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Atchara Sankom 2012: Application of Oxidizing Agents on Washing Process to Reduce
Organophosphate Residue on Fresh Vegetables. Master of Science (Food Science), Major Field:
Food Science, Department of Food Science and Technology. Thesis Advisor: Assistant Professor

Warapa Mahakanchanakul, Ph.D. 191 pages.

In 2010-2011, Thai fresh vegetables faces the problem of detention from overseas customers due to
the higher pesticide residues over the regulation limit, especially organophosphate pesticides (OPs). Thus, the
objective of this study was to compare the efficiency of three type of oxidizing agents in order to reduce OPs
to enhance the safety of exported products. In preliminary study Chinese kale was used as the vegetable
model to demonstrate the appropriate washing conditions of each oxidizing agents in washing process, then
five kinds of fresh vegetables (Chinese kale, Coriander, Hot chili, Chinese cabbage and Cabbage) were tested
in washing conditions. The experiment were divided into 3 sections; the first and second were to investigate
the efficiency of oxidizing agents in laboratory scale, and field trials which samples were analyzed for
pesticide residue by acetylcholinesterase-bioassay (GT test kit). The third section was to apply the
appropriate washing conditions for exported fresh vegetables, which then analyzed by Gas chromatography.
Spike fresh vegetables with profenofos or chlorpyrifos solution which had residue content under maximum
residue levels of EU-MRL 10 times, were washed with 1.0 ppm ozonated water for 10 min and found
profenofos and chlorpyrifos on spike vegetables decreased 70-86% and 67-85%, respectively. Washing with
10 ppm ClO, reduced profenofos and chlorpyrifos on fresh vegetables by 60-73% and 56-70 %, respectively,
while 70 ppm EO-water reduced profenofos by 57-74%. However, washing Chinese kale with EO-water
could not determine the amount of chlorpyrifos by GT test kit. Results from field trials study revealed that
after sprayed Chinese kale with profenofos and harvested at Pre-Harvest Interval (PHI) 3 and 10 day
compared to spray with chlorpyrifos (PHI 3 and 14 day) found that washing Chinese kale with ozonated water
had the highest efficiency. This condition could reduce profenofos residue of 18.6-21.6 ppm (PHI 3 day) by
57%-59% and of 1.3-2.0 ppm (PHI 10 day) by 55-58 %, whereas could reduce chlorpyrifos of 17.9-20.4 ppm
(PHI 3 day) by 58-60% and of 1.7-1.8 ppm (PHI 14 day) by 62-73%. ClO, reduced profenofos and
chlorpyrifos residue on Chinese kale (PHI 10 and 14 day) by 40-46% and 43-56%. Later washing with
EO-water could reduce profenofos by 41-52 %. After applied the appropriate conditions, washing fresh
vegetables with ozonated water (1 ppm) EO-water (70 ppm) and Cl1O, (10 ppm) for 10 min, could reduce
organophosphate pesticide (profenofos chlorpyrifos dicrotofos and ethion) residues on exported fresh
vegetables (Chinese kale, Coriander, Hot chili and Chinese cabbage). If the pesticide residues has amount
equal or less than 5 fold of EU-MRL, washing with oxidizing water could reduce the pesticide residues to

achieve the EU-MRL limits and thus increased the potential of fresh produce export to EU.

Student’s signature Thesis Advisor’s signature
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Aae'lnswoa (Chlorpyrifos) asfauuy AassAL 97-276
Auod (Coumaphos) Tnsoa ozau Ina 56-230
lason Tuimluvloa (Cyanofenphos) %7 Ts@ 89
ANnOU (Demeton) FANON 2.5-12
laozFuou (Diazinon) wlayaiu 33 300-400
lanaeiea (Dichlovos) 111 AR 56-80
lalasIavled (Dicrotophos) luasu 24 3% a3 lunseu 22
24 118¢ 50
laduTn@du (Disulfoton) lagunou T35 na 2-12
9 19U (EPN) aivloa duvod 26
ansunlod (Etrimfos) AN 50 1,800

@
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a dyl z 3 [ ﬂld'dc ] a 9y 1 =
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wvAa o w (% A a af a 2 d‘
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a15 Insi Turleaniluasiiadagiiyngueosn Turleaia ¥ila non-systemetic tay
3 o w @ = A a 9 I [ u’/‘ o
L‘]J'L!?ﬂifﬂ%ﬂllﬁ ‘]J'i&ﬂ‘ﬂgﬂﬂ')ﬂ']ﬂlm%@ﬂﬂi]ﬂﬁlu@ﬂu!‘lﬂllﬂ Wuasdudanmsniauved
BuliezFaalnaueanerse (Acytyl Chlorinesterase enzyme inhibition) TnsW Tunoad
[ Y
FomaaiN O-(4-bromo-2-chlorophenyl) O-ethyl S-propyl phosphorothioate ﬁﬁmﬂ’ﬂimaqa

