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The change of blood cell components before and right after
underwater activities

Ryew, Jec-Cheong - Kim, Eun-Young

ABSTRACT

The purpose of this study is to furnish some basic materials for researches in scuba diving
and underwater physiology. For the purpose, on the basis of understanding the important
functions and nature of blood, I ascertained if underwater activities have a functions as
physical exercise and examined the propriety of them as physical exercise by comparing and
analyzing the change of components of blood component before and right after underwater
activities like scuba diving. The subjects of this study are four healthy scuba members aged
from 20 to 24 The diving depths are 9meter(no decompression limit depth) and
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30meters(recreational diving maximum depth). First, each of them was blood-collected before
diving after 2 hours rest. And then they did underwater activities until the air weighed 200ke
in their air-tank was reduced to 150ke. Right after diving activities, each of them was
blood-collected again. Later the collected bloods were analyzed in the laboratory, classified by
white cells, red cells, hemoglobins and hematocrits.

The results are as following:

1. The number of Red Blood cells significantly increased right after 9-meter-depth diving
compared to the number of them before diving(p <0.05), but it didn't significantly
increased after 30-meter-depth diving compared to the number of them before diving(p
<0.05). It increased after 30-meter-depth diving more than after 9-meter-depth diving by
2.29%.

2. The number of White Blood cells significantly increased right after 9-meter-depth diving
and 30-meter-depth diving as well, compared to the number of them before diving(p
<0.05). It increased after 30-meter-depth diving more than after 9-meter-depth diving by
0.76%. ’

3. The number of Hemoglobins significantly increased right after 9-meter-depth diving
compared to the number of them before diving(p <0.05), but it didn't significantly
increased after 30-meter-depth diving compared to the number of them before diving(p
£0.05). It increased after 30-meter-depth diving more than after 9-meter-depth diving by
1.73%.

4. The number of Hematocrits significantly increased right after 9-meter-depth diving and
30-meter-depth diving as well, compared to the number of them before diving(p <0.05).
It increased after 30-meter-depth diving more than after 9-meter-depth diving by 3.04%.

5. I think one of the most important effects on the change of the elements of blood right
after the underwater activity is the increase of the number of blood cells through the
spleen contracting. The spleen contracting is caused by the stimulus of blood condensing
in the process of dehydration of blood resulted from inhaling the dry air in the tank.
And another effect can be thought to be the hightened concentration of blood plasma and
increased protein in blood plasma. Even without activities, the body takes being in
underwater for mustle-working. It's caused by the pressure to the mustles in the high
pressured underwater condition.

6. From the result that the increase of blood cells in 30-meter depth diving was much larger
than that in 9-meter depth diving, I should conclude that as water deepens, the air in
the tank gets pressed and the density of the air heightens and then the high density
causes breathing resistance and strong breaths, which bring out the move of blood cells
around the lung and force the blood cells out into peripheral blood vessels and then has
some effect on the increase the number of white blood cells.

7. Underwater activity is thought to be one of useful recreational activities. As well, I think
it is useful as physical exercise to activate the body through improving functions of the
heart and the lung and accelerating the formation of elements of blood.
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T ol FHEL MY ABF divingg siok Foh 2 U 0m o9 B KEEEEH E

_78_



Kep EW) ATERS] M S BE(EXNY - 22Y)

AEHQY R BMES WiTSEZ M5 EY B Aokt 33AAY ZFd gUady kE2E
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D theltd £HE R fgo] vl ki) WEBRES B U9 dEgoz Qi HRE
E 4oz Redd.

2) ERKES EEE R /KIEY Im} recreational diving Bk KiES 0m= BT

3) #tr #B9 kifoly WiRe HEN wa) R R/ AL Aoz A

. HRF*
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A HRAMN BEY ERES BEM FEST de TS BFAA2 T2 £ hd
scuba diving 4ZHEC] 300m] LIk, 20 - 248k Alole] —ik BBECZA —gEIQA KROIY &
BRH) RBikol /e #£2 B

BEES HRer e dgat 2o

Table 1. #SBE2| MK 4

s £ F(8) nE(ke) B &(cm) BAEE(E)
CSp 22 82 173 330
KDY 21 66 168 360
LCJ 22 58 170 320
LJY 23 58 165 330

