C pdwetL 1963

Respirator Effectiveness in an Enriched Uranium Plant

Roger Caldwell

Edward Schnell

Health and Safety Department

Nuclear Materials and Equipment Corporation

Apollo, Pennsylvania

Prepared for Presentation at the 1968

‘American Industrial Hygiene Conference

May 13-17, 1968

St. Louis, Missouri




P

Respirator Effectiveness .n an Ebriched Uranium Plant

Roger Caldwell and Edward Schnell

Nuclear Materials and Equipment Corporation

Apollo, Pem$ylvania

Introduction

NUMEC processes uranium, enriched up to 97% U-235, in its Apollo, Pennsyl-
vania Plant. Facilities include UF6» to LD2 conversion, cei:amic fuel shape fab-
rication and unirrad:iated SCrap reprocessing. s |

These processes each present potential exposure to airborne radioactivity,
especially UO2 powder handling. The plant designers recognized this ‘.a'nd' pro-
vided ventilation control for powder handling. This -control consisted chiefly
of fume hoods and local exhausts.

However, breathing zone air sampl ing stﬁdies revealed that localized ex-—
posure was occurring. Revised handling procedures and increased training did
not reduce exposures below permissible limits. Consequently, early in 1966
NUMEC undertook a respiratory protection ptogram to protgct workers from the
localized UO2 dust exposure. L

Since NUMEC operates the uranium piant under a special nuclear materials
license issued by the U, S. Atcmic ‘Energy Cammission, we had to obtain their
approval of our respiratory program. The application covered equipment, fitting
énd operating procedures, maintenance, bloassay and training.

We received AEC approval in June, 1966. Because most éffécted workers
were receiving weighted exposures of less than 10 MPCa, (1) we used half face
respirators for every thing except emergencies.

We soon stumbled on one of the license criterion for respirator effect-

iveness. After each respirator use, we took nasal smears to demonstrate that




protection had been prox,"idedc A high percentage of individuals showed up with
nasal contamination exceeding our limit (50 d/mi. No appa.r.evnt correlation
between personal air sampling and nasal smears developad. Consequently, we
carried out a biocassay program to determine half face respirator effective-

ness.

Method of Study

To campute respirator protection, two ‘mnnbe:fs are needed: (1) The po-
tential radioactivity whlch would have been inhalgd without respiratory pro-
tection and (2) the radioactivity actually mhaled

Our uranium operatcrs, working in exposure problem areas, -routinely wear
personal air samplers. This gave an excellent measure of potential @cposuré,

For an estimate of actual exposure, we had available urine and fecal ex-
cretion and whole body counting data. We decided on early fecal clearance
{fecal sampieé collected during the first few days after an exposurej, be-

cause our fecal sanmpling program, begun early in 1966, had shown us that

_ urine sampling was mislieading. Whole body counting was rejected because the

method is not sensitive enough to detect small daily exposures. It is, how-
ever, an excellent indication of accumulated lung burdens. \

Our methcod for studying respirator effectiveness was to correiate Fer-
sonal air sampling data with fecal sampling data. Only single, daily expo-
sures were evaluated; we did not average data. Whenever an exposure exceeding
40 MPC-hours was detected, the operator was removed fram xadiation vbrk and
both fecal and urine samples were collected. Figure 1 shows how personal air
samplers were worn by respirator wearers. A belt carries the air pump ocat of
the way. We brought tygon tubing over the shoulder to the sampling head, which

was fastened to the lapel or shoulder. We have experimented with a "bump" hat
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which carries both air pump and sampling heéd. This permits locating the
sampling point within inches of the nose. | |

We were careful about fitting and field testing the respirators. Figure
2 shows the smoke tube 'techn;que,' developed by Hyatt, (2) which we settlea on
for fitting and field testing. Our experience showed that the negative pressure.
test is a relatively poor indication of face seal. For the negative preséu.re
test, we covered the canister 1inlet opening with the hands, held the breath for
ten seconds and noted whether the face piece remained coliapsed. Following this
test with an MSA Stannous Cnloride "Smoke Tube" test revealed an alarming fre- |
quency of inleakage. Even experienced Health and Safety tecnicians failed . a
third of the time to get a good face seal usi_ngv the negétive pressure test.

