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Estimating fine bubble concentration in water with a time domain reflectometry

Ryunosuke TANIGAWARA!, Yuki KOJIMAZ, Shoichiro HAMAMOTO? and Kohji KAMIYA2

Abstract: In recent years, the use of fine bubbles (FBs)
has been studied as a remediation method for groundwa-
ter contamination by volatile pollutants, and the behavior
of FBs in soil has been elucidated. In this context, in-situ
measurements of FB concentration in water and soil are re-
quired. In this study, we focused on the FB concentration
in water. We investigated the estimation of FB concentra-
tion using the time domain reflectometry (TDR), a widely
accepted method for measuring soil moisture content. FBs
were generated in distilled water and surfactant solution,
and the change in relative permittivity was measured with
three different size TDR probes. The TDR probes were
placed horizontally or vertically upward in water. The re-
sults showed that the FB concentration in distilled water
was difficult to estimate due to its low concentration, while
the FB concentration in surfactant solution may be cap-
tured. Relatively large bubbles originating from FB ad-
hered to the TDR probes, and it caused an underestimation
of the relative permittivity. It was found that the effect of
air bubbles could be reduced by installing a relatively large
probe vertically upward. The dielectric mixing model may
be appropriate for converting the relative permittivity to FB
concentration. These results indicate that the TDR has the
potential to easily and effectively estimate the FB concen-
tration in-situ. Comparison between TDR-based FB con-
centration and that measured with other methods is nec-
essary to evaluate the accuracy of the TDR approach. It
is expected that the TDR will be used to estimate the FB
concentration in soil in the future.

Key Words : time domain reflectometry (TDR), fine bub-
ble concentration, relative permittivity

1. 1FLC®HIC

WA, HFRMETERYIE I & BN KB Y0 AL T
& LT7 741 >37)L (Fine Bubble, FB) @ F]H 2 R
FEINTWDS. FB & IFERE 100 um L FOKED Z &
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, RIED 1 ~ 100 um DX+ 27BN 7) (MB) & 1
meT@wa7774/A7w(M$) InEEN
% (Temesgen et al., 2017). FB 1% O/NI iR 5
BWD BB 72 ) ORERAKE <, KBSHICS
WTHENZERYEREERPEL S e EZoNnd (E

A, 2018). F7z, FBIIPU/NZEf 2@ L 23 < (CRA,
2017), FEIZKEHED pH 42t U TR R m A A

WET S (B2 X pHS5 M E; #hfE, 2010) Z &h 6 k7
KEERFEL, TERFTHVBEEZED>EEZONDS
(Hamamoto et al., 2017a). BAfE, HiRKOEFMETH LY
BokEike UT, MAHFIZELKEFEAL THEMED
AL BEENET DT — A=YV IEREMLE
nTws (Bassetal., 2000). L2L, =7 =A==V
TETIRELRN LIEF OMNSFBRIZEATE T, J:l:%?
K & 2B %2 FRMC B BT 2 7 D I R 2R BRI
535 (Braida and Ong, 2001). % Z TZEKDORb DY &’
FB A DIEADRE I NT WS (Wanetal., 2001).

HWRAKHIZFB 273 AL, HEERRESRZEL72D
IZ1%, FB O 8 OB BRI D\ T OB R AT R
THhd. WAL, FB ODZABERNIIE T 2BHIEZ A
BRDMRZEXR Z DOARE—ME, FBRFOF®E, FBBHED
pH, 1 A V&%, FB OREKA A OREH, FmiEER o
HOMEEZTEZDPWPHSPIZINTE (e.g., Choi
et al., 2008; Hamamoto et al., 2017a; 2017b; 2019; Wan et
al.,, 2001). Z 5 U7z FB OZ A ERFREEREICEET 5
MFEDH T, FB JE O RN LEENFED —D &
7o T &7, FB KO FB O HIE I IR L 72
FB /AT # @t 3 5 L — Y — [ - lELEPLIRNE &
5T (Temesgen et al., 2017; Sugimoto et al., 2021) 72
EBNHWONDD, G CHEGEREH NS Z L, &
BOY > 7Y v 7 RHPIEEN BB TR E T ORE N
REETHDZ NS, L OBBIZKFD FB RE
EHIET BFENPRDSNS., £/, LD FBIEE%
BT RS IXFE LRV, 2D, Kb Lo+t
i, W52 8T IR AL E T T RE AR /- 2% FB I
EEBBETH S,