Y

373.6 g/mol wazausnazaein la 28 un./a. (25°C) World Health Organization (WHO) 9

avwiiludivegluseau 1 Taofin1 LD,, Tunymiady 358 un/nn. Quaun, 2547)

astadagisaae lnsved (0,0-diethyl O-(3,5,6-trichloro-2-pyridinyl)
. | o v o A 1 4 =} v JdA o w A
phosphorothioate) 1luasidadagirngy eosm Tuneaa Teyiusnd Ay Ao
3,5,6, trichloro-2-pyridinol (TCP) A lnsremiuasnianuduiyilwnaralael
f1 LD, (acute for rat) 95-270 un./An. Netiszmea1ee lasmuanivesdSuaaisandnlu
HAANANIINTINEAT (MRL) BN52auaee AU 19 EU-MRL V) 2010 fviuaa1 MRL ¥4
aao lnsealunziumiiy 0.05 ifidy nas Indrleamunsaaaisdrldnnlgisedre i
lelasada (Hydrolysis) g TW Taade (Photolysis) oasimsaatealulfnserlalasade
2

dgl [ 1 I a @ @ a A &
YunuMANMYUN AL (pH) Hasgmunay Tﬂﬂ’ﬂ@]31ﬂ15@1@11fJ@I'J‘lJf]\?ﬂﬁf]le§V\|@ﬁ'ﬁ]$LW3JaUu

A a 1 1< 1 d? A
L‘JJ@Q'ENWQiJLLﬁZﬂ”Iﬂ'JTJJLﬂuﬂiﬂﬂﬁq\iﬂlu (q%um, 2550)
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M319f 4 auiiamanivesasivadagiyyia Insi Tueauaznae lnsvlea

autianiunll ashvadag
Foauiny Tnsi Tuon * Aao Inswoa °
¥oinll O-4-bromo-2-chlorophenyl O-ethyl S-  O,0-diethyl O-(3,5,6-trichloro-2-

propyl phosphorothioate

pyridinyl) phosphorothioate

ga3 luana

C, H,BrCIOPS

C,H, CINO,PS

TaseadeTuana

Br
0
Il

P
0”7 | TSCHCH,CH,
o OCH,CH,

nguasfIndag

po5m Tuoara

a5 Tuloara

m3vengnd AshIadagNsagnaine ashIadagNssagnaine
ﬁymﬁﬂimaqa 373.6 g/mol 350.62 g/mol

LD,, (i) 358 mg/kg 95-270 mg/kg

IR0 110 °C 119-121 °C

miazawﬁa (25°C) 20 mg/L 1.05 mg/L

Ugnsenlalasasa

4
9N IMITNBAIVUBYNUA pH
pH5t% =93 Tu
pH7t%=14.6 Tu

pHOt% =57 U

4
8RNI IMIAABAIVUBYAUAT pH 1Az

gUNYI

NgaIngil 25 °C
pH 8t % =237
pH7t% =357

pH5t%=637U

=

M pH 7.0
RUNQN 35°Ct%=125U

25°Ct% =357

15°C t % = 100 M

flan: Aaudasein * US Environmental Protection Agency Office of Pesticide Programs (2006)

° US Environmental Protection Agency Office of Chemical Safety and Pollution

Prevention (2011)
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http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3
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http://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B9%80%E0%B8%94%E0%B8%B7%E0%B8%AD%E0%B8%94
http://th.wikipedia.org/w/index.php?title=Directive_67/548/EEC&action=edit&redlink=1
http://th.wikipedia.org/wiki/NFPA_704
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Captan iAo ngu werlifa 0488 v 21 30 50
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AADIU 50, 500 7 21 30 66,77
Formetanate - Insecticide/ LlﬁlﬂLﬁa 0.657 ﬂyﬂ,ﬂa'1 21 30 23
HCL Acaricide ToTasu 0.25 7 21 30 46
AADIU 50, 500 7 21 30 50, 50
Endosulfan poimluaaesu  azth 9752 Tolwu 25 30 36-60  gNTY
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1a o0 lod 5% 25 30 12-55  (2544)
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M3190 14 (A19)

yiAAS nqu PGIAN GRETIRLLY REGRE msoondlad ey guugll  nadN % 91994
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(D)
Endosulfan poimlunaesu  wziilo 1137 thazen 25 30 10-50  gnBUY
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(2544)
Bromoxynil nfiases i 9.0 uM v T T 0.21 mM 7 20 2 98 Avyala et al.
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M3IUA
viuld 25 15 21.9
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M3190 14 (A19)
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NAADI #B) @B ) °C (W) Msan
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TwsWluvea  eosmluveanla  azih 30 ToTaru 0.5 8 10 30 30 533N
Anosu laoon lad 6 4-6 15 50-77  uazAM

