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TICHEN. ENTWBA F a v OMREHIBI HEE . BEAXZFA~NGHTE RO EE 2T,

FDT-,

MEAEIZ B A Z F 4550 DNA fiictel), £, 4 F 3 755 DNA o %

K7, DNA Ot 2 ZERNCTE D L 9127257, £F1EL, DNA OHRNIZ0E TH 5 PCR
5, ERIKENEDHENLIZAT, FEREHED Tholz,

F—U—F

2. MROERLEN
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Mmnd ESbhTng, 20, FEEOF
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EFEONENTE N, 22T, FAlebif, ¥
ABZFANEREEDR G20 E KO
DNA % FI|H UMERED FIBI 24T\ MR % %
KBETHZETELDEEZELND DT
EEZ MR EMRDD LT LTz, £ T,
ZDFEEMESLT HOIHT-0  HEREH B
EDHESLSIT WD A F 37D DNA (2L
2 MEREHIBI OBFFE 24TV, B A X F AT
RALED EEXT-, = LTI, R
BN 327 DNA O 5L O % B 1
L. £ F a3 vDEMNSD DNA fhiH 2374
5T &I LT, R, LER AL & FThE

VAR FF . T AT H A, PCRE, DNA, HiH

295 Z &R TET, 5%, DNA ML D
MERERIBIIC 4B e PCR ¥k & Bk A D
et A2 AR, FEBRE T ZLicLic, £
T, MR EFETSTD, AT a v
DOHMEREEBNEDFEMAZ RO 5 Z LN TE
otz LinL, DNAICK DT =257
A DOUEREHIRNE OFEM A Lo 5 Z &3 H
Sketm, DT T AT A AR B A
UL, FINBEREFF~DIEH%
a5z iz Lz,

3. ARRE
3. 1 DNA®DMHEER
T AINT HA)H O DNA il 525

3.1.1 B

A F =2 7 CTHESL L7- DNA O 75 %2 I H
L. 7 AT H ARG D DNA %22 @il
92 HiEE LT 5,



3.1.2 {m&R

£ F 2% &AL DNA S v k& v
5T LT, T AT H AmE b DNA O
MTE B,

3.1.3 EBRAE
<BPEE>
T AINT HADYE
DNA % v & (2 T )
* Plant Genomic DNA Extraction
System
* Dneasy Plant Mini Kit
< FEATHE(E >
TE(10mM Tris-Hel,1mM EDTA
pHS8.0) DfE#
- 1M Tris-Hcl(pHS8.0) 2mL  — ()
- 0.5M EDTA(ph8.0)400pL. — (i)
@ & GDIRE, 200mL IZHiAK TR RT >
7Y 5, TD%, A— 7 L—T7 THH
L. 4CTHRAT
< TE>
T AT HADEEAET Y D5 L, DNA
H¥ v b & Hv, DNA Z4hit, DNA Ol
HfERR T, @ ERHT L > THIE L7,

3.1.4 ZHE#HR

#1OLXDBRERPRT LN, DT 6/14,
@iE 12/16, @i 10/29, @iX 12/14 |25
LicZtxRLTVWD, Mit&EIZuguL
Th b, MEX., 260nm/280nm DfETH
D, 20IZHEWVIZFERW TSNS,

3.1.5 ERBRDEFE

WEAEFE & Cld, DNA it & O K & 2
S7272%, DNA DA O Rl JE L TL
FoTWVDEDTIERND, EWVNIHI VAL

Stz LinL, TARTHAATE, MED
fEH 2.01E<, REMICHHTE 2L
25, 2D, fillti L7 DNA W\ T,
PCR J£I2 L 5 DNA Wi o #iilg 238745 =
Ll L7,

F1 T AT AN 5O DNA HH RS 5

DNAfIHKit | > IV | HIHE fili
D-1 54.7 1.73

A R T
DNA M-3 8.3 1.59
Extraction @1 36.5 143
System @-2 56.9 1.43
-3 33 1.48

31 X 1.23

B-2 0.3 2.21

®-3 -0.1 0.33

-4 1.6 0.84

®-5 0.1 1.02

®-6 0.2 0.39

Pﬁ:iijﬁi 3-1 21 0.93
Kit @-1 34 2.05
@-2 2.7 1.52

@-3 1.6 1.44

@-4 1.9 1.96

@-5 1.6 2.2

@-6 3.1 2.13

@-7 0.1 0.81

3. 2 TFRINSHA®D DNA RV
T 7 SEER

3.2.1 HHW
T ANRT AP BHIE L7 DNA ZHuv
T, PCRIA, BXUKEWEZRMM LI, 7 A

INT T A DMERERIR 21T 5,
3.2.2 {xER
FATHIIEDRMSCITHE N, FBRZ T 5

ZETT AN T ADOHEREHBI 21T 5 Z &
NTED,
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1 >OH% Tzt b, PCR #1795 7-
DOXIREOPETILLTFO®EY & L,

Genomic DNA 25ng
dNTPs 2.5mM
Primer(forward) 5pmol
Primer(reverse) 5pmol
10 X PCR buffer 2.5 L

Taq DNA polymerase 1.0U
Genomic DNA [ZiX, & 1 O 7L @-2
L@-4 #HERA LT,
Primers O£k & RS, LLFOEY
TH D,

#2 TIA~—OHEHERS

FoAR—% ARSI
Asp1-T7- F| CTTGGCGTGAATACGTTGC
Asp1-T7-R| TCTCTTGTTCAATATACTC
Asp2-SP6-F GCTCTTTGAGGGTGTTT
Asp2-SP6-R TGCTCCTCCACTCTCA
Asp4-SP6-F AGGCCTCTCAAGTTTCA
Asp4-SP6-F AGCAGATCCCACATTGA
Asp8-T7-F| AGATCTGAGATCCGGTTCC
Asp8-T7-R|AATAGTTTCATGGAGGAAGG

PCR VT /7 varrar I AILLTFD

X217,
94°C 30F
94°C 30F
60°C 30 F
72°C 40 %
72°C 5%

32 [Alfdk v 39

3.2.3.2
A&
1% 7 Ha—2A 7 a2 L, PCRiEIZ

BXKENEZ AL DNA BT F D

£ 0 #iE L7- DNA Wil & SEXUKENEIC &
W, DNAEZIZEW 3T 5, Zokx,
100V T 30 73 ik#E 21T > 7=, £ D%, DNA
Yt LRI 5,

3.2.4 ZHEREER

Wt
w

FIND L — v IR DR F
754X —4% |GenomicDNA
Asp1-T7-R/F | 9> FIL@-2
@-4
Asp2-SP6-R/F|H>F)L@-2
@-4
Asp4-SP6-R/F| 4> FIL@-2
@-4
Asp8-T7-R/F | Y F)IL@-2
@-4

<

SISO ®ISISIN

\I

X 1 EEKVKENRR 1

Llelle]le]le]e]le][@][e][]

[—]
E=
—
—
= e 500]
1kb (o ‘
- . -'

X2 ESPKERE R 2



FROL—2@E@ODOHT-V TN KR
R, a—F 407y 77 —)RNH
o TWeld R 21T hoTe, Lo T,
EFNZAN RN Tl LTz e, L—r
®L®IFWTNY Aspd-SP6 O T A ~—
TH<° L7= DNA T Genomic DNA 734
25,

FIZ XD & Aspd-SP6 DT T A ~—(%
389bp (CHIAL, 7277 LMl CHND 7T A
~—IZRCTH %,

3.2.5 EER

ATOF » T L7z DNA & W%
TifFE % b LI T 2 FEBR T, R T
oo, AT THVL LTV
DNA O L ¥ b &3 L 5L
D774 ~—. %2 LTPCRIETOIEL
FHEZXTHIZEZA K1, 2D XD
(2. Asp4-SP6(-R/I-F)DERy D7 F A ~—T
N2 RMER SN2 v DNA fhiHix
PCR #1TZ DT OEEMENHD Z &
NbhoTz,

4. EREBSLUVHER
WEAEDFEBRTA F 2 U v 5 DNA O
EREMCTHIENTEDHLIITRD,
TNET ANTISAT 5 Z LR TE T,
F 7z, filili L7z DNA T PCR IE%&1T
W, —ODT T A v —DOHIREIT O Z LN
k7=, LorL., 77 A ~— TR
TEF, SHRICIFMHATLESTZD,
FHEEBRZITHOMNENH D, PCRIETH £
SNV R ZRinoToie®, FeATiF9E CTH
WHNTWEERDFy MW THIE 2
fToZ &Lz, L AWES Y FTIL
D EMENHRNE Db H 72D TH 5

UIEREICIEAN H D & 0 ICBEP B E L B X
bivle, £, TOETEIC, WikEFEL
MN% Z &T, 9 DIESRERH OB, M
BT % Z LA TE st EICA2 X
Roniaholz,

5. SEROFEAE

DNA % Dneasy Plant Mini Kit THiH L
BRI D L o nTe DT, tE R
EEZDVENRD D, Fo. fli 2 MR
B L7ZWDTT AT H A DMEREDE %
. XBIL DNA %45, PCR T
DNA ZHid Z LR A[RER 2 L 3o
7=DT, EZEZEL, PCR Z1T\, 7T A
XTI ADOHERERIBNE ORI Z BT, €
D%, B A X F A D30 D DNA fhiH 2 787
PCR %% Mo MEREHIBITE 2 fESZ S H 7
W, EDTDITIE, HlEAZF A D
DNA OSEREFH AR T 5 & & blT, BX
A F 4 L EBOFIZBNT, 5N T
W% DNA I & SCikiRsk L. PCR EIZfE
REDRTIAS—hBRTHULEND D,

6. SEXH

[1] BAC-derived diagnostic markers for
sex determination in asparagus,
A.Jamsari, 2003.

