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Abstract

Aergjet Heavy Metas Company
(ARMC) operates a Computerized
Numerical Control Lathe Operation,
Rolling Mill and Foundry, utilizing
depleted uranium. Depleted uranium
isatoxic metal which oxidizes eadly,
generating an airborne dust. This dust
is contrc .ed primarily through the
use of engineering controls. Certain
production operations and limited
mai ntenance functionsrequirethe use
of respiratory protection. In the past
we have used the conventional nega-
tive pressure haf-mask as the pri-
mary source of persona protection.

Increases in uranium-in-urine ex-
cretion levels were attributed to
employees unintentionally wearing
the half-mask respirator improperly.
During strenuous activities, it was
found that perspiration on an
employee’s face broke the sedl. Often
duringcommunicationsexchange,the
mask waspulledfromtheindividual's
face and not re-fitted properly. These
actions greatly reduced the protec-
tion provided by the respirator. Our
solution wasto providetheemployee
with a respiratory protective device
which afforded maximum protection
without the stringent fitting require-
ments of a negative pressure respira
tor.

This paper discusses the sdection,
proof of performance, and employee
acceptance of apowered air purifying

respirator (PAPR). Severd different
PAPR’s were evauated before one
was found that met our needs. The
RACAL Airhat hasbeen adopted by
our facilityand the resultshave been
positive. Measurements have been
taken during actua work activities
andindicateprotectionfactorsef400
and greater have been obtained. The
averageuranium-in-urine measure-
ments of workerswho routingly use
the airhat dropped by afactor of 2,
with oneindividual decreaseof about
4. Employeeacceptanceof theairhat
has been outstanding.

I ntroduction

Aergjet Heavy Metds Company
(AHMC) operates a Computerized
Numerical Control Lathe Operation,
Roalling Mill and Foundry, utilizing
depleted uranium. Depleted uranium
is atoxic metal which oxidizes ess-
ily, generating an airborne dust.

The dust is controlled primarily
through the use of engineering con-
trols, localized ventilation and com-
plete enclosures. However, specific
operations and processes at AHMC
requirethe use of respiratory protec-
tion. This paper discusses

1. Our program utilizing the nega-
tive pressure respirator as our
primary source of protection and
theproblemsencountered.

2. The acquisition of severd types
of powered air purifyingrespira-
tors in an effort to upgrade our
existing program.

- 3. Fidd dudies performed on the
PAPR’s and results of these stud-

Ies .

Problems Encountered

Operational Reguirements

Requirements for respiratory pro-
tection at AHMC consggt mainly of
goecid activities such as entering
operational enclosures and mainte-
nance activities These activities
typicaly produce excessve amounts
of airbornedust (ontheaveragethree-
to-four times Maximum Permissble
Concentration). Thusrespiratory pro-
tection is essentid. In the padt the
conventional negetive pressure half-
mask respirator has been used asthe
primary source of personad protec-
tion.

Training

Requirementsfor trainingemploy-
ess in the use of negative pressure
half-mask respirators are extensve.
Fit tests and training sessions are
held twice yearly covering wear and
care procedures for the respirator,
dorage requirements, and perform-
ance of afidd fit test each time the
mask isdonned. Thetrainingisthor-
ough, but, worker acceptance is less
thandesirable, whichcanimpactcom-
pliance. ‘

Worker Compliance

A negative pressure respirator is
only as effective as the employee and
job dlow it to be. Efficiency can be
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impacted by improper usage of the
respirator, by not wearingit properly,
wearing it properly but not perform-
ing afield test to assure proper fit,
strenuous jobs that may affect the
face-to-facepiece sed and not be rec-
ognized by the employee. With the
need for communications, the mask
might be pulled from the employee's
face for a short period of time, there-
fore reducing the protection afforded.
Heat and physiologicd dress are dso
factors which sometimes lead to non-
compliance.

Maintenance

Because of the number of respira
torsused in the company, asignificant
amount of time isrequired for mainte-
nance. In addition to routine cleaning
after each use, thecartridgesare placed
on aresistance tester turned to 42.5
1pm to check for significant pressure
drops.

In-House criteria is 50% abovethe
initid pressure drop. A Geiger-
Mueller probe is then used to
detect radiation emitted from the
catridges. The maor concern in
this test is the potentia effect of
beta radiation on the eyes Car-
tridges must pass both the ress
tance and radiation tests or they are
discarded.

Facepieces are washed and in-
gpected, then hung up to air-dry.
Problems have been experienced
from the straps not drying and caus-
ing irritation around the employee’s
neck, the inhaation valve gticking to
the cartridge sedt, unpleasant odors
being detected by the wearer, and
warped facepieces.

Results

The half-mask respirators used (2
types, 5 9zes) provide good protection
and are generally accepted. However,
there are many problems associated
with them:

- Réianceof employeetoperform
fiddfittest.

