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Rheological Studies on the Barium Meal

—Effects of the Addition of Tragacanth on the Barium Sulfate Suspension—

Susumu Okahashi
Department of Radiology, Osaka Medical College
(Director: Prof. Hiroaki Akagi)

Reseach Code No. : 502

Key Words : Barium sulfate, Tragacanth, Contrast media,
Viscosity, Visco-elasticity

Double contrast method with barium meal is a useful technique for detecting lesions in the upper
gastrointestinal tract. However, exact properties of aqueous suspension of barium sulfate as a contrast
medium are still unknown, and no product has been obtained to fill all of the clinical demands. The object
of this study was to improve barium sulfate suspension for better contrast medium by adding tragacanth.

Tragacanth was added to pure barium sulfate at various mixing ratios of 0.25, 0.35, 0.50, 0.60, 0.80
and 1.25 weight/weight per cent. In each mixture, aqueous suspensions of 100, 120 and 150
weight/volume per cent were then prepared. Suspensions containing pure barium sulfate and tragacanth
were also examined rheologically.

The following methods were employed: Cone-plate type rheometer connected to FFT-analyzer was
used to measure viscosity of the suspensions at the rate of shear 75 sec-1. The dynamic visco-elasticity
was also estimated on the basis of dynamic elasticity (G') and dynamic viscosity (G"). Fluidity of the
suspensions was determined by the maximum distance moved on the aclylic board leaned at 30 degree.
Double contrast method on the model stomach was used to evaluate visualization in the gastric area.

The results were as follows: When the suspension containing 0.35 per cent of tragacanth was used,
the lowest viscosity was observed with the lowest value in G" and G". The G" and G" curves, when plotted
on the same dyne-frequency diagram crossed each other, which was not seen in the other suspensions
examined in this study. G” of the suspensions, especially in 150 weight/volume per cent, has apparently
increased with increasing concentrations of tragacanth. When the suspension containing 0.35 per cent of
tragacanth was used, fluidity was best. The suspensions of (.6 to 0.8 per cent tragacanth were the most
effective in regard to visualization in the gastric area. However, when 0.35 per cent suspension was used
at 150 weight/volume per cent, almost complete visualization was observed.
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I. # &

HILEELH L LTORMEE ) v A DEERAYET
fldEm<, Chi@HLCEXBREDL BEE
DL R ETLoTW5, BirEEHED
BAELY, BB Y v ABEBWRIC D, HieE
BE, BT, KBHESEL, FBECRLAE
L, BRICBRIEL e\ 7R KD ODERDE L TR
7.

Ll, SEHELTORB- Y v aoiRic
BRBAD AN E L, BERE S h TV BRA LY
TLLBRNORERYBRET 5 boCckR, E
CHREE ) v AREROMRE ELET ARF LS
HL, ERERYEML UTLEDND 5,

Bz, BRER. Y o ASEHILERINE 2 & Tl
ELTHREEEh, MEBELLTHFERIRLL NG,
BRER-N ) v ABKIDFR, RILHER- Y v ARTF
DIRFE & WRINF, To b O iR, B EOEH
CRETTALERD S, ZON, BB Y v AR
FokEELHtcovtil, #EcHEcELD
HEVDEIT-TRTED, SENE, HnFico
WTEBRR T -7,

AT, ITmMAIE LT r 74 v rO0% 42
L, BxORMEOR - I ERBFKER Y v A
EEHIRRLME, ThEWB- Y v A REJNRBK
ELTHARL, BRE L, ERER L LTI,
HHEROBFE M 2, BROKEMMEE (dynamic
visco-elasticity) DHllE & #2175 L & bic, B
CRENAOFH, XBEEL5877 v b—a
O Z B ORRFR A B A BR L,

I1. RBHk

1. B¢

RTT6ER Y v A AEMEKRSH, LITH
BBV v a) LRFSFv K (B RME
BxXed, UTFrsHv ) 2B, F5HVE
BONBRER- ) v & (LIF, RAERAD 23REL .

