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=Abstract =
Purpose: The purpose of this study was to provide basic data for the development of personal

protective equipment (PPE) for emergency medical technicians (EMTSs) during chemical, biological,
radiological, nuclear, and explosive situations.

Methods: Body measurements were obtained for adults aged from 20 to 59 years from the data in the
6" Size Korea national sizing survey. These data were compared to the sizes of protective clothing
currently available in the market. In—depth interviews with active paramedics with experiences of
wearing PPE were conducted.

Results: Most of the imported protective clothing turned out to be unfit for Korean adults. This
showed the urgent need for developing appropriately sized protective clothing for Korean emergency
technicians. In total, 55.0% of the respondents indicated that the current protective clothing is unsafe,
and 71.0% requested the clothing to have level C protective performance. Regarding the design, many
people wanted hooded all—in—one type of clothing.

Conclusion: Considering these requirements, most of the wearers wanted their protective clothing to be
fundamentally protective of their body, be available in various sizes with adjustable parts, and easy to
wear and take off. They also wanted the clothing to be secure in clear sight, while not revealing any
parts of their body and not interfringe with their ability to communicate with others.

Keywords: Chemical, biological, radiological, nuclear, and explosive (CBRNE), Personal protective
equipment (PPE), Size, Functional clothing
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Fig. 1. CBRNE response team field activity overview [2].
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Questions

Number of questions

(include sub—questions)

General status of personal protective
equipment

Questions regarding the experience
of wearing personal protective
clothing during work

Questions regarding the level of

Influence on ability to perform protection of protective clothing, the
emergency services when wearing wearing of protective clothing, and
personal protective equipment the convenience of performing

emergency services

Requirements for developing
personal protective equipment

Questions regarding Free response to
preferred designs and colors,
enhancements, or add—ons
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Age group N (%)
20~29 264 (21.8)
30~39 696 (57.4)
40~49 221 (18.2)
50~59 31 (2.6)
xSeoul Metropolitan Fire & Disaster Headquarters, 2015 [11]
Table 3. Uniform size distribution of paramedics
Top Bottom
Male Size N (%) Female size N (%) Male size N (%) Female size N (%)
S (90) 42 (4.1) S (44) 11 (5.9) 28 16 (1.6) 25 3 (1.6)
M (95) 326 (31.7) M (55) 89 (48.1) 29 41 (4.0) 26 15 (8.1)
L (100) 414 (40.3) L (66) 55 (29.7) 30 146 (14.2) 27 43 (23.2)
XL (105) 194 (18.9) XL (77) 27 (14.6) 31 160 (15.6) 28 60 (32.4)
2XL (110) 40 (3.9) 2XL (88) 3 (1.6) 32 273 (26.6) 29 36 (19.5)
3XL (115) 9 (0.9 33 171 (16.7) 30 15 (8.1)
4XL (120) 2 (0.2) 34 141 (13.7) 31 7 (3.8)
35 35 (3.4) 32 5 (2.7)
36 26 (2.5) 33 1 (0.5)
37 6 (0.6)
38 9 (0.9)
40 1 (0.1)
41 2 (0.2)

# Seoul Metropolitan Fire & Disaster Headquarters, 2015 [11]
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Fig. 3. Dispersion of height and chest (bust for female) circumference of male (n==851) and

female (n=819) in ages from 20 to 59.
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Table 4. Percentile of height and chest (bust for female) circumference of male (n=851) and

female (n=819) in ages 20 through 59

Percentile (mm)

Gender  Region  Mean SD 00100 25% 50% 75% 90% 95% 99%

Height  1702.0 65.1 1546.1 1590.0 1614.0 1658.2 1705.0 1743.7 1786.7 1810.0 1841.8

Male Chest 973.9 68.2 814.0 869.6 890.0 928.0 970.0 1019.0 1056.8 1084.0 1171.9
circumference

Height  1585.8 54.3 1458.4 1496.0 1517.0 1550.0 1585.0 1624.0 1655.0 1676.0 1713.6

Female =~ Bust 877.9 60.4 761.0 787.0 803.2 8350 872.0 913.7 960.0 984.8 1049.7
circumference
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Table 5. Size chart of major protective clothing manufacturers and average body measurements

of Korean adult male and female

Manufacturer Size (unit: cm)

