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Hydrolysis of polysaccharides using a solid acid catalyst
Koshiro Shibata (Meiwa Senior High School)

1 Introduction

Bioethanol is made from glucose, which we can get from starch or cellulose.l! So, bioethanol

can be produced from waste that contains polysaccharides.

When sulfuric acid is used as a catalyst for hydrolyzing polysaccharides, sulfate ions are
required to remove from the solution after the reaction. To solve this issue, I used solid acid
catalysts. They are very easy to remove from solution and are reusable.

The purpose of my research is isolating glucose by hydrolyzing starch and cellulose with solid
acid catalyst. Therefore, in this study, I used Clinoptilolite, MS4A, B-zeolite, and Mordenite in
catalysis.[

2 Methods [1% starch solution 25mL |

Experiment 1 Hydrolyzing starch

In a preliminary experiment, I heated the starch solution and added

solid acid catalyst, but starch was not hydrolyzed. So I irradiated the :
reaction with supersonic waves to promote the reaction while heating the E'@
solution to 50 degrees Celsius (50°C). B
I measured the absorbance (ABS) when I added an iodine solution to & e,
the starch water solution and drew a calibration curve to show variations
in the density. (Figure 2)
I also measured the amount of reducing sugar using solid Cuz0, which
was acquired through Fehling’s test.

Experiment 2 Hydrolyzing cellulose

I added water to cellulose (1 g) and adjusted the volume to 100 mL. This suspension was
used as the cellulose solution. I added catalyst (0.25 g) to cellulose solution (2.5 mL) and heated
the mixture at 50°C for 1 h. In Experiment 2-1, I did not irradiate with supersonic waves, but in
Experiment 2-2 I irradiated with supersonic waves. After heating, I centrifuged the cellulose
solution and did a Fehling’s test on the supernatant. I measured the mass of Cuz0.

3 Results and Discussions

Figurel: procedure of
Experiment 1

Result of Experiment 1 ” N
Tablel Result of Experiment 1 ? rS
9 15 + -
< 1
Mordenite 26.8 412 o <
Clinoptilolite 24.6 2.25 o '
0 0.01 0.02 . 0.03 0.04 0.05 0.06
MS4A 13.9 5.63 density of starch(%)

= Figure 2: calibration curve
B-zeolite 14.4 4.12

The performance of each catalyst is as follows.

-B-zeolite and MS4A cannot hydrolyze a lot of starch, but can degrade starch into reducing
sugars at a high late.

-Although Clinoptilolite and Mordenite can hydrolyze additional starch, they cannot degrade
starch into reducing sugars at a high late.

Result of Experiment 2
Table3 result of Experiment2-1 Tabled result of Experiment2-2

All three catalysts, except B-zeolite, showed an
increase in their generation rate of reducing sugar

Mordenit 3.38 ; . . R .
s Mordenite 9:56 when irradiating with supersonic waves. The
Clinoptilolite 2.81 Clinoptilolite 3.38 . .

T P TR ™ supersonic waves promoted hydrolysis of these
B-zeolite 5.63 B-zeolite 5.63 catalysts, except for B-zeolite.

4 Conclusion

I have been successful in hydrolyzing polysaccharide to glucose using a solid acid catalyst.
I'm going to attempt to increase the decomposition rate of starch by exploring different catalysts
or by making catalyst combinations with them.
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SSH [ ENECHkAHL TH 17.9153.8123.9 4.4]31.9[48.4[18.7] 1.0]26.6[52.9[17.6][ 2.9] 31.1] 50.8] 13.6] 4.5] 30.0] 48.9] 19.2] 2.0
MC  [GREREE T 25 i E o7 18.6 [ 54.7 [22.6 | 4.1|25.2 (642187 1.9]23.7[57.1[17.6] 1.6] 23.9] 58.3] 14.6] 3.2] 26.4] 51.8] 19.9] 2.0
ks icovy- | 18.2157.9 214 25| 284626 [17.1] 1.9]22.9[59.4]16.5[ 1.3] 23.8] 58.0[ 15.3] 2.9] 25.1] 57.0] 15.6] 2.3
vavie i us 12871530 16.1] 2214004941 94 1314081479104 1.0] 41.3] 49.7] 6.0l 3.0l 44.9] 43.9] 83[ 3.0




