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ABSTRACT: The sorption behavior of a fluorescent rea-
gent into a polymer film was visualized by confocal laser
scanning microscopy (CLSM), and the effects of the addi-
tives, film types, and film depth on the diffusion coeffi-
cient (D) of the fluorescence reagent were examined.
Perylene and cellulose acetate (CA) were used as a fluo-
rescent reagent and a polymer material, respectively.
Perylene dissolved in the additives triethylene glycol
diacetate (TEGDA) and glycerol triacetate (GTA) was
added to the CA film. Then, the evaluation of two types
of CA films, a closed-system cellulose acetate (CCA) sam-
ple and an open-system cellulose acetate (OCA) sample,
was conducted. At optimized CLSM conditions (with a
scanning range at a 20-lm depth from the CA film sur-
face with 1-lm intervals and a scanning speed of 1 fps),
the sorption of perylene at the inner CA film was deter-
mined. The D values of perylene in the CA film were cal-
culated pursuant to Fick’s second law. Higher D values
of perylene mixed with TEGDA versus those of perylene

mixed with GTA were commonly obtained for the CCA
sample (TEGDA: 8.9 � 10�15 m2/s > GTA: 1.7 � 10�15

m2/s) and the OCA sample (TEGDA: 11 � 10�15 m2/s >
GTA: 3.3 � 10�15 m2/s) because of the higher chemical
affinity of TEGDA with perylene than that of GTA.
Perylene indicated a higher D value and was homogene-
ously distributed in the case of the OCA sample; we
found that diffusivity and distribution of perylene in CA
film were largely affected by the multistratification treat-
ment. We also proved that the deeper the film depth
was, the lower the diffusivity of perylene was, regardless
of the types of additives and films. The factors considered
for the film-depth dependence of D were a gradual
increase in the diffusion pathway for perylene caused by
additive diffusion and the concentration dependence of
the perylene D. VC 2011 Wiley Periodicals, Inc. J Appl Polym
Sci 121: 1780–1787, 2011
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INTRODUCTION

The sorption of liquid additives and/or vapor
components into polymer materials seriously affects
the product quality in many industrial fields,
including material engineering and food manufac-
turing.1–5 For example, in the manufacturing pro-
cess of thermoplastics for plastic lapping and
rubber materials, plasticizers are added to increase
the flexibility, toughness, and/or transparency of
the materials.1,2 In the food industry, serious prob-
lems with food quality have been identified that are

related to the loss of flavors by sorption into
polymer packaging films.3–5 Multistratification is
one of the most effective techniques for preventing
the permeation of penetrants through polymer
materials.6

Numerous studies on the sorption behavior
of chemicals into polymer materials have been
reported; mainly, these have been done on the basis
of their physicochemical properties.7–11 Since the
mid-1980s, aqueous and vaporous penetration meth-
ods12,13 have been widely used to determine the
dynamics and physical and chemical parameters of
chemicals and/or polymers; for example, the molar
volume, solubility parameters, free energy, and free
volume have been characterized as a contributors to
sorption.14–16 However, these convenient methods
provide no in situ information on the real-time
distribution behavior of penetrants in polymers.
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With this in mind, we established an in situ determi-
nation, that is, a real-time and nondestructive visua-
lization method for sorption dynamics, by applying
confocal laser scanning microscopy (CLSM).17 CLSM
has been widely used for the observation and/or ana-
lysis of mass-transfer phenomena in the fields of phys-
iology and pharmacology with the use of a fluorescent
labeling technique or fluorescent reagent mixture.18–21

Recently, attempts to apply CLSM have been reported
in materials engineering to assess the surface hydro-
philicity of polymers,22 the plasticizing effect of super-
critical fluid treatment for polymers,23 and the bio-
degradation behavior of polymer film surfaces.24

In our previous study,25 we evaluated the effect of
various additives on the sorption behavior of a fluo-
rescent reagent (perylene) into cellulose acetate (CA)
films by adopting our established CLSM methodo-
logy. The diffusion coefficient (D) of perylene in CA
film varied and was dependent on the kind of addi-
tives. The diffusivity of perylene was mainly affected
by the chemical affinity of the additives with
perylene and was additionally affected by the physi-
cal properties, such as molecular size and viscosity,
of the additives.