M 22 66 169 335

SD +0.81 +6.80 +3.36 +17.3

2. WajfE ¥ 85

1) REERM : 1998. 4.1 ~ 5. 15
2) BT @ MAEA e 34 gutd 2 FEME £9F v
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1) #MEk(Red Blood Cell)
2) B IMEk(White Blood Cell)
3) Hemoglobin
4) Hematocrit

4. kHEH MEO FAE= K

Table 2. scuba divingtll {ER 5= #4

Ea wmas B HE

Buoyancy Device Daco Enduro SJ &8
Regulator Daco Enduro Ik PRI
Guage console Coda Apollo ARFEFHE, KE BE
(depth,direction.air, sREAE

hard 2 temperature) Bk ER

skin®l  Air tank(200ke) Coda K-type s E kP HEE
Hard type Pin Coda Apollo METRER o
Mask & Snorkel Coda Apollo TR E &
Octups Daco Enduro PRRHEFYRE
Wet Suit SAS Smm

5 WMBER

1) 9m kRl A o] skeRifEh

KB %0 HBE 438 23 Aol B4 A% B¢ ALY FHAN kKBS HE ¥
2% A9 mhiEe HnsEL, FLE 25 WA7IE &4 divingd 8@ %S 371 A
A1 #ES HAS ¥ & KR BHS KA 7t & Kife #FHA 2 AR oo
39 AoAE F B3 AP KEAZ SUHLEE o7 3 EmE AHLY diving BE
ZA7F 2ol divingg AASAA kiEE #FFEAE $AHRoH, divingel EUL &L
vzl {F B9 =d F v RMSIAT

2) 30m 7KiFelM 9 kpiEE

KE %0 BBE 432 23 8Ad #£As 24T B4 BAY FHAA KBS AT F
85 A9 OKS ROFQL, F42E AAX HH22 &7 divingdd Bad &S} 3718 B
wal FEE EAT T & KK BN RUSD 7hsd & KRS Ml & AR oo
B9 AoAE Z B3 IR kEYZ SH=F o H EmE AR diving AT
ZAA7E ol divingg AASHEA AFEE HHFEAE AAFEE FFo divinge]l BUR
geteAnA £EE #438 Hry) dol &F @¢ =23 ¥ w2 RmSA
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1) KB E8 oh3 28 §¢ KHFE AT F mikd HBE e Hstd gsnAs &=
g Scc A2 —[EMH FAZIE AHEERA EWREFKRAA 3ccq st

2) oA ac] 200k EHRE AL Im KiFANA 150ke S A1 Y AR skehol M Fikd
B AAE kELE &2 Bk MHES BE BHiLE 95t ¥Z3nA AAD Scc A2 —@
B FA718 AHEst] ERRARCTA 3cc¥ Rl % oh

3) ofojgach 200k ZERE AFL 30m KiRANA 150keE ALY AR kepol N Bik
@ th MM kEoE L2 E® M BE PHEE Astd FEIA MeE Scc R
—Ef FAZ1E AHEEte EBBEAA 3ccd HRlnsAch

1. MARS S B&
MRS AT B A PrES ERRMES BEARERS £HI

1) #HmEk ¥ HMIR
m#E &l Ut & B AVE ol &3 BR EWY

Table 3. MK S 470l A= i

EH|H ody HI=AL
NIHON
celltac auto MEK 8118 KOHDON
JAPAN

2) Hemoglobin

Al¢t sl E Hemoglobin'd (Cyanmethemoglobin), 3i%EE M 2]8 A Yo Lyse solutionel FH=
A oE3 22 KMol dojdth

Hemoglobin( Fe® ) —(Ferricyannide) — Methemoglobin{ Fe® )

—(k cyanide)—Cyanmethemoglobin

Hemoglobinel # 221t ZE, AIGZEF Fx A1 UEEE 71std A ¢ E Hemoglobin®)
"t A E Hemoglobing A% {LAREZA yellow-green filterE A183 540nme] 3ol
A BEAR colorE FHT o] BR¥EEZF Hemoglobin® F o]t}

3) Hematocrit

Microhematocrit method2 HEEEIFIZF FH E tubeo] M#EL %718 AL & 2 L HA
ot g ELSEERC tubeE WES R 12,000rpmo g 58 FLOES ¥ reading®ol ¥
I mEkEE %2 Jend Aot
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1) SPSS pakage program< st #ERES APiEHE #i 2 9m, 30m KiEAAM Y FH
B m#Ems(rmEk, HMEk, Hemoglobin ¥ Hematocrit) 9 WEff R, Mgk, FH(M)
9 [F#EE£(SD)E BEhsiad.