bZ AV OFINEE, MERER-S Y v AT
HrZHv rOERESET0.25 0.35 0.50,
0.60, 0.80, 1.25% % 6 B¥FE - Lz,

EEOHBOIERIL, 7 # v b & ZEEAK300
ml ZASKTEE L, 105MKER, ERE=—4

GAfES, Fig. D RV, S0 ook 24
A0 EIRE b St t, Wi, ¥R (v~ + B
kX414, MODEL DX58, Fig. 2)iz X h90°C,
5RO BB A 1T\, RBIC = — & L FLékE B
THR, BRRBHAE Lic, cha2BEN (100,
120, 150w/v%) RREW & L CHBLLEH L1,
MR E LT, MBSy v AR (50,
100, 120w/v%), F 3 H v FKEW(L, 2, 3%)
2HER LA,

2. MMERSB L UBHRRSEMESR DT

D #FH%EE (Fig. 3)
FI#E—FRE v 4+ % — 2 RM-1'V'? (BESU0E
itk &t) #F 2715+ v A FFT 7 + 5
A ¥ CF-500 CNEFRIZSHR S 1) 1w Bafe L 7o 3568
AW, HROMBEN L LToFRRFCIZIFM-8 (Bt
WHEREH) RERLL,

ek, VA A —42 L FFT 77 7 4 ¥OREIZIL,

Fig. 1 Kneader used in this study

AL

t./"ﬂl'!!!!.l

Fig. 2 Drying oven MODEL DX-53 (YAMATO).
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Micrometer !
2 Torsion wire
Tachometer T hermometer J DT, box
[
[~ temp Cone
T Iregulatan e —
. e : h O r
otor —_[l—: ___.___fx_‘
[Sooet | plete R
y i . - -
controller O v
— e.m.cluch |__| j C> DS aNy,
1: 5 < )
13 . ulutchu 2pen  recorder FFT Analyzer
Eccentric cam
Fig. 3 Block diagram of Rheometer RM-1 (SIMAZU) and FFT analyzer CF-500
(ONOSOKKD.
K
VA A — & oW HEREY Ao Ti106E, B ]Torsinn wire
PRIz TIX1006% & 5 iESs 2 86 L 7o, L_L;Lr_j
2) PSET —
VA A - 2 O (Fig. )iz, HERORET ﬂ_&m‘ N@%ﬂ» Bas0, suspensions
WEEEOBEY, BRHBERONE CIAE <
e bz, ZhicddTs2M#QINEL D, Th <5 g
o

FhHEER, BHRKERERY RO,

a) HifERoRIE

HEHEER 13, v A — 2Ol —EAEE
THEES ¥, Mgt Ui @ERoFaEE g 238
EL, ZOEXDFELK? (Table 1),

EEROMAE L LCIE, @=5.25radesec™'& LT
EEAR S=w/0="T5sec I % 1 % Kt K % B
E L7z,

ek, AuvicAkoh U REH k=2.205%X10°
dyne-cm/rad, FI$EFER R=4.0cm Th - 1z,

b) BhEHLEME R O RIE

BIROR MR O I,
BHEES), a=a, cos wt, (EIR a, AEE )
{Th¥, FecdE L 5E8 Y, =4 cos (wt+
¢), (FIHHE ¢) LBEHML, WEOIRIEL P, firid
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Fig. 4 Schematic illustration of cone and plate of
rheometer.

a : rotation angle of the plate (rad), 8: rota-
tion angle of the cone (rad), 4 : conic angle of the
cone (rad), R: radius of the cone (cm), r: dis-
tance from the center of the cone (cm), k : tor-
sional constant of the wire (dyne * cm/rad).

Table 1 Definition and calculation of viscosity (#7)1%

viscosity (dyne.sec/cm?) (Poise)

rotation angle of the cone (rad)

conic angle of the cone (rad)

radius of the cone (cm)

angular velocity (rad/sec)

velocity gradient (sec-1)

torsional constant of the wire (dyne.cm/rad)

Ut Faowa
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%= ¢ Tk, BRIENER (LT G) kX U8R
=R (LT G ®EFFE LY (Table 2),
EEOHIETITV A+ 4 — 2 OB 2 7-1RIE
a,=1.753%10"%rad, B w/2xz (sec™) DIRE)
&, FRIZX VAL MA#OR LA B X EBE
EBCtESESCELFFT 7354 ¥ —T7 —
YV =F#L,CRT kR ZD A7 —RA_27 548
JOMEEALEERRLE, BEH o/ 271X
0.2, 0.4, 0.6, 0.8, 1.0Hz @ 5 ByfcZE 2 CTHl
ERIT- 1.