Much of our data cames from éases where the half face respirators were
field tested by the negative pressure method. | Howevef , the protéction afforded
by the half face respirators was not substantially improved by changing to
smoke testing. Smoke testing in the work place showed that the face seal would

be lost, shortly after the original test,

The Importance cf Personal Air Sampling

»

Almost all industrial radioaerbsols are extremely localized in space. Con-
centrations vary drastically from place to piace. This is because most radio--
aerosol sources are smali; generally the worker's hands are the most coammon aer-— .
osol Vgeneratore The concentration gradient from a small source will be very
steep, varying with the .nverse square, and perhaps, the inverse cube of thei
distance.

Under such condit:ons, it 1s obvious that where an air sample is taken
is critical, if you want to estimate the worker's exposure. The air sampling

data in this report cames entirely from breathing zone sampling.




Figure 3 shows the log-normal distribution of the ratio of perSonél air
sampler cornicentration to stationary air sampler concentration. When this: ratio.
- equals one, the personal air'éampler agfees.With the fixed positioﬁ air sam- -
pler. We show distributions fram thréevnuélear fuel plants. The UKAEA data
is fram Fraser(3)c The distribution slope of the NUMEC uranium plant data .is
similar to the UKAEA data. However, the distribution is displaced so that the
‘ratio is about 2-1,2 times greater for a given percent of the data population.

The NUMEC plutonium plant data shows a very wide spread of ratios. We
were able to show a good COfrelation of bicassay data with personal air samplers
at the plutonium plant(4)@ '

More than 50% of personal air samples in ouf uranium plant showed concen-
trations seven times that for stationary air samples. Ten percent of thevtime
the\factor was more than 20,

It is clear that personal air sampling is absolutely necessary, if you
intend to determine respirator effectiveness under actual work conditions.
Stationary air samplers underesuiﬁate ex?dsures by considerable and widely
varying margins, Even weighted exposdre analyses with hand held air samplers

will only give reliable data for that particular sampling period.

Early Fecal Clearance as a Measure'of Exposure

- In 1964 Sill(s) pointed out the errors in using urinalysis as a routine
monitoring method for internal radiocactive contaminarts. In his experience,
radioactivity measured by whole body cbunting could not be detected in the
urine. He found however that in all cases fecal samples showed measureable
quantities of the radionuclide.

This can be easily understood if we consider the 1966 ICRP deposition

and retention model shown in Figure 4(6) . Inhaled particles are deposited
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in three’régions of the respiratory tract, the nasal-pharynx, tracheo-bronchial
and pulmonaryvccmpa:tments.. Almost 100 percent of the insoluble alpha emifters.
(w,, Tho,, and PuO,) deposited in the N-P and T-B regions are removed by ciliary
mucous transport to the G.I. tract in a matter of minutes. This rapidly eliminated
ffaction, represented by (b) and (d), together with a similarly rapidly removed .
pulmonary fraction (f) make up an early clearance phase (Phase I). All Phase.I.
insoluble alpha aétivity is eliminated in the feces. b and d represent 4 and.10.
minute half times for actinide elements. £ répresents a 24 hour half time clear-
ance rate. Effectively, Phase I clearance is over in 3 days.

A second clearance phase, with a half time of one year or greater from
the pulmonary part of the lung, is represented by (e), (g) and (h). Only
about 5 percent of the insoluble alpha emitters originally deposited in the
pulmonary compartment are absorbed (ej into the circulating blood. Another
15 percent is removed to the lymph system (about 10% of which is later trans-
ferred to the blocd). The reméinder is eliminatedbby'endocytosis and the
ciliary escalator through'the G.I. tract to the feces.

For one mic:ion Median Aerodynamic Diameter particles, the expecﬁed early
fecal clearance is 38% of those inhaled. Particle sizing studies in the U02 :
handling areas show that one micron MAD 1s a reasonable canpromise'valuée

In-vivo or whole body’gaﬁma counting has demonstrated excellent results
for the accurate assay of many radionuclides in the human body. The only
requirement is the presence of an energetic gamma emitted with reasénable
abundance from the radionuciide of interest.

Unfortunately, the actinide elements are not blessed with abundant
energetic gamma rad:iation. 2350 1s detected to levels as low as 7 nCi(7).

