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FOREWORD

This report vas repared by the MRD Division of the General American
Transportation Corporation (GATC), Niles, Illingis - to summarize the work
accomplished under Contract DA 18-108-CM-7006 for the development and con-
struction of an instrument to cample, record and integrate airborne particue
lates being inhaled amd exhaled by experimental éubjects. This work was
initiated while the MRD Division wus part of the Americen Machine & Foundry
and named the Mechanics Research Division. On 1 September 1962 this Division
was purchased by GATC and renamed the MRD Division; Contract DA 18-108-CM.-

7006 was included in the sele.

The work reported heieiz: was initiated or 22 December 1961 and completed
or 15 May 1963, Mr. C. L. Punte of the U. S. Army Chemical Research and
Development Laboratory scrved as Projecl 0fficer for +his contraci. The
authors sincerely appreciave the techrical advice and guidarce provided by
Mr., Punte, ard the assistance of Mr. E. L. Cocper of MRD in designing the
electronic portion of the Irhalation Aerosol Dosimeter developed, constructad

and ther installed at the Army Chemical Center, Marylard.

This report is cataloged by the General Americarn Transportation Corpora-

tion as Report MRD 1181-70.
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ABSTRACT

An Inhalation Aerosol Dosimeter capsble of continuous measurement and
monitoring cf respiratory retained emounts of aerosols has been developed.
The instrument is caqulé of measuring erd monitoring concerntrations of aerosols
in the range of several hundred to fev micrograms per liter of air, and in the

particle size range from 10 microns to any submicron size range desired.
8 i

Lsboratory studies of variouc aerosol sensing concepts were made. These
studies lead to the selection of the hydruges flmme-ionization principle as
the cptimur methed from the stardpoint of reliability and sensitivity.

A ncvel version of a dual Lydreien Ilame-iorization detector, cperating

under .lightly reduced pressure has Leer decigned and built in this laboratory.
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SECTION 1
INTRODUCTION

1.1 Prog ram Objectives

The objective of this program was to develop an instrument that would
continuously measure and record the amounts of aerosols that are retained by
man within his respiratory <ract in the course of breathirg aerosol laden
air. The specific requirements set out ir the contract were as follovws:

(s} Th¢ sampling rote 2t the point of i;:halaticn and exhalation should
be 1 to 5 liters per minuie, taking inlo acccunt the subject's respiratory
veluze (0.5 to 3 liters), respiraiory rate (5 1o 30 per minute), and respiratory
tidal volume (20C tc 1000 c=).

(b) Alrberne particl: size e be sampled are 0.2 to 10 micrans in
diameter,

(e) Acrcscl concentraiions Lo be irkaled aure 10 to 200 micrograms-per-
liter and exnaled are I Lo 200 micrcgrams-per-liter.

(d) Type of particles Lo be sampled are either liquid or solid.

(e) Aeroscl impacticn and deposition on inlet and outlet valves must

- be negligible.

(#) The instrument shouié provide a constant record of retained dose

administered (0.001 to 10 mgs).
{g) The instrument response snouw.d be within 10 seconds.
The tasks set out by MRD to astain these objectives were as follows:
(1) Determine the most effective ‘echnique for measuring, monitoring,
and recording aerosol comsent.

(2) Prove out the selected components and the ertire system by testing.
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{3) Design and fabricste an instrument that operates cn the selected
principle, using proven components.
(4) Test the instrumert in the menner prescribed by CRDL.
1.2 Ba urd

Tte prior methods (Refe:'ence‘ 1y used for measuring and monitoring the
quantity of aeroscls retaired by man wi:hixix his respiratory tract vere based
upon periodic meassuremen: oY Lhe concentration of the serosol in the irhale
st.;'eam, allowing the sutject to breath this aerosol laden air Sor certain periods
of time, and then measuring Lie iLola® umount of ueros;ol exhaled by the sudbjecl.
On this basis it wus sentavively poocsible to establish the dosage of the aerosol
retained by the teost ocubjest,

Tie inkale concentralion was mew.ured Ly ucrubbing a porsion of the inraled
air {(mcasuring the volume) und ‘hen analyzing the cortent of the aeroscl colori-
metrically. The Lotal :msourd. of uerc.e) exinled was debermined by placing an
electrostatic precipitator cn tie exha:e @ ide and then aunalyzing the content of
aerosol by the swre cvlorimelric aevhiod .”'Z‘he vcluwme of air inhaled was measured
with the uid of & spirometzr.

With ihis setup it was a rvather lenglhy procedure to administer a predetermired
dese of the aercscl to the test cubject, and ikhis probiem lead CRDL to seek the

developrent of an advanced version of an Inhajatior Aeroscl Dosimeter (IAD).

The concept originally proposed by MRD was based upon the utilization o?f

thermal conductivity piincipies as the aerosol sensing method.

* Ses page A3

*Mromsulphalein (BSP) aeroscl was used throughout in the tests and its
concentraticn was measured al 580/«- ir 8lkalire soluticu.
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The overall lshelstion Aerosol Dosineter, as originally proposed by MRD is
shown in block disgram in Figure 1. At that time it was also planned to use &
saxpling valve to tgke samples of the "inhale” and "exhale" air and sweep it inio
the enalyzer b& 8 carrier gas, A corceptual design of the sampling valve is

shown in Figure 2.

The aerosol was to be geriemted exﬁefnally and supplied into the IAD. Tre
sampling valve is actuated by & sensi:ive Pressure switch and identical samples
(on the basis of volume) are injecsed simltaneously after preheating inito the
detector cell. ~“l’wa sigrals are pieked up by the attenuator, one of the signals
is inverted snd opposed to the other. The resuitirg signal is fed into the
recorder; it is integraled and read oul digivelly. At the same tize the cumila-
tive amount of aeroucl rctuired i established by coordinatirg this sigred with
that representiry the actusl volume of air inhaled. While in Llhe course of
developirg the instrument ucme <hange:; were made, Lhe original concept of the

overaill dosimeiry system ms siown in Pigure 1 remained the same,
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SECTION 2

ENGINEERING SURVEY

The purpose of this survey was to determine the best anrd most practical

‘déf,ection techniques. Thermal conductivity was the most likely detectiorn

technigue &s irdicated in the Introduction and thus is discussed first; sub-

sequertly hydrogen flame-icrization and other methods are discussed.

2.1 Thermal Conductivity

The thermal conduc:ivity coll, better xnown by the name of katharometer
vas first introéuced by Shakcspeur (Reference 2). It was designed primarily
for the measurement of Lhe coacertrution of various gases or Lhe basis of
their difference in thermul conductivity. Tts widesy appiication is made in
gas chromatcgraphy. Wikh tim: smuny improvemernts werc made, and currently
copmercially availudlc kalharomd--rs are capabie of measuring sarp:es in the
rurge of 1077 to 10-8 grems.

2.1.1 Taeory

The operation of a katharvometer is tased upos comparing the thermal con-
ductivity of an urkrovn gus with that of a standard or refercnce gas by
reasuring charge in elecirical resistarce as a function of temperature as
shows in Figure 3. As the thermal conductivity cf (he reference gas 1s knowr,
it ic a simple matter teo calculate the absolute cornductivity of the unknown
gas from (a} the measured reiative ccnductivity and (%) ike known absolute
conductivity of the reference gas. Figure 3 shows two similar current-beated
filapert.s in two similar cells, ard two similar inert resistances. These two

elements are conrected to a Wheatstone bridge. If the refererce cell contains
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Pigure 3 PRINCIPLE OF THE OPERATIOR OF A KATHSROMETER

air und Lhee sumple cell conueins a ges havirg e differert thermal conductivity,
she {wo hot wires will not be atl the same temperuture; and they will not have
the same resistunce, Thu temperature difference will be inversely proportiomal
to the thermal comductivity of Lhe gas for a given power input to the hot wire..
A good ruie is thot the thermul conductivisy of the gus varies inversely with
ts density; for cxweple, the lightest gas, hydrogen, hus the highest thermal
conductivity. The kridge then will becare unbalanced tc an extent depending
on the difference in conductivity. The extent to which the bridge becomes
urbalanced vill depend also on the percert. composition of the sample, and the

scale on the indicator can be calibrated in tems of percent camposition.
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used in ié.thé.:;o_méteié. The use of

The Wheatstone bridge is universa
four active filaments, such &s chown in Pigure 4, increases the sensitivity te
e given change in composition. These filaments are matched for temperature

coetficient of resistance, and are usually of tungsten or platinum.

It is r.ot alv,iyé necessary to know the absolute tlierma.l conductivity of the
unknown. Often it is desired to‘know the difference in thermal conductivity
* produced by 2 given change in the composition of the mixture. This difference
cen be established empirically. It is this change in aeruscl concentration
between the "inhale" und "exhule" sids uf Lhe breeth that is basic in the
Inhalation Aerosol Dosimeter. This change represents the amount of aercsol

retained by the téét sub ject.

2.1.2 Application

The guantity of heat conducted by o gas varies with the nature of the gas,
extending from poorly conducting {having cne-liTth the conductivity of air) to '
hydrogen (having seven times the conductivity ol air). Cas end vapors of any
conductivity between these two extreme: can be analyzed accurately by proper

selection of the reference gas.

The simplicity of operaticn of the katharometer, and expecially the commercial
availability of cells cepsble of opersting at 450°C lead tc the selection of this
method. As shown in Figure 2, a predetermined volume of both the inhaled and
exhaled air was to be collected and held‘w;thin the specially designed sampling
valve and then simultaneously injected 1nt§ the katharometer. Since the same carrier
gas wes to be uced and all the other variables were held constant, the signal
obtained from the cell would be directly proportional to the difference in concen-

tration of aerosol in the two samples.