[2] DNA polymorphisms amplified by
arbitrary primers are useful as
genetic markers, John G.K.Williams,
1990.

7. B
RESEFAEAE, B AE, WANART I
A 2AZTHEHVNE ) TSNE L,



vV EONTEFEZBHRELT

1. B

AFCHL FER #T
2EBM g KA
fBEHEe B W

FI=HLOHL, v~V X rONTREZ R L, v~V ¥ FHOMPR R ZRA, g~
SUEDONTERPNETH L 00, BRI DITIEE D KD 2 S h 03 b B D it
AT TCWD, MERIIY X TEOBEAZMERT 5 2 LIk L, SFEITE IO TEOm
EEZ TCREREZ RO LW REEIToTe, £, RELREEL TCVWDIEARBY X 7O
HARTHDZ EEFAHT D702, DNA X v hEHWEEEITo 7,

Fog—

2. MRODEREAM

~ B2 ONLEAR ORAFNITE 2R
HEENTHRY, FAebid, R~y 47
FALEEPRE RO E LS, v
ZONTE & Z Hi5 L THIEZ PRk 23
FENLIBEDTZ, 1 FHITVAZ DAL
BRI E, 2 FENLYYZTDAN
TH#REZOS LT EE D, 3 FHIC
VB ESR DMEFFIZAE) LTz, A FITRESE
MFFT 22N TELLIITRoTew V¥
TR ERWTREREZ B 572008
MoOMmHMEITY ZEI2 Lz, £2, b
NEEELTWDIEARANTY X T ThbdH EWN
IREHZ T 5720, DNA v &AL
T EZIT T,

3. ERAR
3. 1 TYRTEARDIIKIE
311 U5y atEDER
<HFZEH I >

<Y A0 72 URRRIE, DNA, EARONAME

~ Y2 OBERIT, W OB HCIIES
SR> TS, L= # 7 Of5%
Rix, FEPTIERLSERTH DL, v
X DE R % R Tl e < STARIZ R
JIRFHUE, FEEEHEA~ LTS OTIE R
Wbk EZ SRIOEREZIToT,

< SRR >

~ VAT PARER T ORETH LD 1
(ZT&E DIEZES T TR D2 v i
(T LRI HE AR DL D o

< HTES >
EBREITHOGE E=— V1 —T > TXY)
D.ZEDORTT T A7 T AZ—%#) 24 IFf
oM LICT D2 LT, TEHRETHED
DI cREEEED, o, vV X T HEER
XL, Z V= R_RUFNTIT I,
UFOFT_RTOERIZENT, ZOHEH
BAEIXETIT 9,



<Y BRI

IFO-7 ¥l & i HEE o> 2 FliFH O£ 2
BHLTWD (REIRAT 2014), BrHioRHRkK
ZLL T o) Th b,

IFO-7 55
HE PRI R 15¢
T a— R 6.0g
FER 54¢g
ARRK > 300ml
T B
R R 15¢
T a— R 6.0g
FER 54¢g
Bl U o A 0.6¢g
Wit~ 7 %> 0 A 0.3g
ARRK > 300ml
< FEBRITIE >

@/ 7 v oD ER

AR LT, ¥ — LA
bummfIlESH, 7Ty aRIiZT D, A
VX aN—HNT, 28 ETHI T » A k%
L7z, Y& TEORMIZITIASENT 2 FEfE
DRI NTIZ Ty a2 kOobD &
WObLDOEZENEN LT OHEH L,

@ 55k DL o TR OB A
ERDIEN>T-fiaM EB %, TOMIC
S5mm HHROMIZAMET HIEL A ENRD,
Moz Eniz~AB &8z, TO¥%
77 v a OB SR DN X TR O )
SOESEETD, ZobLEx, ~AHIZHD
BRANH D56, MNOHEFES ST IUEM
WZEFEN, MAAOEEN R TIVUEHICE £
NnWbo T2, 77y vakiions
5139 _T 5mm DN IEREE 2. BHR

DRI - T #FHN O T & O F X 2
BIZHADIEN > TNDLHDET 5,

DT B O E DT S OFRERE O H
SROIRIN > E 72D, FHEOBE, FJE
RKrlx3.14 795,

1| 2| 3
6| 7| 8| 9| 10| 11
13| 14| 15| 16| 17| 18| 19 20
ﬁ1 22| 23| 24| 25| 26| 27| 28| 29
31| 32| 33| 34| 35| 36| 37| 38| 39
(41 42| 43| 44| 45| 46| 47| 48| 49
\Q1 52| 53| 54| 55| 56| 57| 58| 59
\ 61| 62| 63 64| 65| 66| 67| 68

}Q 70| 71| 72| 73| 74 75/6

Nzl 78] 79] 8ot

elals e

< ERAE IR >

WE O L OITEE ORI EIZ LER2
JRIRB IR TN, 7T v a B Cldss
MO BRI VAT, Rif R720 T
22 FHMEIC O, Kifi EOIRA Y IF,
7Ty v atE OGS BEOLO LD b
IemlZ EEEL R Tz, BHIEICHE -
THEZHEHBLEZEZA, BHFOLON
3846.5mm2, 7 7 v v =2 L7obH ON
12000mm? & 72 > 7=,

7k, HERILUTOLEBY TH D,

- EHE OB H

35(mm) X 35(mm) X 3.14=13846.5(mm?2)
A AR o

5(mm) X 5(mm) X 6=150(mm?2)
150(mm?) X 80(f#) = 12000(mm?)



<FEBRER>

ZOFERICEY A7 T v v ki
T 5 &~ ZrERIIHIE T TR T AR
WCHIEND Z ENbnot, 2, 77w
¥ 2 B HLC IR S o T2 B SR O e i FE L 3o i D
FEHOR) 4 51272 > T2 EnD, Hh
DORREHEEIRME Y 7y adDH LT
kEFrZENTEDLENZD, BEDZ &
IV, SHICEROHDEMEER L, #
KA Z T BT ERICEARDBILNY |
S BICNARMICH R & JA T B 5 FTREMEDN
Exbhic, TZT, WTEVELDH D
VA AZENR 5: ik (/IS s R Ry
77

3.1.2 25Xy aiEthdIER
< SEBRARGH >

YOVELROHD 7 T v a5 ER L.

BARZHDIADIZ L D STARAIIZE R D AN
DO TIERDDN,

< FEBRITIE >

311 THWIMBR O Z > v — 1L &
D HIEEDHDH 200ml D =47 T A3 THE
L., HEEZFEHLTH 5 mAIzs 7 vy
295, TORARZMEHTLHE, AAD
WNELSEENR LS50V, DR NI
AR L, RE2PHH0 1 DRI D &
ZAICHEAREAME, 7T AT T
AV N ZHITEW R, 28COA ¥ a
N—HNTHI T H AR LT,

< B A >
FA AR OB IS A 5 1 < 72 T
B, ERDOIEDY DR T,

<ERELE >

Bz s 7 v al, TORICEREH
WIAATE =8, 7T ZAadiMUln B ER D
JRINY ZBRET D Z E SRR 2F
MICHE 2 T2 8D DB ERTX o T,
BEADHEMTIX, 77 vy a Shiio
BRRE) 2 2> CALARANCE R DA N D & & %,
EREIT 7208, ZOFIETIIRRA RS
72 - OREAROBENRETH D, FHRD
IRV & ERECBIEZR T D 72012, fTHH
DLRNBMIELEZ HILD,

3.1.3 &KLt

< RBRARGH >

AR ES 2 E F FAUIE R R O OV 151
T RBNOBEROBIENFRRIZ/R DD T
ESAAV/

<FEBRFGE>

3. 1.1 THWE RO R R % P
& IFO-7 Kb & ¥k BT H oD W AR K5 i 2
500ml O =7 7 A ITHER L, MEAMKE
179, 28COA v FaX—HNT, 5
#» HREE#E L,