HAT (%) SERE244E T K254 LR 64F & R TAEE
EEE B e | e | e | e (e e e e e e | AR | e e e | A5 E
BA<HEEE 3 LW 39.4| 41.9] 15.6| 3.2 22.3] 43.3| 26.8| 7.6] 21.5] 52.2] 20.5| 5.8 30.0| 53.4] 13.4] 3.2
NAZ IR CTED 33.7] 50.5) 13.7] 2.2] 182 56.4] 21.7| 3.8] 18.5| 54.3] 24.3] 2.9] 20.1] 58.6] 18.2] 3.2
SSH |NALEEITKLS 21.3] 54.0 [ 235 13| 21.7[ 64.0] 14.0] 03] 10.9] 59.7| 26.8] 2.6] 21.3] 56.1] 20.7] 1.9
BRI |NEICHRED T 20.0 | 45.4 | 29.5| 5.1 13.1| 44.7| 35.5| 6.7 9.9] 37.1| 44.4] 8.6] 15.7] 48.6] 29.1] 6.7
BHEA~OB- B0 05 5 15.6| 36.8| 34.6 | 13.0] 8.6] 31.6[ 43.1| 16.6| 5.4 27.2] 46.6] 20.8] 10.5] 30.7] 39.0] 19.8
SHRRDFEELIZVY 12.71 40.0] 38.7f 8.6] 8.7 36.7] 41.5] 13.2 7.1 31.1] 47.1] 14.7) 12.2] 44.2] 33.3] 10.3
BI<HBJE 3L 54.0] 41.3| 3.8] 1.0] 50.2f 43.5] 6.4] 0.0] 50.8] 42.5] 5.8 1.0] 43.3] 46.5| 8.6] 1.6
NEZBIECTED 31.7]1 587 89] o0.6f 31.8[49.7] 17.2] 1.3]| 26.5| 55.6] 17.3] 0.6] 24.8] 56.1] 16.6] 2.5
SSH |ANEZEEIIKLD 3431 610 3.8] 1.0f 31.5[ 605 7.3] 0.6] 54.0] 41.5| 4.2] 0.3] 42.4] 48.1] 6.7 2.9
Berl | NEICHIREL TS 295 54.3] 143 1.9] 26.4] 53.5| 17.8| 2.2] 29.1f 51.1] 16.3] 3.5| 23.9] 49.4] 21.0] 5.7
BIEA~OBLE- B0 5 24.8| 48.9] 21.0| 5.4 22.6] 49.4| 24.5| 3.5] 26.8] 47.0] 22.7| 3.5| 19.4| 48.7 24.5| 7.3
SN kA DA 2291 51.4f 203 54| 255( 475] 245] 25| 28.1]| 454| 21.74 48] 23.0] 45.7f 233 8.0
BA<HEE 3L 37.1] 49.5] 124 1.0 41.3] 49.7| 83| 0.6] 36.7 48.9] 13.1| 1.3] 27.7] 55.7 14.3] 2.2
2 NEZHECTED 22.5] 565 ] 19.0] 1.9 264 548 18.2] 0.6 22.0] 57.2| 17.9] 29| 18.8] 49.4] 27.7] 4.1
F SSH |NALEEITKLS 27.6| 61.3[ 9.8 1.3]332[57.5] 93] 0.0] 51.9] 41.0] 6.4] 0.6] 39.2] 47.5] 11.5] 1.9
BFEB | ARICHEEL TS 19.4| 54.6 | 21.6 | 4.4 24.8] 52.9] 20.7[ 1.6 26.2] 48.6] 21.7[ 3.5 20.1] 48.1] 25.5] 6.4
