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Dusl's, Fumes, Goses_'s |

and Vapors

WEDNESDAY MORNING SESSION
October 12 1938

-

Asscmblmg in_. the Grand Ballroom of. pany, Hartford Corm., and Vice-President .

" The Stevens Hotel, thismeeting was called for Engmeerlng, Nationa! Safety Council,
_to order by Chalrman Walter S. Paine, Cliairman Paine bneﬁy outlined the session
Manager, Engineering and Inspection. De- - objectives, and then mtroduced the speak-

psrt’m_ent, Aetna Casualty -& Surety Com- ers.

Recent Developments in Detectmg
Hazardous Dusts, Fumes, Guases and- Vapors. _

R By WARREN A.'COOK

Superlntendent, Englneermg Department, Zurich General Ace_ldent and Llabllity

Insurance Company, Ltd,, Chlcago

\ In dtscussmg the determmat:on of 1mun- ing able ‘to see or -otherwise percewe the
4 ous .dusts, fumes; gases and. vapors, I am potent:ally hazardous condition.
very sure ‘that you are not interested so - : Most gases and vapors can no more be
tuch in a ‘meticulous dissertation on such. 'seen ‘than the well:known black cat in the
. phases of the subject as whether the loga- ¢ ellar, Some of:them cannot even be
* rithm of the réciprocal of.the hydrogen ion détected by odor, though odor is itself no-
“should ‘be 9.5 or 9.0' for the determination ~ geliable criterion as is evidenced by the gas, -
of lead by, the' dithizone method, but rather .hydrogen stlfide, which has a most ob-..
in a- discussion of this matter .along broad noxxous odor ‘but has caused many a case °

. hnes, pointing out what types of patentially. . of po;somng
injurious materials - should be" looked for,
whéther determination of them is in ordef,, }

- . a'brief discussion on some of .the more im-
. portant and cominon :methods of determina- -
. Jion, and mterpretatxon of the results ob-.

'tamed.

Y Workmg in the dark without any means’ are subjected to?

of illumination where there may be hazard- The- importance of havmg facts’ before
ous condifions serious. enough to cause loss  us is well illustrated by an atmospheric con-
"of life or severe injury would be considered dition where a life could be’ snuffed out in a
. most foolhardy, yet every day men conduct- few minutes, even though- the more comt-
" their operations .in atmospheres contammg . -mon situation is where excessive exposures -
(dusts, gases, and’ 'vapors which may, cause may requu-e weeks, .months . or years to,

death or severe injury to health w:thout be- ¢ause then' injurious effects. -

q‘-"; ".\A_; 45
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: How, then, are ‘'we to know whether the
,atmosphere in which we. work is safe or
injurious? Are we-to wait until we see the

_effects of unhealthful or u'resplrable ‘at-
mospheres on our men or is it not -more
: mtellxgent to determine, within the limnta-

L i ' » : ‘tions of modern methods and practical ap-
4 Foolhardy to Work in the: Dark " plications, just what sort of atmosphere we
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- - flying rock had broken the compressed air
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Thirteen years ago tlus month a powdcr
crew was walking "down . the tunnel .of a
new water supply system of ° ‘a* Connecticut

'cny Their dity was.to inspect the roof

"~ and the face, to see that all the shots were

fired.  On’ approaching the tunnel- -heading
immediately after the blast, they found that

line, which-had been left turned on in order -
to blow the smoke 'and gas away from the
face. of the tunnel. The crew, consequently,

" ran into a heavy blanket of smoke, but.they

were hardened workers, used. to smoke and
gas, and a -little smoke, “even though they
knew it contained arbon monoxxde, did not
hold them back.

. They found :the roof intact. But four of
the holes had not ﬁred Caps with 3-foot
fuses were inserted in .sticks of dynamite,

s+ one for -each of ‘the holes.; The gas'condi-

tion by the time .this- work had. been ac-
complished was begmmng to - inake : these

. men feel-a-bit.groggy. Following the usual

practice, the powder foreman sent the ‘rest.
‘of the mien back down the tunnel before

" - he lighted: the fuses.’

The men walked Back through the smoke

to the car, about-a quartér of a mile down .
the tunnel. There they waited for the fore- =
marn, Seconds passed.- The :time stretched .
"to 3 minute.
boom, of the blast—but no .foreman.. The

Down the tunnel came: the

men fushed to the heading and found the-
foreman stretched -on. the tunnel fldor,

- nearly covered. with rock from the blast,

where he_had collapsed from the effects of

" the. carbon monoxide.

“Thisis a true story up t6 a certain point,
but I have omitted a part of the story, and
the ending, I am glad to say; is pure fiction.
The part of the story which I omitted was

- that carbon -monoxide determinations were

being taken when-those men got up to the -

heading, and a concentration of .3 per cent
carbon monoxidé. was shown to be present
by means of the Hoolamite carbon monox-.

ide detector. With such a_high concentra-- -

tion, it was realized by the man making the

_determmatxons that it would not take long

. fof exposed persons to - collapse. He in--

-

. formed the crew of the condition and hur-

ried them back to the car to wait until the
smoke and gas‘had cleared enough to per-.

_mit them to work safely and fire the blast,

The difference between fact and ﬁctzon in

: thlS case, between a brxef delay and a fatal

case of carbon monoxxde ponsomng, ‘was
the ready avaxlabxhty of a simple. means of - -
determmmg the .carbon monoxxde concen- ¢ -

- tration:on-the job.’

.Thie- present tendencyAm development of -

‘methods of determination of injurious. mas
terials -in air is toward sitch simple, quick-

acting devices, As many of you know, the .. .
Hoolamite carbon. monoxide detector ‘op- .
erates merely by pressmg ‘a rubber bulb;: ten.
times and comparing a purple color which
_develops in presence of carbon monoxide -
w,gth a standard color scale mounted on the -
instrument—an operation  which . requlres .
about .a minute, InStfuments of" ‘this type .
are especially lmportant for gases which -
may cause acute poisoning such as carbon . .’
ydrogen cyamde, and hydrogen e

monoxide,
sulphide. .

An instrument - for determmat:on of hy-
drogen cyanide,. similar ‘to the Hoolamxte
carbon monokide - detecter, ‘has “recently
been déveloped- by- the. United: Stites ‘Bu-

- reau’ of Mine workers, and, together. with
.a number of ‘other of these-simple detec--
. tors, is now available commercxally

termination of such matenals can "accord-

ingly be made mucli. more’ widely ' than

“‘formerly when laborious chemxcal labora-
tory methods were necessary. -

Potentxally Hazardous .Materials

De-"™ -

ek /AT et

“The first- step in an organized endeavor RN

- ‘to avoid envxronmental conditions - which
‘may cause injury-to health is a listing of all -

materials, used or -produced, which may
under certain’ conditions .be deletenous It
was found in a study by the United States
Public Health- Service of potential haza.rds

in a typical industrial area (1) -that'a con-
siderable percentage, nearly 20 per cént,.of -

the workers were exposed potenfially to-
carbon monoxide.- The report by no means
intimated that this percentage of workers
were being poisoned- by carbon monokxide,-
but rather that if.things went wrong “and a°
concentration of the gas built. up _to .in-

‘jurious proportlons these men- mlght be-
-'come poisoned. - ‘

So I suggest. that you .go- through your

:plants and see what operations' involve po--

tentially injurious ‘materials. Of the’ dusts,

- those which may produce. silicosis occur.not
only in the well-known industries’ .where. -
_major studies of conditions have been con-.
-ducted but in "other industriés “as, well,
.-,though usually to a lesser extent. In sxlver-
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. 'ﬁusts, Fumesj’ Gases and Vapors

* “ware manufactunng, for example. one man
" may be' exposed -day. after day to ‘tripoli

dust_in making up a polishing compound
for use ‘within the plant. A list of indus-

L tries” in -which- 'such diist exposures may
.. .exist is given in ‘the report of the’ Natxonal
. Silicosis Conference.’ - .

