists, like class E, and some gases, like class F. 1t is definitely
unsuited to class & gases, like chlorine or organic vapors. It is not efficient
against fincly-divided fume substances, Class C, such as lead or zine¢ oxide,
and rarely is it suited to sampling organie duste, like class D.

The impinger’ consists in a flask in which a tube with tapered end is
held at a fixed distance from an attached glass plate or from the bottom of
the flask. Air is drawn through the tube and the impurities are trapped in
the liguid in which the tip of the tube is immersed. Suitable fractions of the
dusty suspension are then withdrawn and the dust particles counted under
the microscope or the total dust concentration is estimated by the usual
analytical procedures. .

The impinger is now made in two sizes, one sampling at one cubic foot
per minute, and the other at three to five liters per minute. Used originally
with water as Lthe dust-catching medivem, it is now common practice to use
other liguids, such us isopropyl alcohol, limitation depending upon volatility
of the liquid and its readiness to foam,

The suction device for the impinger can be run by a compressed-air
actuated ejector or by a pump driven by an electric motor. The midget-
impinger equipment is much smaller and can be run by hand. It is lighter
than the large unit. Furthermore, it is hand operable, all of which makes
it particularly suited to mine-air sampling. Both types of impinger were
developed by the U. §. Bureau of Mines, which recommends both for general
use in measuring dustiness. Impingers, either large or midget size, are
supplied by (e), (i), (3}, (K), {(m).

For sampling finely-divided fume substances, like lead, which are well
dispersed, a small electric precipitator gives accurate results. While the
complete precipitator assembly is not expensive, it requires a {ransformer

4
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weighing some 13-23 pounds to raise the voltage to 15,000 to 25,000. Con-
struetion details with a list of equipment nceded for making such preeipi-
tators are given in Drinker & Jateh® This equipment is available from (m).

Barnes & Penney, of the Westinghouse Eleetrie & Manufacturing Com-
pany, have described$ a small precipitator which should be well adapted to
ficld use and is now available from (j). The high-tension side of this new-
type precipitater is grounded, making it more practicable for general field
use, :

Sampling Dust for Direct Microscopy and Counling

The purpose of taking and counting dust samples is to determine how
much the dustiness of the air in question departs from some arbitrary figure
or accepted standzrd. The gruo-sample instruments, viz,, the Yonimeler (),
the Bauselh & Lomb dust eounter (a), (m}, and the Owens jet dust eounter
(e}, give useiul indications of changes in dustiness. All three instruments
are light and are operated entirely by hand. However, they do not imitate
the imipinger in any way, so that it is impossible to convert impinger to
grab-sample counts. The reason why such conversions are faulty is because
the grab samplers favor dust sizes below the size-particle range for which
the impinger technic is best adapted.

A skilled technician can count about twelve imninger samples in a day.
1t is easy, however, to compare some thirty to forty grab samples in a short
time, In practical field work with the grab sampler, the effectiveness of
dust-control equipment or methods can thus be demonstrated rapidly.

Explosive Dusts

Most oxplosive dusts are affected by water, while some of them, espe-
cially organic dusts, such as fiour, are difficult to wet. Explosive concentra-
tions of 2]l such dusts are very high (10-15 gms./m3) as compared with dust
concentrations of hygienic significance (0.5 gms./m3), so that explosive dusts
are determined by weight rather than by count. Air is drawn through a
weighed paper extraction thimble and the increase in weight caused by the
dust from a known volume of air is noted. An objection to this procedure
js the trouble and time required 1o equilibrate the paper thimble against the
moisture in the air. This objection, however, is not serious if the weight of
the dust sample, as in the case of explosive dusts, approximates that of the
thimble. .

It should be remembered that in sampling explosive dusts one must use
a suction device that avoids the chance of electric sparks.

Quantitative Analysis

In the case of all dusis, classes A, B, C, and D, the estimation of the
sample taken from the air can be made by counting representative fractions
under the microscope, or the sample can be analyzed by appropriate chemi-
¢al methods, or the material can be weighed. The larze impinger and the
electric precipitator are equally well adapted to either procedure: The mid-
get impinger collects, in reasonable sampling time, a relatively small amount
of dust, but enough for counting.

Dusts, like silica, that are troublesome to determine chemically, are
generally counted, while those like lead, manganese, and cadmium, are
determined chemically.

