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ABSTRACT

Physiological changes of emergency medical
technology students after diving education for water

lifeguards

Jeong, Sang Gil
Advisor : Prof. Han Mi Ah MD., Ph.D.
Department of Health Science,

Graduate School of Chosun University

Objectives: The purpose of this study was to investigate physiological
changes of emergency medical technology students after diving education
for water lifeguards.

Methods: The study subjects were 14 emergency medical technology
students who have completed a preliminary course only in confined water.
Open water dives were performed from 9-11, July, 2010 in Geomundo,
Yeosu, Jeollanamdo. The data were collected from questionaries, vital sign
checks and hematologic exams. Vital sign checks (heart rate, blood
pressure and saturation) and hematologic exams were undergone before
and after diving. Wilcoxon’s signed rank test and Mann-Whitney U test
were performed to examine the physiological changes by diving education.
Results: The levels of hematocrit, hemoglobin, red blood cell and cortisol
significantly increased after diving (p<0.05). On the other hand, there were
no significant differences in vital signs and the results of other

hematologic exams. Additionally, some differences in physiological changes



were showed according to sex, smoking status and obesity. Especially, the
cortisol level by obesity and Hct and Hb by smoking status were
different.

Conclusion: Some physiological changes were observed after diving
education for water lifeguards in emergency medical technology students.
When diving education is performed, subjects’ characteristics such as
smoking and obesity should be considered. These results will help to train
the emergency medical technology students. A further study with a larger

sample i1s needed to be conducted.

Key words: Emergency Medical Technology Studies, Physiology,
Water Lifeguards
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Table 1. Confined water diving curriculum

Confined water instruction

Dive 1

Put on and adjust equipment.
Inflate/deflate a BCD using the low pressure inflator.
Breathe compressed air by breathing naturally, with out breath-holding.

Recover a regulator from behind the shoulder.

Clear a regulator using both the exhalation and purge button methods,
then resume breathing from it.

Clear a partially flooded mask.
read the submersible pressure gauge.

Breathe from an alternate air source supplied by another diver for at
least 30 seconds.

Hand signal
Ascend using proper technique.
Debriefing

Dive 2

Perform the buddy predive safety check.

Demonstrate appropriate deep-water entry.

Clear a snorkel using the blast method, then resume breathing through
it without lifting the face from the water.

Exchange snorkel for regulator and regulator for snorkel repeatedly
without lifting the face from the water.

Descend using the five-point method.
Remove, replace and clear a mask.

Breathe without a mask for at least one minute.

Disconnect the low pressure hose from the inflator in shallow water
(either underwater or at the surface.)

Orally inflate a BCD to at least half full in water too deep in which to
stand, then fully deflate it.

Adjust for proper weighting.

’

Respond to air depletion by signaling “"out-of-air”” in water too deep

in which to stand.

Remove weights using the quick release mechanism with minimal
assistance.

Remove weights, scuba unit and fins (if necessary) in water too deep
in which to stand and exit using the most appropriate technique.

(Buddy assistance allowed.)




Table 1.

Continued.

Confined water instruction

Perform a tired diver tow for 25 meters/yards in water too deep in
which to stand.

Use both oral and low-pressure BCD inflation to become neutrally
buoyant.

Demonstrate the cramp removal technique for self and buddy.

(at the surface or underwater.)

e Swim at least 10 metres/yards while maintaining.

e Demonstrate the cramp removal technique for self and buddy

Dive 3 (at the surface or underwater.)
Respond to air depletion by signaling “"out of air,”” and securing
and breathing from an alternate air source supplied by a buddy.
Breathe effectively from a free-flowing regulator for at least 30
seconds.
Simulate a controlled emergency swimming ascent by swimming
horizontally for at least 9 meters/30 feet while emitting a continuous
sound(CESA).
Debriefing
Swim without a mask for at least 15 metres/50 feet, then replace
and clear the mask.
. Hover using buoyancy control for at least 30 seconds, ithout Kkicking
Dive 4 or sculling.
Breathing buddy
Debriefing
Remove, replace, adjust and secure the scuba unit and weight
system in water too deep in which to stand, with minimal assistance.
Dive 5 Remove, replace, adjust and secure the scuba unit on the bottom in
ve

water too deep in which to stand, with minimal assistance.
Remove, replace, adjust and secure weight system.

Debriefing




Table 2. Open water diving curriculum

Open water instruction

Briefing
Put on and adjust equipment.
Perform a predive safety check.