The toxic’ dusts ‘and fumes are more,

‘readily "spotted. -We recognize and guard

against . lead exposure in storage battery :

.. plants; bt often. overlook such an operation

“as whéré red lead is bemg mixed with a ' -

" but.the éxtent to which it contammates the

- vehicle by a worker in one“corner. of the -
top. ﬁoor ‘of the plant to color lettering on a -
steel part. -It is not so’ much whetlier a
‘pound of lead. or a.ton is used in a day,

- _.au' breathed by. the worker:

Carbon menoxide, hydrogen sulplude,
_'hydrogen cyanide ‘have been mentloned as
‘exainples of gases. The first" -of these oc-
curs- where producer' gas or water gas is

g wsed. Theé last named:should be.looked for

E where' fumigating may, be done’ from time "
“'to time.. Where-dry-ice is used-in .quantity

“or fermentatton processes .are conducted, .

oo

:  carbon - dioxide ‘is Jiberated -and has caused -
. ‘deaths -usually.. at the bottom of .confined

areas such as slups holds and fermentatzon'
.. »tanks ) ..

Vapors ‘are present wherever orgamc'
» -solvents are‘used. Death may.result quickly .

--where high concentrations_ exist as has' oc-

curred when a dium of solvent was dropped-

on a basemet. storage:room floor and split -

open, and again where carbon’ tetrachloride - .

":.-was being-itsed for fumigating a flour mill

" and the fumigator sprinkled .the liquid. in ..
the basement as hls last operatton It -was

" his last,

Imury from t:ontmued exposure to sol-

" -vent vapor at concentratxons .which . cause

 their effect after weeks of exposure, is the
.~ more common eondltlon
" . solvents differ wrdely i’ the concentration’
“of vapor" necessary to- cause, mjury "These -

are divided: into groups in accordance’ with

. their ‘toxicity in ‘a--paper delivered before

the Northwestérn Umversxty Symposmm on
' Occupatxonal Diseases a yedr ago

Where Should Determmatxons l3e
: Madé? .

After going .over your. plants and learn-

‘mg .where: potenually hazardous materials

are present, it is my suggestion that, ‘before -
makmg actual determmatxons of conceutra-

ﬁ

*

ATy o)

. -.~.,

The - various

txons in air or mstltutmg control measures,
you make a thorough’ survey. of the.condi-
tions .and .divide the various- operations

where these materials are present into
groups: (1) .those whxch are obviously "~
safe, (2) those which are adxmttedly caus- -

ing. injury . to health - or .are .worse: than

" good industrial practlce dictates; (3) those
- conditions. where .it is not readlly -discern~
‘ible by’ general observatlon whether the ex-

posure is'within' sife- lnmts.

-and can say definitely will not cause injury
“to health.” T would not say . ‘that those are

to ‘be forgotten, but-at least they need not:

- be the subjéct of initial action. If, for ex-
ample, a’ gas contammg 30.or 40 per.cent
carbon: ‘'monoxide’. is used “for .hot " plates,

" and those hot-plates are connected ‘with

ng:d conduit rather than-with rubber.tub-

ing, you can feel. reasonably -safe that the

carbon monoxide- -€xposure-:is “within safe

limits, and I would -fiot. recommend ' that

determmatnons ‘be - thade. . Where: spray
pamtlng is ‘being done.in a- well vent:lated
booth in such a.manner. that there is. no

excessive 'rebound into’ the face- of the -

* sprayer, determinations of vapor or pigment
‘need not be ‘made. even thiough: the odor of

—---the- -solvenit is'. detectable.. From time to
time it may be well for state authorities to

* check some of , these lesser’ exposures; but

“thére is a- considerable nimber of such ex-.

posures which can be accepted- as safe. -

The second group of exposures--that
where conditions ‘are. admittedly ' severe—is

" "another* where .determinations are not es-

‘sential. . Institute control measures immedi-
ately. -If there ‘are ‘clouds of dust contajn-

ing free sﬂnm in your plant, go to work on -

them. If excéssive Iead absotption is shown
by development -of- symptoms or. by high
* basophilic aggregation -percentages, reduce
the lead ‘exposure.’ It ihay. be desirable to

‘make determinations even in. these’ cases

_either.to’ provide a before-andsafter pxcture
“of exposures to show what 1mpr0vement is

- effected or to obtain a clear picture of just

what part of an operation is responsible for
‘the excessive expostire. to, the end that con-

47

Certain * ‘conditions we know deﬁnxtely_- ‘

trol measures. can bie more specifically ap- ° '

- plied: . This latter: use of: air analysis data "

.is .of especial - value where the. materials .’

are’ invisible as” is ‘the -case with gases, .-
vapors_and -even some of' the more toxae_ i

.dusts such'as. quartz. and lead..

The prxncxpal use for determmat:on of .
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and .upon- the nose of “the fumtgator to.

. formation.
and - partial enclosure have been . installed -

S

observation does not give the necessary in-
Suppose exhaust ventilation

to reduce exposure to a dust high in free -
silica, - You might learn whether control
measures- are -effective by waiting tent or a
dozen 'years to see whether silicosis devel-
ops among those exposed. It i is much more
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m)urxous ‘materials in-air is where general"

such as to provrde thie desxred mformatron. O

- It has been pointed out that- one’sét of
conditions -exists today, and qurte a.differ-’

ent set of conditions may exist. the next = .
day; that if air analyses sliow-conditions to * .

. be satisfactory on the. first day, -our.eyes
-may be closed to_the ‘fact that conditions

_are much worse. on the second day. So, .-

. rather- than ent:ouragmg the _installation of

economical to run a group of dust de- - safeguards, ‘we are setting up obstacles to:

termmatxons.

tion " was® adequate at ‘an operanon \gvhere
pulverized s:hm was -being- transferred to-
the hopper of an ‘elevator, but the mampu-

- lation was-at fault., - -.

"Where -fumigation w1th cyamde has been'

conducted, it has long. beén the practice. to -

depend upon a time period of ventilation'

establish that the premisés- are safe for .

:occupancy. Now. that a sunple hydrogen‘

cyanide detector is-available, ‘it is in order

. that determinations be made in’ every case

before re-occupancy and, further, that | every

‘municipality where cyanide fumrgatron is

carried on-enact an ordmance covering such

- fumxgauon with _ the. provision. that deter--

minations be made, espec:ally in any dead

ered safe- for occupancy.
Hydrogen sulphide determmatlons aré -

" today being made routinely in the spinning -
-rooms of viscoSe- rayon ~manufacturing-

plants. Carbon disulphide determinations
involve a miore laboridus procedure but are
regularly made in a number of departments:
of the larger plants.of this same’ mdustry

. Operations are regulated so. that any ex-.
. posures to these -materials are within safe

limits, but the “continual checks_permit de-

" - tection.of. any excessive exposures before

injury to health develops. .
A good general rule to adopt is to make

" - determinations of - c_oncentratlons' of m)un
ous ‘materials inn air wherever there. is any

question that these may produce deletenous

" exposures.

+

< Methods of Determmatton
Discussiont of - ‘methods of detertmnat:on-

‘will be limited to certain general considéra- -
"tions,. reference to complete descriptions of .

available methods, and comments of trmely‘
interest on a very few methods.

In-the collection of samples, it is of ut-'
most importance. that these samples are

. 4

A recent ‘series ‘of such «ﬂe—;
termmatlons indicated that exhaust -ventila-".

them.