Cypermethrin ~ lW3insoud Az 8 ToTau 0.5 8 10 30 3555 (2548)
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sativum Linn) W3 nyt e (Capsicum annuum Linn. Var acuminatum Fingerh)
Ann1Av1IYa (Brassica rapa var. pekinensis (Lour) Olsson) waznzrala
9 [
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3.1 m%qwﬁmiai«m g:u (Bello Zon model OZVA 1021E ProMinent Fluid Controls
Co. Ltd., Thailand) Taou5im Insiinius Wada aeulnsad (lszmalne) $1ia

32 m%imwﬁmaa‘%u"lﬂaaﬂllcﬁﬁ (Bello Zon model CDV 35, ProMinent Fluid Controls
Co., Ltd., Thailand) Taou3im Insiiniusi Wgda noulnsad (lszmalne) $1ia

33 m%imwﬁmfwﬁgﬁﬂimﬂa«ﬁ%ﬁﬂﬂm ( Electrolyzedwater generator) Tuea  ROX-
10 WA- E, Oshizaki Electric Co., Ltd., Japan ﬁu%}ﬂﬂﬂﬂ§ﬁ%1UImGBWLW®§ N9

3.4 1n3933AA Oxidation-Reduction Potential 11azA T UNTAMY 1 pH / Ton 510
8o Eutech Instrument Tag U550 Twanaa anend $1ia

35 nseaianSununasiy USinunasiulaeenled nazdSineTe Tay
U Dulcutest DT1 Photomete Tagu3tin Insiinius vgde aoulnsad (szmalng) $1ia

3.6 ﬁ laminate flow cabinet (Gelman Science model no. CF43S, United Kingdom)

3.7 m%ﬂmumiazmsﬂumaﬂ (Vortex mixer model Genie II, USA)

3.8 130934 IO (Electron Balance) arusasaimiin’ld 0.01 ndu

3.9 n5eutheIna

3.10 émﬁmmuqquﬁ (water bath) fi 35-37 eeruTaITod

3.11 w5esanTas W Talimes Ju Genesys 10 UV

A A oA Ao & 9 Aa wva
3.12 in3edllonazgilnisious Ndutluluviesgians
d
4. gunIas

4.1 1A399UAA29819 (blender) 1A LAz
42 D49 NZAZII DIALAZAZLUANTIATNAN
4.3 Auto Pipette Y11 1-100 1@z 100-1000 luInsans
4.4 NIZATYNIOI Whatman No.1
d' 9 a 1 9 = 4 [ a
4.5 1n5oauMriacnee laun Tanes vaalsulSuas uazvasanaass
4.6 cuvette WATEAAN
4.7 WINAIIULIA (Canon Electric Business Machines Co. Ltd, China)

Y
4.8 ganaraan Inalnswau yuia 14x18 17


http://en.wikipedia.org/wiki/Cuvette
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® Pesticide EU-MRLs (2010b)
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(o) (i) ALIN in% winaih fnmeav1i1a nevdnla

ﬁﬂﬁﬂmhjéjN 0.61+0.10 ¢ 0.61+0.12a 5.66+0.41 a 5.82+5.67 a 9.49+0.25 a
ET]JE%”IJW - 5 0.49+0.07 cd 0.48+0.06 b 3.87+0.28 b 4.40+0.20 b 7.94+0.17 b
- 10 0.42+0.07 cd 0.40+0.05 be 3.40+0.38 ¢ 4.04+0.24 b 6.92+0.22 ¢

°Lil1 EO "lﬂjﬂﬂiﬂ 50 5 8.52+0.08 b 0.34+0.10 cde 2.48+0.24 d 3.02+0.38 ¢ 5.70+0.50 d
10 9.20+0.44 a 0.27+0.11 defg 1.92+0.23 ¢ 2.514+0.75 de 4.96+0.50 de

70 5 9.11+0.65 a 0.314+0.10 cdef 1.86+0.19 ef 2.8340.49 cd 5.02+0.74 de

10 9.18+0.74 a 0.23+0.07 fg 1.61+0.1 fg 2.20+0.09 e 4.29+0.76 ef

ﬂﬂ@%uhlﬂﬂ@ﬂml%ﬁ) 5 5 0.35+0.09 cd 0.35+0.08 cd 2.71+0.30 d 2.80+0.22 cd 5.55+0.76 d
10 0.30+0.11 cd 0.29+0.06 defg 2.10+0.16 ¢ 2.35+0.15 ¢ 4.73 +0.69 de
10 5 0.334+0.08 cd 0.27+0.06 defg 1.88+0.16 ef 2.49+0.11 de 4.99+1.01 de