I+ was further velieved that non~vaporizable aerosols in the micron and
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submicron particle size range vould affect the hot filsments in a similar
manner as the geseous substance.
A katharometer capable of opersbing at 4S0°C was purchased from Gow-Mac

Instrument Co., Madison, N. J. to verify the above assertions. The experimentsal

results obtained are discussed in Section 3.

2.2 Hydrogen Flame-Tonization (HFI}

2,2.1 Theory

Gases burning in a flame become sufficjently hot for a small proportion of
the molecules tc acquire sufficient energy to ionize and to give the flame an
electrical conductivity. Whes an orgaric vapor enters the flame, the conductivity
becomes greater and the ipcrease in copducliviiy mey be measured and recorded.

This 1s the basis of the hiydroge: [lame-icnization deteclor,

t least two reasons huve Leen suggested for the irnc-ease in conductivity,

One is that the ionizztior is purely a result of the high temperature in the

flame, and that organic ~ompcunds, having smaller ionization potentials than
hydrogen, produce more ions at a given temperature than does iL)ircgen (Referer;ce 3).
Another is that particles uf carbun formed in the flame have & smal)l work function,
and thus supply & large number of elcctrons to the flame (Reference 4), However,
neither of these explanations are adequate tC account for the observed conductivity,
as the ionization efficiency of the hydrogen flame is small, and it has been

quoted as 0.0l to 0.05% (Reference 5) end in many cases even smaller than this.

Figure 5 shows the basic circuif of the flame ionization detector. BFI has .
found widest application in gzss chromatography where the effluent from the chroms-
tographic column is passed into the flame whose electrical conductivity is being
measured. The simplest arrangement is toO use the metal Jet as the cathode and the

screen (orrod, or ring) above the flame as the ancde.

10
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The voltage applied arros:. the flame is usuvally 200 to 300 volis DC. This
provides saturation voltage, that iu, all available ions arrive st the electrodes,
$0 that further increases in volftage do not increase che current. The design of
the detector should be such that the negative electrode (the flame jet) should
not become too hot, ms it may emit thermal electrons vhich raise the background
conductivity, and raise tue ncise level, This may happen if a small mctal jet
of low heat cepscity ic used, or it the collector is extended too far into the
flame. Another important factor is that the electroudes should not be too far

avay from the :lame, or the icns will recombine before reaching it, so that the

current will be too small.

The resistance of the hydrogen flame is generally of the order of 1011" ohns,

-12
and the current through the cell varies from the order of 10 amp background

11
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current to about 10'7 amp on maximum signal. Different authors using different
detector designs give remarkably similar figures for the limit of detection,
i.e., the concentration equivalent tc noise. This limit appears to be about 1

1 in 109 moles for substances in hydrogen (References 6, 7, 8).

The Lackground current produced by the pure hydrogen flame is proporiional

kb L TR o)

tc flow rate of hydrogen, and thus variaiion in the flow rate appears as back-

ground noise and, in practice, it appears that this factor determines the noise

(Reference 7).

Ty

Ongkiehog (Reference °f) gives the following relation between the vapor

concentration equivalent to the ncise produced by uneven flow:

Sh Fh
A . R~
d S 3
4
vhere 4 = vaper connentration squivalent to noise
S - response ol vapor {ump gram-l zecond )
Sh = responce or pure hydrogen (amp gram'l second)
caleulated irom background current of pure hydrogen flame
Fh = hydrogen llow rate
® = carrier gas {low rate; if hydrogen is tbe carrier

F
& gas and no mixturs is mage

4 = flow fluctuaticr in proportion to total flow

The lineerity of the detector is claimed to be from sbout 10'9 moles (limit
of detection) to a maximum concentration of about 5 x ].0"3 moles (Reference 9),
or e dynamic range of about JOO. A high impedance amplifier is used to amplify

the resulting signal.

2.2.2 Application
The application of BEFI for the detection and measurement of aerosols appeared

to be straightforward. Either the aercsol could be vaporized, &8s discussed in
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Section 221, or the aerosol p@ﬁ-ticie’s could be brought directly into the flame
and alloved to ionize. It has been reported (Referenmce 6, 10) that the flsme

is extremely sensitive to fine dust particles so that both combustion air and
the hydrogen must be filtered before it enters the detector., Apparently it is
this phenomenon that makes it possible to measure both crganic and inorganic

particulates in the air.

In general, there is a tendency for molar response (e.g., measured in
coulombs per mole) to imcrease linearly with incx"easing carbon number. Such
behavior is generally true for straight-chain hydrocarbons, e.g.; the signal
obtained from the same volumes of hexane is twice the signal obtained from

propane (Reference 7).

Desty, et al (Reference 8) fourd that the response cbtained using 2:2:4 -
trimethylpentane is sbout 0% greuter than [or ethyluenzene, and 15% greater

Lliar for n-octane, all C& mteoyles,

The available literature dewl: ecuentially with gases and vapors and very
little information is availablz on the detection und measurement of the concen-
tration of aerosols. At this point it may be only theorized (and this is to be
proved) that it mey be possible that the detector signal response iz directly
proportional to the rumber of parziculuzses fed into the flame, especially if

the particulates are not previcusly vaporized.

2.3 Other Methods

Numerous other methods were alsc investigated, including surface potential,

ﬂ-Ray jonization, D.C. and R.F. discharge, and photometry.

2.3.1 Surface Potentlal Detector

The surface potentiasl dexecicr operates on the principle of genersting an AC
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current when the gas is passed l:efweén two metal plates, one of wl-uch is covered
with a monomolecular layer of & substance which will absorb the vapor (or aerosol)
in question., Since one o the plates is vibraied mechanically there is a consia.nf
alternating EMF which éha.nges when the substance in question is adsorbed on the
surface of the plate. The sensitivity is claimed to be in the ré.nge of 1 pert

ethyl oxalate in 106 parts nitrogen (Referente 9).

This method was disregarded for the application of serosol detection because
the adsorption and desorption rates on the plate are too slow; for example, the

complete detector analysis cyele rar ethyl oxalate ie about 9 minutes.

2.3.2 B ~Ray lonization
I

This detector is based on tie princlipie of measuring the current passing
through a gas ionized by ﬁ-ray radiat:on (Refererce 11}, For parposes of ex-
Planation, ¢me may regard the ﬁ—rays as sireams of particles emanating from
the‘:(')urce. These particles traverse Lhe gas, and alter truversing a distance
the averag: length of vh'ich 1s the mean f'ree path, they zollide with an atom
or molecule (or the meruscl pariicle) of thie gus. These rays are emitted from

the radjoactive material with a large ¢rergy which is suf'ficient tc displace an

electron ﬁpor. collision.

The energies with which ion:zirg particles are emitted from radicactive
materials are of the order of 10"' tc 106 ev, whereas the cnergy required to
jonize singly an atom or molecule is cof the crder of 10 eve Thus, sfter one
collision, the ionizing particle has et very little energy, and it can then
g0 on to collide with ancther atcm, produce ancther icn and elechror, and so on

until it is finally brought to eguilibrium.

The renge of /3-re.dja’.jor. from 8170 {0.5% Mev) in air 1s approximately 2.7

meters (Reference 11) so that the possitle heelih bezard must be considered in

1



désj.sn:l.ng the detecﬁo::- .Ii; wéé f&r this ree-zon th.a't this principle vas disregarded

since it was desirable that the mask assembly be situated close to the detector.

2.3.3 D.C end R.F. Discharge

This detector is based upen the principle that when an RF discharge occurs
between two electrodes wherein the field is diverging, 2 D.C. potential results.
This potential is sensitive to the ccmposition ot the gas through which the dis-

charge is passing {Reference 13). This detector has not been used widely, and

.apparently is not available commercially so thet its operation with aerosols

could not be evaluated.

2.3.4 Photumetry

Photomebry is perhaps Lhe rost widely used in invesLigating sercsole., Thie
technique is basced upon compasing vhe Lighl lni.mlu-ili& oblained frum passing the
lig. through en aerouol sumple and w. asrcyc) free sample. Th/is difference in
intensity is proporticnul ¢ lhe d1fference 1o concentraticn of the aerosol in
the two samples. This method bhas Leer used successfully with sercsols of one
micron or larger diameter size, btut it 1s liumited in its application when smaller
aserosol particles ure considered; and esseniially is nol. applicable for particles
of 0.3 microns or less in diameter (Reterence 14). For this reeson this technigque

was not evaluated in any greater detail.
2.4 Conclusion

The available literature describes various types of detecting devices for
the detection of gases and vapors, bur very little information is available on
the detection of aercsols. Of the various candidate detection techniques, thermal
conductivity or katharometry and hydrogen flam= ionization appeared toc be the most

promising. While thermal cordustivity 1s limited in its sensitivity, it is a well

o
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established and pi'oveﬁ ée-cnnique. Numerous detectors operating on this principle

&re commercially availsble.

Bydrogen Flame-Ionizarion technique, on the cther hand, is one of the most
sensitive and simplest techniques yet developed for the detection of organic
constituents in air. This techrique _has found extremely wide application in
gas chromotography, and its application is constantly growing. Because of its
kigh sensitivity and the fact ths.tlr:unerous components and devectcrs utilizing
this principle are commercially evailatle, it was decided to anelyze this

method in detail in addition - that of thermal conductivity.

(9.
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This section presents the experimental evaluation of the concepts of thermal
conductivity and hydrogen flame-ionization, which an engineering survey indicated
as the most applicable for detection and measurement of the concentration of
aerosol in the air. While the two approaches were studied anci evaluated during
the same time period, thermal conductivaty will be discussed first, as this was the

method originally proposed.

The aim of this experimenta. evziuat:on was to ectablish the best detfection

method which would Lhen be used 11 Lhe Trbainviopn Aerosol Dosimeter.