T ZTARMETIE, KTIKTO FBIREICFEHL, =
BARSEDOHAIEEE UTIA K FH KU T2 IR SR 4
% (Time Domain Reflectometry, TDR) % J\ 7z #£ 7€ ik



48 TN

%149 5

(2021)

EMETAZE2HNE U, TDRIZ2 AEFIT 3K
DT UZATF YL ARy RIZEH SV AZERE S,
Z DIEREIRE» SYHE D FEER 2 RET 5 (Noborio,
2001). FB, §74bbZEX%Z AL FB BWiE, @E DK
IV EHFELRNMMETTEEEION, TOETENS
FBiREZ2HEETE 5N H 5. TDR I X > Tk
D FBIEEE2HETBEIZIE, FBBR 70— I E LT
IR E VWKL Z BT 5 Z & T, TDR IZ & B HiAEE
RUTICHEE G525 BN PHEINS. T I TARME
TlE, Ta—T70% 1 ARHEBEHIEZE > TREDOHE
EWRH T B HIEIC D\ T E ST A U 7.

2. ERAE

21 FB 0%4% & TDR 8%

IR 20 °C DIEHEZEIZBEWT, EX 23cm, A2 4L D
T T RFw 7 RIBITERE IR FE T TR mE MRS % RE
U, FB 243 H7-. TOBOLZEER % TDR THIE
U7-. FB OAKIZIZ OM4A-MDG-045 (X —F 57 v 7, &
f) % W7z, OM4-MDG-045 %, MIESMA T cffl £
THMEU 72BN, WPEIE ) XIVIZEA I N BEEED
AERENETIZE > TFB & LCkFuzHr s
JEEERD FB AREETH S (HAES,2012). FBBHK
21, FB ORIAHEKZBLHE, KPANDETE %2 ED 57
OIZRETFEMEFIBFEH NG Z DL\, Z 2 TAIE
TH MK & FEIEMEFIE AN T O a2 % Hl
ETBHI &Iz U7z, FmEiEAIZIE, Wanetal. (2001)
DIFFUT B W TiHD MB DIRAFMED & o T IR IEVED
SPAN60O (BEHR{LY, W) 1A YD n-RTF vl
g ~ U v L (SDS) (k) #EAL W2 HH
U7-. SPANGO & SDS % 72N 1 gL~ O ok
WENINU, 2 RERINEY, U7z, b, ZAfKE FUmiE
WHID pHIZZENEN 6 & T 72572, OM4-MDG-045 iZ
Lo THBAIZ FB AL TWD Z &k L — ¥ —HiL
BT R AIE S E SALD-7500 nano (8 fE
fit, W) Z2HWRHIEIZ & > THEZRL TW5. SALD-
7500 nano THIE U 7= FmiE L AA W H Ok 24 FB &
346 % Fig. 11ZR9 . KK 0.1 um 225 0.3 um DHi
< UFB 75, 1 um %5 20 um O#FT MB hVERK &
NTWBZ enbhr b, 7272L, SALD-7500 nano TD
HIEIZIE FB WD 10 R BE 720, —E&D
FB RHIEFIZHE L TS e FEZ 65Nb. X->TFig. 1
T/RIND FB BEIXERZE/NEMHL TWE Z & 8F
Abib.

TDR 70 —7E3 20Y A ADRBZ5ELED%MAHL
. Wb 3 ADATF LAY RhsiD, 1D
Hi& TDR 70— 7z LA 2 E S 2720 D —
NSV AKREZR A L 72— TDR 70— 7128 W T
— %z Y R 1.3 mm, 0y RER 6 mm, £X 40
mmDbHDTHS (Renetal., 1999). 2 DH L Liu et al.
(2008) Y —<E TDR @ 70— TR ZE L2 <72 I1T

B LAZEZETH A XOREVWEDT, By R 2 mm,
oy R 8 mm, £ 50mm TH5. 3 DHIE MK
YA ADTDR 70— 7T, B 3mm, 2 v NHElE 20
mm, £ 150mm ThH5b. EZhoso T u—-7%%
NZN/NEL (small), #1E (medium), K# (large) &K
T 5. IS 3ARDTO— T EREIKE ISR ENE
HIVAIR % Wi 72 U 72 B35 O T KENIC R U TAREIZ, $
U IZSAEIZEE L. ZO, KEIZEREL EGAT
H3ARDZAT VL A28y FIEE SIS & 5 IZ3%E
U7z, KEIZH L 70— 72 MEICHEL ZHE1E, 7
0 — 7 & AVKEMANIZ K S LS Liz. wiho Tu—
TEZRELGETY, Tuo— 7 AR OMIZIX
+43 72 FEE (7cm BAE) 23 b, TDR OflEwHESE % +
Fhi-LTWdeEZS6NS. £72, TDR 7u—71C
X, JIEOMNEREEBRS G720 HAET—F 1>
JH¥YOIT— (Va7 TAR—, HE) 28BME L.

