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Dissolution of N, Bubbles in Blood under Hyperbaric
Oxygen Therapy
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(Received September 1, 1998)

A problem of the dissolution of gas bubbles in blood is important in relation to the curative
condition and remedial value of hyperbaric oxygen therapy (HBO) in treating gas embolism and
dysbarism. In this work, the dissolving process of N: bubble under the curative condition of HBO is
clarified by analysing an equation of bubble motion and a diffusion equation. It is found that the
dissolution of N: bubble is strongly influenced by acceleration diffusion due to an increment of N.
saturated concentration in blood caused by an additional pressure: For the initial bubble radius R,
= 0.5mm, an increase of curative pressure would be more effective in bubble dissolution than a reduction
of the time over which pressure is increased. The dissolution times of N. bubble for R, = 0.5mm are
fairly small as compared with those of O. bubble, but when R, = 0.lmm the difference between the
dissolution times of N: and O: bubbles is very small.
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R ERIE I M E ROBAEE D S MBERNICZEITHA L2 E, RSN EERO IR -
TEREVER LSS, BIUSHNICL o TIENIZEREZA LB E R EICEETH Y. £
OB, MBIIRER, BN, MEGEN, EEMEZ & Chb. Tz, HRRBIEE, ¥—Y VR
7% T, REREOELIZL > Tl % 5 PICBEHATORIBEEPZORE L 2 5. BRE
FE3{6F Y (Hyperbaric oxygen therapy, MATF HBO &BET) 1%, DX ) REBOXNZEEEL L
THwHNS. HBO Tk, ATMIZESNBWRERETICEEZ —ERMINET 5720, HRE
RAR, FMBERRAL ENORIEHOBREL BT ONRBVWESEDNTVEY, £ OBEIEHEE I
THEMED 0 BOERRONBFHR~OFEHES & &, HBO MfTd 45 B4 EMTsdb0L
Ezob. BRER, BIEMEICNT 5 HBO OFB%HF & LCid, MEIC X 5 MENSIEDIUE
&M R ORI E OB & 2 W AIHORESRICE I ZEBHMON TV ALY, EDT%M
AT Z AL DFEMIIARETH S, HBO DEBERGOBEIELS L EEDE L BRFE T 5 LicBnT
b, HBO TIZBITARIBIUHD A N = AL OMPIEEL 2 5.

LRSS SRS T, BAORFICERTABETNAOEETI) EIF, O, & Hb LOKIGE
BEZERELIHABRE REOES FRERXZEL &Y, O, %EOEERTHES LI L. 2
REREBLIURBEETIE, LIFLIXERIRRBEBETAINRETALLEE. LoT, I T,
ERTAOEFEZWY LT, MREHLEOHHHEROEUR L ZBOEE HFERXZE 2T,
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HBO AELMAETIZBITA N, [AOBRBEBRZHOLNIITA. E512, O, RADEE L O KK
HHFTH)ZLIcd ), HBOSBHTIZBITA2REHERD AT A2 L, b o THESME
BIOWHEERNRIZOVWTERT S,

2. EpEAEX

HBO OIESMZM 1 1R, @%, EHXAERM Tad NCTOEBIEIE Pad T =7
ZEVF, BJ) Pad TT—ERHEERBLE, BIET 5.
HBO &4 #EY 2 i, BAKHTE & EIX

Ple=Roat/Tos  O<tsTo  gope /min BETHLOT, EHXRO KA EEFHE

o4 P(£)=Py t>To . .
" TR, BB RARETONON Y SVEHEEEEL,
S ) S . ROTELELEINEY,
| 1+o° o .
| —5 — o, —1=P =0 1
5 5 5 (1)
Tud
Time — 7-721,
Fig.l Condition of additional pressure
in HBO Bzi,(]':-‘zi“,P.:ﬁ(t—) (2)
R, R.F, F

R SR, Ry SOMHE, o KERS, 7oK Mo — 78, B #E, ¢ HH
MR~ N, 7 AR ROTHHT R RS D ET 5.

aCc aczD{ac 2 ac} )

at Vo o r o

L, C: AT AEE, D: WERE, v, 3HEOREHEE T,
v, = R'R/7* (4)

(3RO B L UEALRHIL, AXNTHEZOLNA.