3.1 Thermal Corducbivity Cwil (Ur)

In the initiyad reasiviliyy <badios Do weagsueing vhe concentration of aerosol
ir mir, a beclman Instrument Cocpany - Az Crueomategraph equipped with their
ctandard TC cell wac azed. Arn bz evuius'ion, Lhe chrematographic column was
removed, and @ direct link uu-ng (f% oncd claiatess swueel tubing was made between

the TC «ell and the sampic inlet pert. ‘Mhe ccll was operaled at 21&0“0, the upper

temperabure limil.

Initial results obtaintd vsing Lrowsuifalein  aercsol in the concentration
range of about 10C micrograms pe- liter irdicabed oaly a slight response of the
cell - about 10% cof total indizater scale at optimal sensitivity settings. At this
peint it was thoughit that bthe TC rell raipense ~0uld be significantly improved by
increasing the operating temperavicy of the cell ard at the same time vaporizing

the aerosol prior to its injestica into the TC cell.
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Subsequently, a new TC cell

e -

was purchased frem GowMae Instrument Company,

Madison, N. J. This is the type of ce2l as shown in Figure h, Section 2 of this
repert. In operating this eoll, it was observed that about a threefold increase

of sensitivity was obtained as compered with the Beckman cell. At the same time it

~ vas observed that this sensifivity decreased rather rapidly as the test progressed.

Closer examination of the cell filaments revealed that a thin film was forming over
the filaments and this apparently ontinucusly desreased the filaments'! sensitivity.
Such-behavior was mest marked when kigh 5Soiling point aerosol simulants such as

glycerine and dibutyl phthalate were ised,

As a bnext step ir this invesiigaticr, 14 was attempted to test out the "Elow-
7
plug” principle. This priniip.s i= s:r:lar So that of T0 cxcept the filament is
ug TC

much thicker ia diametcr and i s caps~ie of cperating at much higher Lemperatures

-

{up to 1109°F). Ii wac bhouglt ‘1ab 3% these Lemperatures the formation of a thin
Tilm could be prevented., The Lect roiul's were unsatisfactory as the sensitivity

vwas considerably helow thzt ragcired v the contract.

3.2 liydrogen Flame Terizasisa (IFTY ®ernigue

The JFT detector used in the preliminazy evaluation to establish the feasibility
of this method was 2 -tandasl medel Meded £0-1) 2¢ cupplied by Research Specialties
Co. of Michmond, Californie. As polnisd ouh previously, this detcctor is built to
operatie under positive dispi2sem~n’. and LLus in this application it was necessary
to make some modifisaticrs, @ilicons vrubber wes used to seal the detector hermeti-
cally. Whlle this method of swziing withsicod the elevated temperatures for several
days, and the resulis stunsiaed §.-ing thlz Lime were very geod, the silizcne rubber
begen tc decampose and *he dehector backgrouad noise increassd very appreciably.after

about three daye of corsir.o:s 2pocation.

18
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3.2.1 HFI Detector - Laboralory Mcdel

After these preliminary findings, vhich indicated the feasibility of the HFI
technique for detection and measurement of the concentration of organic aerosols, it
was decided to 2onstruet an HFI detector in this laboratory that would be more

applicable for this study.

A schematlc diagram of lhe initizl versjon of the HFI detector as constructed
in this laboratory is shown in E‘L.a;,urr: O. e crucia) probilem vas Lo meintain a
slightly reduced bai, very precise presaur~ within the detecsor chawber , 8o that air

could Lo conbituusly a0l endorely cumpled and snulyzed.

The werocol ac brogrht 1o nberaseh the szpillary tubing and it is mixed with
bydeogen praca booaday ante Coe U lese F b e, jonization Lakes place (as
diso.mredl i Seotes UTO) ek oo Jwe e gn Wb erechryeil conductivity of the

Plame resulie. e sieenl 40 o eed o b7 o owslleclor zereen, ampiified by the

electromater nd Uad paler vhe pocr dor wheg e o pepmanent, record 1o made.

he initial vergien of Lbe 11eWw conptecd cystem is chown in Figure 7. The
acrosol cample 1: drawr wihs tor debe b {rom » man acroscl Supply line, where
the pressurr 15 approzimately abmscpber g, The diameter of Lhe main supply tube is

ubout 1 inch while Lhal of the e tor sampling tube iz aboub L/64 inch (capillary

tubing).

The effluent pac comine Jrom Lhe drtmctor ohamber passes fiarough 4 series of
throe flasks, as shown in Figuce 7. Ihe purpose of the First flask is to reduce
any immediate {luctuztian that nay -rouls wivhin the detoctor chamber. This fluctua-
tion may be dut uC uneven combastion of Lke gases or acktual temperature fluctuation
within the detector chamber. The ability Lo maintain precice and constant pressure

within this flask is ol wtmoct importan.e ax it iz this reduced pressure that contiols

i9
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Figure 6 SCHEMATIC DIAGRAM OF THE HFI DETECTOR
BUILT IN THIS TABORATORY
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the sampling rate of the merosclized alr into the detector. A vater manometer is

coanected directly to this flask 50 thal variation in pressure could be cobserved.

The second flask is to remove and entrap water vapor vwhich is a combustion
product. A dry lce trap was used in in:lial evaluations, however, later it was
round that salt water wiuh i2e mixture was catisfectory. The purpose of this trap
is to prevent meoasture -logging the flowmeler and tubing which will disrupt con-

tinuous I'low of the wases and sflent Lhe sampling rate of the aerosol.

The third flask sssenbiatly previd<d n "high vacuum" reservoir, end its function

wag lo reduce die Saeguat pony of the vaeusem pump.

Wilh the overali wotap shuve te Fipare , on wag demonsbrated that BSP aerosol
conld be delonad ad wailorel e faily i e consentration range of about 8
mivrusrams o iiber. oWy o obphee amptigeation ol Blee signial resulted in

nipmaficantly weresoed Yok ard neciee ) whel yﬁ'. directly related Lo Lhe unstable

campling rate. Tritaai7 “so 1970w 1oy wae atyriinted Lo temperature fluctuation
wilhin the deterlor chami e and = erquenliy an oxperunsent was conducted with the
delenbor beins partasidy cotevaed iroa calieony 1) bath, as chown in Figure 8.
Despile thin-mviirisad:s ix - wra: {lacfuakizn and background noise percisted.
This cluwdy, hovévrar, demmictrated What, vhie Lemperabure effect by itself was rather
insigasl'icant, ami the premary cause Ya. the i.nstabxitr;y of the detector chamber

pressure.

3.2.2 Coastruction of 4hs HYY Deve:tor - Advanced Model

Vuile Lbe sbudy using tie laloculory desector was in progeess, plans vere mede
to build two detecirors of more 2dvanced design. Plgure 9 shows an assembly drawing
of this detector. Two such denecinze were built and bench tested.

In the coastructicn > thrar Jerritars it wags intended to conirol the tempera-

ture of +he blo~k 3csemily zo Lhas. §i™° il Were r.e".‘essary to raise the temperature to

A
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Pigure 8 SCHEMATIC DIAGRAM OF HFI DETECTOR
PARTTALLY SUBMERCED IN SILICONE OIL
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Figure 9 CONCEPTUAL CONFIGURATION OF THE MODIFIED HFI DETECTCR

2l



e 1

vaporize the serosol it could he easily preset. This was done by imbedding a
cartridge ‘t'ne-thernostatically controlled heater into the block base assembly
as shown in Figure 9. )

ﬁgures 10‘ and 11 shov pholzgraphs or the bench testing assembly. These
tvo detuctors were connected lo two separate pumps. In the course of testing,
it became evident that wit™ sepasrste fiow connrol systems and using the setup as
showr. in Pigure 7, Ll would ‘e impcinibie o establish identical aerosol sampling

rates for Lolk dehed oo,

[¢]

Ancther protaer Yhen appeaced o Yhe testing progressed was that the stainlec
.::l.-:r:l " rorgy, sl e et (o chambees walh Lhe Lase,collapsed and in-
Tocrag O goear srr i vty o Dbty bteapd o e iacyeased very signiflicantly.
While Jacess detes b g o oo ce sty actieq] operabion, they provided
enourk wrfermat, e N e g e oder e oand conetruetion of a dual type

\ '
b iten Peaer ol st Jet e LAY oM s pynth tWo basic problems had to be
‘?ola-ull beefope ooy whbitamesl coepn i 0t gc rtlady could e Laken,

Prae Fleet prodd tear woe g madlly e crdrapn the Luo avarlelle P detecbors,

ard Lhe seczredl probtem was Lo shat sk woerjral.le selhcd of meintalning preclsely

the come presoss abbin Lhe wes deteatorz, &0 Lhal the serssol sampling rate

cculd be virtaaily L 33re for tiun deteciors,

3.2.3 Construwctinn of she 21131 Devevors

An overall uppraiesl ! Lhe evisting deteztors indinated that it would be
more advantageous oo red-sige and Soautry b a rev delecler in such a way that
Lthe exhaust of :i,h dctzctors would he Jinked Lo & single vacuum controi assembly.
Figures 12 and 12 shuv schematpsally tie construstion of this dual detec;tor.

Pigure 14 shows nhe shop d-awiep of nhs dsal delestor, Note that the two

detectors are enrlzaed 1n 2 Anp e cIrtainer whece the temperature is maintained



Flgurse 10 FROWD VIEA OF 700 BENCE ASSEMBLY
CT WE TNTALAVTON AERGHUL DUSTMETTER

Figure 11 REAR VIEW OF THE ASSEMBLY AS
SHOWN IN FIGURE 10
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Figure 12 SCHEMATIC DIAGRAM OF THE FINAL MODEL
OF HFI DETECTOR (SINGLE CHAMBER)
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Figure 13 ASSEMBLED TWO HFI DETECTORS, ENCLOSED
IN A SINGLE BOX WHOSE TEMPERATURE IS CONTROLLED
WITH THE AID OF TAPE HEATER AND VARIABLE TRANSFORMER
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constant with the aid of a Briskheet Tape heater and a variable transformer.