Adjust weighting.

Dive 1
e Descend with control and reference using a descent line or sloping
bottom contour to a depth not greater than 12 metres/40 feet.
e Explore the dive site.
e Debriefing
® Briefing
e Plan dive with dive computer or RDP.
e Put on and adjust equipment.
e Perform a predive safety check.
e FEstablish buoyancy by removing weights using the quick release mechanism.
e Descend using a descent line or sloping bottom contour for control
and reference to a depth not greater than 12 metres/40 feet. Use
the five-point method.
e Become neutrally buoyant by adjusting air in the BCD(or dry suit)
with the low pressure inflator.
Dive 2 o (Clear a partially flooded mask/Clear a fully flooded mask.

Recover and clear the regulator at depth.

“rr

Perform each role: In a stationary position, one person signals ““out of air”™
and “’share air,”” and secures and breathes from an alternate airsource
provided by another diver; the other diver provides the air source.

Ascend properly using an alternate air source and establish positive
buoyancy at the surface. Act as either donor or receiver.

Explore the dive site.

Ascend no faster than 18 metres/60 feet per minute while
maintaining buddy contact. Use the five-point method.

Debriefing




Table 2. Continued.

Open water instruction

® Briefing

e Plan dive with dive computer or RDP.
e Put on and adjust equipment.

e Perform a predive safety check.

e Adjust weighting

e Descend using a visual reference for control to 6-9 metres/20-30
Dive 3 feet. Use the five-point method.

e Become neutrally buoyant by infl ating the BCD orally.
e (Clear a fully flooded mask.
e Explore the dive site.

e Ascend no faster than 18 metres/60 feet per minute while
maintaining buddy contact. Use the five-point method.

e Debriefing

® Briefing

e Plan dive with dive computer or RDP.
e Put on and adjust equipment.

e Perform a predive safety check.

e Enter the water

e Adjust weighting.

Dive4 ° Descend with no visual reference to no greater than 18 metres/60
feet. Use the five-point method.

e Hover using buoyancy control, without kicking or sculling.
e Remove, replace and clear the mask.
e Explore the dive site.

e Ascend no faster than 18 metres/60 feet per minute while
maintaining buddy contact. Use the five-point method.

e Debriefing

Dive flexible skills

e Cramp removal

e Tired Diver Tow- Conducted in open water dive 1

e Straight Line Surface Swim With Compass

e Snorkel/Regulator Exchange

e Remove and Replace Weight System and Scuba Unit.
e Safety Stop
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Figure 1. Dive planer
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Table 3. Characteristics of the study subjects

Variable N Median Range
Gender
Male 7 21.0 19725
Female 7 20.0 19722
Age (yr) 14 20.5 19725
Height (cm) 14 168.5 1507180
Weight (kg) 14 59.0 50787
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WA ALFAFE GFT 79.0%, ATl 14% 31, Hlwel 7%8]
o Fdel d# E2AAS AR mED P 50.0%, ¥ 3B57%, AAF
F143%AT. SFE ATHEA 148 2F @A) SFAHTable 4).

OY

[.4 (

Table 4. Physical characteristics of the study subjects

Variable Reference frequency %

Body mass index(kg/m’)

Normal 185722.9 11 79.0
Overweight 23.0724.9 2 14.0
Obesity 25.0729.9 1 7.0

Smoking status

Nonsmoker 50.0
Ex-smoker 14.3
Current smoker 35.7
Current drinker 14 100.0
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Table 5. Vital sign before and after diving of the subjects

Variable Before After P-value
Median(range) Median(range)

Systolic BP

125.0(1107130) 120.0(1007140) 0.437
(mmHg)
Diastolic BP
70.0C 50~ 90) 70.0C 50~ 90) 0.438
(mmHg)
Heart rate - -
] 85.0( 737116) 88.5( 727112) 0.844
(beat/min)
Saturation N B
(%) 99.0( 96~ 99) 99.0( 98~ 99) 0.739
(0]
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Aok 4 A, HbE vt AFgoi= 4 A 135mg/diRtt 4
5 141mg/dIZ 9384 F71etdth &4 d, & RBCE v st Ay &4

A 47<10%/LR &5 3 49x<10%/L=E 498 A oz tH(Table 6).