In this study, we tried to further ensure the
development of the CLSM technique to promote a
better understanding of sorption phenomena. The
sorption behavior of perylene into closed-system cel-
lulose acetate (CCA) film (bilayer with glass) and an
open-system cellulose acetate (OCA) film (mono-
layer) were investigated and compared according to
D values. In the comparison study, both the overall
D and its film-depth dependence were evaluated. As
additives for the dissolution of perylene, triethylene
glycol diacetate (TEGDA) and glycerol triacetate
(GTA), known as plasticizers for CA,26,27 were used.

EXPERIMENTAL

Materials

CA flakes with a degree of substitution of 2.5 [weight-
average molecular weight (Mw) ¼ 1.0 � 105 g/mol]
were a product of Daicel Chemical Industries, Ltd.
(Osaka, Japan) and were used without further purifica-
tion. Perylene (Mw¼ 252.3 g/mol), TEGDA (Mw¼ 234.3
g/mol), and GTA (Mw ¼ 218.2 g/mol) were purchased
from Wako Pure Chemical Industries, Ltd. (Osaka,
Japan), Tokyo Chemical Industry Co., Ltd. (Tokyo,
Japan), and Sigma-Aldrich (Tokyo, Japan), respectively.
Other reagents were commercially available in extra-
pure grade, and all of the chemicals were also adopted
without further purification. The structures of the chem-
icals used in this study are depicted in Figure 1.

Preparation of the CA films

CA flakes were dissolved in acetone to make a 2.0 w/v
% solution. The CCA film was prepared on a film-mak-
ing unit consisting of a cover glass and a penicillin cup
(Fig. 2) from an aliquot (200 lL) of CA solution under
the protocol explained in the previous report.17 We pre-
pared the OCA film by putting an aliquot (4 mL) of CA
solution into glass Petri dish (diameter ¼ 27 mm) and
vaporizing excess acetone for 7 days at room tempera-
ture. After it was dried in vacuo overnight, the film was
peeled off from the Petri dish and fixed between two
neodymium magnets (Fig. 3, inner diameter ¼ 23 mm,
thickness ¼ 1 mm). The prepared CCA and OCA sam-
ples were 956 5 and 606 10 lm thick, respectively.

Preparation of the perylene/additive mixture

Weprepared the perylene/additivemixture at room tem-
perature by dissolving perylene with TEGDA or GTA to

Figure 1 Chemical structures of (a) CA (R ¼ CH3CO or H), (b) perylene, (c) GTA, and (d) TEGDA.
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achieve a desired molar ratio of perylene. The molar ratio
of perylene to themixture was defined as follows:

Molar ratio ¼
Perylene amount ðmolÞ

Perylene amount ðmolÞ þAdditive amount ðmolÞ

The molar ratios of perylene with TEGDA and
GTA for this study were 9.1 � 10�5 and 8.8 � 10�5,
respectively.

CLSM analysis

The fluorescent spectra of perylene in the CA films
were obtained by a CLSM system (CLSM system A1,
Nikon Corp., Tokyo, Japan) equipped with a dry
objective lens (CFI Plan Apo VC 20�, Nikon). We
measured the fluorescence of the CA film itself by
settling the CCA and OCA samples on a microscope.
We measured the spectra of the perylene/additive
mixtures or additives themselves by dropping an ali-
quot (4 lL) of the solution onto a cover glass settled
on a microscope. With a diode laser (408 nm, 290–
330 lW) for excitation, fluorescence excited from
around the cover glass was detected at room tem-
perature. For the perylene/additive mixtures, the in-
tensity of reflected fluorescence at 450 6 25 nm was
measured from confocal images around the cover
glass by the adoption of optical filters.

Visualization of the perylene distribution
in the CA films by the CLSM method

Before the perylene penetration measurement by the
CLSM method, the air-contact surface of the CA film
was determined as a 0-lm depth by transmission

image analysis of the CCA and OCA samples with a
halogen lump. The change in the fluorescence inten-
sity of perylene in the CA film during sorption experi-
ments at room temperature was measured by a CLSM
system every 3 min after a 4-lL perylene/additive
mixture was dropped onto the CA film. Confocal
images were obtained by a scanning excitation laser
in the cross-sectional region of the CA film with inter-
vals along the z axis. The depth from the air-contact
surface of the CA film was 20 lm, with intervals of
1 lm. The confocal imaging area was approximately
640 � 640 lm2 on the x–y surface, and the scan speed
and flame size were 1 fps and 512 � 512 pixels,
respectively. All other conditions of the CLSM system
were the same as mentioned previously. Three repli-
cates of CLSM analysis [Mean 6 Standard deviation
(SD)] were performed for this study.