C(r,0) =¢C,, r>R

lim C,t)=C,, t>0 (5)
'w CR,t)=C,, t>0 J

EFHIHEHY 2BV, (5) REMETS 8) ROMezRLTEUNL LT, XAZHETWVS

dﬂ_[_f:ﬂ{

dr 20"
1+ 35

@1%+2¢2bJ (6)
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72770,
2r’ 0, Ry | C.(P)’
(7)
<01=\/:f’;-8, 0, =43, S=0.9253
C,: BENTAMENRE, C, . BE VW ABHEE, o,: TAEE
BUEFATIC BT 508X, XX TH5 2 5.
t=0CB=1, dB dc=0 (8)

3. BIERBRCER

(1) KB L (6) REELLUBEBENTHZ 12X, HBORELRETICBITA N, ZiBNE
REREEYHS 2T 5. FFEICHWELRYHMEIEX, N, ¥ ABE o, = 1.246kg /o, EHR
0=6.0X10"N/m, WEBEHD = 2.7x10°nts, IMFE (¥E) P, = 102.7kPa, 7 = 1.4™,
MO N, EAEE C 3EM =0 TRMLTVWALDEL, C =1397X10 %k nf. KK
t>0TON,SHEE C, 13IES Pad LERIIHEMT20L L,

C.(P) =CH+P(t)H (9)
TH2 5. f22L, HEANY Y —EHTH=1253X10"m" Tdh 5.

B2 (a), (b) 12iF, MWESY 2 H 3 % HBO AES&M (Pad = 200kPa, Tad = 10min) T2
BT A N, ¥ AR OBIE B2 FIEMEERER, = 0.1 BLU0.5m OBFEIZDOWTRT. K,
Ept (1) K& (6) ROBVIET, IMEHE FAEHOMHER R STRHERELRET. B
(1) ROBTMELDOAIZL 2RBIEERT. BB, BEOLDI, MEIHED N, 7 ZEHRBE
DOHEME —HHEBMTRLTWA. BUIRENS L 912, N, &L, HOMENCKE S WHES 5

A5, WeR & ISR E C(P) L,

TS L T T T ancko TN AAREEE S A, S
o 08 TS WEESAEC LY, BRI .
08F  meoimm S Ry=01lm OREOHE, KILIEFER M
ol Petex200KRa/iOmn L PICHERBL, ZOHEIE 48min TH 5.
/,/’ R, = 0.5mmn D&% ¢t = 26.5min TH KT
oer == 5. ZOWE, EHDH & 5 FILD I
o()/’n/; . e L .| KN, N, RBOWE BRI INER) R
(@) ¢ foin (D 7 A DRI O BN L 2
bhb.

Fig.2 Shrinkage of bubbles and increment of saturated
N, concentration due to additional pressure
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B3 (a), (b) 121, KIBNUHEZ RIZTIERE
Jif Pad OFEE%R$. R,= 0.lmm OKRED
¥4, Pad % 100kPa %5 200kPa (2 RT3 &
XY, RIETHBFEE I 30% L &4,
R, = 0.5mm DK@ TIZHEBRERIZ 12T

R/R,

0.2} // Ro=0.5 mm %5,
Pate =200 kPa/10min 4121, N, REPZeITHBT oM T
% 0 20 0 LEEYT A AR, EOBBRICRIZTIEEEDE
(») ¢ [min] Pad DB Y 7. KAV 4 AR EWE,

Fig.2 Shrinkage of bubbles and increment of Pad DEMIC & > THERE P ERE NS,
saturated N, concentration due to 72, 60min OIEFEER N TiX, Pad = 100kPa
additional pressure T Ry S 0.5m ORMIEHRT 5. R, = lm O

) , ; | — EEEEEEE 5 I21 Pad = 200kPa T
oal O™ | 90min, Pad = 400kPa T#) 35min O A
= ol | *ET.

' Foa=100KFD 5(a), (b) 121, KNI R+ FIER

oar 1 [ Tad OEB% R, W, Tad = 2.5min 1%

0.2k HBO MR EIIBIT AR KFEEEICHY

X ; ) ) . . 5. Ry=0.1m O/ HRERIBITH LTI,
() - Tad #5352 L1 & o TERIEDO PG R AT HE

L, HREMEE» R VERTES. Tad =
1.0 T T T T T T T
Taq =10 min
< 08r Ro=05mm 1 200F  Pate=Pu/I0min
= o6k .
Pag =100 kPa
04r 200kPa 1 g
0.2 : = 150
300kPa — Pag=100 kPa
OO EIO 410 6lO 80
(b) ¢ [min]
100+ .
Fig.3 Effect of Pad on the shrinkage of bubble
200 kPa
30min DA IZH AT Tad = 2.5min TREEH 5
BRI 14125 5. R, = 0.5m ORAO%HE T
Wi, SO MEERET Tad * W52 &
WX D IUERAA & B8, KialEREm o8 J
Gt =] %4 3 N O 1 L L
m«@k%&@%u%ﬁf%&v.g o7 o7 or o5 o

FEREE Tad O¥EIME, EE~OBER» S Ro  [mm]

L, LT ReWEEDLI LIl A. itoT, 22 Fied Belation bet dissolved .
o — . elarion pe een gi1ssolve mme O
SEMIE, WUEAEIC HBO 2173 256, AIER © ibble and initial bubble radius R,