Table 6. Hematological characteristics before and after diving of the

subjects

Variable Reference Before After P-value
(unit) Median (range) Median (range)

Het(%) 36754 48( 40~ 53) 51( 44~ 56) 0.001
Hb(g/dL) 12717 13( 10~ 15) 14( 117 16) 0.001
MCV(f1) 807100 104( 927113) 102( 967113) 0.132
MCH(pg) 27731 29( 24~ 31) 29( 25~ 31) 0.776
MCHC(g/dL) 32736 28( 26~ 29) 28( 26~ 30) 0.197
Platelet(x10%ul) 1507450 200(1137246) 191( 977255) 0.529
RBC(x10'/L) 4765 47( 3.875.2) 49( 4.3755) 0.001
WBC(x10™ul) 4710 53( 3.078.1) 4.8( 1.9787) 0.730
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20.8ug/dl=

9] Cortisol& vl Ay= 4+ A 13.6ug/dlHth
2l 8t tH(Table 7).

-
Fr &

Table 7. Biochemical characteristics before and after diving of the

subjects
Variable Reference Before After P-value
(unit) Median (range) Median (range)
AST <40 21C 97 36) 21( 117 32) 0.180
(mg/dl) '
Creatinine

0471.35 09( 0.871.2) 0.9( 0.871.2) 0.655
(mg/dl)
BUN 5723 12( 97 24) 12C 97 23) 0.176
(mg/dl) '
LDH - - -

) 2007485 359(2797989) 365(2987963) 0.875

(unit)
Cortisol _ _ _

4.3722.4 13.6(7.8728.1) 20.8(12.8733.0) 0.011
(ug/dD)
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Table 8. Vital sign by the gender
Variable Gender Before After After—Before
(unite) median(range)  median(range) median(range)
Systolic BP  Male 125.0(1107130)  120.0(1107140) 0.0(-10720)
(mmHg) Female  130.0(1107130)  120.0(1007135)  -10.0(-30710)
Diastolic BP  Male 80.0( 60~ 90) 70.0( 50~ 90) 0.0(-30710)
(mmHg) Female  70.0( 50~ 70)  70.0( 50~ 88) 2.0(-20718)
Heart rate  Male 85.0( 737116) 94.0( 827112) 8.0(-34721)
(beat/min) Female  85.0( 777105) 83.0( 727104) ~1.0(-32~ 8)
Saturation Male 99.0( 96~ 99) 99.0( 98~ 99) 0.0( -1~ 3)
(%) Female  99.0( 98~ 99) 99.0( 98~ 99) 00( -1~ 1)
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et Aol whE g AR Aol B FEolA FelskA &gkth(Table

9).

Table 9. Hematological characteristics by the gender

Variable Gender Before After After-Before

(unit) median(range) median(range) median(range)

Hct Male 52.6(49753) 53.5(52756) 0.9( 0.3735)
(%) Female 43.9(40747)% 47.1(44749)% 0.9(-0.1"5.7)
Hb Male 15.1(13715) 15.9(14716) 09(0271.2)
(g/dL) Female 12.4(10713)% 135(11713)% 09 0471.8)
MCV Male 101(1007106) 101(977110) 0.3(-4.774.3)
(f) Female 105( 927113) 104(967113) 0.3(-4.673.0)
MCH Male 29.5(27731) 29.6(26731) 0.2(-0.570.6)
(pg) Female 29.8(24731) 30.0(25731) 0.2(-0.770.9)
MCHC Male 28.8(26729) 29.0(27730) 0.2(-1.071.9)
(g/dL) Female 28.2(26729) 28.1(26729) 0.2(-0.670.9)
Platelet Male 208(1447246) 192( 977255) 17.0(-51774)
(x10°ul)  Female 200(1137232) 191(1087251) 13.0(-48~79)
RBC Male 5.0(4.875.2) 5.4(5.375.5) 0.29(0.070.4)
(x10"%/L) Female 41(3.874.4)% 44(4.3748)% 0.28(0.170.5)
WBC Male 5.3(4.276.7) 6.2(2.878.7) 1.1(-1.973.3)
(x10°u)  Female 5.2(3.078.0) 46(1.9784) 1.0(-2.7716)
¥ p<0.01
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BUN2 #4 # Aol o HT) o F23FA tH(Table 10).
Table 10. Biochemical characteristics by the gender
Variable Gender Before After After—Before
(unit) median(range) median(range) median(range)
AST Male 19.0(14729) 190(16717)  2.0(-10 ~0.8)
(mg/dD) Female 24.0( 9736) 24.0(11732) 20(-4 ~ 7))
Creatinine  Male 1.1(1.0°1.2) 1.1(1.071.2) 0.0(-0.170.1)
(mg/dD) Female 0.9(0.870.9)% 08(0.8709%  0.0(-0.170.1)
BUN Male 15.3(11.9724.9) 15.2(10 ~23 ) 0.3(-4.671.9)
(mg/dD) Female 1170 987136 109(9.47133)F  02(-2.071.1)
LDH Male 348(2797989) 381(3127634)  22(-3627355)
(unit) Female 370(298~826) 360(2087963)  36(-5287652)
Cortisol Male 157(7.8722.4)  189(13.2726.1) 40(-7.9710)
(ug/dD Female 13.1(81728.1)  21.5(12.8733.0) 5.9(-1.3719)