The detector is separable into two main parts: the base, and the electrode

assembly. These are fastened together by means of a flange and four screws.

The base of the individual detector contuins the three gas inlet tubes amd a
ceramic insulated burner tip. The two tubes protruding upward are for hydrogen amd
the Oe-Ne aixturg respectively. %he third capillary tube i for intake of the
aerosol sample. The electrodes orc imbedded in the Toflon disk vhich is sealed to
the stainless steel cylinder (Jart off the luse assembly) by means of the flange amd

the four screvs meniioned alove.

Negative high voltyre (50 volts) is counccted to the burner tip (catliode) by
meons of a small circular washoer cilver soldercd to the cathode. The platinum igniter
coil iz situaled close Lo She Larner tin: one end of 1t is grounded, the other is
actuated Ly deprecsing tie FT.NE IGNITER bubtton cn the electromeser pancl. The anode

or the collector screen operates st or near to ground potential.

Electrical connections ure made Lo bhe electrode {including the igniter) at the
top of the detector. The "hizh voltage™ (300 volis) cable also supplies separstely
l‘.hev 2.5 volts A.C. for the iemiter coil. Bolh cables arc cleetrically chielded
and Teflon insulated. The complete delector assembly is electrically shielded by

prlacing it into & rectangular aluminum box.

3.2.4 Flow Control

N

The problem of flow control was subsequently solved through the use of mmch
larger ballast tanks and the use cf a very sensitive subatmospheric pressure regulator
as supplied by Moore Products Co. (Model No. 44). The overall flow control system is

shown schematically in Figure 15. This system it similar to that shown in Figure 7,
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hovever, one more balllast tank vas introduced, a capillary restriction was placed
between the "high" and "low” vacuum ballast tarks, and most important, a precision
vacuum regulator was added to the system. This vacuum regulator maintains “constant"
vacuum in ballast tank No. 3. The vacuum within this tank is not really constant,
but the variation in prossure is significantly reduced through the use of the up-
stream tvo ballast tauks. .In actunl operation, ohe way observe slight fluctuation
of the flov as shown by the flowmeter. This fluctuation subsequently is "bucked

out™ and the indicating Magnehelic gage registers constant pressure.

The most important fact is that the problem of detector signal fluctuation has
been virtually eliminated, and the debector became operable Lo its meximum sensitivity

(few micrograns per liter range).

3.2.5 Bench Evaluatisn of the Final Model

This integrated detector wus bench tested ecsentially in the same pamner as
the previouc detectors. The signal cutput of the two detectors could be controlled
through ud justment of air and hydrogen mixturec. Such adjustment is necessary to
align the two detectors to yicld the same signal when identical concentrations of.
the aerosol arce being sampled. This adjustment can be also made by cha.néing the
position of electrodes within the detcctor, however, this latter adjustment should
only be made after the detector was disassembled, cleanéd, and reassembled again.
Even at this point such an adjustment mey not be necessary. Operation and service

maintenance of this detector is presented in detail in the Appemdix.

At the electrometer attcnuation of 30X, detector chamber vacuum of 6% 0, 4of
of full scale deflection cf the recorder pen is obtained when aerosol simulant such
as BSP in concentratior of 2 micrograms per liter is taken into the bench test |
detector. These results were sufficiently indicative that integration of the
components and the final essextly of the Inhalation Aerosol Dosimeter should be
undertaken. These step; are discusced in the followving sections.

)
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SECTION &
INEIRATION OF CONPONENTS

This section presents the selection and evaluation of other basic components

that are part of the Inhalation Aerosoi Dosimeter.

4,1 Tidal Volume Measurement

The tidal volume reprecents the volume of aif inspired and expired during
normal or "quiet” breasthing. This volume varies with the rate of breathing, and
it also varles among individuals. Moasurement of t_h:ls volume per se¢ is not ecsential
in estp‘falisising the total dosege of ihe :erosol retained by the test subject, and
this is especiully true when Lhe test subject iz breathing the acrosctlized air for
any sipgnificant length of time, where the tutal volume of air inbaled is equal
to thal exhuled. However, to muke the Instrument more versstile it was provided

vith a sensur, digitul readcus and u recorder {or the volume of air inhaled.

The sensor isl ol the hot-wirc-enemomeler- Lype; supplied by Hastings-Raydist
Corp. of Humpton, Virginia. It iv & modified version of their Model SM-20K,
and it was developed for the purpose of measuring respiratory volumes. The
filements are kept at @out 200°C, and uccording to the manufacturer, serosol in
the micﬁn slze particle range and in concentration range as stated in Lhe contract

should not have any significant eftect upon the seasor.

‘Tbe signal obtalned from this sensor is fed into a Honeywell recorder which
is equipped with a Disc inlegrator, pulsei generator, and a separate counter. In
this menner o record is made on the recorder chart of each individual volume of air
inhaled, and the total cumulative volume of alr inhaled is shown by the digital

counter.

33
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While the sensor résponsé is not linear, it provides s very good approxi.
ration under normal bresthing conditions. It may be necessary to calibrate this
sensor for individual test subjects. A typical response of ebout one count per

30ce of air inhaled has been estahlished for the instrument.

It may be noted that the Honeywell recorder hed to be equipped with a
variable resistor as the signal output from the sensor vas considerably more

than one milljvolt.

4.2 Deleclor Signal Coordination

-As mentionud i)reviously, Lke Inkalation Aerosol Dosimeler i: equipped with a
dual-type BFI desscteor for meosuring copzentrabion of Lhe weroswl in both the
winhaled and exhaled sryream:. Sivue she deleclor signul is directly proportioral
T2 Lhe concenbLralion of wewosol jn Lie swepled win streum, and cince the two signals
are &rentivily ihe swmee wher hhe sawe wercscl coneeniration :8 being sampled. any
Jdeviation beotwenn ‘i '..v.o ~gnals maLl Yo directiy proporticpal Lo vhe change in
8 1usCl copsenlral. i in the two sheesmc. 1P the 3igral ouwaput o6 the inbalc
cireas 1¢ GO0 mallivolsns snd thial on the exhale cireaw iz C.730 millivelus, Lhe
A1 e rence Letvween Lhese e oigpals (O.L0 wiltivelis) i directly preperbicnal
10 the change in concentrabion. Tohul is, the highe: the change in conceniralion
ik the wo strewm:, Vhe Ligher will be the sigual‘d;’\l'l‘erencc. Note that the

major assumption is that the respiratcry voluee of air exhaled i: repiuced by Lhe

© same volume durifg Lhe nexy inhalation phuse. While Lhis assumption is not true

in genersl for a single respiratory cycle. the resulting deviations will cancel

- out and the assumption as to total volume approaches validity as the number

of respiratory cycles increases. That is, the totsl volume of air exhaled must Le

equal to the tctal volume of air inhaled. Tigure 16 shows diagramaticaliy the

PRV T JORY



(1M

TP R

3
]
'
¥
——

5o O G

W3 e 8
(.".bl".".,'"" - ]_].‘q,.n_ -
N HS cernlne

-

T ——aemme =

LR DIAGRAMAT | REPRESENTPATION 08 TBE DL ITAL .
READCUT LD PEE INAAMATION ARELGOL DOGYMETER

nbove segaener . T the exnaled wed f000e 1 voawes are ascumed Lo Le e ume.
as srowe an Figure 19 Lic Ligpal 3isferente, . o 5 -tuode n reapiratory
cycie #l. vepresent: Lhic uhsclule amws' of the sero:cl vithdrevr: {rop the sysiem,

or Lhe amu.;:'. off Lo meross] srained Ly the oodivideal during the Tiren regpiras

Lory tyele.

1 the operation of e IJnhulation Aerczeol Dosimeter all Lbree sigrals are
recorded, ¢ Lthut visugi pattern of eacn respiratory cycle is provided. Digital
resdout is provided for cumulative amounts of "agent inhaled” apd "agent retained”.
Therc was no need 10 provide a digital reedout for "sgemt exhaled” as the signal due
to "agent exhaled" is electrically subtracted from the signal resulting from "agent

inhaled" and the difference 1s shown by the digital readout of "agent retained".
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The above operation perhaps can be explained in a simpier manner by referring
t0 the recorders and cbserving the recorder pen position. For example, if the.rscor-
der pen on the "inhalation recorder" indicates 0.90 millivelts, and that of
“exhalation recorder” indicates C.70 millivolts, then the pen on the "agent
retained zvecoz:dez"' must indi;:ate 0.20 millivolte if the system were properly
balanced prior to use. Figure 17 shows schematically the complete ccordination

of elestrical signals in the Inhulation Aerosol Dosimeter.

h.2,1 Actuation of Counters

The "agent Inbaled” and "agent retained” counters are actuated simaltaneously
by a microswilen locabed i »t!.-.- Yair tehaled” recorder. Thas microewitch rides
over 3 bakelite e atta bed to Lthe recorder pen meciuricom, and zev in such &
posibion thul. when bhe "uir anbaled" cecorder pen mve. rom cero Lo aboul .09
millavole:: Lhe obhr Lwsn connters wre wctoulbed.  Nobe rhal thic position can be

chaed Ly sirply rotatiog wd sesting £his bakelits cam,

Tue actiation of ccanters by the mi<ruowileh oiturs right afver the i.nhalaw-
tivn starts. The sebling of .05 millavoite wae selected uo that essentially
inotarteseows insteument. response could Le obtained. A lower setting could result
i falot Lipual &-lual i a. Lissic mey Lr sume Lackpiownd noise comlng from Lle
tidul volume senscr. Thus the delector weasuvres the aprosol concentraticn cof the
previously uvxhimled breat), and the concentration of thc aerosol in the inhaled
stream. Role that the aclusticu of the counters is actually made through a
mechanical link between the cam and a small wheel of the microswitch thal rides
over the cam. The initial actuator iz the hot wire filament of the Hastinge-
Raydist Flowmeter, whose primc funciion is to measure the volume of air inhaled,

and actuation of the counter is made as the "air inheled” recorder pen moves upward.



