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DRTT VRIS MA ARG 7 E—Glblie s, 1B
B KB GEEINAERR EBSHER 20 EILL L OEKERR)
BHBE, T-0RMGLERZEDOKAEH L, HERMIC
KIkZRBREETHRABME 22 LA(FEHER : 38.8%
164 )2 AFEDONBRE L Lz (F 1),

F1. ARAREDNTOT 4 — B L CRIERE

o 8R4m0 ey % aa
=) (em) (kg) (HR) 'C) c)

1 53 179 80 76 2020/10/28  29.2 28.1
2 22 183 112 66 2020/10/28  29.2 28.1
3 29 172 78 66 2020/10/28 281 294
4 22 167 65 m 2020/10/28  28.1 294
5 50 168 69 65 2020/2/24 294 289
6 38 182 80 62 2020/3/4 28.2 29.4
7 61 184 80 66 2020/3/28 28.0 279
8 53 171 75 62 2020/3/4 283 29.6
9 51 172 70 88 2020/3/4 283 29.8
10 48 169 68 64 2020/3/5 281 278
11 21 178 73 61 2022/11/12 292 323
12 22 174 74 58 2022/11/12 295 29.2
13 20 173 70 54 2022/11/12 293 30.2
14 22 17 65 60 2022/11/12 293 30.2
15 20 178 68 60 2022/11/12 293 304
16 20 167 63 60 2022/11/12  29.2 30.7
17 53 168 70 66 2022/11/12 296 29.5
18 56 169 64 54 2022/10/30 29.6 30.0
19 63 183 80 66 2022/10/30 295 300
20 61 180 87 60 2022/12/4 30.1 29.9
21 44 1 7 67 2022/12/4 299 30.6
22 24 174 65 88 2022/12/4 29.9 30.6
Ave 388 1742 142 65.7 29.1 29.6

SD 5.5 104 8.9 0.7 1.1

(7. BIERROHK —B I OO IEEREAMEOR
EZBETIEHIC, FHEOHERXFTRRENEF
X URABN 25m T—N GKE : 1.2~1.4m BAK
B :29.6+1.0°C KR :29.1£0.7°C) I TER LT,
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m/s THY , = OfE & B L TEME TEBE Tz
WAIKIZEIT S 10 v b OFEHHE)S 0.75m/s & {EAE
ZRLIEZHOO, FDFEIL0.08m/s Th-o7=,
Pl (%HRR) O EOHER L 3 (2R Lz,
1t hEIZ 29.0+15.8%HRR Tdh 72 & OHEHD 2
v FHT27.6+515.8%HRR & & HIKWMELATR LIz, %
D%, 3y FEHT303E145%HRR ZxL, 6 v k
BCiifgmiEs 704 31.2115.6%HRR #5345, 10 [A]
OMEM[ITZL OHEWE LAl s s RERERITAS
otz 3. Bk 2 H%iZiE 13.9211.8%HRR,
5 431%1201% 8.0£9.5%HRR & IBKEFE OfE & L HiZ

BB ARSI, — B E SO TR E R
LR B HU(F(32,1)=28.162,p<. 001) ZHE AT
STl 2 A, EKkk1~10 v b EIBK 2 5% E DT
~NTORE, Bkikl~10+%y b EBKS HELEOT
ASCOMICAEEE<ODRFRD b,

AP LB E D EOHER 2K 4 2R LT, M
FLERIEREDIE, AKFTOEFHFIZ IS T 1.6£0.2mmol/L 7R
L. 5%y hE®3.0£1.5mmol/L IZE S = TR |k
ARBOLNE, 6~9 By REIZBWTIZ 3.0~
3.0mmol/L DEFRIEZTRL, 10 £y FEIZBWTIX
2.8£1.3mmol/L Ofiz s Uiz, F7-, 1BK245#HI22.7+
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1.6mmoVL. 3B/K 5 4312 2.5+1.2mmol/L %7 L7,
—TERBOBROITOBER. AELRELASEDLN
(F(33,1)=25.991,p<.001), ZEIBEITo /=& T A, AK
BIDEREEE L Kk 2 By b~iBK 2 FHERUGEK 5
FHEOLETORICEEZE (p<001) BBBDHLNT, &b
.1y rBESEY FEABLU9 Y FE(P<O0D),
1y hEE 6~8 Y b (p<001) DEICHLAEEEMN
BBz,