T p<0.05, ¥ p<0.01
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d, & adal g Aak5-o Aol vlalgk A} ofshA] eddti(Table 11).

REE LA

Table 11. Vital sign by the obesity

Variable Obesity Before After After-Before
(unit) (median) (median) (median)
Systolic Bp ~ Normal  1250(1107130)  120.0(1007135) 0.0(-30 ~ 20)
(mmHg) Obesity ~ 120.0(1107130)  119.0(1107140)  -12.0(-12 ~ 10)
Diastolic Bp  Normal 70.0( 50~ 80)  70.0( 50~ 88) 0.0(-30 ~ 18)
(mmHg) Obesity  70.0( 60~ 90)  61.0( 50~ 90)  -5.0(-20 ~ 2)
Heart rate Normal 85.0( 737105)  88.5( 727 78) 0.0(-32 ~ 21)
(beat/min) Obesity  94.0( 77°116)  87.0( 787112) 45(-34 ~ 8)
Saturation Normal 99.0( 98~ 99)  99.0( 98~ 99) 00( -1~ 1)
(%) Obesity ~ 985( 96~ 99)  985( 98~ 99) 00( -1~ 3)

_23_
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A, & adal g Aak5-e Aol wlalgk A ofshA] eddti(Table 12).

Table 12. Hematological characteristics by the obesity

Variable  Obesity Before After After—Before
(unit) median(range) median(range) median(range)
Hct Normal 48.3(40753) 51.0(45756) 2.9(-0.175.7)
(%) Obesity 48.2(40753) 50.8(44755) 3.0( 1.174.2)
Hb Normal 135(11715) 14.1(12716) 09(0.471.8)
(g/dL) Obesity 13.8(10715) 14.5(11715) 0.7(0271.1)
MCV Normal 104(997113) 102.2(977113) 1.1(-4.7705)
(1) Obesity 102(927106) 101.4(96™110) 1.6(-2.374.3)
MCH Normal 29.8(26™31) 29.9(26731) 0.2(-0.770.6)
(pg) Obesity 29.4(24731) 28.9(25731) 0.1(-0.570.9)
MCHC Normal 28.4(26™29) 28.9(26™30) 0.4(-0.671.9)
(g/dL) Obesity 28.5(26™29) 28.3(26729) 0.2(-1.070.2)
Platelet ~ Normal 200(1447246) 183( 977251) 15(-51774)
(x10°ul)  Obesity 189(1137229) 192(108™255) 2(-48779)
RBC Normal 47(3.875.2) 5.1(4.375.5) 0.3(0.170.5)
(x10%/L)  Obesity 47(4175.1) 4.8(4575.4) 0.2(0.070.4)
WBC Normal 5.2(3.078.0) 6.1(1.978.7) 0.8(-1.173.3)
(x10%ul)  Obesity 58(4.776.0) 3.6(2.874.9) 1.7(-2.771.8)
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Table 13. Biochemical characteristics by the obesity

Variable Obese Before After Before-After
(unit) median(range) median(range) median(range)
AST Normal 21.5(13736) 21.5(15732) 1.0(-1078)
(mg/dl) Obesity 20.0( 9-25) 23.0(11731) 3.0( 276)
Creatinine Normal 1.0(0.871.2) 0.9(0.871.2) 0.0(-0.170.1)
(mg/dl) Obesity 0.9(0971.1) 0.9(0.871.1) 0.0(-0.170.0)
BUN Normal 12.9( 9724) 12.8( 9723) 0.3(-2 72.9)
(mg/dl) Obesity 11.910717) 11.1(10712) 0.9(-4.670.3)
LDH Normal 459(2987989) 365(2987862) 6(-5287291)
(unit) Obesity 315(2797440) 495(3127963)  195(-1287652)
Cortisol Normal 13.2( 7.8719.6) 20.2(12.8733.0) 5.3( 1.9719.9)
(ug/dl) Obesity 20.5(134728.1)F 21.3(1457268) 1.3(-79 6.6)
t p<0.05
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Table 14. Vital sign by the smoking state