RESULTS AND DISCUSSION

Fluorescence detection of perylene
by the CLSM method

As demonstrated in our previous report,25 the pery-
lene/additive mixtures showed significant perylene-
induced fluorescence intensities around 470 and
503 nm, whereas no fluorescence intensities were
observed for the additives or CA films (data not
shown). This showed that any interference in fluores-
cence from the additives or CA films could be
excluded for in situ penetration monitoring of the per-
ylene in the CA films. Likewise, as was the case in our
previous study,25 a good linearity (r > 0.978) between
the fluorescence intensity and the molar ratio of pery-
lene in each perylene/mixture was obtained in the
molar ratio of perylene range from 2.1 � 10�5 to 13 �
10�5 (data not shown).

Figure 2 Film-making unit used for the preparation of
the CCA sample.

Figure 3 OCA sample fixed between neodymiummagnets.
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Monitoring of the sorbed perylene in the CA
films by the CLSM method

Three-dimensional chemical images of the CA
films treated with perylene/additive mixtures were
reconstructed by the chemical images of the x–y
surface obtained at several depths of the CA film.
Cross-sectional chemical images (x–z surface) of the
CCA and OCA samples at 6 and 30 min after the
addition of the perylene/additive mixtures are
shown in Figure 4. Although there was some influ-
ence of asperity or slant on the air-contact surface of
the CA films, the blue color derived from the fluo-
rescence intensity of perylene was detected in each
image. It was clear that the blue color expanded to a
deeper area over time after the addition of the mix-
tures in each CA film sample. These results indicate
that the sorption of the perylene/additive mixture
proceeded progressively from the top of the CA film
to the inside of the film. With respect to the effect of
the additives on the perylene penetration, the
change was higher for the perylene/TEGDA mixture
in both CCA and OCA samples. Intriguingly, the
perylene penetration behavior in the OCA sample
became more intense than in the CCA sample, espe-
cially for perylene/TEGDA mixture.

Effect of the additives and CA film type
on D of perylene

To quantify this behavior, the fluorescence inten-
sities derived from perylene in the CA film were
calculated as an average of each pixel in the x–y

surfaces. Approximately 4.0 � 104 square lm areas
were selected from the observation areas for analy-
sis. Figures 5–8 show the changes in the intensities
in each depth of the CA films, in which the intensity
was averaged through three replicates. On the hori-
zontal axis, the 0-lm depth indicated the air-contact
surface of the CA film. We standardized the

Figure 4 Time-course cross-sectional chemical images (x–z surface) of the CCA and OCA samples.

Figure 5 Relationship between the depth of the CCA
sample and Is at several times after the addition of the per-
ylene/TEGDA mixture.
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fluorescence intensities in each depth by subtracting
the CA-based intensity and subsequently dividing
the obtained intensity by that of the 0-lm depth at
each time. Consequently, the standardized intensity
(Is) of each CA film depth increased progressively
from 6 to 30 min after the addition of the mixtures.

With regard to the CCA samples (Figs. 5 and 6), Is
increased by a factor of 0.34 at a 8-lm depth and
0.22 at a 4-lm depth in the perylene/TEGDA and
perylene/GTA mixtures, respectively. For the OCA
samples (Figs. 7 and 8), on the other hand, each
increment was a factor of 0.26 at a 14-lm depth and
0.20 at a 9-lm depth in the perylene/TEGDA
and perylene/GTA mixtures, respectively.
From the results shown in Figures 5–8, D of perylene

was calculated based on Fick’s second law, as follows:

@C

@t
¼ D

@

@x

@C

@x

� �

where C is the concentration of perylene, t is the
time by postaddition of the mixture, and x is the
film depth. The left side of the equation was
obtained as the slope of Is versus t in each depth of
film because the intensity had a good linearity for
the molar ratio of perylene. Then, the second term
on the right side was calculated as the slope of a
change of Is in a 2-lm depth range (qIs/qx) versus
the film depth. Finally, D was calculated as the co-
efficient of both sides of the equation for each depth
of film and averaged. A detailed scheme for the
calculation of D was presented in our previous
report.25 Figure 9 shows the D values of perylene in
the CA films when they were mixed with additives.
For the CCA samples, the D values were calculated
in the 10–13 and 3–8 lm depth range in the
perylene/TEGDA and perylene/GTA mixtures,

Figure 6 Relationship between the depth of the CCA
sample and Is at several times after the addition of the
perylene/GTA mixture.