My plea is- that methods of determmatlon o

be used mtelhgently and .honestly. If it is. -

desrred to show exposures under. the. most
severe .conditions,- be suré to set up these

condmons when-you make the test; if rép=. _
‘resentative corditions are. desired, se¢ that '

__they are. truly representatxve. Whether you

'yourselvés make these tesfs: in' your ‘own -

plants, whether you bring . consultants in to
make- them; whether state’ departments, in-~

surance companies,. or some other agency. .-
makes theése . determmatlons, make a real. .
effort to see that conditions are as repré- =~

. sented when these determmatnons are made. - :

For. a comprehensxve discassion -of
equipment: for’ cpnductmg determinations of
dusts, fumes, gases and vapors, may I refer
you to a. paper entitled:

* cussion of ‘their- apphcatnons. S

References to the' methods themselves’ o
may be obtained in the repoits of the Com- -

mlttee on Methods of Determination of In--
jurious Materials in Air® These reports
are availablé -on- application to the Amer-
ican Public Health Assocnatlon

The Preventwe Engmeermg Comrmttee .-
of the ‘Air- Hygiene Foundation'of Ames-- .
ica has ‘recently developed a bulletin on .~
and in that ..

Methods  of - Determmatxon,
bulletin are included “only” those methods
which have been -satisfactorily used iit this"
country The trouble with many papers on
methods of determmatron is that. they are
" woefully -deficient in their.-practical qual-
ities and sxmply do not work when put to
the ‘test, . : .

“You are _all mterested i beheve, in a.
- brief dlscussxon .of the methods -available
today for dust’ determmatlon and some of

" determination of dust. It .is my. opinion

“that whete it is desirable to knows whether

“The Industrial =
air spaces, before the premises are consnd-—-— Hygiene Laboratory,'" This paper includes .
) descriptions -of both field - €quipment and |
laboratory apparatus, “together . with a drs- o

~

" the up-to-date 'viewpoints on collectron and -
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a condntlon is or is not safe in the hght of -

. investigations so’ far conducted in this coun:

‘try, it is well-to “collect ‘samples by; means
.of the impinger méthod. I'will not go into
‘the advantages:or-drawbacks of that method -

at the present time- beyond bringing ‘atten-
tion to the micro-impinger set-up as devel-
oped at the Bureau. of Mines and now avail-

""" able commetcially which largely. overcomes

- the- bulkiness of: the_original equipment, -

", It is to be emphasized that onlythe im-
bing'er' will give impinger results.-

Due  to .

different characteristics of other

..‘methods of determmatxon .you cannot get
- a duplication under’a variety of . conditions °

by the use of other.instruments; However,

.-, other instruments, such .as the grab sam-
* plers, which take a sathple over a period of
. .a-second or two, are of very considerable .
C.value for a number of .purposes.
. impinger sample.collected over a period of

"an Hour shows a high dust concentration ~

- tions whlch are contributing  most of the
T dust ' :
' F'i'xrthermore, after we know -whether a. -
condition is safe or not, one of these qunck—-

-

o exists, we may “know . what . particular op--

erations -during that hour caused this high

.,concentratlon. If we have a Zeiss- koni-
- - meter; a Bausch and Lomb dust Counter, -or

" some™ instrument  which will give us the

'concentratlon at any ngen instant, We can

obtain. precnse “information on those opera-

sampling instruments is extremély’ valuable

as a control mmeasure. Wherever a concern -
‘has a dust condition, determmatrons may -
desirably be taken’ by some of these quick ..
. miethods regularly as a c¢ontrol.:
they compare; exactly with the xmpmger or.
inot is of no great consequence; the: impor-.

_ tant thing is whether conditions are holding

.at levels shoWn by  the impinger. to-be safe.

If dustiness is on the .increase, a survey of

te dust producmg operations’ should be made
‘and control measures mstrtuted ','

" Collection’ of.lead dast’ and- fumes is of.
. timely . interest with the- commercial avail-

ablhty “of ‘the portable electrostatnc precipi-

-tator. Most of, us who have been samplmg
© lead-in this country have : been _using " the * -
nmpmger for the tollection of these samples, : .

This instrument -is. highly efficient for the

callection of samples where lead dust.is the™ -
materxal of interest.- Where Tead fumes are
given _off, we have evidence, that . the ‘im-’
pinger collects these fumes. at’ appretiably’
.- ‘less.. than 100 per cent. We feel that the'

v Dusts, ,Funié.t,f Coses-ﬁdnct 14 a}bor;r

If 'an -

: tories,

Whether -

R
i

electrostatxe preclpltatron method whxch is
“about the most efficient. method of collec-
tion, -is a preferable instrument for mate- -
rials - of - sufficiently -fine ‘division to be
classed as-fumes. This type of.instrument
has long been available, but only, recently -
commerclally, and I-feel that where lead
in the form of -fume is encountered, the
electrostatic precipitator should be used.

‘The facts wluch we have in the literature
today concernmg the production of lead
fumes in workrooms where high tempera-
. ture —meltmg pots are- used are baséd on the
 results of impinger samples, .and so until we -
get further data from the eléctrostatic pre-
c1p1tator, we have a big question mark as
o whether there is ‘more lead fume in the
. air’ where lead melfing pots are preserit than~
we: had prev:ously anncxpated

A year ago, the, A P.H.A. Committee on
Alr -Analysis mentioned above obtained  in:
formatxon from: all .the. laboratories in the
. country: conductmg _industrial hygxene de-
-terminations concemmg what injurious at--
mospheric. constituents had been. analyzed,’
.what methods were used and whether these -
were' -satisfactory.” ' " - . :

Lead - was the material ‘which was de—

“termined by the largest number- of labora-

-The next material of interest was
hydrogen sulfide, and the reason being that
"rhost rayon manufacturers make routine
tests” for this gas: )

If any of you believe that a man will fiot -
.voluntarily walk ififo a dangerous hydrogen
sulfide concéntration;. let mé recount .the
experience of oné .of the promising young
workers in: industrial toxlcology who walked -
into his laboratoty one morning, about two
years ago, found thdt-a hydrogen sulfide .
cylmder had tipped over and. the valve
.brokefi off. In trying to get the cylinder to
an exhaust- hood, he. collapsed and was
found dead-in his laboratory by the janitor
'who-'arrived not long. after. Certainly if -

. an intelligent. research worker, thoroughly

awaré of the toxic-action-of this.gas, could .
S0 expose: hlmself we ‘must ‘not assume -

that the odor of . hydrogen sulfide will cause |

the, plant worker to avord dangerous'
amounts of it <

-Carbon monoxide was next in the list of
injurious ‘materials placed in. the order Jof -
the nuinber of . laboratories ‘making deter- -
minations of them. In addition to the small -
Hoolanute detector, prewously mentxoned

’




several types. of detectors and continuous

. indicators are.available commercially, both

portable. and stationary. A.home-made.de-

vice has just been suggested® whereby air

is drawn past the filament of a cigar lighter

-for combustion and'the CO; formed by any

CO Present is determined ‘colorimetrically,
This ingenious dewce may solve the prob-

. lem where the. exposure may not justify

the expense of the continuous indicator.

Mercury was ‘the next in line.. Unfortu- -

nately we do not at the present time have
a qmck method for ‘mercury. One method

. will give concentrations of vapors within

injurious limits -if the sample is of several
hours duration, but we would like to be

" able to obtain the desired information with

a ten or twenty mirute sample,

The list- then includes sulphur dxoxide.
hydrogen cyamde, ammonia-and chlorine in
that .order.

Of the organic materlals, the greatest

* number of laboratories- made determinations
. of hydrocarbons as such.