VE B
1. ARRTHRELE=T7 1 0oF v I OBROBEHE=ES
BHFIZzDOLT

ThET. EBOWEICIBWTIEREINDLI )T
—aFN e RAFUEAL TR EOREDOEHEE
THHONZHANWTIE, BERRICBIT2EBYHT
—ZOBRBNRFEROICERETHE L HREBL T,
Fx DEBHRY BEFIEN,

ZF ZCHEMETIE. ENTS—AVEFIHA LT, EEOHE
HFBI33L 2 Yxz—aFN s AFRUELEL TR
BMLUA-EBZEREL, FHOHEKE DPILBERELR
B UEEMEORN Z2RAT-, LA L, ZOBRND
AR LE LTEHEFETRELZT 2 bad, HE
DWBECRITHEEBE RAREOEBARNTHDH LWV
BERRTNE, ZOFEBARERBEIN S TiHE0MR
HEMPIBBEY. ZEBOEFECRITAFEHTEDS
NAELEASRLDERRL, BECBITAEGHOR
2HEELEEHHOBELTIZLIFBELYL, K
BT HONT, EFFFETIIFEICTHMERLELSIZ6
ZDOBMA X A 18— FxRmE LT, E¥ET>TW
AWETHOLIYT—aF N AF U FL 0T
RIREDRAET, 7—NIHBWT 25mDOEKIK %
BRIZ 10 EfToTHLH ) FHEREZERLUIERE.
FATHEDOHMAH>S . 25m % 30 Tk <EBE (0.83m/sec)
LT, HBEDT7 4 F v 7 OBROEHE=EHA
HERE LT,

K 2 (2R LEBKIKEEDOEHEOHEBE RS &
0.72~0.76m/s ;5 L., 10y FOEHEETH S 0.75
m/s i% 25m % 30 TR HEETH 5 0.83m/s & LT
5L, FDEIX0.08m/s ThHholz, ZDOEIIEROEEE
TEETALIVZ—aFi - RFU AL 07T
HLT, BIBZKIBEREELE =LV TITo T
XD, HREOCAWHRER SN ENERE L
TEZLNDN, 2ty F2ELTEE LEEKKE
BEThotz, £, ZFEOTRTONREIL, BEIC
BWTLZVxz—vaFa - A3 4480 712@T
ZEELRBBREALTWAI D, HETOLY)Y
T—af e AR UEFLELTDT 4 Fy I OB
DEHECELTY, EEM >—EOEERELF-
TWAbLDEEXBND, BFETELNEKKE
BEOESMEMN 10 2y bZEL T 0.72~0.76m/s & KTE
B EZR LT, EREEICBWT, REICEST
BECBWTHEDLNEEEN > —EDT 4 VF v I7IT
BT3B HEL, AFECRELEZTTFIvI—Fy P
DEOEHENRRE ThH-o7=7-H, 10 Ey bZ2EL
TEEMRIEEZMERF TEL I L BRHRINS,

UEDZ END, KEOHREIZETIREFD
T4 F v 7 OBROBHE=EHMAFII, EEOHEHF
BT AEHRLREBE ChH-m & R L THERW
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LoLEILND, LML, EEOEETHOL I ) T—
aFN e AFUFAL LTIV EEZRRY IR
DPRAZEOHRBETHREOHEEXT., 74VF07
OBEOBHESY LR EERTNRIERGZVRELAEL
HAREMENRH D D, EREICBWTHLON-F
Bk e MPLERE R, BROASOREELXIT
TWRWEHEREE LTERTILNEEDH S,
2. FEDAKEMPIBRBE