Figure 7 Relationship between the depth of the OCA
sample and Is at several times after the addition of the per-
ylene/TEGDA mixture.

Figure 8 Relationship between the depth of OCA sample
and Is at several times after the addition of the perylene/
GTA mixture.
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respectively. For the OCA samples, the D values
were calculated in the 14–17 and 9–11 lm depth
ranges in the perylene/TEGDA and perylene/GTA
mixtures, respectively. The D value varied depend-
ing on the kind of additives and the CA film type. In
both the CCA and OCA samples, the D values of
perylene in the CA films when they were mixed
with TEGDA (CCA: 8.9 6 2.6 � 10�15 m2/s, OCA: 11
6 5.1 � 10�15 m2/s) were higher than those when
they were mixed with GTA (CCA: 1.7 6 0.83 � 10�15

m2/s, OCA: 3.3 6 2.2 � 10�15 m2/s). Regardless of
the kind of additives, the D values of perylene in the
CA film became higher for the OCA samples
(TEGDA: 11 6 5.1 � 10�15 m2/s, GTA: 3.3 6 2.2 �
10�15 m2/s) than for the CCA samples (TEGDA: 8.9
6 2.6 � 10�15 m2/s, GTA: 1.7 6 0.83 � 10�15 m2/s).
In our previous study,25 we evaluated the effect

of various additives on the sorption behavior of
perylene into CCA samples and verified that D of
perylene in CA films was affected by the physico-
chemical properties of the additives. The higher D
value of perylene mixed with TEGDA (8.9 � 10�15

m2/s) versus that perylene mixed with GTA (1.7 �
10�15 m2/s) was attributed to the higher chemical af-
finity of perylene with TEGDA on the basis of the
estimation with solubility parameters. Similarly, in
the case of the OCA sample, as the previously dis-
cussed results in this study suggest, the order of the
D value of perylene was TEGDA mixture (11 �
10�15 m2/s) > GTA mixture (3.3 � 10�15 m2/s); this
order was attributed to the difference in the chemi-
cal affinities of the perylene with additives.
Regardless of the kind of additive, the D values of

perylene in the OCA samples were higher than
those in the CCA samples. Figure 10 represents the
shift of Is at each depth of the CCA and OCA
samples 1, 2, and 24 h after the addition of the
perylene/TEGDA mixture. With the exception that
the cross-sectional region for scanning was 0–40 lm
deep from the air-contact surface of the CA film, the
experimental conditions and analytical protocols
were same as mentioned previously. As for the CCA
sample, we did not investigate a progressive
penetration of perylene into the CA film but a
swing-over of perylene penetration to some extent
after 1 h. The Is values at 1, 2, and 24 h after the

Figure 9 D values of perylene in the CCA and OCA sam-
ples when mixed with TEGDA or GTA. The data are the
Mean 6 SD (Number of repetitions n ¼ 3).

Figure 10 Relationship between the depth of the CA film and Is at several times after the addition of the perylene/
TEGDA mixture: (a) CCA and (b) OCA.
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addition of the perylene/TEGDA mixture were 0.015,
0.014, and 0.012 at a 20-lm depth and 0.0034, 0.0035,
and 0.0033 at a 40-lm depth, respectively. This result
indicates that the perylene penetration came to equi-
librium around 1 h after the addition of the mixture,
and the distribution ratio of perylene at a 40-lm
depth was 0.3% compared with the air-contact surface
(0-lm depth) of the CA film. For the OCA sample, on
the other hand, the penetration of perylene into the
CA film was progressing even at 24 h after the addi-
tion of the mixture. The Is values at 1, 2, and 24 h
after the addition of the perylene/TEGDA mixture
were 0.30, 0.88, and 1.1 at a 20-lm depth and 0.017,
0.27, and 1.1 at a 40-lm depth, respectively. This
result indicates that perylene was homogeneously dis-
tributed in the OCA sample by 24 h after the addition
of the mixture, in contrast to the CCA sample.