3 B0 BI.L A D 19.7] 46.3] 26.3 | 7.6] 22.9] 47.1 | 27.1| 2.9 23.1| 43.9] 28.8] 4.2| 18.2] 47.5] 25.8] 8.6
SHRRDFHELIZVY 17.2] 50.6 | 25.2 | 7.0f 24.2] 50.6] 23.2| 1.9] 23.3] 44.1| 26.8] 5.8] 17.9] 47.3] 256] 9.3
BA<AEEE D3 20.8| 476 17.1| 5.4 31.4] 48.4 | 18.9| 1.3] 24.0f 48.1] 24.4] 3.5| 27.7] 47.8] 18.5] 6.1
V]A&L’fmﬁ!r—f%7 16.8 41.3] 32.7[ 9.2] 20.8] 48.2 | 29.1| 1.9 16.9] 39.9] 37.4| 5.8 20.4| 48.7] 24.5] 6.4
SSH J&L 349 549] 83| 1.9] 409] 501 7.7] 0.3] 49.7f 42.3] 7.1] 1.0] 39.2] 49.4] 8.3] 3.2
P« |NEIC ﬂﬁ\i%%v 25.7] 37.8) 25.4| 11.1] 28.8| 43.5] 24.9| 2.9] 27.8| 36.4] 28.4] 7.3] 27.7] 43.6] 19.1] 9.6
BE~ OB - B0 23D 5 23.2| 37.8] 28.3] 10.8] 29.7] 41.9| 24.9| 3.5] 29.4f 40.9] 21.7] 8.0 26.4] 42.0] 22.3] 9.2
SORDFERELIZ 21.0] 37.3] 27.4] 14.3] 25.2] 43.5| 26.8| 4.5] 25.6] 38.3] 25.6] 10.5| 24.6] 44.7] 21.4] 9.3
BA<HEE 3L 40.6 | 46.7) 10.5| 2.2] 33.3) 51.0] 12.8] 2.9] 31.0] 50.8] 14.1{ 4.2] 32.5] 50.6] 12.7] 4.1
NELHRTED 216 51.4] 24.1| 29| 19.3] 53.7 | 23.8| 3.2] 16.3] 55.0] 24.6] 4.2 19.4| 51.6/ 23.9] 5.1
SSH |NEZEEILELD 34.3] 58.1| 63| 1.3] 33.5) 55.9] 9.3| 1.3] 42.5| 46.6] 9.6 1.3] 38.9] 51.0] 7.6] 2.5
fb% o |NEICHEEZL TS 27.6 | 44.8 [ 24.4| 3.2 27.0f 50.5] 18.3] 4.2 26.5| 48.2] 20.1f 5.1] 24.9] 48.9] 185 7.7
B~ - B0 AR 5 276 46.3 ] 21.0| 5.1 28.3] 44.7| 22.2| 4.8] 26.2 47.0] 22.7| 4.2| 28.1| 44.7[ 19.2] 8.0
SOABFHEELIZN 2491 450 243) 58] 26.0f 49.0] 20.8] 4.2] 264| 45.7] 21.50 6.4] 225] 492 205] 7.8
HA (%) RIS HEFE R 264EE SRR 2 TAESE
ERHTE H HE Degelemelae Vae Deselese|me | ae e e mE
B HEE 3LV 35.2] 50.0) 11.1] 3.7] 29.5 47.0] 14.8] 8.7] 28.0] 49.7 16.8] 5.6
NEZHECTED 30.0| 52.0] 16.0| 2.0 32.4] 44.6] 15.8] 7.2] 27.4[ 41.4] 28.0] 3.2
SSH |NALEEITKLS 25.5] 66.7 7.8] o0.0| 26.1 54.5| 14.9] 4.5 31.8] 53.2] 13.0] 1.9