The inflammable vapor indicator, orig-
inally designed to show whether an at-
mosphere was within inflammable lmuts, is
of value for hygienic purposes in -some
cases, but just ‘because an inflammable
vapor indicator shows negative results is no
good reason for assuming that the.condi-
tion is necessanly safe from a hygxenic

point of view, One of these: mdicators has’

been sensitized so that it will give as low
as 20 garts of a million of benzene vapor,
but the’ mmxmum reading on most of these

"instruments is 1,000 parts per million.

Carbon disulphide has béen of much in-
terest.

A ‘method has been developed and is
commercially available, for the determina-
tion of chlorinated hydrocarbons, such as
trichloroethiylene, with which we are be-
coming inore familiar through its use in
vapor degreasers. “ The chemical' method
will gwe chlorinated hydrocarbon concen-
trations in the presence of such other ma-
terials as gasoline,. with which they are
sometimes mixed.

A rap:d physical method for. the deter--
mination of all- vapors and gases having a

density substantially different from air (and
this inclides most of them--notable excep-
tions being CO, HCN, methanol, and

. ethane) is the portable mterferometer. The

operat:ou. after cahbratnon. mvolves draw-

S ilver Jubdee Safety C ongress :

ing -air- through a cyhnder, turmng a dial

and* reedmg the “concentration. : Unfortu-
nately the mterferometer is not specxﬁc for
any one- vapor, merely measuring differ-

enceésin densntxes. The cost of the instru-

ment-is’ h!gh but it is available through a

number. of -investigitors and some-of the

irisurance companies, and,’ where _many de-

) tertmnatxons are to be- made, amply ;us- ‘
tifies itself. - = . s

Interpretation

In the mterpretatian of results, there dre
a number of ‘important items to be taken
into consxderatxon Ttis apprecmted that the
results must be reférred to some threshold

value ‘such as 100 parts per million. for
carbon monoxide or 2 milligrams per. ten

cubic meters for mercury. There. are sev-
eral_collections of such threshold values,
that published by Bowditch® bemg one of
the most complete,

+In referring results of determmatxons to
thesé standards, consideration should -be
taken of the durat:on of exposure of the
worker and also the duration of the ex-
posures used in developing the threshold
limits. If a worker is exposed to a con-

centration of 20 milligrams of lead per-10 .
*.cubic meters of air-for a period of an hour

a week, we ‘need have' little appréehension
that he will develop lead poisoning; but if
a group of workers is*exposed to this con-

_lcentratxon as'an average: l:ondxtion, then we
can anticipate lead" poxsomng cases,

* “The - conditions “under which the _air
samples were collected must be carefully-.

considered. In some. instances winter -con-
ditiois may be the more severe; in other

“cases, summer conditions, If-open windows
adjacent to a chromium. plating tank cause. .

high concentrations of chromic acid. t6 be
blown into the plating room, the: results of
deterinination should be interpreted. to in-

dicate the need, not of increasing the local ,
ventilation, but of keeplng adjacent’ win- .

dows closed,

Careful note should be'made of all opera-
-tions which may contribiite to.the exposure.
The dust concentratlom near a group of"
‘molders in an iron foundry may be exces-

sive, but it is possible ‘that~the cause niay
be .due not to the molding .operations, but

to an unprotected sand conditioning ‘ma- - -

chine in .the vicinity.- Where conditions

-change -rapidly, samples. must be taken fre- -
quently-or over a long perlod in order to -
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: permxt proper mterpretatxon Where con-
ditions are essentially static, a single brief
- saniple ' may be adequate.

As prevnously ment:oned, it is usually of - -
"+ such value”to have available two types of =

collecting -devices: one which takes:a con:
tinuous” sample . over a long period of time,
the other which gives the-concentration -at

any giveén instant,. The ‘former gives valu- .

able information” on" the average. exposure
of the worker, ‘and the latter on the- par-
ticular operation causing the major portions
of . that exposure. ‘The results of both

methods, used: together, pérmit. in many .

cases much* more complete and valuable
mterpretatlon of -existing, conditions.

‘Know the limitations -of: the methods
used and-interpret the ﬁndmgs accordingly.
" We must remember that a screw driver is

- a:very convenient tool and it has its use, but *

it should not be employed for: making a

niortise and tenon joint, These determina- .

tions have then' ‘definite value, but do not -
try to read moge into them than they are
worth, Determiniations can be .used more
extensively to great: advantage. Through

" determinations, we can learn whether the.

. exposure to- dust, fumes, gases and vapors
is safe or dangerous even though we can-
. not see them, -Let us not work in the dark,

‘but rather, cast all light poaa:ble on these
otherwlse lnvislble hazards. o

'N T a ) .

Crmmn "PAINE: Tlus is a mighty im-

- portant subject, and I know there are many

_ who would like to disciiss phases of it. Let

us make our questions .clear and concise, . -

A, G/ Sprea (Western Electric Co, Haw-
thorne) :” Are you- famillar with the fumes
" connected with arc welding,, like iron oxide
. and ozone, and. means of detecting them?

. Mg, Cook:, A study- has been made of
iron oxidé concentrations in connection with

-..ar¢” welding, with the thought that a large -

amount of iron oxide being bréathed by the

arc welder mxght injure his health, X-ray

. . detérminations. have. been made, and al-°
~ though the lungs looked very mich as if.
" they swere deverely- fibrosed, it has. been-
pretty conclusively shown . that iron. oxide - :
does not catise injury to the lungs. Thia

Dusts Fumes, Gases tmd V apors
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conclusion has’ been reached in two’ sép-
arate xnvestlgatrons .

Thé collection of 4 iron oxlde was made by

“"thé électrostatic’ precip:tat:on method.
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‘MR, Seeer: ‘We had accasion to make

such a determination but we-used the im-

‘pinger method, and ‘we did not find toxic.

qualities or propertles. We could not find

any available data on that partlcular subj ect, _'

Mg, Cook: A paper was published by

Drinker, together with‘'a number of other

- investigators, in the Joumnal. of . Industrial
. Hygiene, and the conclusion was that in-
Jury.to health -was caused by nitrogén ox-

“ides,” with a -possibility” of ‘ozone entering _

into the: plcture.
R. C Mar.nam (Glens Falls Indemmty
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: Cd., Gl_e;s Falls, N. Y.): Mr. Cook, do yeu

)

believe that an arsine determination should
be made in a metal pickling operation?
Mzr. Cook: Generally, no. I have seen no
.actual arsine poisoning from metal. pickling,
even though the literature includes such

cases. As far as cases in this country are _.
_ concerned, it:-has séemed to me to be largely

a literature condition. In talking with Dr.
Cunningham, of the Ontario Department of
Health, Division of Industrial Hygiéne re-
cently, "be mentioned a considerable number

“of arsme poisoning -cases and I suggest you
I have not .

write him for further details.
-seen any thorough. mvestlgatnon of the sub-

 ject, and- that has been one of the things.

that lead me ‘to believe that the condition
isn’t sufficiently severe to cause us great
apprehension. The experience in this coun-

“try has hardly indicated .the necessity of -

making such determinations, I have not
made any myself. However I should like
to see somebody make a series of them at
a half-dozen loeatlons where metal pickling
is done,

F. L. Warner (US.S. Lead Refinery,

"Inc.,, East Chicago):-Do you feel that fur-

ther investigation with the precipitator will
change the present permissible limit of lead

exposure that has been determmed by the .

impinger method? . ~

Mr..Cook: The answer. to that questlonA
is “No,” but I feel that this further thought

can be added: We have had any opera-

tions where lead dust was the prime.ex- -

posure. Where the lead is in dust form, the

\ impinger will get- essentially “the ‘total

amount of the lead; conseqixentiy where we
. have made physxcal examinations of. large
‘numbers of workers -in such . exposures,
correlation of the: results of physical ex-

- aminations of workers and of incidencé of

“cases of actual lead" poxsonmg with concen--

trations of lead in air have fixed fairly
definitely, within workable’ linits, just about
how much lead can be considered to be safe.

