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Abstract : This study was designed to investigate the physiological response of humans to alcohol during underwater activity and to complete related
risk analysis. After comparing human responses to alcohol during underwater activity, we analyzed physiological changes and risk level using a new risk
analysis method developed in this study, ‘Risk Assessment and Analysis (RAA)’. RAA is a modified method based on an internal control frame work. It
has 3 steps, the first of which is to analyze risk correlation. The second step is to quantify visk and build a risk database. The last step is to analyze
the diagramed risk map. Using RAA, the risk levels of alcohol use underwater were calculated and diagramed. The diagramed risk map was then used
to analyze the difference between risk levels underwater before and after alcohol use. As a result, it was found that risk level underwater increased after
alcohol use. This study shows alcohol use increases the ratio of high risk groups during underwater activity. It also indicates that risk levels can be
quantified according to the likelihood and impairment scale, which can potentially help in identifying high risk groups for intensive management

underwater.
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Risk Assessment and Analysis(RAA)

STEP 1. Analysis of risk correlation
STEP 2. Construction of risk database

STEP 3. Analysis of risk map

Fig. 1. Risk assessment and analysis process.
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Objective Risk :

The risk of underwater activity |

No Category Division Section Likelihood (@)  totall Impairment (b) ‘total
1 - - Risk 1 1 1 :
2 - Risk 2 23 212 1
\ y A y J
Put in objective risk Put in related risk number
The risk of alcohol consumption
No. Category Division Section
1 - - Risk 1-1
2 - - Risk 2-1
3 - - Risk 2-2

¥
Put in objective risk

Fig. 2. Analysis of risk correlation.

Objective Risk Related Risk Variation of Risk Level
Section Likelihood |Impairment| Risk Level Section Likelihood |Impairment| Risk Level |Variation (A)
(PL) a1 (P1*11=L1) (P1+a=P2) | @1+b=12) | (P2*12=L2) (L2-L1)
Risk 1 3 2 6 Risk 1-1 4 2 8 2
. Risk 2-1

Risk 2 3 2 6 Risk 2.2 5 3 15 9

\ A, A, A, J
Y Y Y v

Put in objective risk Put in score

Put in related risk

Put in modified score

Fig. 3. Construction of risk database.

Table 1. Classification of risk likelihood and impairment

Level | Descriptor of likelihood | Descriptor of impairment
1 Rare Insignificant
2 Unlikely Minor
3 Possible Moderate
4 Likely Major
5 Almost Certain Catastrophe
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Table 2. List of objective risk and risk level

No. Section - Totl|  MPRM | Tol
1 Mask squeeze — Subconjunctival hemorrhage

2 Equalizing disorder — Pain, Bleeding, Tympanic membrane rupture

3 Paranasal sinus squeeze — Pain (headache, toothache), Bleeding

4 Breath holding — Lung damage (subcutaneous emphysema, air

embolism, pneumothorax)
5 Rapid ascent — Lung damage, Decompression sickness
6 IncrIease respiratory volume ) 6 1
— Inert gas narcosis (hallucination, unconsciousness)

7 Breath in deep water — Oxygen toxicity (pain, vomit, convulsion)

8 Abnormal breath — Hypoxemia — Syncope 3 6 | 13 3

9 Contaminant gas inhalation — Lung damage, Syncope

10 | Vestibular organ disorder — Disorientation, Dizziness 1 8 2 8 1
11 | Misjudgment of visual information — distance and size 14 1

12 | Heat loss — hypothermia 1 1

13 | Diuresis acceleration — Dehydration 1 9 2

14 | Dehydrated cylinder gas — Dehydration 9 1

15 | Psychological disorder — Panic, Anxiety 1 2

16 | Peripheral blood flow decrease — Muscle dysfunction 1 12 3 |12 1
17 | Suit squeeze — Dizziness, Syncope

