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Case on the Death of Scuba Diver by Analyzing the Airin Nitrox Cylinder
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Abstract : Going underwater is supposed to begin with the history of human beings. At first it was confined to
relatively shallow level, less than several meters by holding breath. Recently, deep level diving has been necessary
for such purpose as construction, maritime salvage, military operations, research and sports by using SCUBA(self-
contained underwater breathing apparatus) equipment. As one goes down into water, the pressure on the diver is in-
creased due to water pressure with depth, usually 1 atm for each 10 m water level. In deep water, mixed gas or nitrox
(EAN, enriched air nitrox) could be applied for the divers lest they should get disease due to high pressure. Of these,
the former is usually composed of oxygen and inert gas like helium or hydrogen, the latter contains higher oxygen
content than that in normal air in which the oxygen concentration is designated by the character “EAN” followed by
vol. % of oxygen, for example, “EAN 40 contains 40% of oxygen. In this case, a victim was found at the 39 m below
the sea surface breathing air and nitrox in cylinder wrongly marked as EAN 36, which was analyzed to contain 63%
of oxygen by GC/TCD. The cause of death could not be exactly related with the oxygen content in the nitrox cylin-
der, because the accurate depth for the victim to dive was not known, even though the victim was just found at the
depth of 39 m. However, the wrongly marked nitrox could be believed to be the main cause of the death at the
depth unless there happened any other accident except that during diving.
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Table 1, Various pressure unit for 1 atm

760 mmHg = 760 torr = 10.33 mH0O
101,325 N/m” = 1.033 kgfom®
101,325 pascal(Pa) = 1,013 hPa

1.013 bar = 14.7 psi(lb/in’)

1 atm
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Sea level Po: = 021 ata

\L Py=1 ata Px: = 0.79 ata
10 m Po: = 0.42 ata

\L Py =2 ata PN: = 1.58 ata
20 m Po: = 0.63 ata
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30 m Po. = 0.84 ata

\L Py = 4 ata Py\; = 316 ata
40 m Po: = 1.05 ata
Pw =5 ata Py = 395 ata

Po. = Partial pressure of oxygen
Py, = Partial pressure of nitrogen
ata = atmosphere absolute
Fig. 1. Pressure change and the partial pressure of each gas
in air with water depth,

o

BT BIRIR|, M26¢ M25, 2011

=

Table 2. Correlation of narcotic potency of the inert gases,
oxygen and carbon dioxide”

oo | MW, | SRR iy o | poeney
He 4.0 0.015 1.7 426
Ne 20.0 0.019 2.07 3.58
H2 20 0.036 21 1.83
N2 28.0 0.067 5.2 1

Ar 40.0 0.14 53 0.43
Kr 83.7 043 9.6 0.14
Xe 1313 1.7 20.0 0.039
02 32.0 0.11 5.0

CO, | 440 1.34 1.6 -
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Fig. 2, Process for compressing EAN,
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Table 3, MOD for EAN 36

MOD = Px(1.6) / O, vol. fraction
=16/ 036
= 4.44 ata
=344 atg
= 355 mHO

MOD = maximum operating depth
ata = atmosphere absolute(= atg + 1 atm)
atg = atmosphere gauge

Fig. 3. Cylinders used at the accident, (a) compressed air
cylinder (b) EAN 36 cylinder,
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Table 4, GC/TCD condition

Instrument Condition
Injector temp. 230C
Carrier Gas He
Oven temp. 90 C(isothermal)
GC/ Molecular sieve (MS-5A, 10 ft
TCD Column length 2.0 mm ID x 1/8" OD)
Detector terp. 230C
Detector reference 30.0 mL/min

flow
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Fig. 4. Chromatogram for standard mixed gas,

Caibration curve

y = 0.0089% + 00042
R? = 0.9968

Oxygen area ratio

0 20 40 &0 80 100

Oxygen [%]
Fig. 5. Calibration curve for oxygen,
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Fig. 6. Chromatogram for (a) compressed éir cylinder and (b)

EAN 36 cylinder,
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Table 5. MOD for the air containing 63% oxygen

MOD = Po(1.6) / O, vol. fraction
=16/063

2.54 ata

1.54 atg

15.9 mH,0

Table 6. Oxygen toxicity(conventid)

Convulsion (7 #)
Vision (AZ+o]/)
Euphoria (357
Nausia (7-53)

Timnitus (©])

Frritability (F03)
Dizziness (871%)
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Fig. 7. Corroded inside of air cylinder”.
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