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Abstract Submarines operate underwater for long periods, so they have no choice but to rely on
mechanical ventilation. The Navy is making efforts to improve the working environment of submarine
crew by enacting environmental management regulations, but the method to measure air quality
exclusively for submarines or remove pollutants is insufficient. In this study, air pollution, such as PM10,
PM2.5, tVOCs, and total airborne bacteria, were measured in each compartment. In particular, a cabin
with a large amount of activity of crew members was selected, and PM10 and PM2.5 were detected
continuously within the standard during the measurement period. The total airborne bacteria were
detected above the standard in the crew dining room, and tVOCs were detected at all points except the
armed room. Continuous measurements confirmed that the concentration of tVOCs continued to
increase from the start to the end of the measurement. Based on these results, equipment for removing
pollutants should be selected in the design stage. In addition, continuous data accumulation and
research will be needed to establish standards for harmful substances suitable for Naval Vessel

measurements in each navigation situation of submarines.
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Table 1. Comparison of Naval Regulation and
Environmental Standard.

Element Criteria(Max)
Naval Environmental
PMyg 150 pg/m? 100 pg/m?
PMy 5 30 pg/m? 50 pg/m?
HCHO 100 pg/m? 100 pg/m?
tVOCs 500 pg/m? 500 pg/m?
NO, 0.1 ppm 0.1 ppm
TAB 800 CFU/m? 500 pg/m?
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Table 2. Naval Submarine's Design/shipbuilding Standards,

"Criteria for Indoor Air Pollution"

(a) Constant Management Items

Element Criteria
Oy 18~21%
Hy n<20%
COq n<05%
CO n < 30 ppm
Refrigerant n < 100 ppm

(b) Tracking Management Items

Element Criteria
NO, n < 0.5 ppm
PMy n < 150 ppm
tVOCs n < 40,000 pg/m?
HCHO n < 0.3ppm
Cg¢Hg n < 0.0093 ppm
CrHs n < 0.27 ppm

CsHio n < 0.08 ppm
TAB -
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Table 3. Effect of VOC Concentration on the Human

Body
vOC (,ug/m3) Effect
300 -
300 ~ 3,000 Low Health Effect
3,000 ~ 25,000 High Health Effect
25,000 Toxic Range
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Table 4. The Standard of Temperature and Humidity
for Indoor Air Quality Measurement

Standard No. Temperature(C) Humidity(%)

21~23(Winter) 20~30(Winter)

ASHRAE 55

23~26(Summer) | 50~60(Summer)

Table 5. Optimum Temperature by Humidity

Humidity(%) Temperature(C)
30 22.2 ~ 25.6
40 21.7 ~ 23.3
50 21.1 ~ 24.4
60 20.6 ~ 23.9
70 20.0 ~ 23.3
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Table 6. Measurement Method of Each Element

Element Measurement Method
PMyq Weight
PMy 5 Weight
HCHO HPLC
COq NDIR
CO NDIR
tVOCs GC-FID

NO» Chemiluminescence
TAB Crash
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Fig. 3. Measuring Equipment of Indoor Air Quality
(a) BMW-3500 (b) SAS HiVAC (c) LP-1 (d) GSR-310
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Table 7. Specification Table of Measuring Equipment

Equipment Size(mm?®) Weight(kg)
BMW-3500 340 x 320 x 162 4
SAS HiVAC 150 x 200 x 100 3.5
LP-1 114 x 102 x 50 0.6
GSR-310 170 x 210 x 160 2
22 28 21t
221 HAH =HAL

Table 8. Temperature and Humidity of Each Submarine

Section
Location Temperature(C) Humidity(%)
Accomodation 22 52
W/R 21 54
TCC 24 52
M/R 22 54
CCC 23 53
E/R 26 53
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Fig. 4. Measurement Result of PM10 and PM2.5
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Fig. 10. tVOCs Measurement of CCC
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