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Fundamental studies on barium meals for the double contrast method,
especially on particle size using Coulter Counter
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Department of Radiology, Osaka Medical College
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1. Purpose: Double contrast method has become popular in routine examinations of alimen-
tary tract and a tremendous number of papers have been published. But fundamental researches
on meals, especially on barium sulfate particles, were relatively few.

Along with a series of experimeuts carried out in our department, a physicochemical state of
barium sulfate suspension was studied. And results of morphologic observation, size distribution of
BaSO, particles with their clinical evaluation are reported in the present paper.

2. Materials: Number of samples tested were as follows:

1) Pure barium sulfate power-2

2) Commercial product in powders-12

3) Mixtrue of two commercial products, large (J) and small (F) size particles-1 (named
mixture T)

4) Commercial products in sol suspension-5

3. Method: Electron microscope was used for observating the BaSO¢ particles, and their
diameters were measured from the images in photographs.

Size distribution (diameter and volume) was obtained indirectly through the electric circuit of
Coulter Counter, and results were illustrated as histograms of diameter (%) and volume (weight
per cent, W% of particles.

4. Results and conclusion

1) Electron microscopic observation of particles showed some grouping of particles, and mor-
phologic varieties, from round or oval form of small particle (~3pm) to polygonal or cubic shape

(rock-like) of large particle.
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In mixture T, there were adhesions of small particles on large particle and fillings of gaps of
the large particles with small particles.

2) Histograms of diameter (%) of particles showed a peak on different diameter, 1.26~-1,59
(sample A), 1.26~1.59 (product F), and 0.50~0.63um (product J) according to the sample but
there were some differences between the histograms obtained by two methods, electron microscopic
and Coulter Counter, which would be caused by the measuring conditions.

3) Volume distribution of particles (W%) had a peak on different diameter from 1.00~10.08
pm according to the sample, but the mixture T showed two peaks on 2.52~-3.17 and 10.08~
12.70 pm.

4) In clinical studies, three barium suspensions of small (product F), large particles (product
D) and mixture T in 100, 125, 150 and 165 W/VZ% concentration were tested and proved our sus-
pected idea from the previous research. That is, after mixing of large and small particles of
barium products, barium suspension becomes lower viscosity than that of each alone in same con-
centration. And at the same viscosity, the mixing enables barium suspension to higher concentra-
tion which increases radiological contrast of images by double contrast method and also increases

detectability of gastric abnormalities.
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Table 1 Materials

Pure and commercial barium sulfate products
studied in this paper were listed with their

codes

Form and code

Name of product

Pure barium sulfate

A
B

Commercial products

Powder

So

nROWOTZErN A= I OMEDQ

Mixiure

Sakaikagaku
Barium Shokai

Barex Coats
Baritogen DX
Baritop P
Barosperse
Bestbar P
EZ-HDO

EZ Sol-Pake
Mikabarium B12
Mikabarium N
Neobarugin
Sol Powder
Umbrasol A

Baritogen Sol
Baritop 90
Micropaque
Mika Conc 100
Ryubari Sol E

T Mixture (3 :4) of Barosperse (F)
and Mikabarium B12 (])
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Fig. 1 Coulter Counter ZB-type Electronic counter
(left) and sample stand (right)
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Fig. 2 Block diagram of Coulter Counter
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Fig. 3 Electron micrograph of standard Latex:
particles. The scale is Sum,
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Fig. 4 Electron micrographs of BaSO, particles, A, F, J and T. The scale is 5um.
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Table 2)

a. FFOMEHELMIBLALS T A

BT HEEs L Coulter Counter = X b HIE L7z
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Table 2 Diameter of BaSO, particles
(W% by Coulter Counter)