18 | Regulator damage — Hypoxemia, Syncope

19 | Buoyancy controller dysfunction — Decompression sickness

20 | Dehydration — Muscle dysfunction 1 7 9 3

ot | Do Bl vy e e e [o] o [2] :
22 | Fatigue increase 1 5 2

23 | Strong currents — Distress

24 | Mask loss and lack of light intensity — Visual malfunction 14 1

25 | Above planed diving depth and time — Decompression, Lack of gas

26 Strong waves on the surface — Abrasion, Fatigue

Source: Behnke et al., 1935; Mount, 2003; NOAA, 2001; Unsworth, 1966

Table 3. List of related risk

Z
e

Section

Acetaldehyde toxicity — Vasodilation — Heat loss

Acetaldehyde toxicity — Vasoconstriction — Blood pressure increase

Acetaldehyde toxicity — Vomit

Blood pressure increase — Cardiac overload and dysfunction

Lactate increase — Fatigue

Cortisol secretion — Pulse and respiratory rate increase

Cortisol secretion — Muscle dysfunction

Cortisol secretion — Reflex and balance dysfunction

o0 NN AW N -

Antidiuretic hormone inhibition — Dehydration

—
=]

Calorie of alcohol — Body temperature rise — Dehydration

—
—

Dehydration — Blood viscosity increase — Cardiac overload and dysfunction

—
(5]

Dehydration — Muscle dysfunction

—
[ %)

Folic acid decrease — Red blood cell (RBC) dysfunction — Anemia

14

Iris and lens dysfunction — Visual dysfunction

Source: Considine, 2005; Howard and Jeanette, 2018; Sacks and Jensen, 2018
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Table 4. Risk database
Variation
No. - . . )
0. Objective Risk P1 | 11 | L1| Related Risk No nlzlizl A
1 Mask squeeze — Subconjunctival hemorrhage 31216 31216
2 Equalizing disorder — Pain, Bleeding, Tympanic membrane rupture 31216 312 |6
Paranasal sinus squeeze
3 — Pain(headache, toothache), Bleeding 31216 3|26
Breath holding — Lung damage (subcutaneous emphysema, air
4 . 2| 418 21418
embolism, pneumothorax)
5 Rapid ascent — Lung damage, Decompression sickness 314112 3 14|12
Increase respiratory volume
6 — Inert gas narcosis(hallucination, unconsciousness) S|y se S I
Breath in deep water
7 — Oxygen toxicity(pain, vomit, convulsion) 31300 3130
8 Abnormal breath — Hypoxemia — Syncope 314 (12]3,6,13 514121 8
9 Contaminant gas inhalation — Lung damage, Syncope 1141 4 1141 4
10 | Vestibular organ disorder — Disorientation, Dizziness 4 114118 512 ]10] 6
1 Misjudgment of visual information 5 1 5 | 14 5 1 5
— distance and size
12 | Heat loss — hypothermia 5 1 511 5 1 5
13 | Diuresis acceleration — Dehydration 5 1 51L9 5 1 5
14 | Dehydrated cylinder gas — Dehydration 5 1 519 5 1 5
15 | Psychological disorder — Panic, Anxiety 2 1 2 11,3 411412
16 | Peripheral blood flow decrease — Muscle dysfunction 4 114117, 12 512 1]10] 6
17 | Suit squeeze — Dizziness, Syncope 3 1 3 3 113
18 | Regulator damage — Hypoxemia, Syncope 1141 4 1144
19 | Buoyancy controller dysfunction — Decompression sickness 1 313 1133
20 | Dehydration — Muscle dysfunction 3 1 311,79 5 1 512
Dehydration — Blood viscosity increase
2 — Cardiac overload and dysfunction 3412112410 >33
22 | Fatigue increase 2 1 2 11,5 4 1 412
23 | Strong currents — Distress 1 1 1 1 1 1
24 Mask loss and lack of light intensity 1 1 1114 sl 1211
— visual malfunction
25 Above planed diving depth and time 11313 11313
— Decompression, Lack of gas
26 | Strong waves on the surface — Abrasion, Fatigue 1 1 1 1 1 1
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Almost Certain
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Fig. 4. Risk map of objective risk.
Impairment
Insignificant ( Minor Moderate ( Major . Catastrophe
Almost Certain 2
kel Score Group Count
lKe
=l TEE— 15 ~ 2
2 -
% Possible A 1 10 =14 £ 3
o M s-o AN u
Unlikely ] 3.4 | ﬁ | 5
"""" T 1 - 1 -
Rare 2 . 2 E Total 26
Fig. 5. Risk map after adapting related risk.
Table 5. Variation of risk level
High Risk Group Moderate Risk Group Low Risk Group
Objective Risk 3 11.5% 10 38.5% 13 50.0 %
After adapting Related Risk 5 19.2 % 11 42.3 % 10 38.5%
Variation of Risk Level 2 66.7 % 1 10.0% A3 A23.1%
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