3. RIEEMRER

EWBY) v ABRBE L €<y b T0.5ml H
h, KFEZLicT7 7 ) MR BT, —EEET
EICE L, BMBEORATIEEREY AE L.

LB S ARER- ) ¥ A OENFE

Table 2 Definition and calculation of dynamic elas-
ticity (G") and dynamic viscosity (G”)12)

=B (1—cos ¢/p)
(1—cos @/p)? + (sin ¢/p)2
B (sin ¢/p)
(1—cos ¢/p)® + (sin ¢/p)?
a=a,cos wt
f=8, cos (cwt+¢@)
P=BJ“0
B=3k#2nR*
:amplitude of & (rad)
amplitude of § (rad)
angular frequency (rad/sec)
time
phase difference between @ and £ (rad)
torsional constant of the wire (dyne.cm/rad)
conic angle of the cone (rad)
radius of the cone (cm)

G'=

G'=

Fig. 5 Classification of visualization of gastric area on model stomach in double

contrast method.

(34)
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4, fEIERER

B 7 7 v b — & (Model Stomach, f5&E515 :
Bt v 2 —EFBBHER, o =—¥1
BRE&H) #FERALLE, HEIEY 2 vHilECH
MNEFEEHImm, & E2#90.5mm O MY THER
ShTWw5b, Thic&HEE- Y v A REK30mI %
ANIEREOFEHECEE, T3, KFEXH -
15[, WV T+30EE o LTk, 10,
30D 2 B, F—REEET ICHIEBEED —
EEMGEXB 72 lBRE L, HEELE
(Fig. 5) 13, XBEH Lo B/ XofHERIZ X
b, (@ BELEIHEH IR ORL/4, (b) 3/
4BE, (o) 128, (@ 1/4DTo 4BpEEL
7o,

III. EER#HER

1. ¥htese

MREE A~ Y v AT, WThoBBKEETY
2,000cp (centi poise) A& < LA D RETE &
Mote (Fig. 6), LaL, F3#H Y FOHEMCX
b, HUEREIEHETL, WIFhoRETLE
nE0.35% T b8 <, 150w/v% T260cp, 120w/
v% T120cp, 100w/v% Tixd0cp & TIET L7,

FIH YV ORMENE LT 5 &, ik

RIIFOLEAL, Hinl.25%0150w/v% BB #
T1,520cp, 120w/v% BE# <1,210cp, 100w/v%
BB ©320cp & 7o o7,
2. WHEYRERE SR
1) MEfEREo CRT &R
HERHRE, FFT 7+ 54 o CRT BEE L
SEEE MR L LTHRR L., EBAEE0.2Hz
W AATEEER S ) & A O50w/ v BRIBE & I35

a 100 w/iv %
2000+ 0 120 WiV %
‘ o 150 w/v%
g 1500- /!
3
(=%
g ;:/
&
8 1000

4
j// )

A/
o
5 R-E—
LD T 1
05 1.0 15
content of tragacanth (w / w % to BaS0, )

Fig. 6 Viscosity of BaSO, suspensions (100, 120
and 150w/v %) at various contents of
tragacanth.

Rate of shear: 7sec™'.

S VAVAVAV/

output. curve plate

cone
X IO
mv|
3)
| phase (aandb)
deg|
| 9 (aandb)
a8

I

power spectrum plate

L

o

cone

Fig. 7 CRT display of FFT analyzer.
Samples : 50w/v % BasO, suspension, a : connected to the plate of rheometer,

b: connected to the cone of rheometer.
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+% (Fig. 7).
FHrRMEOE 1, vAs—20 AHIBEHT
(Fig. 70 1), ARKSE 2 REE chick b [H
PECECTBERRRLI,

T, WY 7 — V=T LT — AR
7 b7 ARBER SR (Fig. 70 2), M#Efhc
3, EAERRBL T3, SERAELELEDIER
G BEbhicdl, TORS MBS T/HEWE
Thotz,

mHiz, AHMDEFO FFT @i RIEEH
¥rlLtwEREh Fig. 10 3), AHHEOLBE
B0 EE LIRIBIESRETR SR,

2) A~V Y ARRBIOREMETHER
F—3Rhex L, BAEEHEERZEL S THlE
TV, FA#ACE CeLREEE S ORIELL

= .~ fundemental comp.

. <RH“\\

: N——

o SR s
\-—‘_—:\v 2nd

0.2 0.4 0.6 0.8 1.0 Hz

Fig. 8 Relation of frequency between plate and
cone. The fundamental component and the other
harmonics in each frequency.