WVUOVIQ fNTHIM M4LSWISOG TOSONBV NOILVIVENL LT ®andrd

o + - Pondieg e -
o gCr
r——r =T 1 B nMUELhulI




N aifth B

gi Sl o]

o i

k.3 Detector Vecuum Control

Precise conirol of the detector chamber vacuum is extremely importent as it
is very closely related to the sempling rate of the serocol. Figure 18 sho;is o
complete flowchart of the sampled aerosol as it pesses through the HFL detectors
and through the exhaust syctem. A precision type vacuum regulator (Model No. b,
Moure Products Co.) is used in this system. The detector vacuum is read indivectly,
as the vacuum gege (Magnetelie, O to (" H,0, F. W. Duyer Mfg. Co.) is connected
to the "moisture trap"' (see Fig. 18), and since this moisture trap is linked with’
the detector through & 3/8-1r.ch diameter Tellon tube, the pressure drop across

thain tube may be considervd uy neplipible.

k.4 Duetector Pusl Countro}

Both detentors vee bellled ydrogen (cln-@u";w;rgiﬁﬁz. grade) :nd 2 mixture of
oxyien #id nitroger:, ¥or besl reonlts of rosponre and stubility ol the delector
it was lowed experimentally thut abueb JO 0, and 90% X, (bot). water pumped)
shivuld be usd, This low 'prom"uon af' overen Lo nitroger iu necesumry because
when vrdinury waler ponped a:r 1o voed o Signal results from the exhale detector
even though Llere is nu aerosul supplicd to it. This sigeal apperently is due to

Lhe diffzrent compuoibion of Lbe eximied breath, When 10% oxygen is used this

. problem Ls climinated. Figure 18 alse shows the Linksge of the supply of fuel

+0 the detector.

Supply of both the hycrogen and the 0,-N, mixture is controlled vith a set

of regulators and capilla.ry tubes. These capillary tubes vere adjusted in length
so0 that approximately the same Tlowrute is obtained when the gos is fed at the

same pressure,
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The flow of hydrogen as & function of pressure is shown in Figure 19, and
that of the 02-l|2 mixture is shown in Pigure 20, It is the hydrogen flowrate
that is critical in the operstion. At high hydrogen flowrates the background
noise is toc high, at low .hydrogen -ﬂcvrates the fleame is extinguished. Best
recults are cbtained at the hydrogen flowrate of about 10 to l5co/min (% to 5

psig) and the 0,-N, mixture of sbout. 300cc/min (10 psig).

The capillary tubes supplying hydrogen and the 02-N2 mixture are equipped
with a Millipore Filter Holder (Model No. XX3001200, Swinn Adapter) bo {ilter
out any particulates from Lhe ges stream. 3Both the filter and wrefilter should
be replaced afler awul 1 your in servics (Scs Appendix B, Muintenunce Procedure).

b5 Mask Assembly

r 3

The face musk used fo the Inbalatios: Acrouc) Dosimeler iz a modified vevsion
e the mask subplicd by Sieros Mwlee Fogneering Co., Sierra Modre, California
(Mcdel Bo ESO-MBUTEY. Tie wmodi Ficution was mede Ly 1educing Lhe Jengih of

tating and shirbine furwurd Whe inhalutico-cxialation vaive,

Thic maLk woo chosen lor Lhe TAD Lecause ol its smael! "dead volume" space,
und expeciully Lecuuse of the simple dusl (inlalubion exhalation) valve (Model
Bu. 2il-250) Umi i supplied with ibe mack wirich further reduces the “dead

voiume” space.

Tiie valve ls shown: schematically in Figure 21, and iis enclosure into the
mesk assembly 13 shown ln Figure 22. The complete mask assembly is shown
schematically in Pigure 23.

bo
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1.6 Electrometers

The two clectrometers uced in the IAD were purcheged from Research Specialties

Co., Richmnd,. Calif. These electrometers vere modified slightly; the modifi-

cation made was in the flame igniter circuitry. Figire 24 shows the cireuit

diagram of the Model 605-3 Electrometer, as modified by MRD.

b.6.1 Electrical Specifications

Current Sensitivity:

Peak-to-peak noise level

Drift:

Line Voliuze Stability:

Attenualion Pactors:

1.25 x 10-12 ampere full scele response in
o5t sensivive setiing

(with detector cable connected):

2.5 x 10-14 ampere (2% of full seale in
most sensibive setting).

Lexs than 3% of full ncale per degree Centigrude
zhange in wibien!, temperature in most sensitive
setiing.

less Lhan 0.5% ol full soule change in outpat
lor % 10% change in line voltage in most sen-
silive cetlimg.

al, %5, xi0, x50 «= -~ x 0 million in 16 steps.

Recommended Recording Meter:

N-% millivolt span

1 zecond Ml scale response (oulpul for other
recorder sensitivities available on speciel
order)

Electrometer Output Impedunce:

Detector Polarizing Voltage:

790 ohms mux - negative terminal grounded

300 volts (battery)
10

Maximum Background Suppression Current: 4.5 x 107 amp

Detector Sensitivity:

Power Requirements:

(b45-voit battery used)

& 10713 moles/sec. (measured by exporentiel
decay method using propane,

115 volts 210%, 50/G0 cycles, 200 watts

45
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4.6.2 Detailed Description of Operation of the Electrometer

The electrometer circuit is operated by the AMPLIFIER rotary switch 83
and 15 fused by 1/2 ampere fuse F3. The electrometer circuit includes tvo
batteries: the HV battery (Bl - 300 volt) which polarizes the detector for

efficient jon collection and the background suppression or bucking voltage

battery (B2 - 45 volt)., The latter is used to supply a current through e 10t

ohm resistor R3 comnected to the input of the electrometer which is adjusted
to balance (or cancel) the background lonization current in the detector.
The bucking vbll,age is adiustable from O to U5 volis by means of ihe COARSE

and PINE BALANCE controls Rl and R2.

Thee AMPLIFIRR ronuary swileh 83 hse STANDBY and OFBRATE positions. The
foruer position energizes Lhe elecirow oo waplifier buy leaves the battery
volbages dieconswied, The OPERATE pocition wlds the hatitery voltages so ihat
the dsuector «ap be gpeinten, The STARDBY position has been provided no pep-
mit. kurning on Lhe elontrometor cirouit wilh no connected source of input
current. which might cause un initial surge of prid current in the electrometer
stage reanliiag in a Targ recovery periol.  Furthemmore ihe STARDSBY positica

permits the electrometer Lo bte left on in 1ts warmed-up stable conditicn while

the detector 1s unenorgized during off periods for servicing and cleaning.

The electrometer is a d.c. amplifier with negative feedback. The input
stage utilizes a CK5889 electrometer tetrode VI. The folloving two ampilifier
stages are transistors TRL and TR2. The output voltage taken from the collector
of the 3rd stage is connezted to the input through one of a set of resistors

selected by the ATTENUATOR svitch S6A. Thus there is negative feedback of

he
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" current to the input and the amplifier cutput voltage is linearly related to

the ionization surrent. The currcnt sensitivity is selected by the ATTENUATOR

by virtue of the selection of Teedback resistor.

A secend wafer S6B on the ATTENUATOR switeb is used to attenuate the
output voltage connected to the recording meter. Thus the signal to the re-
corder is determined not only by the feedback resistor but also by the value
of output voitage attepuation. The result is an overall attenuation range of
30 million to one obtained with five different values of feedback resistance.
The advantages of output voltage uttesuation are:

a) Amplifier drift and line voltage sensitivity are Lhereby attienuated.

‘b) The umber of feedback resistors is reduced.

It should be nated that the twe largest leedbuack resistors, R13 and R27, are
10t e 1610 ohme, ruspeetively, (dalffering by o fucloy of 19) and thal only
two cusput voliuge shtenustion setbings are used in che x1: x3, x10, and x30
positions; whereas i1n the remining positions, the fecdback resistors Rk,
R15, and K16 differ by factors of 10 and four oulput voltage attenuation set-~
tings are utiliz=d. The reason for this is that the response time of the
tlectrometer-detector system depends on Lhe value of feedhack resistance. TIn
the x1 and x3 poslitions, the response time censtant 1s approximately 1.6
seconds. In the x10 and x30 positions the resporse time constant is 0,18
second because the feedback resistor is 1010 oms instead of 10:"l ohms. If
the 1010 ohm resistor hed been omitted, there would have to be four attenu-
ator positions with the 1.8-second time constant. This would preclude taking
advantage of the inherent rapid response of the detector in four rether than
two attenuator positions. The respomse time of the circuit in attenuation

settings higher then x30 is less than 0,18 second.

b7
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The statements in the last two paragraphs can be summarized as follows:

a) Eléctrometer drift if greatest in the sttemuation settings xl,
x10, x100, x10K, and xIM ané less in all other settings by the
factor of output voltage attenuation.

b) Response time is 1.8 seconds in the x1, and x3 settings and 0.18

second or less in all other settings.

There are two adjustwents in the electrometer which set the amplifier
output voltage to zero. (These adjustments are separate from <he COAPSE and
FINE BALANCE controls which have to do with buéking current). A coarse
adjustreent can be male by varying the RY potentiometer lccated on the rear of
the Electromuter. A 'ine adjustment cun be made on the iront with the knod
labeled AMPLIFIER ZERO. Both adjustments vary the sercen voltage of the
e)ectropeter tetrode, thereby varying the plate curremi, These odjustments
are used Lo sci the amplifi=r oulpul voltage Lo z=ro when there is zero input
aurrent {including zero bucking current). The course adjustment 15 set at

the Tuclory but may requirce occasionmal resetiing as the clectrometer tube ages,

The second stage transistor TRl is a Silicon-type; a2 germanium-type ther-
mistor is used for the third stage (TR2). This combination of transistor

types results in minimum drift with awbient temperature changes.