TDR 12 & 2 HIEREE 5 ~ 15 53D 10 iz d 7z -
TFB #FEXH7z. £/, FBICHKkTA2KED To—
TNDONFE % FHIGS 5720, HIERHE 13~ 1545 (FB
FEHD 8~ 1043) D 2 73fEIZH7->T TDR 71—
THEE I NE RN =TI Z e TR Y HITHR
iz zrz. Bz, ERREB»S 25 5% (FB 4R
% 10 %K) 12 MO L TIRE %2 5 2 /2. TDR
TOWPE I 20 BE 27, 30 2 RE#RkE: L7z, TDR ®
HI5E & Nz IX, TDR100 & 7 — &\ % — CR1000 (\»
3 11H Campbell Scientific, Logan, UT, USA), PC % i
W7z, CR1000 {2 & > THEIX L 7= TDR DT — XX,
MATLAB R2018a (MathWorks, Natick, MS, USA) TfE
B U 7z tangent line % (e.g., Wang et al., 2016) ® 712
T LERWTHETL, WAEEREREL .

22 LLEFEERN 5D TDREEHTE HE

TDR 12 & > CTHlE SN/~ LhiFERDELH» 5 FB B
EEHET S Hike LTmb s Dld, Topp et al
(1980) 2L L 7=fRERN% W5 HiETH 5. Topp et
al. (1980) &, HEDO HEEHWT HIBOWTFEE ¢, &

(L")

O =~ N W & O
T

Bubble concentration

0.01 0.1 1 10
Bubble diameter (um)

L1l

100

Fig. 1 AmEiEMERER I FE X B2 FB ORZEIRE D
.

Fine bubble concentration of each diameter in surfactant solu-
tion.
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HREAAR O (m? m™3) (ITRARD & 5 RERERD 5 Z
EEHEHSHIZLT (Topp R).

0=-53x10"2+42.92x 10" %¢g,

()
—55x1072g%+43x10 %>

A (1) OMASEIZ YR 0 OEFETHS 005
040 m> m3 BE X TED, e WKDHFELTH S 80
MEDMEZIAEIZIZ 0 A 1 mPm? &5 &5 124
BABRESNTVE, TOD, EEEKE I m m3
o DRSS E FB BROFEERE/LEX (1) 24
WTEHR L, RBE KRR 731322 [ DIRTEDH x,
(m3m™3) MU TEEER, ThE FBEELTSZ
ERTEL. L, X () REATHhLIZ L, &
D & 5 RARBE KK 1 m® m™3 (HEOMEIZ DWW T IR
EIZEDWIREREIhTwRWZ e hs, ElRofk
THRESI N FBIREVEMTH D EIZRL V. £
T RO FFECIMAT, AR5 Tl dielectric mixing €
TV & W7 HEE S MET U 72, Dielectric mixing €7
WiE, HEOERREZROIGEER L ARRHES, BAH
AROEEARE L TO LBOLGFEREZHHTSET IV
T® 5. Dielectric mixing € 7 I)LIFHE O Db DAFEE
XN TW3 (Robinson et al., 2002) A3, FOHTEH Ll
FIHE N3\ Birchak et al. (1974) DL D Z AL -,
Birchak et al. (1974) @ dielecric mixing € 7V IEIRA T
KINB.

Eba = 6SWO‘ +xsgsa +xagaa 2

ZZT, &y, &, & EXTNTNK, LR T, ZEXDLLiEE
K, x I ERFORBES R (mPm™3), o ld s
TA—=RTHD. o D52 S NZEBHBINT ST
BOMREZORSIZEELTEY, X (2) 2EBOL
BEAWEZHEHEEOEAMEIT a (& g) ODEIZE->T
EHEh3 (eg., Regalado, 2004 ; Kojima et al., 2020).
Birchak et al. (1974) 1%, ¥HWEAEYWE R IZFEEMLEO R
LB DINS IR T OLEMAA ENT VB & S Ak
AAETHNE o DEIZ 05 THY, ZOMEIZEEICHHE
FATE 5L LTWA. ARG TIEIKFIZEREZD FB ki1
PIEET HREZELTWS D, o DfEIZ05 &L
THERWEEZoNS., F-TRFIIFELRWEZD
X (2) OAEE 2 IS NG, 22T, LR TIZH
THHEERVZA 2) % x, TO2VWTEHET LK (3)
»ELND.
&t — g%