Samples : 50w/v % pure BaSO, suspension.

Deg..
40 -
// T
0
7
n—-———u/
- T+ fundamental comp.
a0 — -
— A — sth
‘-0—--—"‘*‘————_.__,____. -
I I | I 1
0.2 0.4 0.6 0.8 1.0 Hz

Fig. 9 Relation of phase between plate and cone.
Sampples : same as those in Fig. 8.

(Fig. 8) LfifHzE (Fig. 9) 0FRR% 1T -7, Fig.
8, 9iT i, 50w/ v HERRER - U v A RREK D TR
REFIRLIH, FRABHKTOMEZEZE, 13
BERBEOEBINRED LA,

3) ARFBBROBREN G+ X VG HiR

RAERDFIET, EAHREROLZRE I O\WT
JUE & T 24T, ZRERLR L BRI EH
L7 GBIV G %, R ERENC L b, 'RL
o

a) WiBRER v v 2 HEBIR (Fig. 10)

BEBWIRES0OW/v% T, G, G"iX L b/
{, G'I120.2Hz ©3dyne/cm?, 1.0Hz Tldyne/
cm?, G”1%0.2Hz "Thdyne/cm?, 1.0Hz C7dyne/
cm? ETE &b BRI LIBIEKECH - 1.

100w/v% T, 50w/vy% BB L, Gk
Wiz E-lcoix L, G"ix0.2Hz ©51dyne/
cm?, 1.0Hz T42dyne/cm? & B e Eind 7R L,
RBEBT LTI, mIlER e MBI AR,

H
dyne/cm i:i;ulne.l’cnn2
100 100
50 wiv % 100 wiv %
50+ S04 =Y
o
\\/ —

[ ) n"“--ﬂ-.__.g__n..--n
LA S T i L S S e

2 4 6 B8 10K 2 4 6 8 10 Hz

dyne/em .

1000
120 wiv %

S I

|~
e A S A
2 A4 &6 B8 1D H2
Fig. 10 Frequency and G’ ((0) G” (A).
Sample : pure BaSO, suspensions of 50, 100, 120
w/v %.
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dyne/cm 2 dynesem 2 dyne/cm 2 dyne/cm 2
100 100 1001 100
10 % 20% / 100 wiv % 120 wiv %
. =4 50- 50+
/ —
’
Ay o N o T T T
2 4 6 B 10 H2 2 4 6 B8 10 Hz S S L U N N R
2 4 6 8 1DHz 2 4 6 A& 1D Hz
dyne/cm 2
dyne/cm 2
10001 3p%
/"‘"'J 100
/ 150 wiv %
5004
/ 50
ot —o—8
o T 11 1 1
2 4 6 8 L0 Mz

Fig. 11 Frequency and G’ ((1) G” (A).
Sample : aqueous tragacanth solutions of 1.0,
2.0, 3.0%.

120w/v% Tix, G,G" & bEIREMLIA, G
(30.2Hz ¢138dyne/cm*, AE B2 H 2 212 2oh
TR L1.0Hz T ¥21dyne/cm?T & - 7o 1T X
L, G”ix0.2Hz ©580dyne/cm?, 1.0Hz T13.920
dyne/cm? & E L < 80, AEHCH LTk ME g
WA,

b, M- v 2BBETE, G, WY
hi, BEOLR L LHIEALLY, GO
LT, G"oEnrEETH -1,

b) +FHv rKBE (Fig. 11D

KT 2EEE 1% TR, G, G Lbitha
¢, 0.2Hz it C G, G"lx2dyne/cm* ¢, G"i%
REHDOEFELPCEFEALLBGCRIEL
e T,

2% Tk, 1%kEKELT, G, G EbH
U7, GXbd GAEIRKE L, Wigikwy
i AR oM >h T ER L,

3%TE, G, GEbEbicEmL, wHiiRe

ABFI60<E 1 A25H
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n‘ —_'_'——‘——1——1——-
2 4 6 B8 1D Hz

Fig. 12 Frequency and G' (1) G” (&).
Sample : BaSO, suspensions 100, 120, 150w /v %
tragacanth 0.25%.