The operating voltages for the electrometcr circuit are supplied by two
Zener diodes (D5 and D6) in series, which are in turn supplied by a regulated
povwer supply. The series regulator element of this pover supply is a 2N2k2

pover transistor TR3. The regulator amplifier 1s a 2K377 transistor TRY.
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The sensitivity of the electraveter circuit to line voltage changes is

s-ail. The major source of drift is ambient temperature variations (see

specifications ),

The Model 605-3 contains & flame igritor circuit which comsiste of a
fila.nent transformer T4 whose 2.5-volt secondary leads are connected through
the FLAME IGNITER push button switch Sk to the detector posts.

The 2.5-volt transformer is used to heet up a platinum igniter coil in the
detector which results in the ignition of the hydrogen flame. Power is
supplied Lo the primary of the igniter transformer ™ only when the amplifier

switch 1s in STANDBY or OFERATE.

r -

A Meter Zero Control is providnd ophtionally for off-setting the recorder
if so rir-:sirm]: The marker pushtutton cable plugs inlo the rear panel of the

605-3.
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SECTION 5

ASSEMELY AND EVALUATION OF THE
INHALATION ABROS(L, DOSIMETER {IAD)

5.1 Assembly

Standard type Emcor (Elgin Metalformers Corp., Elgin, Tllinois) conscles
are used to house all the compunents of IAD. The camplete assembly, as shown
in Figure 25 consists of thres sections. The two side cections (FR-2kA) pri-
murily house the recorders; Lhe seclion in the center houses the conirol panel

and the other components.

F‘i{fﬁirns 26 through 29 give cxact dimcnsions and positioning of Lhe various
compeniciLs within the ecnscle assembly. Figure 30 is o closeup phologruph of

the contrul panel.

5.2 Bvaluzvion of Lh= Ithulzaliou Acroescl Dosimeler

After the TAD wus ascembled al MRD, it wus thorvughly tesicd fox any mal-
funclions Lhat could have occursed in Lhe finul ussembly. Preliminary tests
vere rarried out using BSP axrosol and live subjects ln establishing the proper
funct.ion of the instrument. Figure 31 shows a phcvtogi-aph of a subject piaced
on-stream and breathing BSP aercsol. Preliminary data indicated that retention
of aerosol vuried emong individuals; when the concentration of about 80 mg per
liter was breathed. the pcrcentage retained varied from the low of about 35%
to a high of 70%. Also, it was evident that percent retention varied inversely

with the breathing rate.

51
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Figure 31

FHOTOGKAFH OF THY SUBSECT INHALING BSP AERO3OL WHICH

IS BETNKG ANALYZEDR AND M2

TUMILATIVE DO3EACE 2F THE ABRDASCL RETAINED

ESTABL ISPED

s
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After the prelin:mzy tests were completed, the unit was crated and

] ' shipped to CRIL for agsenbly and demnstmtion.

’ In aperatirg the unit the 1n1t1&1 problem appeared to be that of supplying
pmper nﬂ.xture o:t oxygen ané- nitmen, a8 11: had to be fed from two separate
t.anks bhmugh & manifold amnganent ‘I'nis problem was subsequently overcomd
with the aid of a pura.mgnetit. oxygen annlyzer (Beckmen) so that the oxygen

concentration fed hrl'.o the det.ector could be minba.ined at atout 10%. After

TTIYTIY

tbis problem vus Sulyol, o Ltizl of niven 4otic were mmde with BSP ceworsd,

e = Al W

] using:lwo subjects.

’!';':1' 1 lisks Lh- dubu obtuinel. All Lhe resulte shown in Table 1 vex;e
Luszd upon prwiiow.: chrmicul analysis of the BSP aercsol und correlating it
ﬁ:ﬁ the signals cbtainel from “h desectors. Thess chewicel analyses were
md}; by ‘the sizalk!urd colovimetrie l.echniquc- developed by CRIML..  ‘fabls 2 lists
the dusa .él_:oving sipnal 1etpunse of !.ﬁc- :‘.-éi.(:t:torb as & funclion of Lhe chemical
coneantyation of BSL uerofol in air wzllitex-). Fipure 32 shows a graph of

these 4sta.

The Hactings-Raydist flovmeter (volwme of air inhaled) was calibrated at
CRIL with the ald of a spirceeter. It was esteblished that in the normal course
of breathing the f'lcir sensor actuates the counter at the rate of 33 counts per

liter of air inhaled.

As Teble 1 indicates, creellent reproducibility of the results vas obtained
foi' each individual subject. However, as was also cbserved at the MRD labora-
tory, there is signiticant aitrerence in the percentage of BSP reteined by the

two subjeéts. This difference perhaps cun be explained on the busis of breathing

rate and volume, the lung size; and other physiclogical differences between the
two individuals.
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Figure 32 DETECTOR SIGNAL RESPONSE AT THE ELECTROMETER ATTFRKUATION
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SECTION 6

CORGLUSTONS

An Inhalation Aeroscl Insimeter (IAD) that mcets all the requirements
set out 1in the contract (No. DA-18-10B-CML-7006) has been developed by the

MRD Division of General American Transportation Corporation.

The overall construclion of the IAD parallels the ;lgsign suggested in
the original proposal. The mijor modification of that design is tlnt‘ i:ydmgen
Ilame ionication principle s uscd for de=nection and monitering of Lhs uercscl
conceniration, und the sceondary modilicalion ¢nusisLs of developing a very
preeise nerosol sumpling sycbem.  The a-zpliag system is bused upon maintaining
preeise (reduend) prescure within the defoetor so bhil actunl sumpling is @

trly contimuous process.
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A. rat. Procedure

There are certain expendable materials that are required for the
operating of the IAD that are not supplied. These required materials are

listed below:

A Required Materials
Aclol _&__’2

(a) Hydrogen - prefersbly chromotagraphic grade,’

{b) Oxygen - Nitrogen Kixture - 10% oxygen - all in one
cylinder, This mixturs should be "water-pumped” type, that is, there
should be no traces of aydrocarbons in it. This zas is ordinarily supplied
in the Type IA cylinder (235 cuwbic feet). The cylinder should be equipped
vith lh.borgtory- type i‘egulntors with stendard type gages., The lower
pressure range should be about 0-100 psig.

(c) Compressed House Air - this is ordinary type compressed

air that is normally available in laboratories,

Al,2 Water
Ordinary tap water to be used as the cooling fiuid. This
vater is passed through the unit in essentially the same manner that one does
in lsboratory-type vater cooled condensers. The flow rste gshould be sbout

100 ml per minuta.

Adl.3 Pover

Single phase, 105125 volt, 60-cycle electric power, Less

than 10 amperes are required.

A-1
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A2 Starting Procedure

The starting procedurs is very critival and it MIST ve followed

very closely} ’ch.l_s is very important as some of the delicate instruments

(especially the Magnehelic gage) can be damaged if the procedure is not

followed.

To start the instrument, proceed as follows, STEP BY STEP:

S8TEP 1.

{a)

(v)

{2}

Plug in the main electric cord and turn the detector heater

to "on" wbout 2 hrs in edvance, The awitch 1s on the varisble
transformer lc;cated in the rear of the unit, The transformer
should be set at sbout 25,

Connect both hydrogen and nxygen-nitrogen mixture (primary
air). These connections are made on the left hand side of
the unit, facing the control pamel. Both hydrogen and primary
&ir should be supplied to the IAD at sbout 30 psig,

At this point neither hydrogen nor the primary air should
indicate positive pressure on the control penel, (the gases
should not flor into the detector), Their flov is controlled
by the large kncbs on the pmel."md the knobs should be turned
all the vay lavrt 850 that the gages read zero,

Connect the cooling tap vater and adjust its flov to sbout

100 m1 per minute, This flov rate is aot critical and generally

"emall dripping” is sufficient, especially when the vater is less

than T0°F; . its purpose is to condense the water vapor

coming from the detector as & product of combustion.
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(4) Turn both elsctrometers to STANDBEY and all four recorders to

| .

on". The switches are located in back of the recorders,
Note that there is a main switch loceted at the rear of the
IAD, This mritch controls the power supply to electrometers
and recorders. Thie switeh should be used vhenever any
prolonged shut-da_wn of the unit is made. At this point it
is not necessary to turn on the chart speed of the recorders.
STEP 2. Step 2 and Step 3 should be done very quickly, therefore read the
footncie below® to be familiarized with the principles involved,
and then go ahead, Turn the diaphram pump to "on". Both the pump
and the svitch are located behind and underneath the control panel,
It is accessible from the rear of IAD. Wit a short time (few
seconds) until the Magnehelic gage (DETECTOR CHAMBER VACUUM registers

ebout h inches H,0, then proceed to step 3.

STEP 3. Connect the "house sir" to the TAD. The air should be supplied at
about 30 i)sig. as it 18 further regulated to about 10 psig by &
regulator located in the rear of IAD before it is delivered to the
precision vacum regulator (Model Li, More Products) whose control

knob is located on the front panel and labeled DETECTOR CRAMBER

ﬁteps 2 and 3 are very eritical in the starting procedure, As the disphram
pump is turned "on" it immediately starts pulling high vacuum as shown by
the BALLAST TANK VACUUYN gage on the control peanel., BSubsequeantly, vacuum is
being created in the other ballast tanks that are linked to the detector.
Unless this vacuum is relieved (vhich is explained in Step 3} the Magnehelic

gage can be damaged. This vacuum is controlled by the DETECTOR CRAMBER
VACUUM CONTROL (DCVC) knob located on the front psnel.
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STEP b,

VACUUM CONTROL (DCVC). Observe the movement of the needle of the
Magnehelic gage. If 1t moves rapidly to the left, immediately
cut off the supply of "bouse air". Turn the DCVC kneb slightly
counterclockwise and repeat the sbove prccedure, until a slight
fluctuating movement of the needle to the right is cbserved.
As the needie moves to sbout 5 on the scale, turn gently 1:.1: DCVC
kncb clockwise, until the movement of the needle is arvested.
Swbseguently set the DETECTOR CHAMER VACUUM with the DCVC knod
to read sbout 4 inches vater by very gemtle turning of the sove
knob either clockwise or counterclockwise:
This step deals with the flame ignition of beth detectors (inhalaticn
and exhalation).
{a) Set the gas pressures as follovs:

Hydrogen: 15 psig to ignite, 5 psig to operate.