XS S M L

R Chest Height Chest Height  Chest  Height Chest Height

XL
Height

Chest

XXL

Height

79—88 150—164 88—96 164—170 96—104 170-176 104—112 176—18 112-124 182-188 14136 188—194

SM MD LG XL

2XL

3XL

84-92 162—170 92—100 168—176 100—108 174—182 108—116 180—183 116124 186—-1%4 14132 192-200

average body measurements of Korean adult
male: Chest circumference 97.3/Height 170.2

average body measurements of Korean adult
Female: Bust circumference 87.7/Height 158.5
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Table 6. General characteristics of respondents (N=20)
Characteristics Category n (%)
Male 13 65.0

Gender

Female 7 35.0
Age(year) 20~29 7 35.0
(30.85+7.85) 30~39 13 65.0
Working years 1~5 12 60.0
(4.67+6.33) 6~11 8 40.0
1% level emergency medical technician 16 80.0
Certificate 2™ level emergency medical technician 3 15.0
Nurse 2 10.0
“PPE wearing experience 20 100.0

“PPE: Personal protective equipment
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Table 7. General status of wearing personal protective equipment (PPE)

Variable Responses
Wearing experiences 20 (100%)
Total number of wearing 1~9 15 (75.0%)
(mean=6.8) >10 5 (25.0%)
o o <60 min 7 (35.0%)
Wearing tnr_le per {nc1dent 60 min~90 min 11 (55.0%)
(mean=63.5min)
>90 min 2 (10.0%)

Clothing worn underneath PPE
Clothing/devices worn on top of PPE

Time of wear and take off
(mean=6.52min)

1 min~9 min

Uniform

None, Vital signs monitor, Wireless set, Raincoat etc.

14 (70.0%)

>9 min 6 (30.0%)

Table 8. The effect of wearing personal protective equipment on the performance of work

Variable N (%)

Psychological stability 7 (35.0)

Concentration on duty 2 (10.0)
Communication difficulties 10 (50.0)
Performing emergency service difficulties 14 (70.0)
Hindrance to patient transfer and entering/exiting vehicles 9 (45.0)
Others 6 (30.0)
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Table 9. How safe do you think PPE is now?

Variables N (%)
Very unsafe 4 (20.0)
Unsafe 6 (30.0)
Average 7 (35.0)
Safe 3 (15.0)
Very Safe 0 (0.0)
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Table 10. Level of PPE that may interfere with the performance of emergency services

Variables N (%)

Level A 15 (75.0)
Level B 16 (80.0)
Level C 9 (45.0)
Level D 8 (40.0)
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Table 11. Preferred design for development of PPE for paramedics

Design N (%) Reasons
Capsule form *Easy to wear, reduction of donning and doffing time, ease
(Assembled form of hard 5 (25.0) of movement

hood—top and bottom—boots)

xconsider to be relatively safe

*More safe than Level D PPE

Overall with hood
(PAPRs worn separately)

*Ease of wearing and taking off
7 (35.0) #*Familiarity, free of movement and secure a clear view
*Capsule form is Heavy, have movement restriction

*Separate form is not effective to prevent infection
*Headache caused by the inability to lose heat through the

head

Overall without hood 3 (15.0)

*Securing visibility and easy to move by attaching other
devices on head

*Hood is thought to be the cause of discomfort in movement
of arms and legs
*Fase of wearing and taking off

Separate form of top and

bottom 5 (25.0)

*The length of the arms and legs is different for each
person, so it is necessary to distinguish the sizes of the top
and bottom
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Table 12. Preferred color for development of personal protective clothing for paramedics

Color N (%) Reasons
Red shades 0 (0.0) -
Blue shades 0 (0.0) -
Green shades 1 ( 5.0) =*Stability

+«Easy to visualize of contaminants such as bloods
*Match existing images of paramedics
*Fasy and free of people’s attention
White 16 (80.0) =*Stability
*No social disharmony
*Symbol of cleanliness

*Familiarity
Black 0 (0.0 -
*High visibility
Yellow shades 2 (10.0) *Similar to uniform of 119 paramedics
Others 1 ( 5.0) =*Fluorescent color—high visibility
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Fig. 4. Comparison between the size chart of major protective clothing manufacturers and the
dispersion of Korean adult male(left) and female(right) body measurements.
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