2) 9m$} 30m KiFEAAM Y AHBiEE) FiT Bk ZR ddo Loty 8 p 0.055F
ol A paired t-test® AAlstAch

3 Z JKiE 9m ¢ 30moN M MRS Wibe] £RE Loty 8 T2 WAt

. HARFBER
1. FMERS] WL

Table 4. The changing in the red blood cell between before and
right after of the 9m and 30m depth underwater activities.

Im 30m
# BE  LRE(%) M HE  ER®(%)
CSP 485.0 502.0 351 193.0 537.0 8.9
KDY 491.0 506.0 3.05 514.0 534.0 3.89
s | LCY 1930 507.0 283 522.0 547.0 478
(10° suy| LY 1540 4780 5.28 514.0 546.0 6.22
1807 1982 3.66 510.7 541.0 595
M£SD 181 136 £111 £0.2 +064 219

Table 5. The t-test on the changing in the red blood cell between before and
right after on the 9Im and 30m depth underwater activities.

N M SD df t D
Im i 4 480.7 +1.81 3
7.762 004
S LER ImiE % 4 498.2 +1.36 3
(10 /nd) 1 30my 4 510.7 +0.12 3
5.815 010
30mE % 4 541.0 +0.64 3

Values are Mean and Standard Deviation. p €0.05
WERE S Ak iFE) i EHS FRmEke] Wik Table 7, 87 Fig 2, 3014 2+ uis} 2

o 9m KiRelA 9] E@) A 8F FFY HASFIES AUEE EHRE LIV 5.28%2A
Mg =2 EmEeg Bgen LCY.E 283%2 7Hd 22 #®BiEke B 9m AFEAHY iE
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B #iS FEEE (480.7£1.81) x10° /mi7fo] 3 kehifE) e (498.2+1.36) X10° /miA 2 FHy
ERBE 366%%ATH Im kiRl Ao AdigEh Aol vis) kpiEE £ AmIkY b HF
kg A HESA BIMSATHP 0.05). 30m KFENN L E#) FiH GE T WAL )
UE2 2HRE CSP7F 892%2AM 7H3 £ BWmES 89ed KDY.& 389%2 7Ha @
< BmFEe Bk HFmIRY 30m AiFEANA Y kdiER) §iY FHMEE (510.720.12) X 10° /ad
Mol sk ¥ (541.0£0.64) x10* /md N2 ¥ ERAFELS 595%7 ®WmstAh 0m KiE
N skebifih Holl wish /khiEE) Eke AmEkS MM E HIMOT HES B
AcHp €0.5). 5 KE MAXN S FMmERS] ®MEL Imol M= FH 366%7F BINE YT 30m
KFAME 4 595%7F ERSHE AolE BT 30m KiFEdN RS ZRS 22 28 R
< WEES Bt BIEREO A MRRAEANA ¥ ko] AUR Aoz AT}
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Fig. 1 Variation of RBC on the 9m depth
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Table 6. The changing in the white blood cell between before and
right after of the 9m and 30m depth underwater activities.

9m 30m
[:7] miE LR#E(%) g1 [ §: 3 LRE(%)
CSP 5.6 7.3 30.35 5.6 8.0 42.85
KDY 5.0 6.5 30.00 6.3 8.1 28.57
& MER LCY 5.5 7.2 30.90 5.7 7.7 35.08
(10° /md) LJY 44 5.8 31.81 5.1 75 47.05
M+SD 512 6.70 30.76 5.67 7.82 38.38
+0.55 +0.69 +0.78 +0.49 +0.27 +8.21

Table 7. The t-test on the changing in the white b_Iood cell between before
and right after of the 9m depth underwater activities

N M SD af t >
SmRl 4 512 +055 3
oA 21,000 000
ams | ImE 4 6.70 +0.69 3
(10° /nd) | 30mfl 4 5.67 +0.49 3
R 14333 001
J0mEH " 782 +0.27 3