In places where composition of the dust and the particle size remain
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substantially the same day after day, it is possihle {0 estimate roughly dusii-
ness in impinger sampies from the turbidily of the dusty emulsions. Such
estimates can be made in Neszler tubes, by tyndullmeters, or by an adapia-
tion of the turbidity methods commonly used in water analysis.

Light-Ficld vs. Dark-Field Counting

For roatine control work, the relative advantages of these twu methods
of counting dust samples (no matter what sampling instrument is used) are
vnimportant, It is immaterial which method is used. If the person doirg
the eounting feels that the light-field set-up is hard on his eves, or the mag-
nification too low, b ~11 means he should try the dark-field ;uetlunl, On the
other hand, if he is using the impinger and wishes to copy in exact detail
the pracedure recommended by the U. S. Publie Health Service, then light-
field counts must be made. The Bureau of Mines recommends a micro-pro-
jection methed for impinger countsd. The konimeter, recommended by the
Bureau of Mines for control sampling, is used in South Africa, where it
originated, with dark-field, while the Bausch & Lomb counter is.available
with dark-field oniy. Owens samples can be counted by ecither light- or
dark-field.

Gas Sampling

Gas concentrations commonly met in sanitary air analysis are very low.
Concentrations that men may breathe usually are given in parts per million
by volume (P.P.3), or in milligrams per liter, or per cubic meter under
specified temperatures and pressuves.

Some gases and vapors, notably carbon monoxide, hydrogen sulfide, and
mercury, in minute amounts, give strong chemical reactions whieh makes
passible rapid estimations and still better, continuous records of pollution.
However, the great bulk of gases and vapors from organic solvents, such
as benzene, carbon tetrachloride, and carbon disulfide, cannot be caught effi-
ciently unless sampled at slow rates, such as 34 to 1 liter per minute. Some
of them, such as benzene, can be absorbed directly in special solvents or
adsorbants, like charcoal or =ilica gel, or can be converted into another
compound which can then be estimated by an appropriate method.

The greatest difficulty in estimating organic vapors in air oceurs when
mixtures of vapors are present. Unfortunately, this is ail too often the case.
Then, the devising of short cuts in itself offers a major problem, but local
conditions sometimes permit the approximations of the proportions of the
several ingredients in the collected sample and caleulation of the total by
estimating only the most easily-determined single constituent,

Condensation

The general availability of “dry ice” (temperature = —79* €.) makes
convenient the routine collection and estimation of volatile compounds, like
gasoline, for which liguid aiv (temperature = —192° C.) formerky was used.
A convenient cooling mixture is made by pouring ethyl alcohol or gasoline
on cracked dry ice. The condensation apparatus is then immersed in the
cooling mixture,

Linquid air is available in most large cities and offers a convenicnt cooling
medium, but it should he remembered that it forms explosive mixtures with
inflammable dusts or gases, :

6
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Vapor-Pressure Measurements

If only one substance is present-—and that in a high degree of purity—
measurements of concentration can be made conveniently and quickly Ly
condensing the vapor with the dry-ice mixture and then estimating the con-
ceniration by the Burrell-Jones vapar-tension method®?, This procedure is
not in common use in industrial hygiene problems and needs further study.

Routine Sampling and Recording of Air Impurities

If control equipment has been installed, samples should be taken period-
ically for check-ups. This is the best way to tell whether the equipment is
funetioning as it should. If concentrations obviously are high, it is usuvally
a waste of time to take the sample and to estimate it. For instance, a leaky
elevator in a crushing plant or a defective rattler or an unhgoded swing
grinder in a foundry may cause such high dust concentrations that an impin-
ger sample will be turbid in a few minutes. Little is gained by going through
the sampling routine in such cases, unless one wishes to have records before
and after repairs have been made.

Today, many plants operate crushing units and other dust producers at
night to take advantage of reduced power rates and to stagger employment
over twentyv-four hours. During the night shift, dust inspections can be’
made rapidly, using nothing but the beam from an ordirary flash light to
detect dust leaks.

In the case of some gases and vapors, one’s sense of smell often permits
detection of gas concentrations which exceed desirable limits. Such a fest

. is quite unreliable unless one returns frequently to clean air or carries with

him & respirator with an activated charcoal eariridge through which he
takes several breaths before attempting to gauge the strength of the odor.
One becomes used to even such dangerous or disagreeable odors as hydrogen
sulfide in a few monments and it is, therefore, risky to estimate their
strength by smell.