BT gl ®
A 3) THEINDZKPOLGMHKRIZIFBIEELARTZ
EMTEL. ApgETiEX (1) ¢X 3) o=@ DA
ETPFBIBEAME L. X B) OfHIZBVT, g &
g DEIXZTNZTN 80 & 1 AWz, FB B CIEKH

REDHEIZ & > TIHRDOLFEBERN LT 2 & OH &
NENTWE (EHS,2015) 2, TOMWINEIX 1% &
WThsdZ e, [IRREDHEERZITBKDNIVT DK
IR AEREEHIEGIITNSWEEZEZSNE I D5, & T
80 & L CRIEZ N & RAE L 7=,

3. BREER

3.1 LFEEXRDOE(LIER

TDR 7'H — 712 & o THIE I 7= & KB &L OHm
EMFIBROLFEERE(L % Fig. 2 12R U7z, JIEMIZ
BEFONSODERR LN, HEZRPTLTS
7212 5 R EPES 2 ERCIEM e IR U7z, S
WINOERIZEWTE FB OFAEIZ L2 BHOEEE
LEIINE L, RATLICOEERASNDIZEE -
2. ZOREEFIZEPFBROLMNMEIT 04 FEET
» % 7-& (Seyfried and Murdock, 1996), #HEZ{bIZ &
LUFEROLLIIFE ML TE L LERZLNS.

Fig. 2 (a) ® 70— 7% KHEIZx U TAFEIZEEL,
R KEHWT FB 24 S ¥ -BROGEREIcE
Hd 5L, FBREFORIEMBES 5 ~ 15 312BWT
WEBEROERBA SNz, MITo—-TIcEHT S L
WA D 80 [ h S kT 71 FREE KT L7, FB
FEFOREHBE 13 ~ 15 2BV T 7 a— 7 IiRE)
EMATWEH, ZORENT XD EFEROMIX 78
EETEAUKZ. FB RAEMTHE LFEEROMITFERE
EC#B L, HEMBE 25 5IikE 25 2 2BICHO
BNU, YIHMED 80 WML o, TS —EDE
b2 &, FB FETDOUFBEBLROE NIE T o — 71
MHELU-QIEDOBENRRKEVEEZO5NS. £/~ FB X
ERTHRETO—TIINE L ZKERHDEINSE Z &34
<, FBRUEIZEVWTEHEDHERN L L>TWVWH I L
Nbhsd., EBIZHEIZ & > T 7 a— 7B IR
RERLKWBMNELTWD Z LRI N T WS (Fig.
3 (a)).

70— 7 % IKEIZR U TAEICELE U 72 BR o S i i
KBEHROLLFEER (Fig. 2 (b)) L2WTEHT S L
HWFEROWDEIEEKE DB REL BN, TN
DA DOMEENI R K E =B L Tz, NI To—-T Tl
FB OFAEIZED 612 FTRALED, RE%2 5252
LIk N ~TISHEEETCTER LR, R#FIZ5ZZEBO
HFERSARF KL L TS L, FEEER O
IZ& Y FB &P FBIBEMSEMLZLEZONS.
ZTD—HT, FBRAERT#H (ERHBE 15~257) I
—EMHE IR o T A BROMEBLEE KLY BNE o7
OKRWDOMNERDE L o LRI NS, & o T Fig.
2 (b) OAWRIFEBEBROMTIE, FRmEEMEA OB
& % FB EERN & KD & BRI O E &R Rz
£5HLDTH5.

3270791 ANHEERATEICEZ 2HE

TDR 70— 7 D% 1 XH FB iEH D L FEREE 125
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Fig. 2 TDR IZ &> THIE S N7z FB BKOLBEBERLL. Tneh (a) BEKBTTH—T2AKFIZHKE, (b) FHEE
PEAAIR R CACEIZ R E, (c) AFAKF T — 7 2ME L&k, (d) FmEESER e e L & (238 U 72
OWEME 7T ay M T, 5 SBEELEFRTRT. EMBOKEHRIEE FB OFAENME, RHRIE Y0 — 7 IcikE %25
Z I 2R T