Mo | NEICBLREL TS 314 51.0] 13.7] 3.9] 33.3] 41.3] 16.7] 8.7] 23.7( 46.2| 23.7] 6.4
) S 275 47.1 | 216 3.9 32.1f 39.4] 21.2] 7.3] 25.2] 46.5| 21.3[ 7.1
SO AL 1761 58.8] 19.6 | 3.9| 30.1] 42.6] 17.6] 9.6] 26.1] 38.9] 274 7.6
RIS HEE D3 39.3| 51.7] 7.6 1.4 32.5| 50.3] 11.9] 5.3] 31.2f 51.4] 13.3] 4.0
NEZ B TED 34.5] 524 9.0] 4.1 32.5[ 51.0] 15.2] 1.3] 30.2| 48.8| 18.6] 2.3
SSH |ANAEZEE > 52.7] 445[ 2.1 0.7 39.1f 56.3] 4.6] 0.0] 37.4] 50.3] 8.8 3.5
YE B | NAICELRAEL TH 47.3 ] 425 6.2 4.1] 38.4f 49.0] 11.9] 0.7] 30.4| 49.1 15.8] 4.7
BE~ OB - B0 23D 5 4321452 75) 4.1 37.1{ 50.3] 11.9] 0.7] 33.3] 45.6] 15.2 5.8
SORDFERELIZV 34.0] 49.3) 11.8] 4.9] 33.3] 50.7] 15.3] 0.7] 30.6] 46.5] 16.5] 6.5
BI<HEE D3V 34.6] 52.4] 9.9] 3.1 29.5] 57.6] 9.7] 3.2
NEZBRETED 31.1) 54.7] 11.1] 3.2] 29.2] 49.3] 19.2] 2.3
SSH |NAEZEEITEKLS 21.7] 58.7] 19.0f 0.5] 24.2] 58.0| 15.1] 2.7
b¥a |NEICHKEEZH TS 26.7) 48.2| 21.5] 3.7] 22.4| 51.1] 22.4] 4.1
B~ OB B0 0D 5 26.8] 41.6] 26.8] 4.7] 24.2] 47.5] 23.3] 5.0
SOABFHEELIZN 26.2] 4221 26.7f 48] 19.7] 41.3] 32.1] 6.9
BA<AEEE D3 35.9] 56.3| 7.3] 0.5] 43.5] 47.6] 7.9] 1.0] 39.6] 48.0] 8.4 4.0
NEZPETED 31.6] 51.3) 15.5| 1.6] 32.5] 55.5] 9.4] 2.6] 33.2] 53.0{ 11.9] 2.0
SSH |W&E4EEIK LS 333] 594 6.8 05| 36.1f 57.1] 6.3] 0.5 36.6] 51.5| 9.9 2.0
{b% B |NAEICHEZL TS 32.3] 55.2) 10.9] 1.6] 40.8] 49.7] 6.3] 3.1] 37.9] 48.3] 11.3] 2.5
3 BHEA~OBE- B0 0D 5 29.7]157.8[109) 1.6 41.0f 46.8] 8.5 3.7] 36.1| 48.0] 13.4[ 2.5
& SO E LI 28.6 | 54.5] 13.8] 3.2 33.0] 51.8] 13.1] 2.1] 33.0f 51.0] 13.0] 3.0
BI<HEE D3V 3441 573 7.6 0.8] 40.9] 50.3] 7.8] 1.0] 29.4] 57.2| 11.4] 2.0
=S NEEIfRTED 31.3] 603 7.6| 0.8] 34.0f 56.7] 7.7] 1.5] 26.1] 59.8] 13.1] 1.0