Such erude tests do not take the place of regular sampling technic.
How often the routine samples should be taken depends cntzre!y upon local
conditions. In some places, they are taken daily, while in others, several
times a year is enough. It is well to play safe and to take them too often
rather than too seldom. The men quickly become used to such sampling and
pay no attention to the procedure. Obviously, the sooner the sampler has
the man's interest in his results, the better will be the outcome. It is com-
mon for the workmen to ask what the results are and to see to it that the
samples in their particular departments are satisfactory.

We know of one mining company whose concentrating plant is equipped
for the taking of monthly dust samples. Various sampling siations have
compressed air piped to convenient points and each station has an arrange-
ment for holding the impinger botties. In this plant, it is usual for one
operator to take, at the same time, samples on four floors of a single building.

Samples should be taken wherever men work, It is & mistake to ignore
places where one believes that there is no dust or gas. The samples are
gbout the only proof that the emplover can bring forth that he has taken
proper precautions to prevent a disease, such as silicosis or a chronic poison-
ing from benzol. The mere statement that he or anyone clse thought the
atmosphere sufficiently ¢lean is not enough.

It is advisable to plot the results of périedie samples with the days or
T



months as absciszae and the concentrations or dust counts as ordinates.
Such plots can be made conveniently on 2 master sheet, comments noted on
the plot which is blue prinied with each new hatch of samples, and the prints
given to the appropriate departments.

Continuous Records

It is obvious that continuous records of either dust or gaseous impuri-
ties are more informative than occasional or intermittent records. It is
possible to take continuous records of relatively heavy pollution, as in the
stacks of power pans, and also of vrdinary atmospheric poltution which is

of relatively low conceniration. It is understcod that Mine Safety Appli-

ances Company, Pittshurgh, will offer shortly a2 dust recorder that may prove
useful in common sanjtary air analyses.

As noted previously, gases that give strong chemical reactions, particu-
larly those involving pronounced heat or color changes, are suited to estima-
tion by continuous recorders. A carbon monoxide recorder (i), which meas-
ures the heat liberated by a catalytic combustion reaction, is in wide use
today. A recorder for mercury vapor (f) has also found considerable appii-
cation. The applicability of recorders in sanitary air analyses has hardly
been touched upon and it is reasonably certain that others will be developed
as need arises.

Pholographs

It is common practice in power-plant operation automatically to take
photographs ai regular intervals of the smoke escaping from the stack. Such
records provide useful evidence if the plant is accused of faulty operation.

Qceasional photographs of varicus plant and mine operations are often
of greater practical usefulness than are records of dust ecounts or of gas or
vapor concentrations. Al an exhibit on the company’s bulletin boards, photo-

‘graphs are effective warnings to the men to clean up. In routine sampling,

they should certainly be taken occasionally and mcorporated as part of the
inspector's report.
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'"ABLES

Summary of Industrial Hygiene Activities in States and
Cities in the United States from June, 1938, List fur-
nished by the Division of Industrial Hygiene, U. 8. Public
Heaslth Service, Washington, D. C.

Concentrations of Inflammable Vapors, Suggested by the -

U. 8. Bureau of Mines, and Limits for Practical Control,
Suggested by the Massachusetts Division of Occupational
Diseases.

Analytieal Procedures in Current Use in Industrial
Hyyiene,

Firms Supplving Equipment Mentioned in this Bulletin.
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TABLE If.

CONCENTRATIONS OQF INFLAMMABLE VAPORS, SUGGESTED
BY THE U. 8. BUREAU OF MINES, AND LIMITS FOR PRACTICAL
CONTROL, SUGGESTED BY THE MASSACHUSETTS DIVISION

OF OCCUPATIONAL DISEASES

Lower Limit,
by Volume

GAS OR VAPOR %

Maximum Concentration Suggested

by Massachriotte

P.P. M,

Ammonia
Acetaldehyde ..
Acetnne
Acetone (wrhulent FRISLUTe )
Acetylene ...
Acetylene (r.urbulent ml\ture)

Benzene
Benzine
Blast furnace gas ..
Rutane
But})}i ace:aze oo C.)
Carbon dizulfide ...