- The threshold .limit based on such ex-

posure to lead dust.would be ‘the same
\\hether the samples were collected ‘with
impinger- or electrostatic precxp:tator

On the other hand in rooms -where lead

castmg is done, where ‘there ‘are lead ‘melt-
ing pots, the impinger probably gives low
results. The chances are ‘that the concen-
tration of lead in~those rooms is greater

_ than found by the impinger. .But those im-

" pinger results, those that we have made,

R T S T Ty R T

.consulted  with the chemist.

Silver Tubilée Safety Congréss 2

may have, been around-.2 of a milligram -
.whereas 1.5 milligrams per ten’ cubic meters . -

is definitely. safe. Suppose instead of..2 of

a milligram’ per ten cuhic meters, there are.

"two -or three times as much present in the
form of a fume as found by the. electro-
static precipitator. Even if ..6 or .8 milli-

‘gram were present we. would be within safe

Jimits. This is further shown by ‘the fact
that physical examinations of workers ‘in
rooms where lead melting pots are ‘present

have demonstrated -that there xs no great '

lead absorption.
So my conclusion is that the collectxon of

samples by means of the electrostatic pre- ’
- cipitator is not going to- confuse the issue . . .

at all. ‘It is going to give us more accutate

data on ‘some of these exposures where lead‘_'.

1is present_in the form of fume, .

- G. W. DausenseecH (Illinois Department
of Labor, Chlcago) How would -you -de-

termine arsine-in air around pncklmg tanks?.

MR. Coox: It would be necessary to.re~

sort to a chemical method, and I think that

T had better not use the time for a discus-
_sion of chemical methods. ’ )

] W. FEHNEL (Metropohtan Life Insur-

ance Co., New York.City): You meat:oned
‘the’ use of the electrostatic .precipitator in

lead sampliig. I have been doing that work .
myself along with’ the impinger. samples, at -

various - times, to correlate results on fead,

" both dl:st .and fumes, since 1926,
Here is an interesting thing. I know.that

Bloomﬂeld a few years ago made some tests
in a large baking plant-and found lead. He

came up to consult with Dr; Wright about °.

it, and it was concluded that the source of

the lead was the paint they used. That

samplmg was done -with ‘the nnp:pger

About two years, ago I made dn extensive
survey in one of the General Mators plants .
-where there were extens:ve soldermg opera-

txons. I took ‘impinger samples, and I got
a.series of factors that I presented in ‘the

report, and a short time later I was called - )
. on. the carpet and told that my figures ‘did -

not agree with their plant chemist's; So I
When he
sampled with the electrostatic precipitator
and I with the impinger, and we took them
on identical reading levels, we got the same
results, - He had. consistently gotten lower

_results—and we proved this later by checked
“samplés—becalise he had his electrostatic

precup:;ator mounted on a little truck that

' L . .
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} he pushed through the aisles, and the men
" working on.a platform that was about 12 to -
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18 inches higher than his main aisle, which

“meant- that instead of . sampling at the
-breathmg zone of the workmen; he was

sampling at about his waist level,

‘the Lkettles,

Rosert Winters (U, S. Metals Refining

Co., Carterét, N. J.): We have overlooked
one point, ‘Mr. Chau'man, and that is the
metallurgical confrol, the’ heat -control of
If you .have .a problem “on

" hand,-or.if you are-pouring lead and you

' Men ‘Who Go Down to The1r Death in, Tanks—-A Demonstratxon .

heat your kettle up to 1,000 degrees Fahren-
heit, if you can-pour sthat same lead at 750

Fahrenheit, . why pour'xt at 1,000 Fahren--
-heit, because the mibre-heat you have, the

more liberation of oxide? So we have re-

" " duced the hazard to a large extent now.

Mr Cook stated that the i 1mpmger system

3552
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is a llttle too. cumbersome. I would say
‘that where you- have a definite. hazard in
the ‘lead. industry, have -your. unp_mger sys-
tem a permanent system of the organization
of your department and keep it there as'a

. .permanent fixture,

The question came up too, as to the

merits of the “electrostatic - precipitator .

against the impinger, and I cannot agree
with that - statement at ‘all because the
fumes are made up of: mmute partncles of
dust—a fraction of ‘a micron in" sxze-—and
we found that the impinger system gener-
.ally is' just as efficient as. the electrostatic
precipitator, with the exceptxon that we do
have at least six impinger. bottles ‘in series,
because you cannot get efficient sampling
with one or two or three bottles. You must

53

.take enough bottles to get a religble result. = .

. : : By S. E. WI-IITING - "
- che Premdent and Chxef Engmeer, beert;q Mutual Insurance Company, Boston

. The title of this feature, “Men Who Go

Down to Their Death in’ Tanks,” should be -
taken extremely -broadly" beeause, as you

know, there are not only stationary tanks
(of whxch we give you a very érude simu-
lation .in our demonstratxons) but there are
trick tanks and there are railroad car-tarks,

both of which are enclosed spaces. In our .

city streets we have thousands of manholes

for utilities, power and telephone and sew-.
"age that are also enclosed spaces, or “tanks”

. . as we call them.here. You have trenches,

excavations, shafts, tunnels, mines. In your

- factories, you have tanks again, small base-

ment rooms, vaults, -cisterns and sumps.
Even open pits may prove hazardous. On
board ships you have a very complete set of

-enclosed spaces, compartments and holds..

Even when you go out into the open. coun-
try, as we here look at it, you may find
dangerous enclosures—gram bins, wells and
the bottom of silos. So there are just as
many varieties of enclosed spaces as there

~‘are pickles, and perhaps more. N
Will you please remember that from this
demonstration you are to visualize the po~’

tential conditions in your own plant where
there .may be enclosed spacés—and you will
need a very great power of -imagination to

L1

do so ,thh our necessanly crnde demon-

stration apparatus

There are two hazards in. enclosed spaces

. that we shall not dwell’upon at length, In
“any enclosed space that has not much venti-
lation, that collectds moisture and .is dark,

you will have a seyere slipping hazird and, .

an accentuated electrocution hazard—but we

“shall here considei only. the typical asphyx-.‘

- jation and explosxon hazards.

Most -of those ‘enclosed spaces are .not-
- mally-’just as good to ‘work in as outside

spaces and that.is part of the danger. Men,
‘have workeéd in tanks year after year with’
no troublé, ‘only “to have somethmg ex- -

traordinary come up. to contaminate’ the

- tank, something. that they have not antici-

‘,pated to, make that enclosure a hell hole, as

we shall demonstrate in" merely reproducing

not an’ exaggerated situation but: only what .

has actually taken place,

How -do these spaces get into that condx-
tion? ‘Merely because there.is no free cir-
‘culation of hormal atmosphere.. That is of
fundamental importance because all animal

life, especially higher animal life, must have

a constant supply of normal atmosphere to
sustain:life. The normal atmosphere is re-
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markably constant in general ‘and it is con--

- taminated only locally. It:is in largest part
an .inert gas, nitrogen, 78 per .cent,- with~

fract:onal percentages of .rare gases -that

are equally inert. There i$‘a small amount.
(a . few. hundredths of one per cent) of .
carbon ‘dioxide from which. plants grow.:

The remainder, almost: 21 per” cent, is oxy-
gen, and we depend very ‘definitely on oxy-
gen to sustain life, Of coutrse, we can hold
our breath momentarily, but we canrot con-
tinue without that normal supply. We are
part:cularly sensitive to it, we lngher mam-
mals,

. In these tank situations, where there is

lack of oxygen, men get panicky. They
breathe more quickly, they are demanding

more oxygen, but.the. supply 15 less, and -

they precipitate trouble.” It is not true that

" -you do not get into trodble until all the '

oxygen is gone, not by any means. You
begin to get definite weakness and symp-
toms with perhaps 15 per cent instead of the

normal 2, If you get down to 10 pericent:

—and I am only quoting the rough. figures

of authorities—you- get into a- condition

where you cannot do anything, you cannot
move, you become unconscious, you fall in
collapse. -If you go into an enclosure alone
and get into that condition, you cannot res-
cue yourself. That is a very characteristic

. element of this hazard: men going alone
into enclosed spaces, not knowing.whether

or not there is oxygen.