SSH |ANAEZEEIIEES 17.6 | 67.9] 13.7[ 0.8] 22.3] 58.0] 19.2] 0.5] 21.2] 60.1] 15.7] 3.0
AW |NEICHKEEZL TS 19.7] 66.7 | 12.9] 0.8] 27.1] 50.0] 20.3] 2.6] 24.1] 52.8| 19.6] 3.5
BEA~OBL B0 25 5 13.0] 61.8 [ 19.1| 6.1| 25.4] 48.7] 22.3] 3.6] 22.3[ 51.3| 21.3] 5.1
SR kA DA 13.0] 6341 16.0f 76] 22.0] 51.8] 19.9] 6.3} 21.7f 439] 288] 5.6
BI<HEE 3LV 21.9] 71.9| 6.3] 0.0] 33.3] 45.8] 16.7] 4.2] 31.4| 55.7f 10.0f 2.9
WNEH B TED 203] 719 78] 0.0f 31.9f 55.6] 9.7] 2.8] 31.9] 55.1] 11.6{ 1.4
SSH |NAELEEITKLS 18.5] 78.5] 3.1| 0.0] 26.0] 56.2] 13.7] 4.1] 31.0f 54.9] 11.3] 2.8
BB | NEICHKEL D 30.8] 66.2 3.1 0.0| 39.7 43.8] 12.3] 4.1| 36.6] 40.8] 16.9] 5.6
BHEA~ORE- B0 05 5 25.0] 70.3 | 4.7] 0.0| 39.7{ 41.1] 15.1] 4.1] 37.1| 41.4]| 18.6] 2.9
D5 EELIZ 20.2| 67.7] 3.1 0.0] 40.0] 40.0] 16.0] 4.0] 34.2 39.7] 23.3] 2.7
HI<HEEE 3LV 3441 613 3.8] 0.6| 51.5( 42.4] 5.6] 0.5 42.0] 49.8] 4.9] 3.4
NEZPFETED 30.0] 61.3] 8.1| 0.6] 40.5] 49.5] 8.0] 2.0] 33.2] 52.2[ 11.7] 2.9
SSH |ANEZEEIIE LD 32.5] 606 63| 0.6] 42.0f 50.0] 6.5] 1.5] 37.7] 50.0 9.3] 2.9
AR |NAICHEEL T 31.9] 60.6| 6.3| 1.3] 41.0] 47.0] 10.5] 1.5] 37.7| 48.0] 10.8] 3.4
B~ OB B0 5 30.8] 604 75| 1.3] 38.9{ 49.0] 9.1] 3.0] 37.3] 48.5[ 10.3] 3.9
SN kA DA 27.0] 604f 107] 1.9) 36.2f 45.2] 16.1] 2.5] 34.8] 46.4] 15.0 3.9
BB 3V 39.0] 53.3) 7.0] 0.7] 385 51.0] 9.1] 1.4] 41.2] 47.6] 9.5 1.7
N EBfETED 33.2]595[ 59| 1.4 35.9{ 55.3] 8.1] 0.7] 35.5| 57.3] 6.1 1.0
SSH |NALEEITKLS 26.6 | 61.7 | 83| 3.4| 24.1 59.5| 14.6] 1.7 28.9] 56.1| 12.6] 2.4
TATLY | NEICHEZEL TS 2761 57.9( 103 4.1 29.2 51.2] 16.3] 3.4] 30.3] 50.7] 17.0{ 2.0
B~ ORE- B0 A0 D 21.7] 46.9 [ 20.7] 10.7| 21.4f 36.7] 22.1] 19.7] 20.8] 42.0| 25.3 11.9
SHIRDFHELIZVY 25.3]1 56.9] 12.5] 5.2] 27.6] 48.1] 15.7] 8.5] 25.6] 52.2] 18.4] 3.8