& 3 {25R L= Fi O O EEDOHERIZ SV T,
LBt L e ARBIEOEEEHT A EBRAET
HB1HD, KBy FOMEEBK 2 HEBLUEK S o
BOHEE OB EITH-T=E 25, &y FOMEIRTAR
THERBEZRTR LT, &52, FHOMBOEHEX
10y F#ELUT27~30%HRR 27~ L7z, LTei» T,
L7 Yyxz—aFi e AFUFAL B TICBWTILE
B0 S B L TAERLAROEMBEL T
WALDD, TR 30%EREDHEEHETHD
ZEpREn, ARBRBRESONA FTA 2 I
53, TR OHTEMERE DR SIZBVTIL,
30%HRR LA T % AB{EFHEE, 30~39%HRR Z{EMEE L L
THELTWB Z b, FHLHAEIORIZVZY
T—aFbe RAFUFA VL S OEBBNE L., BIEM
E~ERETHD LFREND, LILENRL, EFEO
EBEHREORSIEEEICBWTER S ERICES
WTHED ., KPIBOTIEEKRIRBEL D Z Enb,
IORERERBLRITHIER LAY, Gooden'OD L
I FETREEZER L= LVOKBRTHD
20°CHOEMFIZRNT, BRBREBEZIOXEITIE. K
el D DA 15% BT ENREINTED,
AFFE TR LI 30%HRR b, DL 5 RBROEES
ZFTWBbDEELILND, FHEDOKZREDOFY
FEETH B 38.8 k. REHFRLEEE 70bpm L{KE L.
30%HRR (24824 2 03K % karvonen D P B A 6B
KRB E 103bpm &2V, T OLREBITH 15% DHRAK
NELTWB E LA, AHETHE L EBANH
ZEETIT 212 HATHRLNZ0HMENT 115bpm & H#
MEh B, &5z, DD 115bpm DFEOFiF L
X, 40%HRR & 725, =D 40%HRR IZ, ARk H A
NS4 2 5 FH0HAE» b AT EEBRE DX 5T
13, {EBHEE & RREDOBERICHY T LD THEN, &
METIE. v MIBT30REEEKkERICE
BLEEZAVTHFHLOBEZEHLEZZE D, &
MROFENBIEL., DRAKICHENRATLRREELE
zZbhd, -, KPTIEHFBETIHEN DRV DT
EHEETHI NS, FELRENSREZLI Y
—Sati e AXUEA VT OEMREITIKIRE L
RLTELR X2V LD EEZLNS,

B 4 (2R U= i PR EE O EESHE ORI OV T
I, RO mPIERETH S 1.620.2mmol/L & L#k
LT, 1~10ky b (22~3.1mmol/L) BLU5BK 2%
# (2.7+1.6mmol/L) 3 L THBK 5 43 (2.5+1.2mmol/L)
DEIZEZTCEHEME2TRL, &b6i2,. 1 By b
(2.2+0.7mmol/L) DEE &L T, 5~9 v b (2.6~
3.lmmol/L) DMEIFAEICHEEZTR L=,
TDZLhb, LI Y=g RAFUALEY
TIRHEL B L TEE DR IABRED EANA
L2600, £y hOEHEICBIT IR RER
3.0mmol/L Z7/RL7-Z &b, EEfftFRDO - HICHE L
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RBERDTRNF—HRBERBFBEERD OILBRA~
BITT3LELbNTV3 4mmol (Onset of Blood
Lactate Accumulation : OBLA) %8B X 3 L DTz 2
EMRALMNER ST, LIz o T, M AEBREND A
ELZUxz—afi - AxUF AL L7 OEERERE
i, E3=RNF—HERBEFBRRTHOPHRE
PBILRWVWLEOLEZONRD, Jamnick b %, HEE
FOEMIK T AOTILBBEDO LN LE 5 BEIZS
BFLTRY ., FHETE LM IR E DK KIE
T 5 3. 1mmolL {E. L~ 3D 2.5~3.5mmol/L |Z3%
YL, bz, VA3 OFBFEEESIL. R0z
xt4 5 BB L3S 80~85%HRmax ICHHY T35 2 &
ZRLTWE,