Values are Mean and Standard Deviation. p <0.05

BEWES [mike MW= Table 9. 109 Fig. 4, 51A Ee wiel 2ok 9m kiR AM Y &
# A 8% A% WY AAEs AWEd LCYJE 381%=A A 2 HhaEe
Bgon KD.Y.E 3000%2 73 2 MmaEg BA 9m KkigdM e kpiEd g £
s (5.12+055) x10° /m7lol L skehiFdR) e (6.70£0.69) x10° /mdAZ T LRAHFS
30.76%9 ¥ MWmMEsA LW, khiEEy fiol wis) kepiEE) $%hel AMmMIkS #te FESA
s RATHP <0.05). 30m AiFANMS EE S €F IAF W3FAE AUEz AHRA
LJY7E 47.05%24 73 5 @mzEe 2goed KD.Y.E 2857%2 713 22 #nEe 8
Aot {MmEKS 30m KkHiEE FiY FHEE (5.671£049) x10° /mio]l R kpiFE the (7.82
+027)x10° /md7A 2 38.38%9) E& BME st 2w 30m AFAN Y skepigdh miel wlEl sk
g %9 Mk Wit: HESHA BMSATHP 0.05). F kiE B Bmke HEhn
FE mAlAE T 30.76%7F BME AR 0m KiFEAN = T 388%7F LRSS oS
B B HEs EE %9 amek #Y BME KESDT Aed, & KRAMNE KR Fol
Mo EEh %9 vhANAZ mmME Bk ol AmMIKRS MiE kP FBERHMCIZ AE
o, A% EEIS A Yolx Sl B Bl /ENER #AM A g2 e L
At Aoz F#da mMEHO EWMIT FHAKY RO Fif EHLEN Ae M3
ke A7 HHEOS B BRI ¥ F9 £E9 BAE BEKE dEoE 44H
B £ gHozE koA FFHOHE St F2P SRS BAZ A HE i ER
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Table 8. The changing in the Hemoglobin between before and right after
on the 9m and 30m depth underwater activities.

9m 30m
Bl mE ERE(%) [:0} K¢ 3 E8*E(%)

CSP 15.4 16.0 3.89 158 177 12.02
KDY 144 15.2 5.55 15.6 16.1 3.20
Hb LCY 15.8 16.4 379 16.5 17.3 484
(g/u) | 1Jy 145 15.3 5,51 16.6 17.0 5.58
15.02 15.72 4.68 16.12 17.02 6.41

M£SD 068 +057  £097 049 +0.68 +3.86

Table 9. The t-test on the changing in the Hemoglobin between before and right
after On the 9m and 30m depth underwater activities.

N M SD df t p
9m Al 4 15.02 +0.68 3 12914 001
Hb ImE % 4 15.72 +0.57 3 ) '
(g/ml) 30m AT 4 16.12 +0.49 3
2.616 079
0mE % 4 17.02 +0.68 3

Values are Mean and Standard Deviation. p <0.05

#EIEE9 Hemoglobin® #{k: Table 11, 129} Fig. 6, 714 B+ ut¢} £k Hemoglobin
o] 9m KiEANA Y Edh FiH 25 AFY AsGIS MJQE2 AHEE KDY 5.55%2A
7HE L minEe Bgen LCY.w 379%= 7t 32 #/inE g BAUT Im APER F9
RS (15.02+0.68g/m)ol i AR FE (1572+£057e/n) 2 Yy ERAFLS 468%71 1/
mstAch 9m kiEANAM Y keiEEy Aol W skRiEE £ Hemoglobin® #ike FESA
MM ATHP <0.05). Hemoglobin® 30m 7kiEelM el &) fidt €& AF A F3& AL
Wwe AWEd CSPJE 1202%24 713 ¥ #BmEE 29oy KD.Y.e 320%= 7V &
2 wmaAEg By 30m kPiEE A9 FHEE (1612£0.50g/m) ol K igEy the (17.02
+0.68g/nl) 2 ¥ LREL 641%7 WmaAh 0m KiFEAA = skepigEh giol W kg
#1 %9 Hemoglobin® #Mfrolx HEE BLe AAHP 0.05. F KiFE MHAM9
Hemoglobin BMZE S ImolME FE¥ 4.68%7F HBME dU L 30m KiFEANE T 641%7F
LRSE xo)E BAY koA FEiE dAAN AHEHE ERE WA BRAA kgl BRE
S0 gP3e] Eo] 1o 4o ArA @A AU F s1AAM HZHolE HEEC) dojuA
ASF 3t o 7R o /A s & VXY ERE ALESHA 0 o1FA J2¥ IV
BOFYHIE(20!) AR FJY3E £ o, 2 F7I7F B40A ZtegsHEE o 250m 9 AfE
Jkgrol HMEBEC o Zoll kHhiEEN E#S Hemoglobin® EF-S 82 k49 Rk Ad mik
& WEolatn Aot E$ Hemoglobinol Eigcts AL 22 RS 7HA3 of B2
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Fig. 5 Variation of Hemoglobin on the 9m depth