M2EDICE AT LITAENYREEEIICRESD
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1.0 ™
Pad =200 kPa
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oz
&
0.6
0.4
0.2 .
. |
0 2 4 6 8 10
(a) t  [min]
1.0 T r
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o
&
0,6’- 4
30min
04r 10min
02 Tad =2.5 min 4
O  S— S — 1 1 L. J
0 10 20 30 40 50
(b) ¢ [min]

Fig.5b Effect of Tad on the shrinkage of bubble

—

Prafe =200kPa /10 min

, 08 Ro=0.1'mm E
g \\
0.6+ |
04 |
0.2 i
0 L 1 !
0 2 4 6 8
(a) ¢ [min)
—r 7
Prate = 200kPa/ 10 min
o2 Ro=0.5mm 1
~
o
Q2
(\
\\
4 \ 1
40 60 80
(b) ¢t [min]

Fig.6 Comparison between the processes of

shrinkage of N, bubble and O, bubble

nEEZ LN

®6(a), (b) ¥, N,RBEOBEHBELHK
O T/ 0, RIBORKRE DR ILERT.
R, = 0.lm DA, N, & O, RiaDEMFE BRI
ITHEUOMER 2 R 205, HBREIZO, DKl
PEFHEL A, t=0TN, F A MK+ T
FMLTWAD, O, KRiald#RIM (¢= 0Tl
O, BFEIXT5%) HIZHBHIDELTVWBEDT,
F DT ABREEPTIBPMEOEZ L o> THR
Twh. Ry=0.5mm OFAEICD, t < 10min ®
AFEREHE LN T O, RIBONHEEN N, £ 0 B
ASLKEL %A, L2 L, t> 10min Tikdo
fEmERL, O, FIBOHEHEEEHIE N, OF 2 &
Wb, M2WRLAETEL, BHWERELE
Pad = 200kPa O, t = 10min T N, B
3% 2.8 N 5. —F, D O, A
R EIIANE O Hb BLIMEFD O,
SFEICESTHRFEL?HOTHY, HlziE, &
HEEOEHMEE LT, A~ 2 ) v Hat=
40% DBE, EMEBEH D O, FLF1E B 1L 2.326 X
10'kg,/'m & 722 578, MEEHFIZIE 720722 2%
BELIEINTRW, Padzx EWTAZ LI
Lo T o O, fafEE XM T 2 28,
¢t = 10min EF i BT B &M o O, BAEE O
BimEw28% THH. T/, O, DILERE
(Hct = 40% T D = 0.854X10 °nf /) 1Z N, D
FRIDLPE, 0L RBNEEEBX
OB B OBV N, & O, K8 D H B 0
EZrECERE R TWAS,

B 7TIENFEE O, FIEOHKERM T LD
REEZRT. N,ZIBOAFB O, KiaDHE LY
b, Pad DWINZ LB T OB/NRPKEL 5.
ZHZEiE, N, RIBOHBICIE, WEEIEO
AL VRN THLIEZRL TV,
IZR$% < DER (R, = Imn T Pad < 135kPa
HRE) T, N,REOFHFO,FBLDLH
BEEE T X2 VL hoTnh, o1, 2
[ERER EICHBO # T3 554, £0IA
BEGORBEB L UHEIROKE I, IEF
RICHEALLTADEEOEER/NT XA =% &
LTEETAHLENHLEEDNS.
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- ; 4. %5
Pru\‘e:Pod/lo mm

i

200

BRIEMRFEE (HBO) 0RELAHTICBIF A N, [ig
DHEBBED AN AL ERHLPICTHI L EEHELT,
KIBOEE TN L IREF R O I DR % 7 S S EER
150 F R, BTFORERE.

(1) N, ZIEOHEBBERIE, FEANOENEIZL SR
WG L DD, MRS o N, S8 RE OB
100 / X BRI KR TH 5 .

(2) WHEESME Pad HMT 22 L10XD, KIGHK
B TH35H< 2505, ZORMRIIFREER, = 0.5mm D I
BHRELF@OGECHEE NS, AERHN Tad %
FLTAZEIZED, HEBRE Lt 3NSKRED, £0O%)
BIIRET A AWREL AT ENISW. o T, FER
MERCLDILIEZEFNOLERDOBRI O DB TH

200 400 eo0 B
P [kPa] (3) R,=0.1nm ® N, TIZDH WML O, 518 L 1) b
. . . KEL L BD, ZOEIMEATHS. LArL, R, = 0.5m
Fig.7 Comparison between the dissolved R . . _
times of N, bubble and O, bubble ~® N RIZDHBEEM X O, KL L D b VL2 5
(7272L, R,=0.5mm T Pad > 100kPa, R,= lmm T
Pad > 135kPa O#ipH ; Tad = 10min ). ft->C, HBO DEEEEDHREL L CHEMED
BRENIITAOBEIERERNITA S L 5.

[min}

T

AIFFEDO—ERE, Pk 10 FEEXEERHEM R EMIE (FREES 09650199) 2 RITTiT-o72
DTHDH. TR LTHELZETS.
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