Relative permittivity change of FB solution measured with TDR sensor. The plots show the measured values when the probe
was placed (a) horizontally in distilled water, (b) horizontally in surfactant solution, (c) vertically upward in distilled water, and
(d) vertically upward in surfactant solution, respectively. The five-point moving average is shown as a solid line. The light blue
area in the figure indicates the period of FB generation, and the shaded area indicates the period when the probe was vibrated.
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ZBRBIZDOWNWT, b T DN FE 7 FE M A
27— T R AKOEICERE L BEORER (Fig. 2 (b)) 75
Pl 5. FB FAEROIGEEROMIL, KB, fid, /I
BDIE TN K IR o7z (ENTHORKME 66.1, 62.3,
613). ZDZEens, Tu—T7H A XHNELT Bz
ONKHDONEDHELZZITIR T RoTWVWEEER
5NB. Tu—TREIMANELZKEOY 1 XPMNEE
ERZ T —TIZBVWTENRVWERET S L, KEOD
TR—TTHIHIFEMNELRILDOHENNI LS hotzl b
7o —709 > 7))y R) a-LRRKEEZ SN
5. TDROY VTV I7R) 2a—41%, Tu—T70FP
ik, ZLTZD2 DDMERIZHIFEEMTT S (Ferré
etal., 1998). S EH® 3MIED 0 —7 T, Tu— 7%

EHRDEENKRELS LD S RWZD, YTV IR
Va—six7a—THERREVEEIERT S, o T
To—JREIANE L ZKEOREY, YUY VIR
Va—ALHEKRT B2 & THEMIZNES S kol B X
LB, £z, TO—TBRRELIRBIZONTIRH %25
AT-BRDOHFEROBEMBIME T L=, Zhlk, To—
TEERC UL HEZML ZeTra—JI2Eb 3RH)
M, N REID 7O — T TIEREOEDHINE o
Il EZOND.

33 O0—TEREBEAENHFERATCICEZDHE

TDR 70— 7 & KEIZH U THEICRET 3 &, &KY
K, FEERABR I ACEIZEE U 2R L D £ HEEE
RO EIZNES o7 (Fig. 2 (¢, d)). FpzA&EHK
FTI, IMLTO—T TR 4~ 5 FBEORAMERD R X
2500, FRBIORMO 70— T TRELEIZ2 ~
4 THY, TDR DRFEHEIZ & > TZ DOZAMER D HEZ
TERWVEETHo7- (Fig. 2 (). FumiEMHAR T
32070 —T7DRIEMIFKRELS BELREZ 2iE%L,
11 ~ 13 FEEET L7 (Fig. 2 (d)). FB #AEdziRH)
BHEZ BN, Rl Ju -7 TCiRETFOLERE
By, K70 —7TiEZ0 EREIX 1.5 2/NE otz
F72 FB BEKTRIZIIVWTNLO Tu— T THEP NI
HIAME E ML, WERRE 25 2 OR R TRE %2 5 2
THEL L h oz,

FB AR OHFEBRBANNS S R0z &, RE %
B2 -BOHFEBERLDNS ozl e h s, Ta—
TERKEIZH U CHE LS ICKET S 2 & TREDOK
BEBRTEDZ e bh oz, BIZAMO o —7T
i, IREEZMATHHFERLZ PR ER oW L
NS, JJADHEORBIENKE N7, ZOHHL
LT, QIO ERARE 0 —TDREE2 —BIE35Z
ETEEMPMNE LW &, ELAZKESTFEIICL -
TERLU, 7a—7%H» 5 A TRz L®
TWIZeABFEZOND. FHEERIZ FB HAEBRDEKBE KB D
TDR Fu—7Tlif, [IEHPRBREMEL TOVRVOHE
HicHRTE~ (Fig. 3 (b). KT u—7%28E LR
TICHRE LG ERORERY VT YA X
2 & o THAEIZROEEEZITIZ WEIREHE -