18

17.4%

170 N

16.0

15j H=3ev@omA:

Yalue
>

d23cdaEoms

Fig. 6 Variation of Hemoglobin on the 30m depth.
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Table 10. The changing in the Hematocrit between before and right
after of the 9m depth underwater activity.

9m 30m
B mE ERFE(%) 0] mek  ERE(%)
CSP 46.6 47.9 2.78 45.6 49.50 8.55
KDY 44.8 458 2.23 45.0 47.70 6.00
Ht(%) LCY 47.8 48.8 2.09 48.2 50.80 5.39
LJY 44.0 45.5 3.41 47.6 48.90 2.73
wesp S5 % Sm ai dim sow

Table 11. The t-test on the changing in the Hematocrit between before and
right after of the 9m depth underwater activity.

N M SD df t p

9mAy 4 45.8 *1.72 3

9.798 002
ImE 4 47.0 +1.60 3

Ht(%)

30mAi 4 46.6 +1.54 3

4.941 .016
0mEH 4 49.2 +128 3

Values are Mean and Standard Deviation. p <0.05

BWES 9 Hematocrit®] #{k: Table 13 - 149+ Fig. 8, 9914 R& whet ok Hematocrit9
9m KiEANAM Y EdN AT 25 ¥ WYL AQEER AWRE LIYIE 341%2AM 7t

=S WMAELS BYon LOY.E 209%2 713 32 ®mEg BAh 9m KiRAA S kR
EE) RS THEE (45811.72%) 013 /KPiER) #EUTL1.60%)2 Ty ERFL 2.62%71 &
mach APiEE Mol vls) kPiEE) F Hematocrits ke HESHA B HP
0.05). #WEEESS Hematocritd 30m 7kiFdlA el F®y fizt 85 AFe ARFFe AQE
2 AWuw CSPJ 855%2A 713 && ®ide Baos LIY.E 273%2 718 12 18
mES BT 0m APiEE F9 FHEE (466+154%)0l 2 KFiER F& (49.2+1.28%)
2 R FRSLS 566%7 WMtk 30m kiEAMY skhiEEy Aol wE khiER F9
Hematocrit®] #ss HEaA BmstAHP <0.05). F /kiE MAM Hematocrit HEinad
ImolAlE Fty 2.62%7F HWME SQIL 0m KFANE FH 566%71 LRFE Aol HA
o} & EEIAM Hematocrit ) #k: ¢9 & BFEY BLAMNE A2 F7]1 ®RA
o2 MY kel =0l mikol BEE ATl JaE
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Fig. 7 Variation of Hematocrit on the 9m depth
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Fig. 8 Variation of Hematocrit on the 30m depth