Studies on gas permeation through polymer films
have revealed that the permeability of the multilayer
is not always correspondent to the multiplication of
those of each consisting monolayer28 or that the per-
meability of the multilayer differs, depending on the
side of coating layer (inside or outside).29 With the
cover glass of the CCA sample considered a coating
layer of the CA film, these results suggest that D
and the distribution of perylene in the CA films
largely varied with the multistratification treatment.

Film-depth dependence of D of perylene
in the CA films

To promote more understanding of the sorption
behavior of perylene into CA films, the D values at

each film depth were calculated pursuant to Fick’s
second law. Figure 11 describes the relationships
between the film depth and D of the CCA and OCA
samples. It was greatly interesting that these results
showed clearly that there were strong negative cor-
relations between the two; that is, the deeper the
film depth was, the lower the diffusivity of perylene
was, regardless of the types of additives and films.
As is well known, Fick’s second law is based on the
hypothesis that although the concentration gradient
of penetrant to film depth transforms over a time
course, the rate of its transformation is constant, and
D is obtained as a constant number. These results,
however, contradict this hypothesis. Comparing the
slopes obtained approximate linearization, we found
that the absolute values of the OCA samples
(TEGDA: 3.9 � 10�15, GTA: 2.2 � 10�15) were higher
than those of the CCA samples (TEGDA: 2.0 �
10�15, GTA: 0.64 � 10�15). This means that the
influence of the film depth increase with decreasing
diffusivity was larger for the OCA samples than for
the CCA samples.
As factors causing the film-depth dependence of D,

two viewpoints were considered. The first factor was
the effect of the additives mixed with perylene. With
respect to the diffusion of penetrant in the polymer
materials, the free volume theory was proposed in
1960s,30 and recently, it has been generally thought
that amorphous portion in polymer material is the
dominant diffusion pathway.31–37 It was considered
that with the diffusion of TEGDA or GTA, the amor-
phous portion, that is, the diffusion pathway for per-
ylene, gradually increased due to the CA solubility27

of additives. As a result, the D value of perylene in
the superficial part of the CA film was higher than
that of the deep part. The second factor was the con-
centration dependence of D. It has been reported that
the higher the concentration of penetrant in an expe-
rimental system is, the higher the D of penetrant in
the polymer materials will be.38,39 In polymer mate-
rials, the concentration of penetrant should vary with
the distance from the liquid/solid or vapor/solid
boundaries. We considered that the aforementioned
film-depth dependence of the D value directly indi-
cated the concentration dependence of D in the CA
films. As for the CCA sample, perylene had a lower
D value than that obtained previously (3.8 � 10�15

m2/s < 8.9 � 10�15 m2/s) when mixed with TEGDA
at a lower molar ratio (0.28 � 10�5 < 9.1 � 10�5).
Moreover, this result proves that D of perylene was
dependent on the concentration.

CONCLUSIONS

In this study, the effects of the kinds of additives,
TEGDA or GTA, and film types, CCA or OCA, on
the sorption behavior of perylene into CA films

Figure 11 Relationship between the CA film depth and D
of perylene.
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were evaluated. Through dynamic monitoring of the
perylene penetration by a CLSM methodology, the
overall D values of perylene in CA films and its
film-depth dependence were calculated according to
Fick’s second law.

The higher chemical affinity of TEGDA with
perylene versus that of GTA commonly caused a
higher D of perylene for both the CCA sample
(TEGDA: 8.9 � 10�15 m2/s > GTA: 1.7 � 10�15 m2/s)
and OCA sample (TEGDA: 11 � 10�15 m2/s > GTA:
3.3 � 10�15 m2/s). What is really interesting was that
perylene had a higher diffusivity in the OCA sample
than in the CCA sample beyond the types of addi-
tives. In conclusion, we simultaneously clarified that
when it was mixed with TEGDA, perylene appeared
homogeneously distributed in the OCA sample by 24
h after the mixture addition (Is ¼ 1.1 at a 40-lm depth
of CA film) as opposed to CCA sample (Is ¼ 0.0033 at
the same depth). These results demonstrate that D
and the distribution of perylene in the CA films
largely varied with the multistratification treatment.