(2) FH27FERNET SHIVNEEERT > r—MER

BEA XERVFEENLGEE

BEB EboMEVAIFRVEESENLZEE
BEC EbbLMEVRFRGNFETENLZEE
EED RABVWFEEREMWEEE

P11, BACREEEISDLNT f12. NEQERFIZONT P13 WEEBELEBELEMZONT

n = A B [¢ D #Et A B c D A B c D #aEt
1 BYESIFRHDOEITONT 5 11 7 2 20, 1 8 9 2 20 16 3 1 20
1 BYESSERDEITONT & 4 4 1 9 2 7 9 7 2 9
2 EFTHEMEHAE B 7, 8 1 1 17 2 11 4 17 11 5 1 17
2 SEFTOBIME R & 5 3 8 7 1 8 5 3 8
3 RAHNZOHR 5 3 8 2 13 3 7 3 13 7 4 2 13
3 3 11 6 4 21 2 11 7 1 21 14 7 21
4 4 6 10 1 7 2 10 4 6 10
4 : 7 11 3 21 6 13 3 22 13 9 22
5 FH 1SRIEE B 7 3 1 11 3 7 1 11 7 3 1 11
5 H HHIHEE & 4 1 5 1 3 1 5 4 1 5
6 ERIMLRNREZLENGE? B 5 3 8 3 4 1 8 5 3 8
6 ERMNLRNREZZNE? &K 1 5 6 6 6 4 2 6
7 3 R 5 1 1 1 1 1 1
7 HBEHER & 9 7 16 5 5 5 1 16 13 2 1 16
8 F—LEH B 9 6 15 6 8 1 15 7 8 15
8 —LIH & 7 10 17, 4] 12 1 17, 6 7 4 17
9 EUY—FEH® B 7 4] 11 4 5 2 11 7 4 1
9 EUY—FE#Y & 1 1 2) 1 1 2 1 1 2
10 bS5 TDU IV DE B 8 10j 18 3 14] 1 18 9 8 1 18
10 S TDLU Yy IILDE & 5 4 9 3 6 9 2 7 9
2 1 3 3 3 2] 1 3
3 3 1 1 1 3 2 1 3
B 9 10 1 20 13 20| 12 8 20|
[12 BEEE H#)Inﬁ)‘ruﬁﬁ Y 2 2 1 1 2 2 2
13 BOEYOREERERE (LEISVIEEE) B 3 7 1 11 8| 3] 11 6 5 11
£ JIDRELRARR (LEIVVIEEL) &K 12 13 1 26| 1 18 7 26, 17 8 1 26
= EHARN - BAEV X —t 58— —BHRREHER B 4 4 3 1 4] 3 1 4]
AR - BAE Xt 82— —BHRREHRER & 13] 2 1 16] 12 4 16 11 5 16
E] 21 4 25 7 17 1 25 20 5 25
[15 BSEBHE % 10 3 13 4 8| 1 13 12 1 13
16 RABHE 5 15 5 20 9 9 2 20| 20 20
16 RAHHE & 7 6 13] 4] 8 1 13] 10] 3 13
17 BEBRAFUMESAE ~BRICESN. S 5 3 1 9 3 5 1 9 6 3 9
17 REEALHYEHE ~ARICES BRTES ABLTES~ & 5 14 1 20 1 16 3] 20| 12 8| 20|
18 DU EHLY B (Bubiryorovktrs—) B 4 1 1 6 4 2 6 6 6
18 DY HLVEFAR (%L‘Ez/?ﬂl\ﬂz;‘ct’z@—) S 3 8 1 12 1 7 4 12 8 3 1 12
19 SSHARMRRERRLEE 7, 4 11 7 3 1 11 5 6 11
19 SSHA{EHERES gmmﬁ_@ggﬁ@j }‘( 7 4 11 4 7 11 7 4 11
H27 3 132) 90| 10 1 233 62] 135 33 3| 233 154 72 7 233
H27 %3 116] 102 12 230 51 135] 43| 2| 231 150 74 7 231
H26 BE 163 120 15 3| 301 86| 178 36, 1 301 173] 109 17 2| 301
H26 %5 128] 148 18 2| 298| 65 172 5j 1 296 181 108 7 296
H25 B 110] 143 26 3| 282 68| 146 63 5| 282 167] 104 10 1 282
H25 %3 107] 166 38| 1 312 62 171 73] s| 311 166] 126 19 311
H24  BE 127] 155 28] 3| 313 51 167 90| s| 313 189] 109 15 o 313
H24  %E 144] 142 20, 2| 308 79[ 174 56, 2| 311 187 10§| 15 1 311
H23 BXKE 249] 312 44 6l 611 116]  335]  146] 16] 613 286] 259 57 11 613