Z O Jamnick & "AVR U7z PELEREREE & BoDdE
ot 2 EEE LR L OSBRI, EETOE
BicESHTWAZ &b, Bk L= FiOmEkizig
TEHEHRMOBB LR UL, AP TEM L/ EE AR
ZELETITo-BECELND LHH SN 5 0EEN
115bpm THIIE, HA LB 2B DR LS
9 60%HRmax FE L 42D, 80~85%HRmax & Lb#kd
B&. # 20~25%HRmax FLEVMEISTRENTWA,

#3 60%HRmax FFD M P FLELERE 2 580 5 B
PILEEBEL A TRAELAUL I LUTERY, I
FLESIR X 2.0mmol/L LAT2R¥Z L2528, AWF
bW TEHELN-MPABEEOEKXMEIX
3.lmmol/L TH-o7=,

AFFEERICBOTIIMPIBREEN, REEDE
BSEOEHEE L TCIToBICE o A M P AR
ErvbEVENRD LN, FOEROULEDEL
TiX, ARV FA U TOBEETHIEZ L INER
LbneEXOLNDS, KPR TOREI L ZEAIZOWN
. Breskovic & 983, 16 8D 7 U —F A /3— (Bik 14
&, TH24  FEH 214 R ERIRIZLT, R¥T 4
ST T TIRT (DR TRPATIREL 2V KET
ik U, B 10 ABEE) OR#iE L BiE% o m P yLEE
BEAHRLEZEZA, THFFO 1.720.5mmol/L 5
27£08mmol/L ~¢ LR LIZ B EEN, ZD
ImmolV/L LA L® EHiX, BELEToOPIEEES L RFED
Bl D2 RTHOTHoT:,

AR OBHe 2 BKIKICBITARIEBRTH. A
KBTORERMEFZ 1.620.2mmol/L Th-o7=bDas, #Ek
wo 1ty hT22207mmoll & EERA LN, BT
bRICE > THERNOEERRTEL., LBEROBBENE
FoltlhdThdEELOND, FO-HELEIZEBIT
ZABEOEDMEDCEIL Y L, EVMED M LA
BENRENR-ZENELZLND,

T O, ERVIESGE T T Mg T oo i ELEE R
EOBRLRDTMNT, —EOHREZEBZ 5 &M HFLE
BENRABBIZEE > TL 2IBEEEXRME (Lactate
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Changes in heart rate reserve and blood lactate concentration during intermittent breath-hold
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[Abstract]

The purpose of this study was an exploratory attempt to elucidate the characteristics of intermittent breath-hold
diving, using physiological markers such as heart rate reserve (HRR) and blood lactate concentration. Twenty-two
adult male participants with extensive experience in underwater activities took part in this study. They performed
approximately 30 minutes of simulated ocean skin-diving, consisting of 10 intermittent sets of 25-m breath-hold
underwater swimming lasting about 30 seconds each, with an effort level comparable to that of actual ocean skin-
diving. During the simulated skin-diving, heart rate was monitored continuously, blood lactate concentration was
assessed at 2 and 5 minutes after the completion of each set, and underwater breath-hold swimming speed was
measured. The %HRR had a slightly increase or decrease in the number of sets from 1 to 10 sets, which was 27.6-
31.2%HRR. In addition, the blood lactate concentration was about 2.2mmol/L for first set, and about 2.6-3.1mmol/L
for the second and subsequent sets. These results indicated that the blood lactate concentration was relatively high
in proportion to the %HRR compared with that observed during exercise on dry land. The factors contributing to
this tendency are thought to be diving bradycardia that may have occurred during underwater swimming, as well as
the fact that flutter kicking at a slow speed (0.72—0.76 m/s) did not markedly increase heart rate, so the blood lactate
concentration indicates the lactate threshold but does not reach the onset of blood lactate accumulation, suggested
that the main energy is supplied mainly by the aerobic system rather than by the lactate system.

Key Words: Recreational skin diving, Heart rate reserve, Blood lactate.
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