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QUANTITATIVE RESPIRATOR MAN-TESTING AND 

ANTHROPOMETRIC SURVEY 

Jack D. Leigh 

Abstract. Results are reported of a recent 
anthropometric survey and test procedures related 
to the ·respiratory protection program to safeguard 
the health of personnel. Respiratory protection 
procedures involve the selection of face masks worn 
by plant personnel. The fitting, handling, and use 
of face masks through explicit instructions can 
·assure optimum safeguards. 

Comparisons are made with the test-panel selection 
parameters established by the Los Alamos Scientific 
Laboratory in Los Alamos, New Mexico, and 
recommendations by Webb Associates of Yellow 
Springs, Ohio. 

INTRODUCTION 

The primary objective of a respiratory protection 
program is the health and safety of personnel 
involved in plant operations. Management stresses 
emphasis and cooperation to provide optimum 
safeguards. In February 1973, a quantitative 
respirator test program for employees was initiated. 

To complement the program in 1974, an anthropo
metric (facial) survey of plant personnel was 
conducted. The report data have been .compared to 
the test-panel selection parameters established by 
the Los Alamos Scientific Laboratory (LASL), Los 
Alamos, New Mexico, 1 and Webb Associates of · 
Yellow Springs, Ohio. 

DISCUSSION 

E.quipment and Materials: 

Space allotted for man-testing is a 20 by 25-foot 
(6 by 8-metre) room. The test chamber, equipped 

1 Alan Hack et al. Selection of Respirator Test Panels 
Representutive of U. S. Adult Facial Sizes. LA·5488 .. Los Alamos 
Scientific Laboratory, Los Alamos, New Mexico. March 1974. 

with a 5 by 7-foot (1.5 by 2-metre) airlock, 
measures 13 by 7 feet ( 4. by 2 metres). 

Table I lists the equipment and respirators in use 
at Rocky Flats Plant. 

Anthropometric Procedures: 

With the prj.me emphasis on personnel safety, the 
program also focuses on the development of the 
technician administering the tests. Maintaining 
a businesslike and efficient approach, the 
technician at the same time must generate an air 
of confidence and interest in the benefits of testing 
for employee ~afety. The words, actions, and 
instructions to the employee should express 
assurance to encourage full cooperation, as well as 
a relaxed atmosphere during tests. The steps 
initiated to achie_ve these objectives follow: 

1. A brief explanation of the purpose of the study 
was given to each employee whose facial 
configurations were to be measured for mask 
fits. 

2. To determine the placement of the caliper for 
. measuring the width of an employee's face, 
slight-finger pressure was applied to the 
zygomatic bone region, approximately 2 to 4 
centimetres (cm) anterior to the ear. Both 
sides of the face were marked.at the widest 
point and the caliper tips were placed on 
these marked areas. Pressure was applied such 
that the caliper tips made a slight indentation 
in the facial tissue (Figure 1 ). 

3. The length of the face was determined by 
placing one caliper tip at the nasal-root 
depression and the other tip under the chin. 
The caliper is tightened so that the tips cause 
only a slight indentation in the facial tissue 
(Figure 2). 



TABLE I. Equipment and Materials for Respiratory Protection Program. 

Respirators 
Half Masks Full-Face Masks 

Equipment (with high efficiency filters) 

Penetrometer 
Model TDA-2D 

Air Techniques Inc., 
Baltimore, Maryland 

Acme, Lancaster, New York 
(Double Filter) 

Mine Safety Appliances, 
Pittsburgh, Pennsylvania 

(Ultravue Double Filter) 

Recorder 
Model 7143A 

Hewlitt-Packard Company, 
Englewood, Colorado 

American Optical Company, 
Southbridge, Massachusetts 

Mine Safety Appliances, 
Pittsburgh, Pennsylvania 

(Ultravue Single Filt.er) 

Treadmill 
·Model E-lOE 

Avionies, 
Los Angeles, California 

Mine Safety Appliances, 
Pittsburgh, Pennsylvania 

(Custom Comfo) 

Mine Safety Appliances, 
Pittsburgh, Pennsylvania 

(Clearvue Single Filter) 

EAha usl Fans 
Dyna pure 
Model A-2 

American AJr Filter Company, 
Albuquerque, New Mexico 

Welsh, Wt:lsh, 
Providence, Rhode Island 

(Protex 7580)· 
Providence, Rhode Island 

(Protex 7680) 

Aerosol Generator 
Model III 

Naval Research Laboratory, 
Frontier Enterprises, 
Albuquorquo, Now Moxico 

4. Two measurements were taken of the lips, one 
with the mouth relaxed and the other with 
the employee smiling. The distance between 
the corners of the mouth were measured in 
both situations. 