< FEBRAE R >

IR VAN P OF K > R DR GNI/C S EIN
[ZESR MO 23, 4% 1.5em 1F LT L
JRS B2 o T2,

<ERBLE>

IR CIXE R & LR THE D
SKROIEMMV N SN hoTe, TOT ED
HDEARDMHNIAD B T2OITIE, DT WRHR
LI OHIENNETZ L EZ b,



3. 2 FREHORE
3.2. VIVERBEXIUTITILEEH

< FEBRHW>

~ Y 2T EOREREITIEFICEL, Bl
EEBICHET LT A & TFO-7 55
HICIERREIC S < DERFENR > TLE D,
ZZT 3R (VT ra—2oRbyicsx
»ERIATEE TR B 3L 2 A IR 4 B5 W2 [N
ZIUX, vV ETEOREREN B DD
TIXZ2WDy ) & S lER & 37 T 3R & 3l 7
7-78, EBRBRENE S TWRnolzZ &
pH FH# % Lie o o7z OEs A E £ & 7
Mol Z IR ENRRR T~ Y Z FEDHZ
otz

A EBRERBE A B 2. pH AR E1T UV,
FEEBREIT- T2,

< SEBRARGH >
T a— 200 IC s o R TR
OV 5 AR & B BRI 2 U, <Y

S DR E DS BN D O TR D,

< FEBRTFIE>
IFO-7 2D 7 v a—z2pfb iz, %+

NENY U, 7w AEEA A, pH % 7
\ZT& DTS T B & VERR LS 2 fik
EEIT9,

7 TR L T < VERIE 250ml D TFO-7 £
HiIZEENTWDH I Va—R 5g Doy
LRI FREICRD X OITA T,

FEAMER, v —LICRT T4 V%
THICEE, 28COA rFaX—HFNT
%9 » AR LT,

< SEBRAE A >
7 T URE A TR R 3T L

FUVVEZ oo Tn, TIVEEE A T-EEH
V35 2 7223, I ESHISC IFO-7 £5Hlz bh
THAR DR IHEE D IEF I T2,

<ERELE >

PR A 2 R U 7 MG
o7, AROEEIZ pH %2 71
WOREMIT pH % 55 ICLTWAH=d,
® pH DN, FEARDFHZIZL b\Jﬁ?@ 1
DIEEBERZLND, SEIORERN T = W
ETINBEDHTRLIND S DIRD D% i
BT DHeoIlc, tOGHEEOLE S IR
HMERDHD EZZHND,

REBH 7 s
L=, @

3.2.2 BN T HEH

<KERH >

3.1.1 COEBRTIIRREME Y 7 v
2 L, ARAEFTIRETH S HEICES

J7z, FBEEHOBENCHIZ . A 27
@%%_ﬁbm<w5®w<¢wm%ﬁ%

FIUTEREH L 0 b IR W
HEEZ, EREITST,

< EBRARG >

BAL T A FEH T IR RE LY

H L0 SRS HE AR DR D

< FEBRITIE>

M2 T _RCRETZ %A » MIAIL, B
BOEDITA— 7 L—T1ThT T4
ERKT 5, Rif0HD B 2em OTR S OFTIZHE
RERZRE, 28CDA o F2_X—FANT
7 H AMEEE L, BHoMkEsELH 5
ELLTD XS D,



B THH
BB T T HN) 900ml
K 300ml
K 715ml
< FEBRAE R >

BrHiiA 5 SVER L7278, 8 DI Blib
PENTLE o7, otz 2 DO E A
v N OAMU B 1T R DK Y 2R T &
Rinolz, 1 DT Ry MERT., R EEl
BTN, BHARDIRN Y IZR SRR -T2,

<EBREL>

FERBEHARRRE & [RIBREE TIT - 72 DIT b
MO HT, AETHE RSN TLE- T
W, ZORKZREILDDLMLENDH D, F
Too BRLSFIHEH ST DA OFEH
IR TEVWRELLINE S BRF L
[

3. 3 TYYETDODNAZRAW=H5E
3.3.1 EEREM

I HITEARE LR, ~ V&7
HEAHEOL TS, FHELTWVDOHIEANAK
BIZ~ Y X T DHEARTH DO EHERT S
72912 DNA it~ M &AL, HEl%
1T-o7=

3.3.2 EER{RER
BIEREHE L TV D BRI~ Y Z 7 OFE R
Th D,

3.3.3 EEBRAE

DNA i~ b (DNeasy® Plant Mini
Kit (50)) 127 ATV D EAEFIEIZ
DNA ZHfitt4 %, €%, /oita THil©

&7c DNA LREZFT D, FHUORR

T TOEREY THD,
b B HE
260um/280um
P71 | 85ug/lul 1.25
72| 6.4pg/lul 1.25
P73 | 26.7ug/uls 25.8

NSOV IO L Al
V1 &Y 2 % PCRIEICH W, PCR
reaction mix OFEIZLA T DO EEBY TH 5,

- 12.5ng M4/ I v 7 DNA
YT A 0.085u g/uL
#7 )L B 0.064u g/uL

* TmF 10nm/ u L

+ TmR 10nm/ u L

- PCRbuffer(x10) 2.5uL

« ANTP 25uLL

+ Tug polymerase 0.625U

- DW X225 L

R L7127 T A ~— OHHERFNTLLT D
LB THD,
TmF CATTTTATTATACACTCGGT
TmR GACGATTAGAAGCCCGACCTA

¥, Y—~1H% A2 —® reaction
program (FLLF DO EEY TH 5,

@® 95C 10 %
@ 95°C 30 #
© 55°C 30 #
@ 72°C 1.5 %

@~@%F 35 H4(UIL
® 72°C 8.5 %
® 4°C oo




Z D, 1.5% D agarose gel Z L T
BRUKEN 21T o 72,

3.3.4 EERER

X 1

TR E T THDLGE, K10
BHOMEIZNNY RRBND, L, 4
[6] > F2BR TId 300bp DAL E (X FHIOFEM)
2LV KRB B eh o7, 500bp O
frE (B EAoFMIIC B TWznb L

723 loading buffer & #E7Zz > TL E W
RN TE R o T,

3.3.6 EERER

ERIKENO & & | agarose gel 128 5 I
Y= A—e Y TN R IR ERy N
FHLTANDOER, Zhn) T RIT
ALT, RNy Ty—~finttiTLE o722
ENL NV RRH»oEREREEZ LR
%, LaL. 300bp DALEIZIZFEINH TV
B0, TN BT h D A HeNE
BEWNEBZZ HILD,

4. E®
LSEIOWFFET, <V X OFERITE %
7 T v 2 T AUTEE IO BRI & ¥a - TN
L0, WIROEEH TIZIAN B 72 noTz, 2
DZEMOE~YZTEARDIRND D TDITIL,
R CENMELS LB NS, L,
<Y HFIIEET THEAREILT DD L
W ZED, BREDODRVIREETHAR
TEHLEEZLND,

5. SEDOREE
AEOFEFRITNTN G KREREREEHED
ZliFTERhol, Lol AEOER
DO~ Z T OERDININ D T2 O ILRG H
(RN MBS L BERTEIZDT, LD
DVOTREEN HIVTERITILN D Z LR T
X DD EFIRD T IZE IR & AR o H
ThHHTVIROEMZER L, EREITH
W, Ee, Y HTIET Y OROS
WIZERTHID, BUET h~w>Y v X
TEOBRMEE R DD T I~V EE
RLTW5, ZOT7H<Y &M LR
EHoOBRF bITWIEnEE LTS, 3.3



FOEBRPEMEI AFEICLY 9 E 0
MoToizd, FEEREITVZW,

6. HEF

ARFFEEENC I T, B OB,
R THREEZ TBbY L, o,
DNA O, PCR ik, BRIKENEIZ OV
T.DNA HEDOKH S AN ZFREZ 2T
FLm, ZOHENY T, EEHH L E
FET,



e D [B iz 48 OO FLHIE

1. &EH
ZIVET, RIS DOIEREL

DY OBIEEA T 5 Lt 7z,
Y FESINCET HEF L bEP L THARND

A DI D EEER I AN
Fmo, ?4&w77&?/?@%V@@%ﬁiﬁ@%?iﬁ<74ﬁ+y?ﬁﬂﬂ

4B (LA FiE
s Hem 2 W

IZDOWTHIZE L T& 72, AifE o

B9
LD UARRFZEDFHNC L > T, e LT 4R
EDVHI LT, E7o, BME M OHEE RO

A EZBET D EICE > THEFOREEAZESH LR, 7 48T v FEIIOEFIZ
20 ZHTAEOHNTTREINTWZ LD XD EEMITARILZEE oz, EBHIC
R I L 0 R SN EFOREEA IOV TORME B LT,