In addition to adequate oxygen we have
to consider highly. toxic substances, a frac-
tional percentage of which in normal at-
mosphere will cause distress that renders us
unable to leave the enclosure—like carbon
monoxide, hydrogen sulfide, etc. Then, too,
there may be small quantities of merely
flammiable gases which we can tolerate to
breathe but if that small mixture with the

air gets ignited it flames or explades, cre-

ating a hazard so severe thdt the space be-
comes literally a “hell hole.”

I mentioned carbon dioxide in normal air -

that in very small percentageés is necessary
to plant hfe I will say further that all of

us here m this room are exhaling carbori

dioxide in small perceritages, harmlessly.

. We ‘have breathed the oxygen in and dis-

tributed it to all of our tissues ‘where it -
combinés with those tissues and is dis-
charged through our bréath as carbon di-
oxide. Again, at every soda fountain if
there is any gas in the drink we take; it is

T s (AT N e S T S T
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mbon dioxide. All the beer we - drmk ‘has C
<carbon_dioxide. Even all the strong. l:quor_;
we dnnk had somé carbon dioxide:in: it .
dunng the' fermenting. process by 'which it

is'made.” Now. that prohibition.is over you
can see how many. tanks there are loaded
néore ‘or ~less frequently with carbon dlox-
ide. :

It is this apparent harmlessness of mrbon
dioxide that gets us into trouble with tainks,

But a little ‘of something.may be all right ",
. whereas too much of it may be all wrong. -
It is not trué that carbon dioxide rerains. .
non-toxic in ‘high percentages. The best -

authorities are irclined to . belleve-—they
haven't quite- checked it up but are still
working on it—that around 20 to 30 per
cent of carbon dioxide will produce an im~
mediate narcosis, will"put you out:of busi-

tiess immediately and you will go down flat, .- °

Of course, such a reaction is vitally im-
portant when you get into any enclosed
space, because then you cannot get up' and

walk out, and I do not care whether it is an

open pit or an enclosed tank, Men have
been killed in open pits, only 6: or 8 feet
deep, when théy got down to that layer of
carbon dxoxxde. It is 50 -per cent heavier
than-air and it is likely to be colder than
the air—~and so_it pockets. And this brings
‘us xmmedxately to our first demonstration.’

-(The Demonstration Apparam: ‘consisted
of a woodén fromework in the. .rhape of a
vertical, cylindrical- tank, 10 feet in diameter
and 9 feet in héight, the bottow; end being
solid and: the top end having a ceniral man-
hole opmmg with o ladder throuyh it to

‘permit’ emtrance inlo the lank " from the
- top. 'The. cylindrical, vertical sides of_ the

tank were covered -with a .rem:-tramparem

—cloth to permit the audience to see the in-
"tenor of the tank, A controlled flood light-

ing of the interior was provided. Access io
the top of the tank was by an exterior lad-
der at the rear of the tank. All characters
in. the. demonstratwn acted mapan!omme

“only.) »
Now, as the curtain swings open. you w;ll :

see what we call a tank. Again I must ask

_you:to use your power of imagination, Of

course, we could not set:up. a ‘real tank be. "
cause you do not have eyes that can see
through boxlerplate. .Since: what .goes on

- inside of the tank -iS just as important as
what goes on outside of the tank, we have - -

made the front of it partly transparent-and

.
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: x_n addmon for your further assxstance I

have in.my ‘hand a control device that al-
" lows me to flood the inside of the tank.
e thh liglit upon occasion. Just keep in mind

that ‘this light has nothing to do with. the

actnon in the tank itself but is merely for

_..your assistance in seeing the action. We do

not show. the details of piping and valve

: connecttons through the tank but merely

the: top .manhole opening, with a ladder
stuck down through it to enter the tank.

(S‘ummary of Act I: A_ tank used for a

_ fermenting process and contammg a residual

layer of carbon dioxide is to be.cleaned out. .
A helper arriving ahead of time drops his

[upe info tank and enters tank to get'it and

s overcomé‘ The safely -man looks .over.

“the .job, glances in tank; Stgnals for help
..and hastily enters tank and is quickly over-
come.” The foremian. and.an assistant hastily

arrive with gas mask aid o life belt and-
* . line. Hastily dotning gas siask-and carry-

ing life belt, the foreman enters tank, the
-assistant ‘holding fhe life line, le foreman
is overcome and 'the life belt is pulled oui
of the -tank with no man- fa.rtened ‘to it
The assisiant puts on the belt, gives the
.. life line to a fifth’ man who has arrived but
the latter ,prevents him from entering the
- tank. Curlain, followed b;v choppmg sound
} backstage)

-This is a cleaning job of a tank that had
some .fermenting‘process in it but the liquor
has all been drained off, This first man
“arriving'is a helpex' and he probably doesn't
know what it is all about but anyhow he
_+gets:on_the job ahead of time and I see
why: He thinks he'll have time to light up
- his pipe. Perhapsy he_ shouldn't be using

N matches around tanks ‘but somebody must
have toid_him-that carbon dioxide is harm-

less—you can't start a fire with' that—well,

he hasn’t -gotten :the pipe going yet. These
. pipe smokers smoke more matches than

they do tobacco—oh, his- shoe is unlaced so .

he puts down the pipe—wait a minute! he
didn’t apparently set it down in the right
“place—oh, he -thinks it's fallen in the tank
—now, you shouldn't go into the ‘tank, you
know. . that is " agdinst *the’ rules—nobody
. ‘should go in until the boss arrives, that isn't
-+ safe, suppose there’s some. gas down there
- —but hes bound to get -his pipe before the

boss arrives and finds it in the: tank—look .

oufl” don’t get your head - down——maybe
. there’s some gas—yes! -there sl It's
knocked h:m out! .

~.
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‘This is the safety man- who'is go:ﬁg to
look over the job to see that everything is

done right—I hope he “calls help. when- he

sees that'man in the tank—yes! he sees him
.—he’s called help—why—he’s going into the

tank himself! A safety man ought to know.
better than that!- He can’t hold:his breath

.long enough—he won't think about holding

his breath—yes—he’s going. to get caught—

there he goés! He's overcome too! .
Wel! there ought- to be help. arnving

pretty soon now~-ah! Here's the foreman

;with an assistarit-~he’s got a life line too—
"but what else has he got—oh—-hes got a, -
‘canister gas mask—he’s getting ‘excited—he
- puts the mask on-—that shouldn’t be de-,
. pended upon_ for any: -tank-work unless you

know what the concentration. is—there he
goes down—he's got the life belt with him
—oh, the canister gas mask isn't any good,

it's of no value agamst carbon' dioxide gas
-or any other gas in high concentrat:ons—-
he's overcome!.. The other  man is going to

pull him out—fo! he doesn’t pull him' out

—the belt comes out w:thout any man’ in’

it b

Here' comes the. other fellow—he has
seen such accidents before—of course, the
assistant wants to rescue them~—he puts the
beélt on and He gives the rope to the other
man—he tries to go-down but the other
man won’t let him—no use killing any more
people—(Curtain closes.)