5. All measurements were recorded in millimetres 
(mm). 

Quantitative Respirator Man-Tests: 

Prior to tests with personnel, the technician gives a 
35-mm slide and s~und presentation to orient the 
subjects and explain the program. A quantitative 
respirator man-testing technique consisting of 
polydispersed di 2-ethylhexyl phthalate (DOP) with 
a light-scattering geometric mean-diameter particle 
size of 0. 7 micrometres is employed at Rocky Flats. 
Equipment needed for the tests follows: 

1. 

2 

A supply of every type of respirator used at 
Rocky Flats, each equipped with high 
efficiency filters and a sampling port.. 

2. A forward light-scattering photometer with a 
strip-chart recorder for measuring and recording 
any aerosol that leaks into the test respiralur. 

3. Sampling tubes from the test respirator to the 
pholomeler aml frurn lhe i11lt:aiu1 uf ll1e lesl 
chamber to the photometer. The two tubes 

·must have identical inside diameters. 

4. An ayrosol generator activated by a flow of 
~0rnpm;:c;:r.cl ;:iir flncl P.'lllippP.ci with :i re~ulatine 

valve for the incoming air, and an impactor. 

5. A vacuum source for drawing air from the test 
chamber or the test respirator through the 
photometer. 

6. A flow meter and control valve for controlling 
the rate of air flow through the photometer. 

7. A system of scheduling employees for testing 
and of filing test results. 
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FIGURE 1. Measuring Width of Employee's Face. 

The following procedures are observed by the 
respiratory protection technician. 

1. Asks each employee, before testing, to com
plete a Rocky Flats information card. This 
card is designed to make each employee more 
aware of any possible physical or mental 
limitations he may have. If any such 
limitations are indicated or known, the 
Medical Department personnel would be 
consulted. Their advice determines whether 
to continue, limit, or delete parts or all of the 
test (Figure 3). 

2. Makes a visual inspection of the face of each 
person to detect whether hair or scars could 
interfere with the proper seal of a face mask. 

3. Explains how communications with an 
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FIGURE 2. Measuring Length of Employee's Face. 

b. Deep breathing. 

c. Smile. 

d. Frown. 

e. Cough. 

f. Hands on hips, bend forward at the 
waist, move the head from side to 
side. 

g. Hands above the head, move the head 
up and down. 

h. Talk. 

i. Walk on treadmill. 

employee in the test chamber are accomplished. 5. Ensures that each employee is tested with all 
available respirators. 

4. Explains the nine exercises each employee is 
aske<l to perfonn; 

a. Normal breathing. 
6. After testing is completed, determines ':Vhich 

half mask and full-face mask will provide the 

J 
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QUANTITATIVE RESPIRATOR MAN-TEST 

INFORMATION CARD 

1. Do you have any concern about your ability to obtai11 dJJ 

adequate air supply while using respiratory protection 
equipment during a job? 

YES NO 

2. Do you have any known respiratory ailments that could 
affect yout ab1hty to wear resprratory protection devices 
properly? 

YES NO 

3. Do you have any known heart condition that could 
affect your ability to wear respiratory protection 
devices? 

YES NO 

If your answer is YES, plP.asp, inrlic~atP thi:- dale '-'f the 
last illness. 

4. If at any time there are any c.hanp;r.s in ynm far.ial 
foat11rr.s, 511ch as new dentures, scars, gain or loss of 
weight or any other thing that may create a change in 
the type of respirator you ::ihould wear or the way a 
respirator fits, you should notify yuur supervisor and 
arrange for a re-test. 