Carbon manoxide
Cylelohexane ...
Dichlorethylene
Ethane ..
Ethy] acetate .,
Ethyl aleahol ..
Ethyl bromide
Ethy] chlaride
Ethy! other ..
Ethy¥l furmate
Eth¥] nitric

Ethyviene 4
Ethylene oxhde
Furbural (175 ¢
Gasoline
Hydrogen e reamsemasram s s sbanan
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Iluminating Gas ...

AMethane
AMethane (turbulent mixtuzre)...
Methy] acetate .
Meth¥l alcohol .
Methy] bromide
Meth¥1 chloride
Methy] evelohexan
Methy] eibyl ketone ..
Methyl farmate ..,

[TV —

e

t
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Natura! £3s ... 8
Pentane ... 45
Pane 4
PmY\l agetate ... ]
Pyridipe (70* C.) . 8
Toluene [}
Yiny! chlorlde ... esaurm i ratore
Water gas gtod

*  Milligrams/cu. meter

GAS OR VAPOR

AMMIGHIE s sietseme e rans e
AMYL ACETIATE i
Aniline

Arsine

Denzol ...

Cadmipmy ...
Butyl acetlate .
Carbon hisulfide
carbon monoxide ...
Carbon tetrachloride
(0411 [0 o 7 1 S
Cnmorodiphenyls ..
Chptloronaphthalenes
Chromie acid ...
Dichlorbenzene .
Dichlorethy) ether ..
Ether

H

Ethylene dichloride .o

Formaidehyde ..,
Gasoline o
Hydrochloric acid
Hydrogen cyanide .
Hydrozen fluoride ...
Hydrogen sulfide ..oomwne.
Lead

Mercury
3iethanol
Monochlorbenzene .

NUTODANZENA wivirrcsimmemsrasirrramamm
Xitrogen oXIdes v
Ozone
Phosgene ..vvicnn
Phosphine ...
SulMur dloxide ..
Tetrachlorethanas ...
Tetrachlorethylene ..
Toluolt
Trichlorethylene
Turpentine ...
X¥lol, coal tar
Zine oxide fume wome..

i taaniny

eanngtnr e nas nrne
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TABLE L

ANALYTICAL PROCEDURES IN CURRENT USE
IN INDUSTRIAL lIYGIENE

The substances listed in the following table are more or less
commonly found in industrial atmospheres. Methods of deter-
mination which are suggested have all been used by laboratories
in this country and found to be satisfactory. Not all of the
methods listed, howav-v, are specifie,

It is assumed that the user of this table is familiar with
common analytical procedures and with the general methods of
sampling or collecting atmospherie impurities. For examnple,
lead as a dust, such as lead arsenate, would be caught by impin-
ger; lead fume from lead burning by electric precipitator; while

lead tetraethy] would be collected by mieans of a bubbler. Differ-
ent rates of low would be used in each case,

MATERIAL

Method of Collection

Method of Determination

Acetone

Ammeonia

Anitine

Arsenic {dust)

Arsine (gas)

Benzene

Bramine

Praw air through bubbler
contatining H.O.

Draw alr through H.80, so.
lution in gas wash bottle.

v Low Conc.

Draw air through bnbller
contalning acigified (H.SO,)
dist, water and methsy! red
indicator. Continue to end
point.

Conc, Greater Than 19
Draw alt throuwgh bubbler
containing 50 ce. of o satuv-
ated solution of boric acid.

Draw alr through bubblers
containing 105 H.50,.
Draw sair through impinger

containing water.

Draw  air through bubbler
containing alcoholic KOH.

Draw afr through nitrating
acid,

Draw afr through indicating
Instrument.

Draw air throurh bubbler
containing I. solution in KI
with starch.

13

Modified iodometric v,

Determine NH, by A, I', H. AL
Standard Method .

Calculate NH: concentration
ag in ordinary acidlmetry,

THrate with 6.025 N. H.80,
using methy] rcd Indicator.

Depends: upon reaction of
aniline with Br: using sodfum
indigo disulfonate as an indi-
cator 2,

Iodometric,
Modifted Gutzeit 3,

Colorimetric or volumetrie
determination as dinitroben-
zene, Ref,: Air Hyg. Bull
No. 2, Part 1 (Jan., 1938).

Equipment from (j).

lodometrie,



MATERIAL

Method of Collection

Method of Determination

Carbon dioxide

-Carbon disulfide

Carbon disulfide
and hydrogen
sulfide in
presente of
each other

Carbon
menoxide

Chlorine

Chiorinated
hydrocarbons,
general

Carbon tetra.
chioride

Chromic acid
(mist}

Draw un threneh “Casecarite”
After removing wiler Vignar
on “drierite” and weigh.