Primary Air: 10 psig, to ignite, same to operate.

Magnehelic gage: U inches of 1,0 to ignite, 6 inches B,0 to operate.

(b) After the hydrogen has been floviné ft;r a fev minutes, the
lines will be purged of air and the flame can be ignited. Push
both FLAME IGKITER buttons simultsneously for sbout 1/2 to 1 second.
Flame isﬂitior. is signified bby 2 "dull" audible "pop" in the
detector, also a quick temporary movement of the needle of the
Magnehelic gage will be observed {to the left),

(¢) Turn the anplifier seitch to OPERATE position and adjust recorder

reading vith talance controls to approximately 10% sbove zero

A-b



(a)

(e)

(r)

with attenustor in X.00 position and allow the amplifier to
stebilize. Thic stabilizing process mey take some time if the
electrﬁneters vere just turmed on. Also the sampled air must be
free of aerosocl and/or any other organic contaminants,

Femove the face magk from the mask sssembly, attach the plastic
diaphram bellows (as supplied) and pump it several times, The
air normally goes into the irhale tube of the mask assembly
and the purpose of using hellows is to bring in the same clean
air into the exhale tube so that zeroing of both recorders
could be done.

Cently reduce the Yydrogen pressure to about 5 psig on both

detertors and set the DCVC to indicate 6 inches Ho0 vacuum.

1

Turn the amplifier svitch to STANDBY and the attenuator switch

to one position counterclockwise beyond the 300 position. This
is a porition in which recorder zerc can be set. Using METER
ZERO knob, sst recorder to zero position.

Turn the attenuator svitch to 1) position and adjust AMPLIFIER
LEKU knob until recorder again reads at zero positiom. Turn

the amplifier switsh to OPERATE. Turn the balance control knovs
(both coarse and fine) all the way clockvise, Turn the attemustor
switch step by cizp clockwise. If the flames were ignited,

the recorder pens will move upscale by the time attenuator factor
approaches X0 or larver, When the flames are not 1it, increase
both hydrogen pressure to 15 psig, depress the FLAME IGNITER

buttons {1/2 to 1 second) and cbserve the movement of the recorder

A
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pens, If the flame is ignited, the recorder pens will move
and stay upseale.Proceed to (g) below. It is impor‘&a.nt to
‘ignite doth flﬁes simtaneousg. I1f the flame in one
_detector is ignited and an sttempt is mede to ignite the second
{lame separately this generally vill result in extinguishing
the other flame because of the rapid buildup in pressure vhen
ignition takes place.
When the flames cannot be ignited, investigate as ocutlined in
Appendix B, Trouble Shooting.

{g) If flames are not igniteé, repeat (e) and (£}, Turn the attenuator
switch to M00, Set FIRE BALANCE to its ni&-po’mt‘ and turn
course balance to zero the recorder approximately. (If this
cannot be done, it indicates that either sampled air is impure
or the emplifier is not warmed up). Use minor adjustments of
FINE BALAHCE for final zeroing of the recorders.” The final
zeroing can Just as well be done at X10 or X1, but during the
initial wvarmup and/or the pressure of contaminants in the air
will Sitber nake the baseline drifting rapidly or excessive back~

ground noise will result from these impurities+,

% At this time it will De useful to familiarize with the effect of the ionization

current on the igniting and extinguishing of the detector flames, To do

thig, let the hydrogen pressure fall to zeru. The flame will extinguish

&t sbout 2 or 3 psig. Nov turn balance controls fully clockwise and zero
axplifier if necessary. Turn hydrogen pressure to 15 psig and repeat flame
ignitinn., When the flames ignite, both recorders will move upscale, Rither
X100 or 1K attenuator settings mey be necessary tc balance controls tc

28r0 the -ecorder again. Another very good check as to vhether the detector
flames are 1it is to bring a small sample of organic vapor {or cigarette smoke)
into the mask assenbly-the pens vill move rapidly upscale vhen the flames are
lit, and it may be necessary to set the attenuator switch at 1K or 3K to keep
the pens on scale, !
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STEP 5., Now that the instrument is zerced, the next step ia to coordinate
. the detector iigna.l rélpdnse. It n@ be necéuury to make some
edjustmente to chbain the same signal response where the same
concentration of the aerosol are brought into both tibes of the

mesk assembly®,

(a) Turn the attenuator switch to pesition X300 (this esetting depends
upon the coacentration of the merosol to be used in the
Ansimatry procedore; either lower or higher settings can be
used. Supply aerosol into the mask assembly continuously at
the rate of about 30 liters per minute, Depending wpon the
aerosol cencentration, the inhale recorder pen will move up and
indicate a certain signal output. Continue supplying the aerosol
until this signel output shovs mo drift (this indicates that
aerosol concentration is not changing).

{b) Pump the diaphram ballows several times and cbserve the signal
output on the exhale recorder. Continue purping until there is
no change in signal output. If the signal output is the same
on both recorders, the Josimeliv can be started. If the gignals
differ, make agiustment as described below:

Signal coordination on both detectors can be made through
¥y identical construction of the detectors the sampling rate in each detector
of the aeroscl by both detectors vas estsblished to be the same when Lhe
detector chasber pressure (vacuus) is maintained constant. However, as indicated
in discussing the theory of operation of HF1 detector, the flow of current

across the flame is directly related to tae flov of hydrogen, end therefore,
any difference in flow of hydrogen will cause a difference in the two signals.



STEP 6,

either increasing or decreasing the flor of hydroges. If the
inhale recorder shows 0,80 millivolts and the exhale recorder
shovs 0,60 m{1livolts, the adjustment is made by either reducing
hydrogen pressure to the inhale detector or by increasing it to
the exhale detector.
I-ncrea.se the exhale signal to about 0,85 millivolts by gently
increasing the hydrogen pressure to this detector. Such an
adjustment in general will require rezeroing of the electrometers,
Cut-of f the aerosol supply to the mask assembly, purge it with
clean air ang rezero the detectors as follows: Turn the
attenuator wifch counterclockwise one step past 30K, turn
porer supply to STANDBY, zero the recorders with METER ZERO knob ,
turn the attenuator switch to 1V and :ero recorders with the
AVPTIFIER 2ERO kncb. Turn attenuetor switch to 100 and zero
recordersv with the BALANCE control knobs. Repeat (i) at the
1300 selting and examine detector signal outputs. 1t may be
hecessary to make such an adjustment several times until easentially
the same si@al output from both detectors is dbtained.
Analyze the serosol content in the air stream colorimetrically or by
any other method that would indicate absolute concentration of the
serosol. This step is necessary to calibrate the detector so that
actual concentration of the aercsol can be correlated to the signal
output. For example, u shown in Pigure 32 of the Pinal Report, when
BSP aeroscl vas ugsed in the concentration of 50 micrograms per liter,

the detector signal output at the electrometer attennation of X300 was

A-8
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STEP 7.

STEP 8.

0,75 millivolte, and it appears to be linear throughout the entire

range. This indicates that one or two spot checks of the signal

output versus actual serosol concentration will be sufficient to
calibrate the detestor.

(a) Exemine the setting of the signal actuating microsriteh located
in the inhale recorder, It should actuate the signals (both
inhe.le and exhale) at sbout 0.05 millivolts. This setting is
made through rotating and tightening the bekelite cam in dback

of the recorder-pen mechenism.

{6) Turn tke eir flor meter to REC. Adjust, if necessary, the recorder

pen with the ZERO ADJUST serew, (the aerosolized air should be
supplied inte the mask assembly at sbout 30 liters per minute).
{e} Turn the courit'e;s switch to "on" position. Reset ail three
counters to zero by depressing the reset levers,
(@) Tell the test swject to put on the face mask and hoid the
breath temporarily (a second or less). Depress the reset lever
on the ACGERT RETAINED counter and while holding it dovn give 8

signal to the test subject to start imhalation. At the end of

the inhalation phase release this lever and let the test subject

continue breathing.
Nor that inhalation is in progrese cbserve the digital readouts, It
my be necessary to make some arithmetic calculations to establish
the actual dosage retained. The actual dosage of agent retsined is
es_tabl:lshed as follcn.s (see Tsble 1 in Final Report):

The counts on AIR INHALED readout should be divided by 33 (33 counts

A-9
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per liter air, it veries slightly from subject to swbject) to
obtain volume of air inhaled (liters), Miltiply this figure by

the aerosol concentration which was estsblished in STEP 6. This
gives total micrograms of aercosol inhaled., Divide the total digital
readout of AGENT INHALED by this nuwber, This gives the detector
response in terms of "counts per microgram”. (This faator may vary,
havever, it is generally sround 0,80). Miltiply the digital resdout
of AGENT RETAINED by the sbove factor to cbtain the total amount of
agent retained in terms of microgrems,

After one is well feniliarized with the operation of the IAD and
the tegt subjerts, all that will be necessary is to multiply the

AGENT RETAINED by the previously deternined factor to cotain the

actual dosage in terms of micrograms of the agent administered.