NAME DATE 

RFT-263 (9-74) 

FIGURE 3. Rocky Flats Information Card. 



7. 

8. 

subject employee with the highest degree of 
protection. 

Records the information from Item 6 on Form 
RF-46213 MHS-3, Respirator Fitting Card. 
This form is given to the employee for his 
record (Figure 4 ). 

Completes the Respiratory Protection Program · 
work sheet [Form No. RF-46214 (9-74) 
MHS-3] . The completed form is used to 
transfer information to a computer. The 
computer output is considered the permanent 
record for each employee tested (Figure 5). 

RESULTS 

Anthropometric: 

Results of the anthropometric facial survey of i ,467 
employees (1,340 males and 127 females) are best 

FIGURE 4. Front and Back of Information Fitting Card. 

ROCKY FLATS PLANT 

QUANTITATIVE RESPIRATOR FITTING CARD 

NAME L.(!. M&tl/v• 
DATE FITTED ,_ .,,_ "Z&-
MAN No. :s 9 / o _DEPT. RaJ, 41-•lf' 
SEE BACK OF CARD FOR FITTING RESULTS . 
ALL MASKS THAT FIT WILL~ARKED YES 
BEST FIT WILL BE CIRCLED~ 
DOES NOT FIT Wl!,1. [IE MARKl;D NO 

FITTEDBY: ~~Q ~ 
RF-46213 (9-741 MHS-3 

Yes 
HALF MASKS or FULL FACE MASKS 

No 
ACME 2 FILTER 

,,. 
AO MSA ULTRAVUE -s 

Yes 

~~ 

~ r.-i.~ 

MSACOMFO ·i }MSA ULTRAVUE ·'ii----JI 
WELSH ") WELSH Al& 

(S = Sinale Filterl 
CD = Double Filterl 

•'-·~-........................ ·~·-··---·- .. ._. ·-~ ....... 
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defined by the following diagrams (see Figures 6 
and 7). The outlined area is the test-panel selection 
area established by LASL and Webb Associates for 
half-mask respirators. Out of the 1,467 Rocky 
Flats employees tested, I 0.3% had measurements 
falling outside of the selection area. 

The outlined area in Figure 7 is the test-panel 
selection area established by LASL and Webb 
Associates for full-face respirators. Of the 1,467 
employees measured, 12.6% were outside of this 
area. 

Respirator M1:m-Tests: . 

Results of the quantitative respirator man-tests of 
Rocky Flats employees can best be reported as in 
Table II. Abbreviations for the different half.masks 
and full-face masks are identified as follows: 

FIGURE 5. Respiratory Protection Program Work Sheet. 

RESPIRATORY PROTECTION PROGRAM 

WORKSHEET 

2.HTiln.) __ ,.. 
5.fACll ___ mm 

LENGTU IS.20 

9. BROKEN BONf.S Y N 
{drtk) 28 

M ~ 
s AVC. E 

A p Q LEAK 

..!...: -~ DESCRIPTION . 
·--···-------· 

1-6·1 .. 
In'" H 02 ... ' .. 10-10 

D'" H " ,. ' ..., 10.W 

UP II I"" ,. ' .. 10-20 lM• 

"'" "'"' ,. ' .. 10-20 

•.. " .. ,. 
' •·• 10-10 

OUP 11 lnM ,. ' .. lM• 

OUP ti "' ,. ' .. 10-10 

OUP 11 I"' ,. 
' ... 10-20 

). WT(ltn.)-.-,, -

I.MAN# __ ,. 
•. TEST DATE~ll·.,.,...Ol ~ ... .,.,..,, ~,.~,, 

6, f't\CE mm 7, UP __ mm B. LIP __ mm 

WIDTH -n-:rr- LENGTH 1'"23 SMILE 26·31 

FITnNG RESULTS 

MAX. 
., 

M T 
s 

AVC. E E 
LEAK ~ ~ 

y 
~ LEAK LP.AK . 

,_!!... • ~ A 
D'l!SCRlmON . . 