Draw aiv through bublder
containingabaffoered NalieO,
solutien and phenolsulphong.
phthalein indicator.

Gas-collecting Lottles.

Iraw air through alcohnlic
KOH 10 form potassium ethyl
xanthate.

Draw atr through 109 CdCl.
solution, then through 2.35%
H.S0, and through 5% aco-
hoile WOH.

Low concentrations, 10 1o
1,506 PPM, by heat liherated
from combustion with Ifop-
calite nr catalyst, Concen-
tration on dial of n miliam-
meter. High concentrations,
0.05 10 1.0 (370-10,000 PP
use detector depending wpon
liheration of I, from 1.0, or
color reaction with TWICL,
ampoules.

Details from malkers of the
above equipment (b)) {e) ().

Draw air throush O-{oldine
:"e:ll,f!ent in speeial absorption
ube,

Draw alr through 10% KT
solution, .
Physieal method such as ab-
gorption on activated char-
cogl or by use of interfer-
ometer,

ﬁormnl decomposition meth-

{Az above}.

Impinger with approximately
normal NaQH, or with elec-
irle precipitator.

4

Compare resulting erlut
agninst tandnrds. Ref o -
kins &  Mavriott, J. Am.
Chem. Soc., vol, 3%, p. 38
917).

Yolumnetric gas anal, method.
Nef.: U 8. Dureaw of Mines
lletin. No, use and I C.
TOET (1038).

Determine xanthate fodomet-
rically. tef.: Matuszak, M.
P.: Ind. Eng. Chem., Anal
d,, vol. 4, pn. 98-100 (1932).

Iodometric. Determine CS:
ns above. Ref.: Barthelermy,
H. L.: Tubize Chatillon Corp.,
Rome, Ga., or Div, of Ind,
Hyg., N. Y. State Dept. of
{;a.bl?r. 80 Centre St, New
ork.

Ref.: U. 8. Bureau of Mines,
Tech. Paper 382,

Also: Drinker, C. K.: Carbon
Monoxide Asphyxia, Chapt, 8
by Sendroy. Oxford Univer-
=ity Press, New York, 193S.

‘Fransfer sample to Nessler
tube and compare with stan-
dards after standing. INcd:
Porter: J. Ind. Eng. Chem.,
vol. 18, p 730 (1026).

Todometric.

Ref.: Afr Hye. Dulletin No,
2, Part 3 (March, 1835).

Equipment from (i} (m).

Iodometric.  Ref: Dloomfield
and Blum: U. 8. Pub, Health
Rep., No. 43, n. 2330 (1225),
Determine chromate with x-
diphenylearbnzide as  indi-

eator,
Ref.: Yoo, J. H.: Photochem-

jenl analvsis. 2 veis. Wiley
& Sonz, New York. 19828.1029,

0i040
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MATERIAL

Method of Collection

Method of Determination

Esters

Ethy! bremide
Ethy!l chioride

Formaldehyde

Hydrocarbons,
general

Hydrochloric
acid

Hydrofluoric
acid

Hydrogen
ctyanide

Hydrogen
szlﬁde

Guas-collecting bottles.

Iwaw  air throeugh bubbler
containing water.

€)) Zeiss portable interfer-
ometer.

(2} Absorption on solid ma-
tevials, suchh as  activated
charcoal or silica gl ¥

Gas-cullecting bottle,

SeH-contained  instrwments-

operate on the heat of com-
bustion princijde and  give
readings of the Dereentage of
the lower explosive limits ¢i-
rectly on dials. Special call-
brations of the dials can be
obiained depending on thr
application.

Diraw .alr through glycervi-
yotassinm carbonate-water-
soln. of the ratio 1:1:1,

Praw  afr through bubbler
containing KOH.

Draw air through Lubblers
containing 057 INOH.

Colorimetric Indientor.

See also carbon disulfide.
Draw air through activaled
alumina coated with ApCN
or DPhac.

Instrament nsing thifs method
seusitive to 23-400 PIM.  In-
stroment  for  colorimetric
method using test papeor sen-
itlve to 0.02% suppled by

Draw  alr through bubbler
contalning I, xoln. in K1 with
rtarch,

15

Hydrolyze With Naoi, bacl
titrate oxeess Nu@li.  Ref.:
Patty, \?m an.l chu'c-nl-::
L. 8. Pub, Heulth Tep. No.
31, p. S1 t1ass),

See MeBr.