- Improper wearing of respirator,

- Improper sorage.

- Physiologicd dtress associated
with ahot environment, perspi-
ration breaking the sed of the
respirators.

- Need to communicate.

Increasesin uranium-in-urine €x-
cretion levelswereattributed toem-
ployeesunintentionally wearingthe
respirator improperly.

Solution

Basad on the problems encoun-
tered withthehalf-mask respirator,
it was evident that a solution was
necessary. The solution wasto pro-
vide the employee with a respira-
tory protective devicewhich afforded
maximum protection without the
stringent fitting requirements of a
negative pressure respirator.

Powered air purifying respirators
were analyzed because they were
positive pressure, did not require
stringent fitting requirements, dle-
viated the physiologica dress, pro-
vided moving air in hot environ-
ments, and aso provided head and
eye protection.

Severd types were tried and the
most important factor for choosing
one, after meeting our requirements
for face and head protection, was
input from our employees.

The Breezer PAPR was tried;
however, thelight-weight head cover
did not allow adequate periphera
visonnorhead protection. Thebelt-
mounted filter housing and two
battery packs were too bulky and
heavy to wear for an extended
amount of time.

The 3M PAPR was accepted be-
cause of the light-weight battery
pack being the only item that was
belt-mounted. For work not requir-
ing any bending over or work inthe

horizontal position, it worked well.
With the filter in the helmet itsdlf, it
posed some discomfort to employees
and although it does contain a chin
drap, it tends to dide when the
employeebendsover.

Because of the above problems
listed, a third PAPR was analyzed:
the RACAL airhat. The light-weight
helmet aleviated neck fatigue and
was the most desirable for work re-
quiring bending over. The battery
pack andfilterhousingweremounted
on the bdlt. Yet, the design alowed
easy mohility for diding the unit
around on the belt.

This unit was chosen because it
best fit our needs and was well re-
ceived by our employees.

Reaults

Protection Factors

PAPR's are assigned a standard
protection factor of 1,000. However,
under actual work conditions the
assgnedfactor may decrease. A study
was performed to determine protec-
tion provided by the airhat during
actua strenuous work activities.

A RACAL airhat was modified by
drilling a hole through thefaceshield
and attaching a tubing connection.

A personal sampling cassette was
mounted to the outside of the face-
sheild designed to pull asamplefrom
ingde the helmet using a persona
sampling pump. Another personal
sampling casstte was fastened to
thelapel of the employee's coverdls
designed to pull asample outsdethe
helmet (One persond samplingpump
with a “T” connection or two separate
pumps can be used). In thiscase two
pumpswereused. The cassetteswere
within 4-6 inches of each other, thus
alowing us to gather good compari-
son datafor determining concentra-
tions inside and outside the helmet.
The resultswere asfollows:
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Figure 1
The RACAL AH3 Powered Air Purifying Respirator (Airhat)

Figure 2
Modified facepiece with cassette attachment used to sample
inside the airhat

- Eight testswere performed and the
protection factorsranged from 100-
560, with the average around 220.
The low numbers were a result of
not being able to samplein environ-
ments with high Maximum Per-
missible Concentrations: The
numbers found were typicaly the
same inside the airhat for all eight
tests, with the minimum detect-
ablelimit at 3% MPC. A 300-400%
concentration outside the helmet
would thus result in a protection
factor of 100, where it could easily
be 300-400. Twice, we sampled in
environments reaching approxi-
mately 1800%, with the concentra-
tion in the airhatjust above detect-
ablelimit of 3%, thus our protection
factor of 560.

Two studieswere performed to de-
termine protection factors in a con-
trolled (non-work) environment. The
Butyl Acetate chamber was used
(adopted from DuPont Pratocol).

A seventy-gdlon plastic bag was
hung upside down, mounted to a 24"
diameter wooden cylinder. A hook
wasscrewed intothewood so acetate-
soaked rags could be hung at the top
of the bag.

The test subject entered the bag
and, with a butyl acetate detector
tube, pulled a sample at waist height
and at head height. An average con-
centration was cal cul ated forthe com-
parison. In our test there was mini-
mal difference. The test subject then
spent approximately ten minutesin-
sde the bag, talking, breathing light
and heavy, performing knee bends
and head movements. He detected no
butyl acetate.

Anolfactory sensitivity test wasset
up prior to the test to determine at
what level the test subject could de-
tectbutyl acetate - in thiscase 1 ppm.
The results far exceeded 1,000, as
noted in thefollowing pages.
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Figure

AIRHAT PROTECTI ON FACTCRS

Work Environment
(Contralled Environment)

Protection factors obtained in the work environment
during strenuous activities

3

The second test was the quantita-
tive ethylene gas hood test (adopted
from Draeger test). A hood wasplaced
over the RACAL helmet and 15%
ethylene-in-air was introduced into
the hood to produce an approximate
15000 ppm hood concentration. A
detector tube (range 2-10 ppm) was
hooked up and a sample pulled from
within the facepiece using the modi-
fiedfacepiece. Aftertheallotted pump
strokes, the tained to unstained area
on the tube was between 35 and 4, 0
4 was assumed. The protection factor
was caculated by smply dividing
15,000 by 4. Following are the results
for the non-work test.