EA

You see there’ the very typ:cal sntuatlon :

of everybody losing their—(Sound of
chopping back:tage.) That- chopping of
wood reminds me how they got those men
out of the tank=-no one else dared to go
in, so .when the Fire Department arrived

- they cut a hole through the side of the
_tank and dragged the men out, but it was.

too late to save their. lives.

Now, these tank accidents- are typxcally
multxple death acc:dents-—not only is the
ﬁrst victim lost but the rescuers themselves
in their haste are frequently lost also; it is
not merely one life, it is two lives, three
lives, four lives,.and even five lives. .

‘The spontaneous action of almost every-

one to rescue anyone they find in trouble is
a very.noble attribute but it merely builds
up a catastrophe where this. Tatent hazard
of tank’ asphyxnatlon ‘has_ not been -antici-
pated by training men beforehand how. to
handle sicch emergencies intelligently, There
is too.much sheer indifference to. th:s haz-
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oxygen below normal more and. more, the

tinue living. If you reduce the .Percentage -

using ‘a” sampling tube at various levels in.

‘the tank.. Two painters have arrived -and -

- ard—until it stnkes hke a bolt from a clear as it absorbs heat .and its vapor is run- “wit]
sky. - through a tube down to the. bottom’ of the byl
Now, please do riot. conclude that this an rn;mg m"a l:y&:. One candle has dxed y ﬁ"“;‘
21 pantomime of an’ accident: has been exag- two, three, all of them, : ana
24 gerated -in its details. It has mot, they  This asphyxiation of candle 118'ht5 by dry com:
3 . -actually occurred. We cannot predict what ice is just the same as the killing of men in arr
N . men will do in a panic. Even the sudden - a fermentmg vat you have: just witnessed. .l'f_?.
3l "~ collapse.is fact, not fiction. ‘I was-puzzied This ice is only solidified carbon dioxide’ S;“
B - by this until recently bécause we all know and you -fhust handle it with care in any. ¢ "e.
5 that men can hold their breath under water enclosed spaces ‘even including open pits. ‘f;e
and have no oxygen supply for a miinute or Not -long ago a steamship hold was being. . “e‘
{ more with no collapse. Arn expert in this ,unloade_d of perishable fruit refngerated ot
B technical question, however, recéntly gave by dry ice. No-odor, no color, no watning - .1
: ‘ the explanation of why the breathing of an —and three stévedores went down and died . oth
- atmosphere deficient in normal oxygen con- as quickly “as thOSC candles.- CoL or
i tent is quite different from holding your  The other two expenments illustrate - ~ ber
£ breath and not breathing at all. : principles involved "in-our next tank act. - bet
2N .In normal respiration, the flow of oxygen This transparent bag of normal air has only - _ tak
38 is into the lungs, thence 'into the blood ten drops of flammable. hq\nd evaporated the
5 N stream and- thence into the vital tissues that into it, -the vapor -and air are mixed .by kir
A - control all of the muscular and nervous and gentlepressure on: the sides of the bag and kir
3 . mental processes, -the lungs retaining a re- 1g-mted with a spark plug, Only ten drops, - - mt
3 sidudl supply of oxygen even at the end of only -about 2 per_cent of vapor, but what.'a - tec
R the expiration portion of the, respiration snappy explosmn .. of
N eycle; Tlle pulmonary blood .stream con- N ow nnagme an enclosed or:tank spaCe of - Wit
% b tinues to feed on this. rgsidual oxygen and  the same shape as this bag but- ten times as i
IR the following inspirdtion portion- of the long with the same proportion.of ﬂammablc th
¢ % . cycle soon furnishes a new -and ample sup- vapor—vajor from a leaky plpe connec- n
. 'ply’ of oxygen. With a deficiency of -oxy- tion, from entrained solvent in sludge in m
4 ) . gen in the air itself, inhalation adds nothing the bottom, from a.half dried film’ being .P‘_
b to the lung supply while exhalation actually scraped -from the sides, or from a quick-, w
. " discharges the residual lung oxygen and the drying- paint. being- applied: ‘Imagine’ your-
: --blood quickly drains its own supply back self in “this' tank with the ever-present " st
. “into the lungs whence it is ‘exhaled. Thus chance of a'spark, You would be in the e
' all vital functions bécomie rapidly paralyzed. - vortex_of.a flame and a blow one thousand .~ T
e " (Swsiimary of Interlude Demonsirations: times as great..The answer is ample venti- _ - P
PRt - " -Entirély separate from - the tank appiratus, lation to keep below the 2 per cent of V"\P‘)l' ' is
| I8 small seale demonstrations are made:- (a) content, - - R
\, - E: rtmgm:[tmcnt of four candles in a tall  "The last. expenment is sxmple but- perti-. .~ |ir
: glass - jar by carbon. dioxid¢ .generated by nent. . "We "brush this. qmck-dp_/mg _paint ti
E the warming of dry icé; (b) The explosion along a narfow strip of metal and- xgmte’xt
14 of a transparent bag into which 10, drops of ~ See the, quickly runnmg flame, imagine it i
flammable solvent are vaporz::ed mived and surroundmg you ‘in:any enclosed space, - i
93 ignited; (c) A smp of metal is painted with - imagine it even in your home on the kitchen’ b
; quick-drying paint and flames up upon tg— floor. Such work should be done only-under * Y
. nition with a match.) full ventilation and ~ freedom from ,all iR
Now we have just a fe\w Brief. demonstra—. sources of ignition. . "
i tions illustrating three principles involved' (Summary of Act II: @4 tank that Jias T
£ - in certain tank hazards. These candles burn ' been emptied and ventilated is about to be 4]
- “ brightly since currents of air feed them . pamted - A chemist makes tests of ‘the tank -~ T s
oxygen. Any flame or any firelneeds a con- air in succession with an oxygen deficiency i
i stant supply of atmospheric oxygen to con- indicator and ‘a ﬂammable gas mdtcatar, R
t
!

).~ 4 flame gets sickly and then dies just as hu- .
: mans do. You see dry i ice bemg vaporxzed

the chemist wow O.K.s the tank for their |
entrance., Paggzters enter tank azzd procged -
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qwith, their. work but are gradually overcome
*-by the fumés from the paint. The. chemist
finally notes the trouble, signals.. _for ‘help

and -hastily enters the lank and is’over-
cone. The foreman’ and his assistant hastily
.. . arrive, ‘the latler carrymg a lantern.

life -belt 6n him, the assistant enters. tank,
“still carrying lantern,” ‘the foremau holdmg
- the life Hite. There are several flashes as
thé lantérn gets lower.in the iank and finally

. . the assistant falls overcaie -as flames birst
. out of the manhole Curtain.) : )

Now, s the curtams part,- you see an-

,other tank and I do not care what process
" or what contents this’ particular. tank had

~ béen connected with...We know that’ it has
- -been emptied but precautions are here being
_taken by a chemist to- test out the air ‘of

the fank before any man enters it for any -

kind of -work whatever. He is making two.
kinds of test; one for oxygen deficiency by
- means"of a flame lamp that is. properly pro-

tected from being an ignition source by use -
of. metallic gaiize surrounding it like-the

well-known Davy's SaieS\I;amp He will

make. a second .test, however; since -a tank .

that has adequate oxygen in it for sustain-
ing life may, at the same time, have flam-
* mable gases in it suﬂ‘icxent to cause an ex-

plosion like"that we- have jiist. demonstrated. .

with laboratory apparatus

»

Thiese. other mén:we se€ commg onto the .
.scene are. “obviously .painters who are gomg-‘-
. to- protect the inside of “the ‘tank against

rusting by suitable waterproof paint. Ap-

‘paréntly both tests are 0. K. and- the €heni- .-

. ist authorizes thé two . pamters to go into

the tank .and this precaution is.a valuable_-_'

'mxtxal step against ‘unexpected contamma~

"+ tion of anyxenclosed space.