FoU— R

2. IROERLEM
X, EFEFZEE & & BICEELT o
Tf/?ﬁﬂ@k@ﬁ%m&ﬁwiﬂ it
MOIREIZR D Z ENTED NS 2 L%
ARTHEY, BRERW -, 2T, I
L TEBIZED LIRS THDHD
2, BAOOFETHRTLHZ L E LK,
(A XTI FF YV UDED T
(GEF) DORERMAICESANHLLNDDT
X220 E VWS ZEERAET D720, 3
ERIT 4 ENZh Y Rl AR T, %
DFER, LT DOEBERE{/DL LN TET,
YA X AT UETF Y UOERIL, EOR
EDRELZBRMIIL b EEBATE T,
Lol AL bTh, B2 0TI
TV v OEFOEFNIL, 513 FEF (13 /&0
WENEETLELTHEERT S &, 14 #H
2 1A HOEICERDIEDSET) T
L7z,

e, BEA X AT UETFI U EF,

HHEE A

IOBEEREX, RABITUEFTY
U DREFOERA Z, K VEEICHND 7
» Imaged &9 EBALELY 7 k& T
BEFRZITV, Biic/e T 7 e —F THH
PERETERVDPRRLDL LT L,
7o, BEOJFRIEENFAET DRI T 5 AT
MR Z AL, AMFEOBRLERD TN
D EEBRT,

3. HIRANAE

3. 1 EXEH

@&t - A

Ak 10 ¢ld, NEBPRBELV &K

CHHETHDLEINTND, filE LT,
PSNNVT MRS, SEIERBHER ED
EHROHROLRIFEDIL TS, 20
BT, BRI AGNETH S,
ZOLlX



1++/5

2

1:p=1

TRTZLNTE S,
Al MAE 360° & 1: ¢ I
FAED LIZH 2D 0 2 & T4 137.5°
W27 (K1),

X1 et Haem oG

@7 AR T v FEINEHT HEF
EFOBSNIIX, 7 4 ATy TSN
BT 2HIZ Lo TR Lo TWEH /8 Z—
DFIET 5, il & LT, 1/2 3ERF, 1/3 7,
2/5 BEFY. 3I8 T, 513 /R ENBIT B
b, AWIETIZLIRT, BA X W T U X T
VU DEELIEDOROMEIL 13 DN 5
BT 5 & 14K H N 1EHDOEICERD &
VWO B3 %R (X 2) ITEIL TV D &b
A2, ok EolEEsfit 138.5° T
o,

X2 5/13 ZEFF D[RR D &

3. 2 ZER1: ELEOROAEDEA
3.2.1 H®
EARFEHAFEE 2, EORIEEMAIZITHES
EEAE L TWD EEB 220, L a
JLER > 7~ Imaged 12X - CL Y IEREIZET
2 ATWIRFET D,

3.2.2 {RE
YA B HTUEF I TOXEITKT HED
DX HIX, BEEMITHE-S TN D,

3.2.3 #M# - A&k

<AEAR>

VIEW DY A X AT TOETF ) T h R
B - 201545 A~9 H 314K

<HE>

A ZDTUETY T ERIL, EOLF
TIRZFKR L CHELUS, 20%, 1oHE 2
DHDOAMFRIC, BHEEEOFLITH S L9
R, WIS, XOH ENSFEEEREE AT
9o U EOBEEZ, 2 TOEOITFRICK
LC#viRd (KM3), g LIEFHEE M-
T, ELEOMOAZFNT 5, LAATNIS
FEERTTHHAIL T2y, A RN IEMeME &R
FEAEM L Imaged &9 BB 7 K
ZHER L,

X3 SEBRFIA



3.2.4 EER#ER
PLFD7 T 7%, HEIii /-3 L ED
Mo, HETAELZERLTND,

LSl 139.227°
EHEFFE  9.934

P 139.212°

3.25 E®E
AITIE] D I SR

M 188.1° HFfE 140

AiffEl & b LT ARENTHELS X0 2347
{Tpotz, F£7=. 131° ~135° | 136° ~
140° & 141° ~145° O 3 ONFRCHE L 3E
DOHEIOAEL LTENZ bbb, T
fill « PoflE & HITH4AM 137.5° X° 5/13 1
o 138.5° ICEMICHTBILTWD &L IEE
RIBPVFERTH o7z, LirL, FEHELH
RAEITIVME & 2o 72, 1 BRSO
il - PREAFHRIT S L EiLb EEA
137.5° RX°, 74 AT v FEINCET 2

oOEEEA GEEMICIRL TV ) BEE
5 1357 ~141° ORI E 72, £ D
e, BA X AT UEF YT OED AL
i, TOFPHN (135° ~141° ) O[alfsfa
ZHoTHONTW &EEZOBND, HEM
CIE. MR EZEENS Bz b ICERT
XHETELLRVWEIICHETE 5 A
Thod, Lo TEHIRRNP O, ¥ X AT
UEFIUDEDDE L, HEANT 4
ATy FEINEART 2 55 O EIEE A 158
WEIHRfZ & D 2 &, ENBEKIWICE
DI KBEEINTNDHEEZ LD,

3. 3 ER2 : H#EROHEE
3.3.1 B

FEER 1 IZRW T, BEOMBE TR AL
WO TEREERICKE S AAIND I,
BEDM DA 2 5 BIZERZENE LT
EV O RN A LT, Z oA iRk
D728, RUTHEE AR &) #fRICE B LT,
TA X ADTUEFITDL D IR HALHERHD
I, EE EMENE LD DI THEE
WEWIHBNZEOFIZHM LTINS, =
OHEEHRIT EDIEICH 1 RTDo7mb
KGR B DR RAR~HEA TV 5D,
MERE SR ONLEITIMBERBEIC K > TREA S
W< WEEbND, I, HEEROHD
fEDH LT, EOMOMAE & BB
T 5 X0 EREICEROREEA Z TS5 2
EMTEDLEEZRT, 22T, BAXIT
UEFYUDOEOKEABLE L, T D
BEIZKRIST DHEER 2 DL 2IEROHEE RO
B RENRERA 2 FHHT 5,

3.3.2 %
Z DOEBRIZEB T DHEE RO G BlEE A



EREMTDICHIZ-oT, A X DT IET
YV OHEEFRIZILL T D 5 D&l LT 5
ERGE LTz,

OHEE RITZEDOMITIRNHEDTH EE T
VR UAEIC /2> T D,

@1 DO RHHEEROAKIT LY
DETHL—ET, 3KTHD,

@ D EITKHIET DHEERD, 3 O
b OMEERD S HHJICAET D 1A
T, TOEIKHIST HMEERET D,

@1 SOMEBERE R EHRIR L, RBHE

ERKIZERRICWA TS L& X D,

QT HEEIKHET DHEE R (R) O
PR L A W O MERE SROEE D) B FH
L. [EHEfMA & BT,

ASEOBLEICEY . QOREIZK S B IV
6 CHEIAEI NIz, K5IIK4I1THE TS A
TU-7-WrmTdH 0, X 61% B T 72k
HCHho, M6 Tk, MRCHENIHEEH
3[R0 PR IS 6 St oD SR & Bl 7= (v
WZH DT, ZHIUTERATOREIZER > TV
THEE R CThHoTo W) Z RN bnsd, K
5, 65, FEIZIFTEADIL 3 ROMEE HH
DHLTND END Z ERbND,

X4 YL 7=

B5 Wik AlCKIT 58k

6 Wik BlZkIT 58k

3.3.3 k&R
T D 2 BOZEITKIIRT DHHEE ROM
DF OB R E & A TE T 5,

3.3.4 ¥ - A&
<A >
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L 7575 WEOWHEL
02 [30% 604 904} 77 RO
4°C 20 128] 17] o6] BE
18°C 20 184] 41] 29 0% [30% [60% [90%
28°C 20 20| 192] 181 4°Cc o 215] 21| 195
5 18°C ol 175] 12| 105
28°C ol 21] 185 185

20 —CT\
15 \\ —-4GC
10 \ —|-18"C

28°C

5 \\-
0 | \.\h
043 3043 6047 904

7773 WEORMZ

7776 ORI



- COD

AT E Ipho T,
- pH
05 904
4°C 8.1 1.57
18°C 8.1 7.23
28°C 8.1 7.42
8.2
g B
7.8 \\
7.6 \\ P
NN ——4C
7.4 .
. \ —B-18C
7 28°C
6.8
6.6

0%

907>

7777 pH ORFHZAL

<FEER3I—2>

FBR 1 Z MV GRIETIT S 729, 100ml
DO NTHEAKIZ Bml Ok & &y & 5 LD
7% U & AR, 4C - 10C + 15C - 22°C -
28CO 5 DOIRFEEICEW -5 AZHE L.,
EEROBAMGH & & THEC COD, 30 432 &
B LB 2 2 ENET 2,