T, [JJADEEE RESBFCE ek nsd. &
DB 2P T S 72 RER, RRKD HEEERLITHN
BREDEL 5Tz, Ko THEENKFED FB JEE % TDR T
WETLHZLIRETHIEEZONS. TD—/T
RETEMERIER T TlX FB L EMIZFETES72D
FBIRENZAKF LD EL 2D, TNIE-> CTHFEER
DEAEEKE L Loz, REEERIER O FERD
ZLEIZTDR IZ& > THETHIZIEFATHY, &o
T TDR 7 FB IREHEEIC AR TH 2 gl n S N,
34 LLFEFNEHLI SO TDRBEHTE
RIONEDHERREZ T Isro KM Tu—T%
ShE Ep & AIANCEE U BB O EFERE M E VT
Topp & (& (1)) & dielectric mixing €7V (X (3))
5 FBIEE ##fiw Uz (Fig. 4). Topp iz & - THE
E X N7z FB & L dielectric mixing € 7 )VIZ & - THff
EINZFBIBELD B AREWHEE R LK. FB FA4f
IZEH LB ERDNE K o 2B D FB IBE X T T
1023m’m3 £ 008m*m>3 THY, Topp RDIEIX
mixing € T I)VOK 3 572572, kD & 512 Topp Rik

Fig. 3 FB F4H TR OZRZKF D (a) KFHED /N TDR
7u—7% (b) MEZKEDKE TDR 70 —7. [IEDNHE
HIZKEREDVDS.

Photos of (a) a small TDR probe installed horizontally and (b) a
large TDR probe installed vertically in distilled water, taken af-
ter FB generation. A large difference in the amount of attached
bubbles can be found.

ATopp's
equation
4 oDielectric

& mixing model

Fine bubble concentration

0 5 10 15 20 25 30
Time(min)

Fig. 4 HFFEERZ/D S Topp b & U dielectric mixing €
T &> THEE & 1172 FB iR

FB concentrations estimated with Topp’s equation and the di-
electric mixing model from relative permittivity change.
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AR 80 DK BEALIZ DT D IEREM: IS MGEE
INTIRPo72720, YHMRHMRIZE D < dielectric
mixing ETVOMEN LD ETHDZEEZOSNS. Lo
T FB REDHEEIZ Topp A& AW Z &1, FBIEE %
AR S 2 W REMED S D, FB IREHEE 21X dielectric
mixing ETIVOMANHERI NS, 2720, RRETIE
TDRIZ& > THE SN/ FBEE L HI TR L > TER
fLX 7z FB IBE DA TE TV WED, S5#&Ik%
DI & BIGEMEEP R ETH 5.

4. 5HYIC

AAFFETIE TDR % F\WT/KH D FB [ A3 & v] 4%
PRREF U7z, ZOFEE, FB IZHRT 2 KA E K
AR 7a—TIMET B 2 & T FB AR O LLFEEREE
PREEIZ B Z e, AT O 70— 7% KEIZ5 L
THELMSIIRETS I TAHEOBELZRBRTE S
Z ¥, FREKFD FB RE IZRIRE O 7= dHEE DR EE
A, FEEMERIEB T O FB S I3 #E T & 5 Al etk A
HBZEWRINT. F£72, LLFELRDS FB BEEA#
9 BBRZIX dielectric mixing T FIVOMFHADEFE LW
Z NG h 0T,

TDR 2 & % FB iBEOHTEIL, BEOY > TV v I
WHE L R B MO BT D X 5 ICRRE DB X E T
Ehnd, BMNETHEICSRAEDOAEENHETE
LEMBRFHEL RLARELED L. Te—TII4E LT
K To-TIR#MES X B THRETE LY, K
METOHIEICBWTIREZ 5 X6t 5 Z L IZEHFENT
W, £z, TuRI7EHAWT FB S AR & F
X, NELEERET S HEBREILAED, +074
SIRESRIIAR SN o7z, Ko TARMETHS »
2o IR E e 70— TR A B X ICRET S
FIEIIHR S T 0 D E 72 KD B DK 5
HBThh, BEERARPEONZEEZOND. F£z,
TDR TIZHFAEBRICMA, BROBLKMLEELHETE
5. UL, BRUZEE OZEMAILIFEER L HHL L
TWZ e, HIEDNT DEVRFERLID B RELS
= GUEMPLZE LR ol) 2k, BiEAAVNEE
NI WFERHIKIZB W TIZE D E U Rd o722 L Eh
5, FBIREHEIZE W TELKMLBLE O IR T
37K, HFBERPLVENTVWS.

ARIFFETIEAKF O FB IREHEEITIRE L THRET 217 -
7=, SO FBIREHE D TDR DiEH A
I b, AN L OHFEERIIKF LD E/NI VWD,
LLiFER D S O FB EEHE RN 2HETH L & F
ZHNBH, FERITMA L0 BRI E 7T §E 72
Y —% TDR OiEHA Y HED TR LT WL

HEE

ATFFEII R AR BB &4 T2 (21K14940) B &

OBRMRAYATZE (552F) (19K22921) Dfiifh %521 7-.
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