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GoalsGoals

Conduct a large-scale anthropometric 
survey of respirator users
Upgrade the LANL respirator fit test 
panels



BackgroundBackground

Military data has been the normative 
basis for commercial respirator sizing
Anthropometric panels of facial 
dimensions are often relied upon to 
provide sizing reference
The current panels were developed 
based on 1967-68 US Air Force surveys



LANL 25-Member Panel for Full-Facepiece Respirators
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Lip Length (mm)
34.5             43.5 52.5            61.5
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LANL 25-Member Panel for Half-Facepiece Respirators



Background (Continued)Background (Continued)

These panels have played a prominent 
role in respirator fit test
The facial anthropometry is assumed to 
be representative of U.S. adults
Respirators designed to fit these 
panels are expected to accommodate 
90-95% of the population



Background (Continued)Background (Continued)

Concern was raised about compatibility
Los Alamos surveyed 200 males (1973)
Bureau of Mines surveyed 48 male 
mine rescue workers (1978)
NIOSH found that 16% of CAESAR 
subjects were rejected by LANL panel 
for full-facepiece respirators (2002)



Background (Continued)Background (Continued)

Military data may not represent the 
great diversity in face size in civilian 
population
The demographics of the U.S. 
population have changed over the last 
30 years



2000 CensusAir Force

0.70.8--American Indian
3.93.7--Asian/Pacific

11.512.111Hispanic
12.511.881African American
71.471.69198White

Female
(%)

Male
(%)

Female
(%)

Male
(%)

Race

Race Distribution of 1967Race Distribution of 1967--1968 Air Force 1968 Air Force 
Survey Subjects and 2000 U.S. PopulationSurvey Subjects and 2000 U.S. Population



ObjectivesObjectives

Develop an anthropometric database 
detailing the face-size distributions of 
respirator users
Compare the distributions of respirator 
users with those of Air Force pilots
Determine if the LANL respirator fit test 
panels need to be revised



MethodsMethods

A stratified sampling plan was used
2 gender strata: male and female
3 age groups: 18-29, 30-44, and 45-66
4 race/ethnic groups:

White, African American, Hispanics, and Others
Sample size was determined using the 
procedures outlined in ISO 15535
n = (1.96 x CV / a)2 x 1.534

= (1.96 x 5.3 / 1) 2 x 1.534 = 166



Age GroupAge Group

19926646646641992664664664Sum

498166166166498166166166Others
498166166166498166166166Hispanic

498166166166498166166166African 
American

498166166166498166166166White

Sum45-6530-4418-29Sum45-6530-4418–29Race

FemaleMale

Targeted Sample Size by Sampling CellTargeted Sample Size by Sampling Cell



Methods (Continued)Methods (Continued)

Traditional measurement methods 
3D laser scanner



Measurement ListMeasurement List

Lip Length

Interpupillary Breadth

Head Circumference

Head Length

Head Breadth

Bizygomatic Breadth

Bitragion Chin Arc

Bitragion Subnasale Arc

Bitragion Frontal Arc

Bitragion Coronal Arc

Bigonial Breadth

Weight

Subnasale Sellion Length

Stature

Nose Protrusion

Nose Breadth

Neck Circumference

Nasal Root Breadth

Minimum Frontal Breadth

Menton Sellion Length

Maximum Frontal Breadth



3D Scan with Landmarks3D Scan with Landmarks



Methods (Continued)Methods (Continued)

Nationwide data collection
Manufacturing
Construction
Healthcare 
Fire department
Law enforcement



ResultsResults

A total of 4026 subjects were measured 
using the traditional methods
1043 of them were scanned into the 
computer using a 3D head scanner
Subjects aged 18-66 were included in 
the final sample (n=3998)



145463950830725438971095551Total
2201036552130594724Other
12637365341275182155Hispanic
58932521351634278255101

African 
American

5191741941511367485611271White
45-6630-4418-2945-6530-4418–29 Total

Age Group
Total

Age Group
FemaleMale

Race

Final Sample by Sampling CellFinal Sample by Sampling Cell



3157498143724234337153Total
30144123811216Other
39111018143336941Hispanic
83353216169627829

African 
American

16314529737412816977White
45-6630-4418-2945-6530-4418–29 Total

Age Group
Total

Age Group
FemaleMale

Race

Final Sample (Scanned) by Sampling CellFinal Sample (Scanned) by Sampling Cell



100.03998Total
8.9355Virginia

21.4857Texas
0.729Pennsylvania

18.8751Ohio
3.0120New York
2.393Kentucky

39.11564Illinois
5.7229California

%NState

Final Sample by Geographic RegionFinal Sample by Geographic Region



Final Sample by OccupationFinal Sample by Occupation

100.03998100.01474100.02544Total
10.341011.41669.6244Others

12.24894.16016.9429Manufacturing

3.21280.574.8121Law Enforcement

37.0148175.7110015.0381Health Care

21.28495.17430.5775Fire Fighting

16.06413.24723.4594Construction

%N%N%N
TotalFemaleMale

Occupation



Weighting FactorsWeighting Factors
(Fraction of a Race/Age Group in U.S. (Fraction of a Race/Age Group in U.S. 

Population Divided by the Fraction of the Population Divided by the Fraction of the 
Same Group in the Sample)Same Group in the Sample)

0.2650.5660.5970.7421.3392.333Other

1.1501.8221.1240.9340.6910.809Hispanic

0.1620.3241.0000.3120.4250.836African 
American

2.4061.8901.5021.4741.0691.517White

45-6530-4418-2945-6530-4418-29Race
Age GroupAge Group

FemaleMale



4.048.04.251.1NPPTL
4.243.83.852.3USAF

Lip Length

6.5135.06.9143.5NPPTL
5.8129.05.2142.3USAF

Face Width

6.1113.47.1122.7NPPTL
6.1106.36.1120.3USAF

Face Length

SDMean
(mm)

SDMean
(mm)

FemaleMaleSurveyFacial
Dimensions

Summary Statistics for Key DimensionsSummary Statistics for Key Dimensions
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Face Width (mm)

10.2%

10.6%

2.1% 10.0%

11.2%

0.4% 0.9%

9.2%

18.3%

11.8%
133.5

123.5

113.5

103.5

93.5

Total = 84.7%
Male = 80.7%

Female = 91.6%

Fitting the NPPTL Data into the LANL PanelFitting the NPPTL Data into the LANL Panel





ConclusionsConclusions

An anthropometric database detailing 
the face-size distributions of the current 
U.S. workers was created
The 1967-68 Air Force survey data is not 
reflective of the anthropometric 
distribution of the current U.S. workers
New respirator fit test panels need to be 
developed
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Any questions?