-··----

-··· ' " " 
lJ.31 ,. ' .. 
" D'" ''"' J.s-28 )l·ll 1-6'7 .. 10-20 21·2• ,,.,. 
" ""' F ,., " "" llll " 1 .. 1().20 ...,. .. , 

u '. " ,. 
l\.32 ,. ' .. ,.,. 
" nrnlv 05 ,. ' •·• 

"'" 
,_ 

" .. ' .. 31.)l 

u "' ,, 
lMl , . ' .. ,,.,. 
.. .... AA 

)Ml ,. ' .. ll·ll 

'' •.. "' ~ 

lMl ,. ' .. 10-10 

" u " 31-32 ,·,, ' .. lM• 2'·2! 31·32 

TP.OIH'ICIAH ----

5 
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83.5 
25.5 

M-14 M-17 M-1 

M-::1 M.go M 287 M :JS 
F. 1 

M-1 M-163 M-488 M-51 
F. 17 F. 19 

M-48 M-121 M-12 
F-1 F-40 F - 28 

M"2 M-6 
F -1.0 F -9 F-1 

F-1 

3'1.6 43.5 52.!i 61.5 70.5 

LIP LENGTH (millimetres) 

FIGURE 6. Results of Survey with Half-Mask Respirators. 
(Number of persons tested: F for females and M for males.) 

M-1 

---

79.5 



143.5 

133.5 

~ 123.5 ..... ..... 
Q) 

E 

·e 
i= 113.5 
(!) 
z 
w 
...J 

w 
(.) 

~ 103.5 

93.5 

M-1 
F -1 

M-1 
F -2 

M-3 M-5 

M-10 M-77 

M-17 M-173 
F- 6 F - 18 

M-10 M-55 
F -15 F-36 

M- 5 
F-6 F -12 

F-1 

M-11 M-11 M-2 

M-236 M-85 M-7 
F- 1 

M-371 M-139 M-3 
F - 10 F- 1 

M-95 M-20 
F -14 F - 1 F-1 

M-3 
F -2 

83.5 
108.5 117.5 126.5 135.5 144.5 153.5 

FACE WIDTH (millimetres) 

FIGURE 7. Results of Survey with Full-Face Respirators. 
(Number of persons tested: F for females and M for males.) 
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Half Masks: ACM - Acme 

AO - American Optical 

COM - C,'ustom Comfo 

WEL - Welsh 

Full-Face Masks:·· CL-S - Clearvue Single 
Filter 

UV·D - Ultravue Double 
Filter 

UV-S - Ultravue Single 
Filter 

WEL - Welsh Protex 
Double Filter 

Of the 1,467 employees measured, 691 ( 666 males 
and 25 females) were also fitted with the half-mask. 
respirator. Figure 8 shows the best-fit mask as 
determined by quantitative respirator man-tests. 
The outlined area is the test-panel selection area 
establlshed by LASL and Webb Associates for half
mask respirators. 

Of the 1,467 employees measured, 662 (652 males 
aild 10 females) were fitted with a full-face 
respirator. Figure 9 shows the best-fit mask as 
determined by quantitative respirator man-tests. 
The outlined area is the test-panel selection area 

TABLE II. Results of Respirator Man-Tests. 

U1mpoStte of lowest leakage (best fit) obiained by each empioyee with appropriate respirator indicated. The 
f"igures in each column represent number of employees. Each employee apptl!!I~ Qll~ in the half·rnask section 
and once in the t'ull·face mask section. - · 

COM 

WEL 

Al.:M 

AO 

Half Mask 

Not Tested 

No Fit 
(average leak > 5.0%) 
(maximum leak >10.0%) 

Totlll Employooa Tonod 

Full-Face Masks 

UV-D 

UV-S 

CL-S 

·WEL 

Not Tested 

No Fit 
(average leak >0.S) 
(maximum leak > i ) 

Total Employees Tested 

·a 5 to 0.5 

bio to 1 

22 

28 

i4 

12 

ao.s to 0.05 

bi to 0.1 

109 

49 

20 

82 

8 Average leak in percent. 
bMaxirnum le11k in percent. 

ao.s to 0.05 

bi to 0.1 

151 

93 

42 

32 

ao.o5 to 0.005 a<0.005 

bo.1 to 0.01 b<0.01 

322 63 

147 9 

49 1 

18 4 

8Q.05 to 0.005 a<0.005 

bo.1 to 0.01 b<0.01 

242 78 

85 1 

20 2 

255 23 

CFifteen were not tested because of medical limitations. Twenty-five were 
not tested because of nonrelated function as for those of office employees. 