b AEH TR L TRk LG R e,
GDHEmMAKE L, WTFhoAERERV-Th G
NG % LB,

B, roxv bREBETE, GG EL, A
Ed, BECH LT ERBRERLLS, REO
FRELB G oEMAL DEEEERY, G,G”
EORAGES, 3UKBETIX1IY, 2%KBED

B L MER L,

¢) WshnEx0.25% 8 (Fig. 12)

¥,G” &b, 100~150w/v% REHE TIx, BT
LT, KEOLWERIHRERL, G, %
£ i0.2Hz €8, 9, 10dyne/cm?, 1.0Hz 12, 18,
lddyne/cm?, G”i%, *hFh0.2Hz Tl10, 9, 12
dyne/cm?, 1.0Hz 1318, 29, 29dyne/cm?*TH -
iz,

WOINE0.25% 8K T, BEERE b b
T, G, G L b R E D, B, TR G X
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dynescm ? dynescm 2
100— 100—
100 wiv % 120 wiv %
50— 30—
B /__..&r?\/j
0= LT o o P F
2 4 K B8 10 Hz 2 4 B B8 10 Hz
dyne/em ?
100
150 wiv %
50—

;57"i§

L R R e
2 4 6 8 10 H

Fig. 13 Frequency and G’ ((I) G” (4.
Sample : BaSO, suspensions 100, 120, 150w/v %
tragacanth 0.35%.

hRfEx &b, AERO LR hTHALK,

d) #In&E0.35%H#A (Fig. 13)

G, 100~150w/vo% &K < RBEH O HImc
DhTEAMREME, ThEh0.2Hz T2, 5,9
dyne/cm?, 1.0Hz T1324, 35, 24dyne/cm*TH -
o, GMITAER S LTl o R X, Fh
ZHh0.2Hz T4, 18, 17dyne/cm?, 1.0Hz "T15, 18,
17dyne/cm?, B OEF T3 £ h ¥ h0.8Hz T
17dyne/cm?, 0.6Hz T24dyne/cm?, 0.6Hz T20
dyne/cm?*TH - 7z,

WINE0.IS%WA TR BRERRE T h bbb
T, G, G EbHBRNEL, Lrd, GHRE
BB L CER MR L e L, Gt
Hom@i i, WEREROPRMSECHRlhg
DA NI B Rz,

e) WinE0.50~1.25% 8% (Fig. 14~17)

EINE0.50% LI_E DBRALERHFI T, FinEOH
n, BEBWRESC LA L b, G, G"E bk
L=,

dynesem 2
100—
100 wiv %
50—
L s ——

Uil e i e i
2 4 6 B8 10Hz

dyne/cm 2

00— 150wV %

=2
B
D/‘?’
/
50— /—’

|

T 1 1 T T
2 4 6 & 1L0Hz

dynzdom 2
100_|
120 wiv %
s
"-0.._‘_‘““
>
/“/
P

i i e e |
2 4 B8 B8 LOHz

Fig. 14 Frequency and G* ([1) G” (A),
Sample : BaSO, suspensions 100, 120, 150w /v 9%

tragacanth 0.50%.

dyneserm 2
100
100 wiv %
50 -
e

L N B e
2 4 6 B8 L0 Hz

dyne/cm?

100+ g

ot

50 150 wiv %

=TT T T
2 4 6

8 10 Mz

dyne/cm 2
100
120 wiv %
50
o—o—a_
N D

0- —T—7T—T T T
2 5 B 8 10 Hz

Fig. 15 Frequency and G’ () G” (A).
Sample : BaSO, suspensions 100, 120, 150w /v %

tragacanth 0.60%.
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dynesem 2 ) dynescm 2
- 100
1097 100 wav % 120 Wi %
50 0o _ o a—e—=
/
f
L e e e i - T T T T
2 4 6 B8 L0 H2 2 4 6 B8 10 Hz
dyne/cm 2
u_,_..-ﬂ—-ﬂ—ﬂ\“.q
100
150 wiv %
50— //
=TT

MU
2 4 6 8 10 Hz
Fig. 16 Frequency and G’ () G” (A).
Sample : BaSO, suspensions 100, 120, 150w/v %
tragacanth 0.80%.

ayne/em ? dyne/em 2
1000+ 1000
100 wiv % 120 wiv %
500 500
o B —S—e
ﬁ/
=TT T 1 T T T 1T
2 4 6 8 1D H 2 &4 B B 10 Hz
dyne/em 2
1000+
150 wiv %
" )__a\-
500+

o T 1T 1 1
T2 a4 6 B8 LD Hz

Fig. 17 Frequency and G’ ((0) G” (A).
Sample : BaSO, suspensions 100, 120, 150w/v %
tragacanth 1.25%.