- VBT
09 [30% [60% [90%
4°C 20 20 20 20
10°C 20 20 20 20
15°C 20 20 20 10
22°C 20 20 20 20
28°C 20 20 20 20

25
20 — % il il ot ——aC
15 —|-10°C
10 - 15°C
—=22°C
> —H=28"C
0
047 30% 604 904
7778 WEORRIZ L
(=05
04 (305 (604 1904
4°C 0 0 16.5 26.5
10°C 0 0 5 15.5
15°C 0 0 0 10.5
22°C 0 0 23.5 25
28°C 0 0] 285 26
7779 GBEORMZ
- COD
W TE IR o7,
- pH
057 905
4°C 8.62 7.48
10°C 8.62 7.56
15°C 8.62 7.43
22°C 8.62 7.41
28°C 8.62 7.43
= 8.62 8.15




77710 pH ORFHZAL 6 EBL
(ENBILOEK, W1, B4, B18)

SHEE L TV U 0BT X HEAL
<FEhR4 >
100ml O N THEKIZ 5bml DKk D & %
Mz, 7%V OEERGFT DGO L E
ZEZTZRO 6 A HE L., EROBIE
IKf & A& THRFIZ COD %, 30 70 2 & IZW\IE &
BEZENETNET 5,
173021 EANHLWGETICE
H4: 7% )z 4 EANHLWGFTICE
W& <
<
<

7 SEERAI
(NS ITTOWK., K1, B4, I 8)

B8 : 73U Z& 8L AN D WG
E1: 7Y U & 1 EARE WA I E
4 7YY & 4 PEAUREW AT E
%8 : 7 WU & 8 L AW AT ICE <
p¥. T OEBRIT 2 M LT,

;/\III % = 4
X8 R
(FEHILOEIR, B 1, B 4, B 8)

(1[EH)
- VR

07 (307 (607 [90%
BA1 20 20 20| 136
BR4 20 20 4.5 0.9
BAS 20 4.7 0.5 0
o 51 20 20 20 20
B FEL FBRAT E4 20| 115 34| 09
(EBIuoEiE, W1, B4, B 8) =8 20 6.3 0.7 0




77711 EBEORRIZE(
- O
04 304 [60% [90%
BA1 0| 225/ 135 10
AR4 0| 155 6 35
BAS 0 55 45 4
A 0| 235 19 14
g4 0 7 55 5
%8 0 75 5 45
75712 fa)EDORMZEl
- COD
Al TE o T,
(2[H1H)
. VR
04  [30% |60% [90%
BA 1 20 20 20 20
BH4 20 20 55 3
BA8 20 20 8.2 48
1 20 20 20 20
54 20 20/ 138 8.5
L] 20 20/ 11.3 6.5

77713 EEORMZE
. fOE

0% 305 [60% [90%
BA 1 0 0| 245 285
BR4 0| 155 15 7
BAS 0| 175 9 8.5
il 0| 285 15 6.6
54 0l 165 12 11
58 0 15| 135 11

7T 7 14 {AJE DR
- COD
WA TCE o,
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L TR (4
- 4°CIE, FEB 1 TIdRbBENED L Tn



DM, IENDOERTITIE L A EELA
Wi, BEREEEZ LS,

- 15CH 5 18°C O HHRHURIR A E L T\ D,
cKOEXHIITABIETHY, THY
WX THLE 252 & T, Fikicrs
WTW5b, £, TH U Z AR TR
ST DB E D FVEIZIE SN TN D03,
X, ER O B bRFE OB L
Ezobhbd,

SWEF L T U o L DAL

T U OENL I EELITE L T,
fEfEZE S I < W, 7272, B0
e, 7robELHHEahsz L e, 8
VEDGEZEBIIRT E L7, FERIC
1T 4 PE3E LT\ D,

- AR K B ZEITA N Tolzd,
BTl EZ N5,

5. SEORAE

B ERWTZERO D, BIRZEN S
FT<, bo L EROBEA ERTEMLT
— B ELDNENHD, Flo, BENE
EHR LRI DREER <D,

6.

SO E T DIzHT=0 . fEEL <L
7 EWVE LI RIFSAEI, RSN L
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1. B8

KOLGEFTER ST TRRDOEEE L SN DA TRITRO L& L HITE T Bd D,
BEEDRASSTVWEEEZ R TRIN, EW0WHZEThoD,

AT VEE, 2FVBOLWERELIZED L D RER2 DM,
HRITRETHTDHOT, BOLWHA LT HO LW RO TIE W LR %
SECH, 2T, R SVENL L OBIR, JENEH KO OBIRE ST Lz, ZOREE,
TNEHR LN EBWLNEE T D ANL < L HD KW KITITRE R E S 5 2 &3
binotz, £, KOWEOHEHICHWSD A 4 Th D Caztd Mgt DT %2 2 7-/K%
WT, JANEBERAND Z 2L, HADWNE BT, KOBEIETFL TN D Z & & Ef}
JFHZENTE I, &5IC, RN D ARy OMIEN, KO L B

L5 LEREIEDT,

Fog— R

2. MRODERLEN

FTIFOE R ICHTR LIEE L TV 2,
BERICEEOBL TR LETHIDIC,
BOLWHRZRTHIZEE Y THIZ LW
D3 BHFERNTIRGE L7z,

—RAICHRE (X)) 2R T2 O
FEORWHOKATE L TV 5D & Sh, g S
Bk, 7T0—85 FEIZHE L TOBMHT S
ORIV EnbiTns ([1153%5),

WHO fJREVKAKEHT A KT A > TR
UTDEICHaHEshTn5,

- BOKIZAEEE 0—60 A

- HRREE OBOKIXAEEE 60— 120 A

- FEAKIXAEFE 120 — 180 A

« JEH 7oK IXAE AL 180 LIk

B, 18, KOWE, ~T 32 Th, Iy s, REFFR=V

SOKDRHFE X — AN LT O FE TR S
ncTnd
i# i (mg/L) = Ca &:(mg/L) X 2.5

+Mg E(mg/L) X 4.1

EDOFLE DR E DKPHEE Z R THDIT
WL TWADD, KOBEEEIZER LT, &
BRL 7=,

3. EBRAAE

3. 1 BREREE

3.1.1 EER{RER
HARDKDIFE L ENREKT, I—1 v

RRACKITITBE AR 12 < FET D HARI

E 23k < g IRE T D RFM S =



— 1y XK O KR TR BT D I
FRRWNZ &8, #UK & KA AL H TR
RoOESEENTWD, 2, FIZEHR
ZURD O BARSITITHOKA, EITHFD 258
L e EZA LR IR K DS i 72 & S
Tns ([212%),

HWROLGE S AR LR U L D IZHOKA
WL TWAOTIERWE THEL, Eh%
BRLE L7,

3.1.2 ZEBRAE
WERE DT K CEBRICHA £ 5T, i

FEIC K 2RDENZ | ANDOKREZ IV~

7o, BEEEDERHAKE LT, M 30 (K

D). HEBEOKEKGEE 40 FEH), #

97 (MIRDK) . IREAKGEE ) 150),

BERE 304 (HifRODAK) . WEEE 1468 (HiHlRD

AK) @ 6 FEEEOKTHER L=, FIET FRD

@iimﬁ&oko

OEARIZHA O E —HAND, F5
_i\ﬁ%ﬁ9@<\éﬁ%ﬂ&émé
R ZHENT 5,

QOIZBEGR v hT—EPbE S, 80 I
E) IO AN D,

@i, 20 B, KL (EAIL) TH
KERTH,

@RI 1 (12 mE~T8 %) 1TH % bl L
TbbHH, HOFEFULMHICL, £
HREDOKZ B LT 5720, A Z K
CHNCFE CEEEZ — AN —D2T 2B TH
B9, Fo, R E KO
RATIAT- 7,