Colorimetrie  nwthed _using
Schiff’s soln. . Also, Denige
methorl,

Chapin, 1, ML Ind, Enz.
Chent., vol. 13, p. o4 (1821),

Full Information from {n}.

YVolumetric gas analyeis
method ¥,

Also, U. §, Bureau Jines
1¢ 1017 (1928).

}ir);u}]nment from (L) {c) N
[

Determine echloride jon Ly
Volhard method. Ref.: Hel-
ler: Ge*und. In;:oniem‘. vol.
43, p. 260 (1922, Chem. Abst.,
vol. 2i, p. 155 Q1 23).

Distin Nunrides as hyidrofiyo.
siticie acid. Titrate Nunrides

Jdn  distillate with thoerium

nitrate soin, nxing  sodinm
alizarine suwlfonate ar indi-

catoy, .
Ref.: WhHiard. and Winter:
Ind. Eng. Chcé.m . Anal. Fd..

Fevatyd
Boruff  Ang Abbotr, (ibid,
vol. &, p. 206 (1M3D).

Titrate with AgNO,

Range of 50-1,000 PPALL
Equipment frem (§).

Concentration = indicated l)_\'
Jength of color change. Tef.:
I.\uloﬁc!ﬂ Tant and Perger:
1. §. Burean Mines, R. 1, No,
2276 (Fune, JHI3Y,

See also: Reed. J. T J. Snc,

Chom. Ind., vol. 55, pv 434
(19138),

Trxlnmetrie,
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MATERIAL

Method of Collection

Method of Determination

Lead, as dust
or fume

Mercury

Methane

Methanol

Mathyl bromide
Methy! chloride
Ethy! bromide
Ethyl chloride

Nitric acid

Nitrogen
tetroxide

Oxygen

Impinger or electric precipi-
tator.

Draw air against S¢S coated
panper

Lampshade detector (uunf'
SeS) available from (£} (j).

Freeze vapor with dry lee.

Gas-collecting bottle,
Cuwweustible  gas  indicator
from (o) {c)} (J) M.

Flame Safely Lamps from
@) {c} ().

Draw air through bLulbler
containing water.

Collect sample In  partly
evacuated bottle,

Absorb JMeOH in  distilled

water by thorough agitation
of water in the bottle,

Colleet samples by Mg dis-
placement,

Dra\\' air through an acidl-

fled 5% 17:.0. bubbier followed

hfv 2 or 3 5% XOH H.0; bub-
blers

Draw alr through Hquid air
trap.

Gas-collecting bottle.

16

See Alr Ilvg. Dulletin No. 2,
Part 6 (1935).

Compure color change agalinst
standards.

Ref.: Nordlander, B. W.: Ind.
Eng. Chem., wol. 1%, p, 522
€1927).

Ref.; Fraser: J, Ind. Hyg, &
Tox., vol. 16, p. 67 (1834).

Vol. gas &nal. method 4,

Ref Honlar  Fene, Currle.
u. Lureau Mines Buli. No,
331 ( 430).

See atso: U, §. Bureau .\Iines'
I. C. No. 33 (1837).

Discussion,

Ref.: Wright, L. O.: Ind.
Eng. Chem., vol. 19, p. 750
{1527).

Oxlidize to formaldehyde and
determine olor:metrlca.lly
({Denige method)
See  also; Forma.lde!:yde.
Chapin’s method,

Determine by modified Den-
ige method,

Ref.: Schrenk and Yant: U.
S, Bureau Jines, Personal
communication (1933).

Analyze volumelrically by
slow  combustion with =&
white-hot platinum coil and
jarge excess of Qs

Ref.:Sayers, Yant, Thomas,
and  Berger. U. S. Pullle
Health Bull. No. 185 (1%29).

For MeBr see also: Busbey
and Driake: Ind. Eng, Chem,,
Anal. Ea, vol. 10, p. 330
{1938).

Determine N,0. with phenol-
rulfonlec acid by A. P. I1. A.
Standard methed 3. Rel.:
Drinker and Snell: J. Ind.
Byz. & Tox., vol. 20, p. 321,
{1828).