The men now are ‘at their job at the bot—l
fom of .the tank .and the' chemist has “fin-

_ished hig job but is just standing around
because he hasn't anythmg else to 'do. 'Well,

. look at'that man on the right—he has been’

'-; pamtmg with” his nose pretty close to the

paint and it seems to be affecting him I That .

must be  a highly volatile " paint—Thére!

. ‘Hels getting worse—he’s fallen-over uncon-

scious!. I hope the otlier man. sees him—
, the chernist doesn’t seem to pay any atten-

tlon—-the other mari does see him' He gets
excited - and begins .to breathe faster—he
goex over, trymg to save the other man,

(he finds ‘he's getting too dizzy himself, he’s -

reachmg‘ for ‘the ladder—but the fumes are

LT T BN SAE B
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‘which imen have to’ enter,- )
‘of contamination
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too strong and he falls over unconscious!
The chemist evidently hears some noise—

'he goes to the tank—now he’s in great éx-

citement! He calls for help from the plant
—he shouldn’t ‘go 'into that-tank when he
sees the others overcome! He should wait

..until help arrives! No,. in his excitement
" he thinks he ‘can get in'tliere and help them -.

out! There he goes inside—I hope he keeps
his head up high—the vapors are probably
near the floor—he tries to.lift.a man—he’s

_overcome too—down he .goes!! They're all

overcome! - I hope. the rescuers - hurry up!

Here they come-—they ve got a life line— -
but what -are they dding with a lantern?
The foreman is  sending the other:man
down to get them out and he needs a hght
to see 'but- he ‘shouldn’t ‘use a lantern in
there—Hold that lantern high! Oh, he falls

unconscious—the foreman tries to pull him . -
-out! The lantern has- fallen over!. The gas
(E.rplo.ﬂon .

is - igiited—see those ﬂashes'
followed by curtain.)

That was .the ‘type of hazard where a
tank was found by test to be safe to enter
‘but the kind of opera,tlons to be performed -
in. the_tank: weré given no consideration at

‘all. - The men have fouled -theif own tank

and made their own .atmosphere unsafe.
They used a qulck-drymg paint that had

- low- flash point solvent in it and there was’ ;

fio controlled ventilation to mmumze those .
contammatmg and explosive: fumes.

“-Evidently it is riecessary to consider not

only what has formerly:been stored in: the
tank- but- also the exact fepair operations to
be' done ‘that may_contdrhinate. it. Even-a
tank. that .had never Tontaified anything
worse- than:water- will become hazardous

- if certain operations-are done upon it—such

" as’ a’ repainting-.job - with . highly volatile
paint solvents,- a prolonged job of arc :or
;acetylene ‘welding -or cutting, leaks of- gas

“ from' the surroundmg earth for burxed
tanks, manholes, ete. -

With so ‘any types of enclosed ‘spaces
we cannot
prophesy. "what kinds
might occur. There was a small steel com-
partment in a steamship that had been

_ kept closed for manyyears. Nothmg what-
.ever had been in that enclosure, it had been

merely sealed. . Yet a mdn was sent into-it

‘and died immediately of oxygen want and "

the answer was that the ‘mere rusting of
the steel plate had robbed the atmosphere
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of its normal and v:tal 21 per cent of oxy- ;
. gen. .

(Suinmary of Acl I, Scene I: A man-
has entered a tank with a dife line on him
and two men guarding him from the -top.
For some reason ke has been overcome and

" the men promptly bring him out of .the

tank, lay him face down and immedialely

'apply Prone-pressure artificial respiration,

one .man continuing this method steadily
while the other calls for help. Shorﬂy an

inhalator is braught to the tank and is ap-

plied to the patient without m!erfermg with
the manual amﬁml respiration. Both op-
erations continue steadily, Curiain.)

Now this time we are doing the job right.

A man has entered a tank, and it was too
gassy for some reason we need not concern”

ourselves with, but the important point is
he did not enter the- tank except with a-
life belt around him and a life line attached -

to the belt and held by two helpers at the
manhole. They have just brought -him out

of the enclosure and will be able to save .

his life, - -

When a rescued man is not breathmg, it
is evxdent that artificial respiration - must
be given to him witliout the slightest delay,

. “Therefore, he is placed immediately on the

top of the tank, face down, with his head
resting on one arm so as not to block his
breathing. Quickly the mouth is opened to
see that there are no obstructions in it, the

operator straddles the patient with- his

knees just below the waist and presses.for- -
ward on-the small of the back to push the .
air out of the lungs. Then the operator
swings back and takes his hands’ entirely
off the body—-note that particularly. The

mspu‘atlon stroke is done by the body itself
in its natural expansion after-it has been

pressed upon. during the down stroke.

Everyone in any plant (and in- fact i in .
your homes and .on vacation) should:know

how to apply this simple,. direct, .efficient;
prone-pressure .method .-of resuscitation.
Note- that the_operator is not' working too
rapidly but slowly; like a person naturally
breathes. Note he does not put the pressure
“on with any jerk but steadily and smoothly

Now the inhalator is set up not-to ‘pro-.

ducé artificial respiration but only to supply -
.- a special atmosphere f

help in the resuscitation work. It provides.a

breathing that will

o

supply of oxygeq stronger than au- to in- .
“hale 93 per- cent oxygen and 7 per cent of .

" carbon- dioxidé, our old acquamtance. When- .
ever the patient has been. asphyxiated by -
»some poison that attacks the blood like .-

carbon monoxide or-hydrogen sulphide; you

need both prone pressure and the inhalant' -

mixture working together.

(Summary of Act I, Scene I 4 tank_‘ 0
lhat is empty has to be entered for repair -
work. A chemm makes both tests for-con- X
dition of air in tank. A mechanic sels up
.a low-pressure portablc blower and .inserts

discharge end through ‘manhole ‘into lower

‘part of tank. . Two men place air-Kose . -
masks on themselves and a third man op-. -
erafes o ‘hand-dyiven pmablc blower that'

feeds air to the Kose masks. " The chemist
conﬁmce.r making tests. The two. -Workmes
in turn enter tank laking with them wnon-
sparking tools aid ‘g vapar-proaf stariddrd

‘extension lamp. AII opmmom- commue KR !

steadily, Curlam) )
Again we see.the chemist makmg hls two

" tests for explosive atmosphere in the tank = .
“and for oxygen want. Indeed, nowadays .-
* we no longer need a chemist for-such tests;- -
any intelligent man can make them, so.much. . -
-improved are the test mstruments made by..‘
- the manufacturers.

" This tank Job is a blg one and needs?

' every precautmn ‘You will note'the cheni- - .-
ist continues his-tests throughout.the’ whole -
procedure There isa seconid man now set+ .

.~ ting up a portable blower to keép the tank

. itself- constantly ventilated. -The two men

who are to enter- the tank first don hose
masks that have air pumped to them by a
hand-operated blower, The mask air pro-

‘fects against asphyxnatnon, tlie blower air +
- protects against explosion. There are other

precautxons and checks.:

Now they go down into the: tank and are”

tended from above with life lines fastened
" to them. Life lines that men so. often sneer
at. Life lines nevertheléss that so ‘connect

men in the outsxde free air with'men in.the.
enclosed foul air’ that, by 'this: precaution-

- alone, a substantial catastroplie can be.re-

duced fo a negligible momentary- dizziness. . -

The job is organized and safe so that men
who go down to “theiriwork in tanks can
‘come up and | go down tomorrow
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