Summary

The standard protection factor of a
PAPR helmet is 1,000. Our studiesin
awork environment resulted in pro-
tection factors ranging from 100-600.
In the non-work environment, protec-
tion factors ranging from 3,000-5,000
were obtained. The error for detector
tubesis +/- 25%, but even on the low
sde, the protection factors well ex-
ceeded 1,000. Figure 5 shows a com-

parison of dl the protection factors.
These numberstend to quantify the
higher protection factors obtained
in the work environment. | will
speculate and say thatif air concen-
trationshad been generatedto much
higher levels in the work environ-
ment, we would have seen protec-
tion factors in the work environ-
ment reach and exceed 1,000.

Versatility

The RACAL airhat is a very
versatile respiratory device. It d-
lows the individual adequate mobil-
ity with minimal restrictions. The
helmet can be used as awelding hel-
met while providing positive pres-
sure protection. The RACAL
BreathEasy is a unit that filters a
combination of dust, fumes, mist
and organic vapors. (The DFM
cartridge is high-efficiency). Thereis
also a (sdif supporting) clear plagtic
hood which is desirable for com-
plete head and neck protection. A
good application for this unit is
decontaminationwork.

Employees use the helmet while
driving aforktruck, workingin hori-
zontal positionsin tight areas and in
hot environments.

Training

Wefound that employeestraining
inthe use of the airhat wasextremely
easy, requiring approximately ten
minutes in explanation and a single
trial use. Semi-annual fit tests were
dleviated and the time associated
with maintenance was decreased.

AIRHAT PROTECTION FACTORS
Non-Work

Butyl Acetate Chamber

3000
5000

Ethylene Gas
3750

Figure 4
Protection factors obtainedin thenon-work environment
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Figure 5
Protection factors comparison

Exposure Results

An increase in uranium-in-urine
for a specific group of employeeswas
noted in the first quarter of 1983
The individuals were working in an
area where air concentrations were
between one and ten times Maxi-
mum Permissble Concentrations
and usng half-mask respirators.
Following is a graph showing expo-
sure (black) versus production (red)
for Individua A (Figure 6). Note:
The airhat was introduced in May.
The uranium-in-urine measurements
showed a significant decrease before
leveling off. The average decrease
was about a factor of two. The
average production levels remained
relatively constant Individua A
adso showed a ggnificant decrease
when the airhat was introduced. His
average decressed by an approxi-
mate factor of four. The fourth
quarter (not shown) showed the
levels continuing a dight decrease
before leveing out

Worker Acceptance

Employeeacceptanceoftheairhat
has been outstanding. The helmet
takes the place of head protection

.and face protection; therefore, the

employees have more readily ac-
cepted it. Comfort, light weight and
confidence were the prime factors
fortheRAC AL Airhat being chosen,
with confidence appearing to play
the most important role.

Summary

Operational  requirements and
employee exposure at AHMC
prompted usto evauate severd dif-
ferent types of respiratory protec-
tion. TheRACAL PoweredAir Puri-
fying Helmet was chosen because it
best met our needs. It has well ex-
ceededour performancecriteriaand
employee acceptance of the airhat
has been outstanding, duemainlyto
comfort, versatility, light weight, and
providingtheindividual withconfi-
dence. Initial cost ofthe unit ishigher

than the conventional halfmaskand
full-face respirators. However, the
day-to-day mai ntenanceandupkeep
(messured in time and dollars) is
dgnificantly less To properly as-
sssthebenefitsthe airhat has had
0N Our respirator program, we must
look at the results.

1. Alleviate the reliance of fit test
onemployee. Thishelmet canbe
put on and taken off over the
course of a work shift without
the concern that afieldtest is
being performed.

2. Assurance of proper fit With
minimal training, an employee
can learn how to use the unit
and be confident of aproper fit

3. The physiologica stress asod-
aed with a hot environment,
perspiration breaking the sed
of the respirator are dleviated.
The employee can fed ar on his
face. Therefore, his confidence
in the respirator increases.

4. Problemswith communications
are much less than with any
negative pressure respirator.
Theentirefaceisvisble sothat
non-verbal communication ef-
forts are not hidden.

5. Worker acceptance. A respira-
tory protection program cannot
function efficiently and properly
without employee cooperation
and compliance. This addition
to our program has been wdll-
accepted and the results pos-
tive.
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Figure 6
Worker's €Xposure (uranium-in-urine) versus production level's high-lighting the introduction of the airhat
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Worker's exposure (uranium-in-urine) versus production leve's high-lighting the introduction of the airhat

Figure 7