Variable Smoking Before After After-Before

(unit) median(range)  median(range) median(range)

Systolic BP No 130.0(1107130) 120.0(1077140) 0.0(-13 7 10)
(mmHg) Yes 120.0(1107130) 120.0(1007130) 0.0(-30 ~ 10)
Diastolic BP No 70.0C 70~ 90) 70.0( 50~ 90) 0.0(-30 ~ 18)
(mmHg) Yes 70.0C 50~ 80) 70.0( 50~ 80) 0.0(-10 ~ 10)
Heart rate No 84.0( 737105) 92.0( 727112) 1.0(-13 ~ 21)
(beat/min) Yes 90.0( 817116) 85.0( 737104) 0.0(-34 ~ 20)
Saturation No 99.0( 96~ 99) 99.0( 98~ 99) 00-17~ 3
(%) Yes 99.0( 98~ 99) 99.0( 98~ 99) 00-17~ 3
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Table 15. Hematological characteristics by the smoking state

Variable Smoking Before After Before—After
(unit) median(range) median(range) median(range)
Het No 43.9(40752) 47.6(44753) 34( 1.175.7)
(%) Yes 52.6(47°53)+ 53547 56)F  2.0(-0.1735)F
Hb No 12.4(10715) 135(11715) 0.9(0471.8)
(g/dL) Yes 15.1(12715)F 15.9(13716)% 0.7(0.271.9)
MCV No 101( 927106) 93(96™106) 0.9(-2.373.8)
(f1) Yes 105(1007113) 103(977113) 0.4(-4.7743)
MCH No 29.6(24731) 29.2(25731) 0.2(-0.770.9)
(pg) Yes 30.2(27731) 30.8(26731) 0.2(-0.370.6)
MCHC No 98.4(26™29) 28.8(26™29) 0.2(-0.670.4)
(g/dL) Yes 928.4(26™29) 28.5(27730) 04(-1.071.9%
Platelet No 156(1137232) 192( 977255) 0.0(-51779)
(x10°ul) Yes 208(1447246) 191(1707229) 21.0(-37774)
RBC No 43(3875.2) 46(4.375.4) 0.36(0.270.5)
(x10"%/L) Yes 5.0(4.275.2) 5.3(4.375.5) 0.26(0.070.3)
WBC No 4.8(3.076.0) 42(19775) 1.1(-2.773.3)
(x10°ul) Yes 5.7(4.878.0) 6.1(42787)F  0.4(-14727)
t p<0.05
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Table 16. Biochemical characteristics by the smoking state

Variable Smoking Before After Before—After
(unit) median(range) median(range) median(range)
AST No 14.0( 9736) 17.0(11731) 2.0(-4.076)
(mg/dl) Yes 24.0(16729) 25.0(16731) 0.0(-1078)
Creatinine No 09(0.871.2) 0.9(0.871.2) 0.0(-0.170.1)
(mg/dl) Yes 1.1(0.871.2) 1.1(0.871.2) 0.0(-0.170.1)
BUN No 12.1( 9715) 10.4( 9715) 0.4(-2.170.3)
(mg/dl) Yes 14.1(11724) 13.3(10723)% 0.2(-4.671.9)
LDH No 320(2987826) 356(2987963) 26(-5287652)
(unit) Yes 549(2797989) 473(3367862) 22(-3627355)
Cortisol No 1349.77281)  225(12.8733.0) 3.8(-1.3719)
(ug/dD) Yes 13.8(7.8722.4) 17.2(13.2726.1) 5.1(-7.9710)
t p<0.05
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Table 1. Current status of water lifeguards in department

emergency medical technology

) Mandatory/ .
Subject i Credit(hour) N(36) Percent(%)
Elective course

Water life guard

i Mandatory 172£(374) 23 63.8
& practice
Sports Elective course 172 2 5.6
Skin SCUBA” Elective course - 1 2.8
Liberal arts - 1 2.8
etc
No 10 27.8
2011.11.

" SCUBA : self-contained underwater breathing apparatus
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