3.1.3 EEiER
3.1.3-1 JKEK (HEFE 40 EEB) . HEEE 30,
HEE 1468 D LLEX

KB K & REEE 30 DOBE RLERTIE, BRICH
FEVENLNWEEZTZAD 6 FHITELLN
BWLWhoERb LM (777 1),
F7o. ROV HRVE DM ST AT
Motz (BHE 1),

KIEK &AL 1468, L 30 & AfFE 1468
& DHEETIE 8 FHI~9E D NHMEFE 1468 D
FFIRTENE B R T ML 1468 DIE ) D3\
LW EEZ T NT, B O EHRA e A
Thole (F771), HE 1468 TR T2
PRAS T, 7B 30 CHR TR LY
TN HIZ K, JHOKREIBAE—Th o
= (BE1),

il £ 40 i 30 i E 1468
(K3EK) (oK) (RO K)
FHE 1

N

6

4 1

il 1

0

% % & @ &

JY@/ IJ,:’

e %-”" e
& @
7771

AEAK, BEEE 30, fE 1468 O ik
EHEHERRBWLLWEK LT -2

3.1.33-2 HEE 30 &BR/AK (BEE #5150)
DL
IR TR 72 AR H ORISR A THZ



HRTHEEIRLZON, AL THI,
3.1.3-1 T/KIEAK & 30 121X, JAD &
BRIZZEDR RN E R o ol AN
TELTWDHHEE 30 OHIROKEHARD
ZEIT LT, BRABESIFVOTEWL
WERU D EEZTANIZ10 A6 AT, 4
MNTIRROMEEFOG N, BRTEWLL 220
EWVWI BRI (777 2), IRKITME
F£ 30 X DAL HRT < A S HIZE DA
n feote (BH2),

il £ 30 i E ) 150
(D IK) (ERK)
‘HH 2

9N

6

4

2

O T 1
¥ 30 A K

7772 fHE 30 &IREAKDHEE
ELHRBNLWEK U2

3.1.33-3 HHEE 30 &LHEE 97, BEEE 304 @
Jad 3

fEEE 30, 97, 304 DM R ERTIL, ME
9T M1 E/EBNLWNEEZTZAN 14 AH 9
ANThHo7z (777 3), TOBEBIIELN
WEDBEN Lo, EARHREA Lz, 72

ENRFTF o, £7o. BE 304 TR T
HRIIBENRIC R T2 8 W) BRBE M
STz, W 97 13 HIL bR < Foik
BN EDMINL IeoTe (BE3),

i 30 T 97 i 304
(fifRoA) (koK) (HlROIK)
HH 3

(ON)

8

6

4

2 II —

0 . . .
EE30  EEIT  EE304

7573
W 30, fHEE 97, WHEE 304 O Lbik
ENNELB DLW EKT =0

3.1.4 EERER

AGEK EEE 30 TENEIUR TR
N o BRI, BRI OKIEAKD
T 40 B TH L2, HE 30 & iF
ERRRETHLINGTEEEZ LN,

EIRAKDIESE BN Ko - B % B3
WD boTIE RV EE L, IBRRAKDORE
ErasRHDHZ LI L,

TR AKOREE 2 R LV FHE L TH
% & 150 T, BEEE 30 & 1468 O HIE OHE
EThhrZ Xy, BENEWIZEELD
DEL R DDIT TRV Enbholz,



TRIR DIEF DB NCBED 720N B 30 726
1468 D DOEE DK ToHAUX, L H O X
WBWLWHEEZRTHZENTEHDT
T nnhbeEx7, £2C3.1.3-3 OER
AT oo ZORER, B 97 R —FFB WL
WEBZ T ANL I oT-, FT-, #E 97T D
LEFWSIHEN I L @R E DML e
ST, WEOIESE L LTI n L
WERE L DAL EHERI L T2,

3. 2 KOEELADEE
3.2.1 ZEERRER
HRDWSI LR BV L ST 5 L&
ZoNDHTd, WHEORL LK (B 30~
1468) THAZ KT, HADINL B HITiE
WHREL DR DZ EIC Lz, bW
LWEEZ T NS Do T2 E 97 it d
KTCHETIEHERR R BB L & T4
L7,

3.2.2 EEBAE

ORI 0.5g IRy N Tifg S, 80 FEIC
% E L727K 50ml & AL TENZEA, 20
O, A5%E (EANL) CTHRAZENL T A
ALY IR LAND,

QEBZIZEEBOFFEICKT DI ORFEDOE
HERERT S,

@I FEFENREFEFRR 2 & - TR 2
Eo o, R ORI & & HITaDORFE &
PROFEROBNE 7T 5,

3.2.3 EE#ER

3.2.3-1 HERE 30, 97, 304, 1468 LbB:
HWREZR TR EOHEIS SR Y | W 97
DEE-FRALHN L, ks hziao

BENROREL 2ol WITTEDOFFEN

KED-oT-D1%, HE 304, HE 30 DJET
o7z, B 1468 TIXIENMH N 1 FHEL | £
RENTZRORHES 1 F/NEL otz (B
H4),

BHE4 AAV) A —IZHLANRT
ORALQTERCIDEZ 24

RN - T 4 FifE & bINORREITL
WHIRT-I W= (F574),

7774 FREFZEAL

3.2.3-2 HEEE 30~1468 LbB%

ROV DI FOE B E 2 o) 57z
DT, IEPOWEEOKTHHAZATTS
ROREIZH T DIOREOEE % e
HZlliliz, (F775), ZORR, i
FE 56~97 TR TIHAN L@ ~T72
D, TREOHUKBRE TH D Z Lo

277,



*:ttest (vs 30)p<0.05 *k:ttest(vs 30)p<0. 01

7775 JKOEEIZEDHIENLH DE
3.2.3-3 HEFREER
KOBEZMOETICHAZ A TTHHE
UAERAIC/ 2 ODEND D T2012, FRER
Bt A (76 mkactk) . B (51 mktt) 103
Bt /12 BV L7z, WEEE 30 &AL 97
2 FMHDOKT 3.2.2 LRERICHEEZ S TT
BIROEFEX T DI DB DOHE % g
L7, 3.2.3-1, 3.2.3-2 ofER LR UL,
K E AL B & HICHEE 30 X0 AEEE
97 DI N X VIESL- Tz,

7776 JKOMEEIZXDIEILE DEN

3.2.4 EEREX
L OFH FE D KT T il E 56~97 T

TIEHBRDOIANL LR LD oTe 2 Einb, K
DOFELE DAL HIZBIE LTV D Z &3
ST, KOMEZREST SH Ca2t& Mg2n
WO HIZEE LTS B2 BT,

3. 38 AFELBDORTE

3.3.1 ZEER{RER

IKORELE DAL S DR DK 72 DD,
KOWEEDF WS, Cazt& Mg Dif
WOV ~D B~ 2 LIT LT,
WO LN b <78 b Carifif &
Mg2HRENFAET D & T LT,

3.3.2 EEBRAE

ORIz CaCle MM A, EEED 572 2% KEE
W"x->< %, (CalOmg/L + 20mg/L -
40mg/LL. -+ 80 mg/L 100mg/L. -
200mg/L - 400mg/L)

@ik Iz MgCle & 01z, BJE DB 72 5 KR
WxE>< %, (Mg2.5mg/L + 5mg/L -
10mg/L * 20 mg/L + 40mg/L - 80mg/L)

OO & HITHIRDOAD Cazigfi, Mg
EEBZZITRE LT,

@FNZEIIREDRIL DK TI.2.2 &
RIZMHECHREZ R TT, ARVY & —
(ZRE LA, HRICERORRIT
T HIEDEFHEOE G Z i3 5,

3.3.3 EEAKER
CaZtiR LI L » T, HADWIL BTk
L. 1 /AL EN K-> 7=Di%, 40-80mg/L
Thole (F777), BEFRT DL,
40(mg/L) X 2.5+ 0(mg/L) X 4.1=100
80(mg/L) X 2.5+ 0(mg/L) X 4.1=200
THIZ D%, 3.2.3.2 OREE & IFIF
—E L7z,
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10 20 40 80

100 200 400

(mg/L)

7777 Ca¥REE L{UDRH

M@%W’iof 2o YONINASIEY Y (4
L T BENLR oD, 20mg/L
@&ot(&77&oﬁgﬁﬁ#5&
0(mg/L) X 2.5+ 20(mg/L) X 4.1=82
T, 3.2.3.2 O EEE - —F LT,

25 5

10 20 40 80
(mg/L)

7578 Mgt LD R

PR DILNL BT Cazr & Mg2+) i 44
EThY, HEIZLHETLZ EnNb)o
7o IKOMEEEPRI DISL BT 2 5 2
TWD Z EREMIT BT,

Fio, WRAK (FRU T A—HE{ER)

DEEEEDK) 150 L @b TH DI H b 51,

VAN B KXo 2 BEIC Nat 3 BEfR L T
HETRLE, 22T, NatOEZZE X T
FANZIN ZAERE U 7o KR CHAR 2 i C T
[FERRICEHER LT, £ ORER. Natb ks o

VN HITHBETHA 4 THDH I ERDN
> (FF79),

(&)