LT 2HE wast B oA, ke FME KK ol E#hd vpRAAE MRS
olde BILE HAT ole AHAMY iFEfol AR PN FETHE 2 FEo) ¥
BAA 0] F AT Neilsen(1984) 0] skik#H AAA Ehkso migge) Mol |MEF AA
d ks ik e 24 8 kg HREANE A HsAdE A9 2dn & F UAA
4 F AR PN Eahkdle TSR AF #A kS KA AREEL o] FA T scuba
divingAlol = 2@ ERE RASFEZ o] ZRE W2 Sol7 MiE g g8xxn REs
100%7t Hofok fiiol AHBE FA Fcd. ARE o8P 4 ZiTshe BRAN F& K5 e
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4A Ho o] BAAAN Mmike BEEET B A5 FU Mol WS doA mikY F
g MMAZIBR JkdolA e EE) Btk Mmool Bibel 713 2 BEE viAs Re=z A
Zeo. £3 skdolete HRBEMC BHRES BiEso {HEIE A Yotk B FE FoE n
Aol A @akstel mEE Fpol AT MR BREE LRAA KT #LE 7HHSTR
BAHY, wFAMs KBl LR} W E] FiKol £oiEA HI, HojW i FR2=2
S48} RS ST 2H MBS #isior st7] W& SRR EEM MRS A KE F
Mol HEMRAS £RAT AR 223 Im KkiFAA Bk 30m AKiRAM EFA |
wmgEe) A Jehd A& kifel FolAd wet IR BHEEHIL I FE/ ForAERE R
g deict o B =K 4FE BRI PRl R EIES EMAAAN Z@ PRl i F
$9) mik BEES A KHAFCZ Y= mEft Fo24 gmek Hinsl EES v
v Aoz AAdd kol EMFREES EAST BRE fgste Bike Ste ATL
2 JkPiEEh(scuba diving) ) E@2ZAM e BHKE HRY 71 AW 7t dilide 43 7}
A EA A ol % EREY #Eo]l Aolok AAAT & RS #HRA osd kFAN E#E
de A RREACZA BT ol LAHMEES M EATID MRS £KE REANA &

g EHEAY s EHCENE I BH%E 2E F AT € F A 2t FHEE KR
oMo #Let K WS B WAl kBsIALH FHE &7 7S "¥FA ZRS
< oM FLeE deth

N. & =

A WREe APED BT BHA AN mkRs e BLE MBStTA HBE {38 HRS
2 7 9m} 30m kiRIAM REE &R oS3 22 £%8 4o

1. AMERE Im KEIME FR i) vl& B Eikel FES BME SFRA28(p 0.05)
30m KiFNME iEE) fiol WSl EE) Eikol itz FED HEe AW (p €0.05), 9m
KiEAA e FEANAN Rt 30m skiEAAM ) EE#ANA FmEkel F¥ ERABS 229% A UE
stot.

2. BMERE Im KiEANAM Q) E#) il WS EFR) Eikel HMmEke AR EME A2
€0.05), 30m sKiFEAMG FEHAME iFE) Fiol vid FEy Bkl FESHA MR
<0.05), 9m JKFEAMY FEEAMNRT 30m kiFMe F@ANA BmEKkS Fy ERFS
0.76% wA dexo

3. Hemoglobin® 9m /KiEANAM S & Fijol wisl E&#) Eikel RS HmME A=
<0.05). 30m KFAMNE E@ Aol v FE Bkels KIS FRES Bhe ARt
0.05), 9m skiFeN M 9 EEAM R} 30m /kiFAAM e Hemoglobin®] ¥y ERELS 1.73% =
A des.

4. Hematocrit:= 9m /kiFel M9 E@h Fioh w8 kehiEdh) EHkol RS #AME AR 2= (p
0.05). 30m KiFANE iE@) Aol wish /kepiE@h) Ek Hematocrits AEE BME sAT
(p <P.05). 9m 7kiEol Ao FEIAM B 30m KiFAM Y E@ANA Hematocritd] F¥ LR
< 3.04% =A derstoh

_90_



Kep ER RTE®HS MAE D BL(FME - 42Y)

V. 2

A HRE Eotd dojF BRE LB letkel 2B B AEIMY KfiEEhdl o
BR7E @ol ®EH7E MFtdA 3 HRE dstod 9 71 #E39T

1 SBERHA koA BIRE st B Apol BAST Mol el IActA. JMED
e 48 MRS SEEANE BLE RY Ao HAH7] af R 2o B BRI U
Rqew o

2K RBAMNE KES 2B BE KFEY Imst dazgdelMd diving &A KiEQY 30m
F7HAE ®RES FHoY Fo WSS FEs mEgHYged o

3. scuba diving Aol Vzxg F7NE BASIE Aoz Asty k7 Ho mike] MEEET
Hh22 /korol FEHAE BolE scuba diving Al BEHE B84 JA = A9 Bt
Bi#st= odob MBim BMS TRMS ¥Y 5 Addn ®Es] f 2 <A divinge
Asto diving §id Bkl 8 AkDS IRl & Aoz #BE3)
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