HEFN604E 1 A25H

B, Hin0.50% & 1.25% #0100~ 150w/
v% BB TIx, HINE0.50%MHFID Gl EhF
h0.2Hz T12, 46, 62dyne/cm?, 1.0Hz <11, 37,
80dyne/cm* CH - DX L, EmEL.25%C
1%, Gz h*¥hn0.2, 1.0Hz & %160, 350, 600
dyne/cm*ici A Lz, ¥z, G, BRINE0.50%
MH T hEh0.2Hz T7, 12, 46dyne/cm?, 1.0
Hz 11, 32, 62dyne/cm*C&H - feD okt L, o
#1.25% T 1%, 0.2Hz T30, 180, 200dyne/cm?,
1.0Hz T160, 200, 350dyne/cm?~ &K L7z,

0.50~1.25% 0 fEmECRAEEE L, Gk
Fa & ONE, BEEBRE IRV T LA MR AR
Wiodd, GRERINE, BEEEEC X b B
WHUT—EDHFE L —VIIRIEhate, Gk
G iR OBER TR VT hoMER, B
THh G hEELF LI,

LA bofERZEYT 5 &, fiE ) v 4T,
G'Mk&EL, FIVHV FOLEEMTIE G,
G” & bFA L, Bz G" O K & o T,
LL, %nE0.25% Cik G”43 Gt L Tk
& LUTHEERIERL, HInE0.35% ¢ #iiRo3s
AREGh, FwnEXRE s cilmds &, G, G
EBFEER L, e GoBinER 2 ER & i
b, G&GOBERIIMIEE Y v 2 iHind
0.25% D& L MR L,

3. REMER (Fig. 18)

cm

150
EA 100u/vs
1 12000%
[ 150u/v%

100

50

ol IR

0 025 035 0.50 D.60 0.80 1.25
content of tragacanth ( welght/welght % )

Fig. 18 Results of flow test.
Sample: pure BaSO, suspensions and vari-
ous % of tragacanth added.

(39)



40 HALE SRR ) v & OEN2HTR
Of tr. 0 0.25 0.35 0.50 0.60 | 0.80 1.25
m\w 10 30|10 30| 10 30|10 |30 |10 (30 |10 (30 | 10 3u
1w |0 @@ @GP DD
12 (GOGYPPIDIOPO®DOO®DD
150 .'0.“’.0.‘.‘."(30
visualized area : @) an @D P G uwm

Fig. 19 Results of visualization test of gastric area on model stomach.
Double contrast method with suspensions in each content of tragacanth and

Ba50, suspension concentration.

MBS Y Y ARI O Y FRMEO S
BEE CHRBEELEL B2 L b, A—&KM
ETIREBRRE R L3 CVBESENEL
Ttoie,

HOBEMLED» 51D, WTFhoBREBKE
ETb 74 b EME0.IDRBORAERATDH
b, 150w/v% @ ¢ 1195.8cm, 120w/vY% Tk
134.5cm, 100w/v% T13143.2cm THh - 7o,

4, fHrExER (Fig. 19)

MR v ARBECTRVWThoOBECTHE
PNEOREEX/ALTTH 57z,

WRINED.25% & 0.35%8H3, 150w /v% BBk
D A0 HEA/ADREHE AR L, FHn&0.80% % T
i, w0, fHRREEL,
0.80% %1120, 150w/v% T30 ¥ T4/4D
MHERYRLA, LL, HNEL.25% Tt
MO RERERE TR/ 2BETET L,

v, & =

1. Zm#F 0ER & WHHLDF %

mmEHELTHERLL LS HF v b
(Tragacanth)id, < 2 D4 Astragalus gum-
mifer Labillardiere 7c\~ L%, O R BHE Y
Lagumminosa D#0 @87 oW ThH 5, F
- GFEIE0F EShh, BRILE®BEY L pH S
TRAMELXET 5,

whnElE LT, [BvpH B TERET, i
(¥ pH 2.0) TREHEI BN L e X5 S EiE
AY g ADOFEMAE LTHHEERTWS,

BINGHEDTRER ) v 2R, HNFIOEE,

(40)
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