0.2

0.15

0.1
0 _

(mg/ L)
7279 NatRE L iuORHE

3. 4 KOEEELREYR-UBHE
3.4.1 ZEBERRER
HERORBERIZE EN DT T D
HbDONBH 5,

Tr=v  TI/BOIL, EKERFO

HZEENDT T =0T < B
REHRERIIND
Ro= BT X HET,
DEFRLINTND

Bar - IR

MR ORELD 2 —EHH BB )
JFTEHETHI, BARORS (F =) H
Hiel BREG (TT =) D%, B
R LT s AR S 2 D (B TS
(5H5),

GHES 8



N7 x4y To&E0 LIEERTAE
ATl L OFRRE 25X TIND
PAR= KITEED LML, 50IR
D EARD LD ITVEMNRILD7R E DS
HEPETER 23 8 %

IR OBEEE DSHIAE DOV B I B A B 2
DHEENC, R DTS HICBR T BT
DY R=VRERL T D AREERD D
LB Z T, WL R Ko T 97
CBWTEEFIR=U Nk bZRE S
N5 ETELT, KOBEEIZ X - CTREY
RV OIEHBEIZERH D ONERD
ZEliZlLr,

3.4.2 EEBRAE

OEED R 5 3 DK (BEEE 30, i#
£ 97, WK 1468) &V, FEBR 3-2-2
LRI THAZ R TS,

@BEAIE 2m] (FEEE 30, FHAE 97, B 1468
TR T2 3 FEHO WM E 1 E AR
I HEE) ZEMERE S 7 4 (Sep-Pak
Plus C18 71— kU wv ¥ : Waters) (Z{FEA

T
@ZRHK 8ml Z it L CKEMER 7 F 5y
ERET D,

@20% A Z ) —/)VIKEIE 15ml % J1 7 Al
BLCHTXUEHERET D,

®80% A %/ —/LIK¥HK 5ml % i L TAHE
PR = ESy ZENT D,

OFEY R= W% T /NKRL—F—|ZT
TR T FREEUK 4ml IR D,
@OFEHE 1ml 1T 5% 7 = / —/LIKEEIR 1ml
+JHEEE 5ml Nz, 80°C T 30 4rfHAL

B2,
@FIRIZTERE L7 SN DO (4900 m)
EMETHZETREIR=VEREEL

4o ([8]12%5).,
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HROWESNL B e b LWV 97 O
Pk, REFR=UN kb ELEBEHSR
7o (F 1), WICREEE 30, fHE 1468 DJET
hotm, KEFR=LOBWHIZIE, KOHE
FECBIRT DA AN, HBELGEZDH L
iRy oY NIl el

#F1 WEE (490nm) OHER:F

1mlE | 2/HE | 3HH

i 30 0.213 | 0.257 | 0.261

W 97 0.269 | 0.263 | 0.308

fHEE 1468 | 0.207 | 0.236 | 0.238
4. ER

SEOFERIZEY . HRITHERTL2KO
T IL, SRR DORICEEL 5252 LD
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DRI 20T VRO ENEE L
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DA QTR 25 - iR 5 ([4]
28, FAE, EBRICHEER TIE RV N
DG TR T T ARER TS & 2T THRIZD,
F e A LA ol (BE6),
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77
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BEZohD,
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NaCl DRI X > T, R Z KT SH
HEVIRENRDH D ([6]135), RERICAKE
O R=228 NaCl OFHNC & » THAE
DOREENZE T SE, JIROFIZER%
FRIATZ L2720 AL b a K< L7cH]
EELEZOND,

SATRFFE TIE, K ORHEE MK T AUZ R
EEHEORSE BN v o wmE (7],
[8]12%) oDkt LT, HEEICHESE
RCTEARIIE T, BRAS OVEAL BT I3
IRKOBENRSH D Z L BRI,

5. &im

LT D#K T RTINS0
SHIZERT HEEF R = BE B S
DO, JWaLbBR Iy, LoT, BWLWL
WHE & ST HITIE, PR OIUK & iR
FTAIUX I,
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7. SEORFEELRE

KRERMH LTk, REOHIZH D
BRIZH LS RONRAIEIEOmE, 2 o=
7L, Wbk K D & LR E
BT 2, 20L& JAITKORHRED
LOTHDHND, ZDMMAVARZ N &
ROWZLET 5 ORTIGHTHE X |
WERORN L b Lans (4z5), 4
BIZ, ZOX =2 EFI LD, TT =0
N7 2 A IR EDRERORITEEZ G 2
DGy & K DOREFE & OB IC DWW TRREGE L
Tz ER- S,

PRARIZTE L 7oK OBEE N 8 5 = & & [RlER
(AL DRI S DRRARE DIT G EE] 72K D
WENET D B2 LN, Pz, =
— b —DOF Y 0 O 5 By OfhiH
e o OREY &S 2 BRI
TOHKOBEEEZLZETLVEBVWLL
AR, B EATEE A& ICRIMET 5 2
EINTEDHERD,

8. ZEXH

(1] /hE SHEORTEH
http://www.marukyu-koyamaen.co.jp/

2] =v7y IRXTNEEKOMEE
http://[www.evian.co.jp/water/type/04

[8] [EZRRHIETRORIES K= LKA
PR F Do) BRI BAZE
By 2xi6(2003)

[4]  THROGORFAM], BANEE, A2
#£(2010)

[5]  DHLEE 0D H78 2 BRA DLyt & Vaikee ]
PFHE— #h(2012)

[6] KRGV HR=rORmiE Akt
1B 1E(1991)
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. HEEF, F)IE1(1998)
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ISSS (TJ-SSF¥ A BfF EfeRl2 7 = 7)) ks

20154 X ERRAZMRFHKISSS L LT, A TSN A o 27 =27 Th D
TJ-SSF (Thailand-Japan Student Science Fair 2015 “Seeding Innovations through
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Abstract

The organic dye-sensitized batteries were
studied. These batteries make voltage by titanium
oxide’s ability to absorb ultraviolet rays which
excites electrons to create charges. It is said that it
becomes possible to generate power by not only
ultraviolet rays but also by light whose
wavelength is longer than ultraviolet by mixing
organic dye with titanium oxide. By changing
how to make the titanium oxide paste and using
these properties, we expected to generate more
voltage. When we made the sample, we added
only Polyethylene glycol into the titanium oxide
paste and then heated the mixture, which changed
the thickness. To study the relationship between
the thickness and electromotive force, we heated
them. However, the surface of the paste of the
sample which contained only Polyethylene glycol
cracked and peeled off from the glass substrate
when it absorbed the dye, so it did not work as
expected. Then, we had doubts about the
methodology of adding only Poly-ethylene glycol
to the paste and continued our research by
studying other methods of making the paste. So,
we decided that instead of focusing on the old way
of making the paste by using Polyethylene, we
decided to use acetic acid.

Keywords: dye-sensitized solar
titanium oxide, acetic acid

battery,

Dve-sensitized solar battery
experiment

Introduction

Since the Great East Japan earthquake occurred,
nuclear power plants in Japan have been stopped
due to safety concerns, causing shortages of
power in many regions. These days we have to
secure energy sources, and we realized that solar
power may be a solution.

Solar batteries can generate semi-permanent
power in any location if there are the facilities
which are required. Solar power is different from
thermal power or nuclear power generation, and it
is good for the environment because it does not
produce any toxic gases or liquids. On the other
hand, current solar batteries are said to be
dangerous if the building in which it is located
does not meet the earthquake resistance standards,
so many wooden buildings are not suitable sites.
Furthermore, the color is dark, so places in which
these can be located is limited. So we thought that
if we could produce a small, light, clear battery we
could position them in different places such as on
windows or walls and produce more electricity.
One type of solar battery, that we studied, that can
achieve this purpose are dye-sensitized solar
batteries. Dye-sensitized solar batteries don’t
require expensive materials, can be made at low
cost, and plastic can be used as a base, so we can
make them lighter and smaller. With these
advantages we can also place them where we can’t
place them now. In addition, we can make semi-
transparent or change its color, through altering
the pigments, some groups are investigating
alternative designs. For example, with a clear
solar battery, they can be placed on widows,
without impacting the view.

Last year we studied about the relationship
between a paste’s thickness and the electricity
which is generated. This year we changed the
materials of the paste, and determined that the best
condition is that of using fine crystals of TiO-
which become a porous structure and the surface
area becomes larger which can absorb the pigment
better. This time we mixed Polyethylene glycol
which is a type of polymeric material into the TiO
2 paste.



How to Produce Electricity

Figure 1

As shown in Figure 1, dye-sensitized solar

batteries are constructed by using a transparent

electrode organic pigment which absorbs visible
rays. The TiO:’s porous structure which connects
the organic pigment electrolyte solution contains

I- and the opposite cathode which is covered by

a black lead. This dye sensitive solar battery

principle of power generating occurs like this:

1. The organic pigment absorbs visible rays
causing the electronics which is in the
pigment to excite and go into the TiO -
coating.

2. The electrons on the transparent electrode
move to the opposite cathode through the
outside circuit.

3. I* which is the electrode solution gets
additional electrons which have reached to the
opposite cathode and change into I".