A-10
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B, Minten 4 Trouble-Shooting Procedure

Section B.l below ‘describes general maintenance procedure of the IAD,
and Secticn B,2 provides a general guide in locating and correcting

melfunctions™ of the instrument thet may oceasionally oceur,

B.1 Mintenance 'l"rbeedure‘ of TAD

The overall maintenance procedure of the IAD can be related to the

maintenance of the basic couponénts that-comprise IAD, These basic compoments

are the following:

(1) Recorders

(2) Electrometers

{2) Vacuum Control Assembly
(
(5} Mask Assembly

) Yydrogen FlameeIonization Detector

&

(6) ‘Tidel Alr Flov Mter

The maintenance of these individual componenta is described belar,

B.1l.1 Recorders - there are four recorders in the IAD. These are high
speed "Broun Electronik" recorders supplied by Honeywell. Their routine
maintenance is listed in the table below. Any specific questions on the

recorders ss related to their operation and maintenance are referred to the

manufacturer's manual,

B-1
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ROUTINE MAIRTENANCE OF RECORDERE

~ What to b6 ; When

Change Chart = As required
Refill ink reeaervoir As reqﬁi—.red h
Amplifier -
Check tubes Once a month
Adjust sensitivity Once a month
Replace fuse ' o As required
Slidewire
Clern Once a month
Replace contactor As required
Clean scale ) As required
luhricate As required

B.1.2 Electrometers - there are two electrometers, Mdel 6053,
supplied by Research Sipecialties Co., Richmond, California, Routime main-
tenance of the electrometers is required as follows:

a) Battery replacement:

Replace 300 volt battery once each year. Replace 45 volt
battery once each year or whenever it appears to be putting
out inadequate voltage. Replice batteries vwhenever they
appear tc be leaking their contents.
CAUTION: Use care in touching components inside the electro-
. meter. The 300 volt battery can csuse a serious
electrical shock.
b) Electrcmeter tetrode type CX 5889

This tube can be expected to last from 1 to 5 years. If

B-2
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replacenent is nacessary be sure not to teuch any of the

nigh impedance companents in the electrometer oircult with
anything but clesan toole—~never vith the fingers, Clean
components are an essential factor in the proper cﬁer&tion

of this cireuit, ({The circuitry is showa in Figure 2k.)

B,1.3 Hydrogen Flame Ionization Detector (HFID} - routine

maintenance is required on the following components:

a)

b)

c)

Detector burner tip may require cleaning if noise level increases
inoridinately, The entire base, including all inlet twbes

may also require cleaning. Clean with appropriate solvents

and beke out while passing nitrogen through all tubes at 300°C
for 1/2 to 2 hours.

The Teflon block supporting the detector electrodes should

be cleaned periodically. This can be accomplished with a fine
camel brush aaé using methonol es solvent.

The Mllipore filters within the Suiany idapter (attached to

the capillary tubes supplying gases to the detector) shoule

be replaced ebout oace a year.

B.1.b Tidal Air Flov Meter - this is a mass flometer, Mdel

SM-20X, modified, 0-20,000 CC/min, range, vith a8 Type K-28 flov tube (sensor)

a8 supplied by Hasting-Raydist Inc,, Hampton, Virginia. No routine maine

tensnce is required for this instrument. The flor tube is discussed with

the Mask Assembly.
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B.1.5 Mask Assembly - consiste of the face mask, dual inhalation
éxhalation valve, tidal air flow mensor, and brass (chrome plated) tubing.
The complete mask assémbly shouid be periodically disassembled and cleaned.
The air flow sensor should be handled with extreme care - especially the
sensing filaments should not be touched. It mey be possible that over a
period of time a thin film may deposit over these filamepts, which in turn
vill leud to a decreuse In sensitivity. This seusor should be celibrated
periodieally, and when the sezsitivity drops significanily, the scosor whould

be rcplaced (flow tube Type K-28, Hastings-Raydisl, Inc., Humpton, Va.)

The olbher parts of the mask assembly should bLi washod vith either plain
vater or wikh appropriate solvrit to remove mny of the dupusiled scrosol.
Such cleaning should b~ done as required, und ut any time prior to the use

ol diff'erent acrosol.

B.1.0 Vacuum Control Aus:iambly - consiswus of a scries of ballast tanks,

a regulator uwi ® Cilter. It iS cssential to ¥eup thie usscubly free of
foreign partlcles, oil, and water, to prevert clogging of the capillary
restriction between the two bullast tanks. and also clcgging of the resirie-
tion and pilol nozzle within bhe precision regulator (Model 4k, Moore Products
Co. ). The restriction screw may be readily removed for cleaning by first
removing the restriction sealing screw in the center castirg and then the

restriction ussembly. A set screw wrench 1s provided in the base of the

casting.
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The knurled cleaning wire agsembly, also mounted in the base of the casting,

should be run through the restriction serovw seversl times, After cleaning,
the restrictions screv must be turned in tightly and ite sealing serev
replaced to restore normal operation. Such cleaning cperation may have to

be done ance a year in ﬁoml operation.

e filter (Part No. 2300, More Troducts) entraps oil fog from instrument

supply-airj it should be dreined periodically {as necessary).

It muy be necessary to check the Magnehelic gage periodically against
a vater munometer, If the gage can not be adjusted to zero and if its

calibretion has changed, it should be replaced.

B.2 Trouwble Shooting

The following list of trowbles and prcbable causes will serve as

a guide in correcting malfunctions that may arise.
B.2.1 Detector Chamber Vacuum Control

a. Trowle = detector vacuum control cennot be established
and/or maintained.

Podsible cause -

1. lLoose connections of tubing within the vacuum
control assexbly. Make s;re that all tub;s are
tightened to make an air tight seal.

2, Regulator knob (DETECTOR CHAMBER VACUUM CONTROL)

was turned to far in either direction. Follw
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Steps 1 through 3 carefully as deseribed in

Section A.2, Starting Procedure,

Mbisture collects in the flormeter tie on the control
parel, Mke a\ire there is circulation of cold watsey
through the i'-olsture trap"., You may clean out the

flovmeter tube with a pipe cleaner.

B.2.2 Electrometer and[or Deiector Malfunction

8. Trouble - flame does nmot ignite

Possible cauee -

1,

2.

?Léme igniter circuit inoperstive, (be sure attenuator

factor switch is in X0 or lover positions vhen pushing
flame igniter button, and the poser ssitch in OPERATE),
Check for electrical continuity betwcen the two igniter

posts in the detector, If there is no comtinuity,

- the igniter filament !s burned out = the electrode

assembly must be removed and a new filement (plati:mm
wife 36 ga, about 1-1/2 inch long) should be silver
soldered tu the igniter posvs.

Rydrogen line may be plugged or hydrogen may be supplied
at too lov a pressure. Also excessive flowr of "primary
air® may prevenmt ignition of the flane. At least

12 psig bydrogen pressure generally is necessary to -

ignite tbe flame.
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Trouble = no recorder response cotained when amplifier

is turned to STANDBY,

Possible Ceuse =

1.
2.

3.

Recorder not ocperating.
inplifier fuse F3 burned out.

Pover Supply burned out. Check voltages in pover supply.

Trouble = Recorder cannot be zerced,

Possible Cause =~

1,
2.

3.

h-\

Amplifier required warming up.

Coarse zero adjusting needs resetting.

Power supply faulty, Check for proper voltage in
power supply. (Sew Figure &h)

Shorted wiring in electrometer stage.

Trowble - Recorder responds to amplifier zero adjustment

but does not respond when flame ignited.

Possible Csusé -

1,

Detector signal cedble disconnected from electromeler.

Troutle « Excessive noise level from detector.

Possible Cause =

1.

2,

3.

Roon air sampled is contaminated either with the
aerosol or sore other organic vapors.

Dirty detector or gas lizes.

Dirty detector insulators - clean the electrode

supporting Teflon disk with camel hair brush and

methancl. Clean especially around the anode (collector)post

B-7
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b, Loose wiring at detector - chack noise lsvel of
" electrometer alone by discomnecting detector signal
cible,
Trouble - Excessive noise level of electrcmeter with
detector ceble disconnected.
Possible Ceuse =
1. Line voltage transient,
2. Electrometer input components dirty or moist.

Trowble - Electrometer 7ero varies between attenuation

" settings o° XV and X with detector signal ceble discommected.

Poasible Cause -
1. Electromecter grid current excessive, Trv operating
for 12 hours in STANDBY position. Then recheck,

2. Electrometer input components dirty or moist.

B.s2,3 Signel Coordination and Control of Counters

Trouble - Counters (all three) are actuated when the counter
switch is turned "on" prior to actual operation of IAD.
Possible Cause -

1. The microswiteh locasted in the "air inhsled recorder"
is actuated. It is mechanically actuateC by the
recorder~-per-mechanism and may de attributed to
dislocation of the bakelite cam, or actually excessive
signal from the tidal air flor sensor vhich in tutn is

related to excessive flov of air through the mask assewdbly,
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d.

e,

Trouble - Some counters do not respend.

Possible cause -

1. Counter discannected electrieally.

2, ‘I'hev integrator sending the pulsating signal is
malfunctioning or may be damaged. Examine with &
sizple volt meter for pulsating signal from the integrator.

Trouble - Detector response is different on "inhale”

and “exhale" side.

Possible cigse -

J. The sampling capillary tubes are not sampling the same
concentration of aerogol.

2. PFollow Steps i through 10 of Operating Proceduré to
bring the signals into balance.

Trouble = The "ag:ent retained” recorder does not indicate

the true difference in signal magnitude as is shown on

"inhalation” and "exhalation" recorders,

Possible cause - The signals have been thrown off balance

by turning of the signal coordination control knob which is

located just behind the mask assembly. Mike the necessary
adjustment.,

Trowle - Air inhaled recorder does not respond,

Possible cause -

1. Sensor disconnected or damaged.

2. Zero adjust knob {front panel) was turned too far
to the left.

3. The mass flormeter sensitivity adjustment screw, located
inside of the recorder vas turned to the lefteadjust

where necessary.
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