However, this 1s not sensitive enough to detect single daily exposures where

the radioactivity inhaled may be less than 0.1 nCi.
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To i1llustrate the intpor'tance of fecal sampling, we héve included sdne of ...
our uranium biocassay data (Figure 5;. The excretion rates via feces and urine .
are plotted against each other for those cases where the samples were collected
the same day. The dotted urine level line represents the excretibn from a max-
imm permissible skeletal burden, after the 300 day °) half life portion of
the excretion curve has been reached. The dotted fecal line represents the
excretion rate predicted for a permissible lung burden (17 nC.i.) after the 380

day half time'®

has been reached.

Many of the fecal data represent early clearance and are not. necessarily
linpennissible. However. it is obvious that urine data by itselfA gives a talse
impression of actual exposure. We were able to use this déta to est:i.méﬁe the

effective_ness of half face respifators. We found that they are not very -

effective.

The Effectivencess of Half Face Respirators

Having reliable estimates of the radiocactivity actually inhaled during -
respirator wearing, we were able to compare actual inhalation with potential
inhalation for specific time periods, usually single shifts (Figure 6). The
line of no protection equates potential with actual inhalation. The other
lines show the factor by which the half face respirators reduced potential
expoéure. |

Air-purifying half face respirators are supposed to provide better than

(9) . . T s .
9] . Figure 6 shows that this is an optimistic figure,

a factor of 10 protection
at least under our conditions of use. The camputed average for the data shown
is 2.1, Those data above the No protection line were assumed to be on the N.P.

line for the caiculation of the average.




Theoretically, thexg? "4 be no data above the no protection line. You

3

can not inhale more than‘iﬁ; : ~exposed to. Of course, there is a lot of po-

tential error in both estiggtes and these daté could}represent-the inherent
error. But, we noted that each of these cases were similar. They are all from
our uranyl nitrate cryétallization operation. Before we installed this oper-
ation in glove boxes, we encounﬁered a great deal of hand contamination. We
believe that ingestion inflated the inhalation estimates. |

The crystal operation also gave us another interesting experience.: We
had always held faith that high efficiency, particulate filters, (e.g. the -
Wilson R-520) were the strongest link in respirators. Face sealfleakage,
we believed, was the source of our problem. However, nasal contamination
and bioassay resultsvmoved‘us to test the Wilson Rr520 HEPA filter for pene-
trability of the‘uranyl nitrate crystal aerosol. The tests showed penetration
over 20%. When the Wilson No. 43 cﬁanical.cartridge was substituted, the fil-
tration of this particUlar'aerosél was definitely improved. This observation
is unique in our experience; the R-520 filter is highly efficient for U02 duét;

Most of the data points are for eight hour periods. The permissible in-
halation line indicates 8 MPC-hours exposure. Where this line crosses the
factor of 10 line is the potential inhalation for which more protection than
half-face respirators was needed. Even though average exposures were léss
than 10 MPC, individual exposure actually reached the protection factor for'
full face respirators. This is an important point. It re.nforced our decision
to switch to full face respirators.

Although it's not shown here, we noticed that shorter wearing periods
result in better respirator protection. This i1s probably because the worker

can maintain procedural discipline better for short periods. The tendency to




touch the mask, tdlk,_“x;

Another rather sub _,:’T.v; observation we have had is the superior protection.
same individuals get. We do not think this is entirely due to their face shape
fitting the mask better'. Wearing a respifator properly requires self-discipline.
The worker, who has iﬁ, achieves better respirator protection.

We have tfied 3 modelsE_ ;»-‘};‘he Wilson, AO and the MSA Comfo. The Wiléon. ‘
model fits more individuals; because of ‘the pleated nose cups. It also gave
slightly better, average protection. All three were made available to workers |
during the study.

This data clearly indicates that, under actual working conditions, with
an ABC approved respirator program, half face respirators give ,:i'_nferior pro-

tection.,

Thé Effect of Respirators on UO2 Workers Exposure

1t's often difficult to demonstrate psychological effects quantitatively.
But we have evidence that respirator wearing increases the breathing zone con-
centration. Figure 7 shows personal air sampling data for three separate op-‘
erator jobs. The abscissa has no units. The exposures occurred over the same
six month period. The average concentratioﬁ, over all three jobs, was 1532
d/in/Tn3 for respirator wearers and 464 d/m/m3 for those without respirator pro-
tection. |

A unique situation existed for these three jobs. For the first six months.
of the respirator program, respirator wearing for these jobs was optional. We
were concentrating on more severe exposure problem areas ahd did not enforce

respirator wearing until the higher exposures began to occur with ‘the respirator

wearers.