4. On the other hand, the organic pigment which
lost electrons becomes oxidized and gets
electrons from I which are in the electrolyte
solution and regenerates.

When these reactions are constant, direct current
is produced. Because of these processes, dye-
sensitized solar batteries produce electricity from
light.

Materials and Methods

The first step is to establish the best way to
produce TiO: crystals. The other factors, such
as the color of paste, should be considered after
that.

The objective of the following three experiments
is to find the best TiO: crystal construction.
Overview

Experiment I

In the experiment I, the focus is to be put on the

the thickness of TiO -
transparent electrode.

We tested the pastes of three different thickness
with the three different heating powers.

We also used two different temperatures
approx.80 ‘C and 120°C when baking the paste.
However we couldn’t collect reliable data. That’s
because we couldn’t make exact measurement of
the heating power .

paste coating the

Experiment 11

In the experiment II, the focus is put on to
establish how the differences in thickness of the
paste and heating power used in making the paste
affect the amount of generated power. We
measured how much power is generated from the
six different batteries A to E with six different
pastes in thickness and heating power. Cracks on
the surface of the paste is to be examined.

Experiment II1

After Experiment I, we realized the need of an
additional experiment, which is Experiment III
That is because the result of Experiment II is
totally different from our expectations. In
Experiment III, we tested three different
substances to be put in the paste. We measured the
three different batteries and measured how much
power is generated.

Experiment I

Objective

To find the best thickness of the paste under some
different conditions

Hypothesis

The thinner paste has the less number of cracks.
Materials

The powder of TiO » (8g), PEG(4g), Pure
water(16g), Detergent (including 42% surface
active agent), Ethanol

Preparation

(1) Produce TiO: paste

[1.] Melt PEG in water

[2.] Make20% PEG solution.

[3.] Churn TiO: and PEG for 30minutes.

[4.] Put the mixture in the bottle with a
syringe.

(2) Cleanse conducting glass with three kinds of
liquid: a) five fold dilution of detergent b)pure
water c) ethanol

- Pick the conducting glass with a tweezer and
wash it by shaking it in the liquid.

-In the same way, cleanse the tweezer and the
glass stick.
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Procedure

(1) Coat conducting glass

1. After washing the glass, stick tape as shown
in Figure 2 on the conducting side.

Figure 2

2. After shaking the bottle, put the paste on the
glass.
3. Make the thickness even and remove the
bubbles by sliding the glass stick.
(2) Bake TiO: paste
1. Put the glass with the paste on the stainless
board not to be heated directly. In addition,
put the windshield around the glass.
2. Bake it by Gus burner for 20 minutes.
Cool it to normal temperature for 15
minutes.

W

Below is the tale to indicated the combination of
the different thicknesses and the different heating
powers.

Table 1
Observation
Several cracks were spotted on the surface of
every paste.

Figure 3
We observed the size and condition with an
optical microscope. Below is the sketch of them
on Figure 3, and the graph about crack’s size on
Figure 4.

Figure 4

Experiment I1

Objective

To confirm that the paste with the fewer cracks

produces the larger amount of electricity

Hypothesis

The paste with the fewer cracks produces the

larger amount of electricity.

Materials

Pentax of mallow blue (0.5g), Pure water (20ml),

Electrolyte solution which include lodide ion,

Pencil (6B)

Preparation

(1) Dye extraction

1. Added water 20ml to Pentax of mallow blue
and left it for 10minutes.

2. Take out the Pentax with squeezing.

(2) Adsorption

Take the pigment by a tweezer , put it on the TiO

2 coat 3 or 4 drops and left it for 10 minutes.

(3) Making of electrodes

Coat the conduction surface by painting with a

pencil, holding the glass with a tweezer.

(4) Building batteries

1. Put the glass with black lead on the glass
covered with TiO » paste and absorbed
pigment.

2. Hold an edge with a clip.

3. Add a couple of drops of electricity solutions
from the other edge and hold the other end
with a clip fasted.

Procedure



1. Measure the amount of the power generated
by the batteries from A to B. We measured
their reverse voltage and resistance in two
situations, without light and with LED’s light
from the distance.

2. Measure the amount of electricity generated
from the pairs of the batteries. Because of the
lack of equipment, we couldn’t measure the
six different batteries simultaneously, so we
measured the three different pairs
(AB,CD,EF) at the same time on different
days.

3. In addition we grouped the six batteries into
two groups in terms of the sun light angles:
ABEF and CD. They have the totally opposite
angles.

4. We also made a difference between ABCD
and EF in terms of the timing to measure after
pouring electrolyte solution.

5. We measured batteries A, B, C and D in
couple of hours after pouring it. On the other
hand we measured batteries E and F three
days after pouring it.

Observation

Measuring the batteries individuality

The table shows that the resistance value isn’t

stable. We recorded the maximum and the

minimum. In the left side is the minimum, and in
the right side is maximum.

Date : A~D 12/25 12:30 cloudy

E,F 12/22 15:30

Without light, Most of their electromotive values
are near OmV, and only in the battery we
measured 5.0. There is a stark contrast between F
and the other batteries.

Under the LED light, most of them changed
positive cathode from the side of black lead to the
side of TiO: coats .

Under the sun light, the side of black lead became
the active cathode. With LED light, the
resistances inside the batteries became a little
smaller, and with sunlight, it became very smaller.
Measuring in same date and time

Date:12/25 14:45~ cloudy

Figure 5

Figure 6
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Figure 7

Figure 8

The graphs 5-8 show the amount of electricity
generated under several conditions. The battery
A produced electricity but the battery B produced
little. (Figure 5)Both of the batteries C and D
produced electromotive force and the battery D
produced more. (Figure 6)

The batteries of larger number of crackers
produced the less amount of electricity. In
addition, when we shined from the side of black
lead, the active cathode changed from the
originally side and became the TiO -
side.(Figure7) The electromotive force of the
batteries E and F without the light was far from
OmV.(Figure 8)

Experiment 111

Overview

As shown in Figure 5-8, we measured the opposite
direction of electricity against our expectations.
So we decided to make an additional experiment.

We guessed that the temperature is closely related
with the peeling off. So we raised the heating
temperature to 450 °C . As a result of the
experiment it turned out that the temperature is not
the culprit. That’ s because we couldn't see a big
difference  between the two  different
temperatures. From this comes an inference that
other factors are involved.
Objective
To find the best substance to be put in the paste in
order to make the battery more effective
To confirm what is the best of the substances, such
as, acetic acid and PEG or the combination.
To confirm that TiO: peeled off when we poured
electrolyte solution, which adverse the electric
current.
Materials
7.5g of powdered TiO: , 15g of pure water, PEG
Preparation
Make three types of TiO: paste
1. The paste which includes only pure water.
Mix the 7.5g of powdered TiO: and pure
water 15g for 30 minutes
2. The paste which includes only acetic acid
a. Make acetic acid 3% aqueous solution
b. Mix 15g of the Acetic acid solution and
7.5g of the powdered TiO : for 30
minutes
3. The paste which includes acetic acid and
PEG. Mix 7.5g of powdered TiO: , 15g of
acetic acid 15g and 4g of PEG4g for 30
minutes.
Procedures
1. Put the paste on the glass
2. Put the paste in the same way as the
experiment 1.
Bake TiO: paste
We heated the glass covered with TiO: paste
in electric furnace in 450c for 15 minutes.
Get together and absorb dye
We took them together like the experimentIII.
Power generation experiment
We measured electromotive force of three
kinds under three situations; sunlight,
fluorescent lamp and no light
Observation
All of three batteries measured the biggest number
immediately after started measuring and kept the
number around minimum number. The battery
(1) took very different number from others, so
there might be something wrong when we
measured.

bl
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C onclusions

From these results, we confirmed that the
thinner paste produces the larger amount of
electricity. At the same time we find that the most
important factor to make an effective battery is the
number of cracks on the surface of the paste. The
thinner paste produces the fewer number of the
cracks on the surface. In order to make an

effective battery, it is crucial to make the paste as
thin as possible.

As for the substance to be used in making the
paste, the use of both acetic acid and PEG is the
most effective.

The types of light are also a very important factor
to be considered. Under the fluorescent lamp, the
battery produces less electricity than under the
sun. That’s because the fluorescent light includes
less shorter-wavelength under ultraviolet rays.

Further challenge

A stable and effective battery requires electrolyte
to exist as long as possible without evaporating. It
might be possible to lower the melting point of
electrolyte but it is also important to devise a good
way of preventing electrolyte from evaporating.

We also need to establish what color of dye is the
most effective and how the dye is put in the paste.
In these experiments we coat the solid paste with
the dye. Another alternative is to put the dye in the
paste material before it is put into a mold.
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