Oxidize as above and dcter-
mine by nitronacetate method.
Ref.: Coltman: J. Ind, Hyg.
& Tox., vol, 20, p. 283 (1338).

Vol. gas anal. method 1, U,
S, Bureau Mines I. C,, 7037}
(1835).

02942



MATERIAL

Method of Collection

Method of Determination

Qzone

Phencl

Pheosgene

Phosphorus
trichloride

Radicactive
substances

Sulfur chloride

Sulfur dioxide

Sulfuric acid
{mist)

“Toluol

Frichlor.
ethylene

Partially evar. bhottles con-
talning  starehi-Ki1 solution.

In presence of N,0 collect
by ligueid air.

Draw alr through bubbler
containing NaQll solution.

. Draw air through bubbler
containing aniline water sat-
urated with diphenyl-urea.

Draw air through bubbler
containing Br water,

Physical methods using elec-
troscope.

Draw alr stowly through
HXO; solution of AgNOa.

Praw ailr through I..KX
starch solution.

Partially evacuated bottle
containing I-KI starch soln,

Draw ajr aulomnt!calb
through acld H.0.

Draw air through NaOH In
impinger.

" Draw alr through fumin
HINO,. € &

Draw alr through speclally
designed absorption tube
containing abtolute ELOH.

Combustion method for
chlorinated hydrocarLons.

17

Imiometvie %,

Ref.: Coltman_and MePher-
son, J. Ind. Iiyp. & Tox,
vol. 20, p. 465 (1938).

Detlermine colorimetrically 5.

Filter oft precipltate of di-
phenyl-urez in tared Gooch
crucible, dry and weigh, dis-
s0lve d:ph(n\! utrea  with
alechol dry, _aigi,

Ref.: Yant, e : Ind. Eng.
c‘hem Anal. I‘d vol, §, p.
20 (1936).

Boll and determine P by
ﬁc’:’rimeulu molyrbdate meth-

Ref Schwartz, ¢t aI J. Ind.
& Tox., vol. 15, p. 362,
368. 433 Q933),

Dissolve the precipitated AzCl
in NH,OmH agafn precipitat
ing with HNO;®

Todometric,
Ref.: Grifin and Skinner,
Ind, Eng, Chem,, vol, 24, p.
862 Q1 932)

Solution from sampling bottle

brought fo sanie intensity as
2 blank by addition of stan-

dard iodine solution,

Ref.: U. 8. Nureau Mines,

R, 1. No. 3005 (1930).

Conductivity methed with
recerder,

Ref.: Thomas: Ind. Eng.
Chem., Anal. Ed, wvol. 4,
p. 253 (1832).

Acldify with HC] and deter-
mine sulfate as 13aS0O,,

Similar to U. S, Bureau
Mines method for CHa. using
KOH Inatead of NaOH.

Determine colorimetriceslly .on
reaction with pyridine and
50% sodium hydroxide.
Rel.: Barrett: J. ind. JIve, &
Tox., vol, 15, p. 341 (1836).

Afr Hvyg. Bulletln Xo. 2,
Part 3 {March, 1938).
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TABLE IV,

FIRMS SUPPLYING EQUIPMEXNT MENTIONED IN THIS BULLETIN

{a)

(b)

(c)

(@

{e}

(f)

{g)

(h)

(k)

m

(n)

g

Bausch & Lomb Company
Rochester, New York,

E. D. Bullard Company
275 Eighth Street, San Francisco, California,

Davis Emergency Equipment Co.
85 Van Dam Street, New York. New York.

Detroit Air Meter Company
Detroit, Michigan,

Fisher Scientifie Co.
709-717 Forbes Street, Pittshurgh, Pennsylvania.

General Electirie Company .
1 River Rd., Schenectady, New York.

E. V. Hill Co.
179 West Washington Street, Chicago, Illinocis.

Mlinois Testing Laboratories, Inc. '
420 N. LaSalle Street, Chicago. Illinois.

Macalaster Bicknell Co.
171 Washington Street, Cambridge, Massachusetts.

Mine Safety Appliances Company
Pittsburgh, Pennsylvanis.

Pulmosan Safety Equipment Corp.
176 Johnson Strect, Brooklyn, New York.

Union Carbide Company—Linde Air Products, Ine.
20 East §2nd Street, New York, New York.

(m} Willson Products, Ine.

Reading, Pennsyivania,

Zeiss Company
485 Fifth Avenue, New York, New York.

18
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