Totals 

558 

277 

106 

66 
c 2 

2 

1,011 

Totals 

429 

135 

4?. 

360 

c 38 

7 

1,011 
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FIGURE 8. Results with Half-Mask Respirators. 

2 1 
3 

3 4 
3 2 1 

6 8 1 
4 15 4 

30 81 5 
1 13 47 4 

8 (F-1) 20 (F-1) 
4 10 2 1 

55 (F-2) 129 (F-2) 12 
is (F-1) 74 12 

7 (F-4) 12 (F-4) 1 
\ 

23 (F-4) 36 (F-1) 3 
3 14 2 

2 (F-1) 

1 (F-1) 1 1 (F-1) 
1 (F-1) 

1 (F-1) 

34.5 43.5 52.5 61.5· 70.5 79.5 

LIP LENGTH (millimetres) 
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established by LASL and Webb Associates for 
full-face respirators. 

CONCLUSIONS 

Anthropometric: 

The 1,467 employees measured during the 
anthropometric facial survey represent a limited 
but fair cross section of the industrial population. 
During the survey, no physical factors such as 
height, weight, age, and sex were considered. 
Upori comparing the distribution of the Rocky 
Flats employees measured to the test-panel 
selection areas established by LASL and Webb 
Associates for the half-mask respirator (Figure 6), 
a sh1tt to the right {as indicated. by the broken line 
diagram in Figure 10) suggests that a more 

representative test-panel selection area could be 
determined. In Figure 6, l 0.3% of the employees 
were outside of the selection area. In Figure l 0 
only 2. 7% of the t:mployees are outside of the 
suggested test-panel selection area. 

Apply the same basic parameters, as with the half
mask respirators, to the LASL and Webb Associates 
T~st~Panel ~election area for full-face reEpiraton: 
(see Figure 7). The conclusion that a change would 
be advantageous becomes apparent. The broken 
line diagram in Figure 11 depicts this proposed 
change for full-face respirators. This change would 
reduce the number of Rocky Flats employees 
outside of the selection area from 12.6% to 4.8% .. 

The anthropometric facial survey of Rocky Flats 
employees will be continued. 

FIGURE 9. Results with Full-Mask Respirators. 
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FIGURE 10. Comparative Data for Half Masks. 
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FIGURE 1 l. Comparative Data for Full Face Masks, 

Respirator Man-Tests:. · 

·Disregarding the two employees not tested for a half
mask respirator because of medical limitations, 1,009 
employees have beer\ tested. Two employees from 
that total could not achieve an adequate fit (average 
leak >5%, or maximum leak >10%). Using the half
masks available to Rocky Flats employees, 99.8% of 
those tested were able to achieve an adequate fit. 

Disregarding the 38 employees not tested for a full
face r~spirator because of medical limitations or 
other reasons, 973· employees ha_ve been tested. 
Seven of the 973 employees could not be adequately 
fitted (average leak 0.5%, or maximum leak l %). 
Using the·full-face respirators available to Rocky 
Flats. employees 99 .3% of those tested were able to 
achieve an adequate fit. 
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Assuming these employees are representative of 
the industrial population, it can be concluded 
that the test panel, for LuU1 Utt: half-mask and 
full-face respirators, is not needed. To reach this 

. conclusfon, a qualifying condition must be 
accepted. The size specifications of the half- and 
full-face respirators used by Rocky Flats would 
replace the test panel. 

The Respiratory Protection Program in use at 
Ro.cky Flats qualifies as one of the best. The 
program will continue to be upgraded and im
proved. The health and safety of all employees in 
government facilities could be significantly 
upgraded by increasing the quantity and quality of 
information exchanged between plant groups 
having similar operations. 