From the results on the film-depth dependence of
D, as were greatly interesting, it was clear that the
greater the film depth was, the lower the diffusivity
of perylene was, regardless of types of additives
and films. Although this finding contradicted the
hypothesis of Fick’s second law, a gradual increase
in the diffusion pathway for perylene caused by
additive diffusion and the concentration dependence
of the perylene D values were considered factors.

The aforementioned results and findings could be
directly achieved because of the advantages of the
CLSM system, that is, a real-time and nondestructive
visualization method for sorption dynamics. It was
proven that our proposed CLSM methodology
should be beneficial for the promotion of a better
understanding of sorption behavior.

This study was conducted with the technical support of
Nikon Instech Co., Ltd., Tokyo, Japan. The authors are grate-
ful to Toyofumi Kameoka and Takayo Furuya for their
operational support of the CLSM system.

References

1. Deanin, R. D.; Shah, N. A. J Vinyl Technol 1983, 5, 167.
2. Hofmann, G. H.; Lee, W. C. J Vinyl Add Technol 2006, 12, 33.
3. Shimoda, M.; Nitanda, T.; Kadota, N.; Ohta, H.; Suetsuna, K.;

Osajima, Y. J. Jpn Soc Food Sci Technol 1984, 31, 697.
4. Sadler, G. D.; Braddock, R. J. J. Food Sci 1991, 56, 35.
5. Leufven, A.; Hermansson, C. J. Sci Food Agric 1994, 64, 101.

6. Kawamukai, T. Jpn Tappi J 2004, 58, 100.
7. Sakata, I.; Senju, R. J Appl Polym Sci 1975, 19, 2799.
8. Ware, R. A.; Tirtowidjojo, S.; Cohen, C. J Appl Polym Sci 1981,

26, 2975.
9. Bouajila, J.; Dole, P.; Joly, C.; Limare, A. J Appl Polym Sci

2006, 102, 1445.
10. Kalachandra, S.; Turner, D. T. J Polym Sci Part B: Polym Phys

1987, 25, 697.
11. Kalaouzis, P. J.; Demertzis, P. G.; Kontominas, M. G. Packag

Technol Sci 1993, 6, 261.
12. Shimoda, M.; Matsui, T.; Osajima, Y. J. Jpn Soc Food Sci Tech-

nol 1987, 34, 402.
13. Matsui, T.; Shimoda, M.; Osajima, Y. J. Jpn Soc Food Sci Tech-

nol 1989, 36, 52.
14. Matsui, T.; Nagashima, K.; Fukamachi, M.; Shimoda, M.;

Osajima, Y. J. Agric Food Chem 1992, 40, 1902.
15. Matsui, T.; Fukamachi, M.; Shimoda, M.; Osajima, Y. J Agric

Food Chem 1994, 42, 2889.
16. Fukamachi, M.; Matsui, T.; Shimoda, M.; Osajima, Y. J Agric

Food Chem 1994, 42, 2893.
17. Hasegawa, T.; Matsui, T.; Matsumoto, K. J Appl Polym Sci

2010, 116, 1552.
18. Van Thienen, T. G.; Demeester, J.; De Smedt, S. C. Int J Pharm

2008, 351, 174.
19. Wu, L.; Brazel, C. S. Int J Pharm 2008, 349, 144.
20. Hubbuch, J.; Linden, T.; Knieps, E.; Ljunglof, A.; Thommes, J.;

Kula, M. R. J Chromatogr A 2003, 1021, 93.
21. Hubbuch, J.; Linden, T.; Knieps, E.; Thommes, J.; Kula, M. R.

J Chromatogr A 2003, 1021, 105.
22. Wang, C.; Zhu, L.; Qiu, Y. J Appl Polym Sci 2008, 107, 1471.
23. Wang, Y.; Yang, C.; Tomasko, D. Ind Eng Chem Res 2002, 41,

1780.
24. Woolnough, C. A.; Charlton, T.; Yee, L. H.; Sarris, M.; Foster,

L. J. R. Polym Int 2008, 57, 1042.
25. Hasegawa, T.; Matsui, T.; Matsumoto, K. J Appl Polym Sci

2010, 116, 1710.
26. Ohnishi, A.; Maeda, K.; Endo, Y.; Akinaga, Y.; Uehara, M.

Senbai Chuken-Ho 1972, 114, 105.
27. Maeda, K.; Anzai, Y.; Sawakuri, T.; Noguchi, K. Senbai

Chuken-Ho 1975, 117, 109.
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