Apparently, workers think they are protected by the respirators and use
less care in handling uranium. Work in open bfront hoods and local exhaust
ventilation is vulnerable to poor handling technique.

Taking the 3.3 increase in the exposure into account with the average 2.1
protection factor for half face respirators, leads us to the amazing conclu-»
sion that half face respirator wearers in our plant were actually exposed to

57% more radioactivity than non-respirator wearers.

Discussion

This effectiveness study prompted us to discontinue the use of half face
respirators. The only instance where we still permit their use is where tﬁe
worker must wear prescription eyeglasses. Where such an operator. needs protec -
tion frequently, we obtain special mounted prescription glésses for a full face
mask. Respiratory protection is restricted th full face respirators or supplied
air in all other cases.

An even more major decision precipitated from the study: NUMEC éonverted
from ventilation control (e.g. fume hoodsj to process contaimment (e.g. gloved
boxes) for enriched uranium processing. Of course, it was not the only reason
for doing this. Reduction of process losses of valuable (S11/gram) fissile
material was a by-product of the improved containment. Figures 8 and 9 illus-
trate the change in philosophy. |

| Fitting respirator dimensions to the human face has been dealt with so

thoroughly (10)

, that we hesitate to camment. But it seems to us that half face
respirators are inherently vulnerable to inleakage. The width of the seal is
usually much narrower than for full face configurations. And this narrow seal
is applied to the most awkward parts of the face, the nose ridge and chin. In-
deed, é chemical engineer would despair of sealing processing piping under such

conditions. Besides, process piping does not talk, scratch its nose, grow whiskers

or chew tobacco.
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There are a number‘of obserVat;ons concerning respirator wearing we would
like to pass on:

1. Training is'obviously very lmportaht. But we found on-the=-spot train-
ing gave better results than class room lectures. Our staff went out on the
floor, did field testing and gave instructions on the job. |

2. Smoke tube testing, especially in the work place, is an eye opener.
Organizations using only negative pressure techniques or testing only durihg
fittinngould benetit from a field testing program.

3. Proper removal of contaminated respirators is critical. Often an
indiﬁidual can cancel an entire wearing period's effectiveness by a careless .
removal. A concentrated cloud of radioactivity can be generated fight in.the
breathing zone. We recommend removal of contaminated protective clothlng,
thorough contamination monitoring and decontamination, before the mask is
removed.:

4. The 1nitiation of a respirafor program is not the time for relaxing
the industrial hygiene or health physics monitoring programs. Air'moniforing
and bioassay programs are still essential.

5. Nasal smears have always indicated when an exposure has occurred.

But we have not successfully correlated nasal smears to actual exposure. Our
limits (25 d/m for piutonium and 50 d/m for uranium; have proven satisfactory.
That is, nasal smegrs lower than theée values have never been associated with
unpermissible exposures.

6. Worker acceptance of respiratory devices is higheSt for supplied air
respirators and lowest for full face respirators. As a consequence, we use
supplied air often 1n cases where its superior protection factor 1s not actually

needed.
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7. Environmental stress, heat, humidity, hard work’, drastically reduces
respiratdr etfectiveness. Supervis:.én must take this very real factor into
account when specifying the lengrh of wearing periods.

8. Individual discipline varies widely and an effort must be made to
spot the "exposure prone" individuals. Usually a string of high nasal smears
is the first indicator.

9. The best respirator program in the wofld will not succeed without the
floor supervisor's coope:étion. The foremah must be made to éppreciate all
aspects of the program. |

10. Prelnninary'effectlveness studies. are showing that full face respira-
tors give definitely better protection. But there are a significant number of
occassions where the protection factor is less than 100. Supplied air wearing,
which i1s more closely supervised, has shown excellent protéc':tion. |

(1) ‘'showed a major nuclear

A final comment: A recentiy published article
facility placing primary reliance on half face respirators. We believe that the
half mask gives inherently inferior protection and that they have lﬁnj.ted util-

ity in a modecn industrial respirator program.
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