f914. ABE~DHEBRIZDNT f915. BB 2 EKELOBEYISONT 16, NBFESHITESTLITONT

" B A B c D #eat A B c D #eat A B c D #at
1 BYESRHDEITONT B 8 10 2 20 8 10 2 20 8 10j 1 19
BYSSRBDEITONT & 1 6 2 9 2 7 9 1 6 2 9
2 [2 EFTOBIMEkER B 4 10j 3 17 5 11 1 17 4 10 3 17
2 EFTOBHEHEE & 2 6 8 3 4 1 8 8 8
3 RAHNFOHR 5 4 5 3 12 3 8 2 13 2 9 2 13
3 FAENZFOHE & 6 13 2 21 7 12] 2 21 2 13] 6 21
4 TSTEH 10 10 1 8| 1 10 7 2 9
4 557BH & 5 17 22 6 14 2| 22 2 16 4 22
5 N HEHIHEE 5 3 6 2 11 4 7 11 5 5 1 11
5 H HHIHEE & 1 3 1 5 3 2 5 3 2 5
6 ERMNLRNEZDNE? B 4 2 2 8 3 3 2 8 1 5 2 8
6 ERMSAMRZEAE? & 1 5 6 1 4 1 6 5 6
7 X% R 5 1 1 1 1 1 1
7 R & 3 10 2 1 16 3 10 2 1 16 3 10 2 1 16
8 B 7 8 15 9 6 15 9 5 1 15
8 F—LEH & 5 11 16 3 12 2] 17 2 11 3 16
9 EUY—FRE#HF B 6 5 11 7 4 11 5 5 1 11
9 BEUY—FIEHF & 1 1 2 2 2 2 2
10 b5 TDV XY IINDE B 7 11 18 8 9 1 18 4 11 3 18
10 52 TDL v IILDEE & 3 6 9 3 4 2 9 1 7 1 9
11 R TEFEN B OEH B 2 1 3 3 3 2 1 3
11 ERTEFENRBOEE X 2 1 3 1 1 1 3 2 1 3
12 BEERSHRAmAE B 9 11 20 11 9 20 9 11 20
[12 #EaT 2 2 1 1 2 1 1 2
13 £ DRE 1 9 1 11 1 9 1 11 1 9 1 11
13 ziwliluwgiﬁtﬁﬁiﬁﬁ (b= 6 19 1 26 11 15 26 2 20 3 25
14 RAERBHER -BAELF—t 59— —AHRERR B 1 3 4 2 2 4 4 4
14 RAEEBHRN -BAE F—t 49— —BHRERE & 13 3 16 12 3 1 16 8| 6| 2 16
[15 BAREHE 5 18 6 1 25 20 5 25 16 7 2 25
15 FAEEHE % 9 2 2| 13 10 2| 1 13 9 3 1 13
16 RAWHE 5 11 9 20 13 7 20 7 12 1 20
16 FABHE % 11 2 13 9 3 1 13 7 4 1 12
17 ZEEALHYESE ~ 8% L EBTHES ABLTES~ 8 6 3] 9 7 2 9 5 4] 9
17 AEBALEYETE ~8  EBTES BBLTES~ & 8 11 1 20 6 13 1 20) 2 17 1 20
18 MOMRHWEEHE (HLvbiryorOvktrb—) B 3 3 6 3 1 1 1 6 4 1 1 6
18 MOMASHVEEHE (HLvbiryororktrb—) & 2 8 2 12 5 4 3 12 2 6 3 11
19 SSHAH#MERRSLESHIBEMESR &2 7 3] 1 11 8 3 11 6| 4 1 11
19 SSHARMERFELESMIBYENRE & 7] 4 11 7 4 11 6 4 10
H27 5% 101 116 15 232 113] 108 10 2] 233 84[  123] 22| 2] 231
H27 %3 88 128 13 1 230 90 118 22, 1 231 51 143] 31 1 226
H2%6 2 147] 130 21 3| 301 131 140) 25 4] 300 99[ 157 39 3 298]
H26 & 128] 149 19 296 97] 159 40 296 76| 168] 50 1 295
H25 B 89 156 35) 2| 282 97] 149 32| 3] 281 69 152 55| 3 279
H25 & 107] 172 31 1 311 72[ 181 54 2] 309 58 177 71 4] 310
H24 B% 86| 176 45 6 313 91 161 53 8| 313 61 17 74 7l 313
H24 %3 116] 166 26 3| 311 99| 166 43 3 311 63 183 62 2] 310
H23 B&E 164] 334 99| 15] 612 136]  287] 163 27 613 101]  322] 165 23 611

—100—
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