o Distribution Peak
(1] 0
Range Gem) | D | (W0
A | 0.79~16.00 | 2.00~ 2.52 | 24.34
B | 0.79~16.00 | 2.00~ 2.52 | 22.32
¢ | 0.79~ 6.35| 1.59~ 2.00 | 27.49
D | 0.63~10.08 | 1.59~ 2.00 | 20.33
E | 0.79~ 8.00| 1.26~ 1.59 | 35.25
F | 0.79~12.70 | 2.00~ 2.52 | 24.68
G | 0.79~10.08 | 2.52~ 3.17 | 24.35
H | 0.63~25.40 | 4.00~ 5.04 | 12.59
1 0.63~12.70 | 2.00~ 2.52 | 29.48
J 1.00~25.40 | 8.00~10.08 | 19.18
K | 0.79~20.20 | 1.26~ 1.59 | 35.92
L | 0.63~16.00| 1.00~ 1.26 | 28.47
M | 0.63~10.08 | 1.26~ 1.59 | 32.26
N | 0.79~10.08 | 2.00~ 2.52 | 19.91
O | 0.63~ 8.00 | 1.26~ 1.59 | 27.85
P | 0.63~ 8.00 | 1.00~ 1.26| 37.47
Q | 0.63~ 8.00| 1.26~ 1.59 | 23.17
R | 0.63~ 8.00 | 1.00~ 1.26 | 35.07
S | 0.79~ 8.00 | 1.26~ 1.59 | 32.02
T | 0.50~25.00 | 2.52~ 3.17 | 17.29
10.08~12.70 9.10
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Fig. 6 Sample A
Size of BaSO, particles measured by Coulter Co-
unter and electron microscope.
Distribution. of diameter (%) and corrected by
volume (W2%).
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Fig. 7 Product F

Size of BEaSO, particles measured by Coulter Co-
unter and electron microscope.

Distribution of diameter (%) and corrected by
volume (W%).
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Diameter (pm)
Fig. 8 Product J

Size of BaSO, particles measured by Coulter Co-
unter and electron microscope.

Distribution of diameter (%) and corrected by
volume (W%).

EEERT (ER2.02¢m) @ Coulter Counter
B X 5 B FESAI130.79~5.04pm §EFdH b
1.59~2.00pm O v— 7 %@t BEET
V2 131.59~2.52pm o i ek bh, 1.59~
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40+

Products B, C, 1), T and N

2}
g

Frequency(w o
g

063 100 159 252 z_o-uka,sa 008 1800
Diameter (pm)
Fig.9 Products B,C,D, I and N
Size of BaSO, particles measured by Coulter Co-
unter, frequency is corrected by volume (W%).
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Fig.10 Products E, G, H, K, L. and M
Size of BaSO, particles measured by Coulter Co-
unter, frequency is corrected by volume (W%).
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Fig. 11 Products O, P, Q, R and §
Size of BaSO, particles measured by Coulter Co-
unter, frequency is corrected by volume (W%).
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Fig. 12 Products I, J and T

Size of BaSO, particles measured by Coulter Co-
unter, frequency is corrected by volume (W2%).
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IMEO E— 2 BIH “F” ik LT, KfEo
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Fig. 13 Peak and diameter as obtained from the
results measured by Coulter Counter.
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4. #%58 (Table 3)

FBE w BT 5 BAN O iwonT ST L
T

i) 100W/V % Tk, '8 OBRERDHEH SR ks
“F”61%, “J”768%, “T"56% T, B+l
DilehrotedDik, ThENTIY, 92%, 84% ¢
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“J”38%, “T”23% ChbH, Hit¥aBExS
)7 E4T” (p<0.02) ORITHERDT.

i) 125W/V %Cix, '8 DR R SR A
“F7088%, “J”, “T”I376% Thot. BE
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Fig. 14 TIllustration of method in text.

Test of visualization of gastric area in double con-
trast method.
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1. RFEOAMEFELCONT

WP FRC I HETB L, KEWHTLD
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Table 3 Clinical results of BaSO, meals (F, J and T) in double contrast method

C antrati _ . Mean of 100 |
;’E‘&-;’%}%ﬁ " 100 ] 125 150 \ 165 e o s
S| ucts, .. R e | Me

Items --__,____“_I F J T ‘Mean[ F J T |Mean| ¥ J T ‘Mean| F J T |M(,an F J T

Number of cases\ 28 25 25 |25 25 25 25 25 31 |25 26 29| 103 101 110

G°°€c§fa’i“g 61 63 56| 62 |83 76 76| 80 |84 84 71| 80 |60 73 79| 7L | 73 75 71

Aggl("a%’)‘”a‘(i“_“) 79 92 84| 8 |92 96100 ©6 |83 96 90| 91 |72 8. 90| 81 | 8 91 91

Visualization of

gastri({iya)rea 24 38 23| 28 |43 51 40| 45 |54 51 45| 50 |44 54 59| 52 | 41 49 43
/0 o
Mean 55 66 54| 58 |74 74 72| T4 |75 77 69| 74 |59 69 76| 68 | 66 72 68
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