10 0.274+0.07 cd 0.24+0.06 efg 1.61+0.17 fg 2.16+0.01 e 4.16+0.96 ef

Tolasu 0.5 5 0.30+0.09 cd 0.28+0.05 defg 1.56+0.15 g 2.60+0.30 de 4.08+1.17 ef
10 0.25+0.04 cd 0.26+0.07 defg 1.18+0.15h 2.20+0.09 e 3.44+1.12 fg

1 5 0.27+0.11 cd 0.26+0.06 defg 1.17+0.16 h 2.27+0.10 e 3.34+1.20 fg

10 0.20+0.11d 0.20+0.04 g 0.87+0.16 1 1.71+0.22 f 2.79+0.87 g
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ammﬁa UagnN1 SD 31NNITNADDY 6 “]ﬂlmgﬂﬂ’é]ﬂ‘H‘iﬁl,mﬂ@]1QﬂuﬁluLmﬁgﬁﬂhmlﬁﬂ\‘iﬁﬂﬂ’ﬂmmﬂG]Nf]EJNiJUEJﬁ1ﬂﬂJU‘1/]Nﬁ’ﬂ@] ‘ﬁi

[

AT

ANMUFDIU 95 %

LLT



d' Aa A 9 9 ds’ a 9 2’ 9 1 a sa A o 1 ~ [ 1 [ <3 = a
AINNUINT VS ﬂizﬁ‘w‘ﬁmwm'immzm‘ﬂmﬂau’mﬂ‘w3WTuW’aﬁmﬂmaNﬂquaaﬂm'lﬂﬁmmaaﬂwuﬁmn 3 1ag 10 U NOUIUNULNYINANDH

v

MINAaDa ANUTUTIIA USuaens Ins i Turoaandie® (i)
(iid), a1 (i) it 1 Juin 2
39U 10 U 37U 10 3
llliﬁs{N - 21.61+0.82 a 1.97+0.48 a 18.60+2.45 a 1.3540.25a
vimlszah -, 10 17.08+0.69 b 1.64+0.09 a 14.60+1.84 b 1.14+0.05 a
¥ EO ¥iiansa 70, 10 10.04+0.22 cd 1.17+0.06 b 9.53+0.34 ¢ 0.64+0.04 b
aae3ulaoonlod 10, 10 11.33+2.19 ¢ 1.19+0.06 b 9.87+0.25 ¢ 0.73+0.02 b
ToTasu 1,10 8.89+0.69 d 0.88+0.08 b 8.02+0.05 ¢ 0.56+0.04 b
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"AunfY LazA1 SD 1NMTHINTNAADY 6 4

Y { 1 @ 1 o 1 1 v o Aa A 4 o
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d' Aa A 9 9 ds’ a 9 oy 9 1 a sa A o ] ~ [ 1 [ <3 = a
AITNANUINT V6 ﬂﬁZﬁW‘ﬁﬂ'lWﬂ?ﬁaNﬂgln‘lJLll‘l]fJUﬁ"liﬂa@ul,‘W51/\'@ﬁ'ﬂ'JfJL!Tﬁ']Qﬂqwﬂﬂﬂ“ﬁulﬂﬁ“]f\imﬂﬂﬂwuﬁ'ﬁﬂ 3 uag 14 31U NUIUNULNYINANDH

MINAaDa amuduthig USinaannae Insvoaandia® (i)
@MDY, a1 (i) 1 i 3 i
3 Ju 147U 3 Ju 14U
lllié}N - 20.43+2.23 b 1.68+0.21 b 17.9342.31b 1.74+0.16 b
vimlszah -, 10 16.62+0.85 ¢ 1.38+0.12 b 14.3340.82 ¢ 1.46+0.06 b
¥ EO ¥iiansa 70, 10 104.75+1.06 6.08+0.29 a 90.20+2.90 a 6.85+0.40 a
aae3ulaoonlod 10, 10 11.07+1.14 d 0.74+0.06 ¢ 9.50+0.58 d 0.99+0.07 ¢
ToTau 1,10 8.66+0.55 ¢ 0.45+0.11 ¢ 7.24+0.99 d 0.66+0.12 ¢
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v
va o Y J

q‘ a P 1 v Y Y d‘d a Y d' 1 1 =
AT NHUINT N1 ﬁiJiJG]‘lﬂﬂNﬂQil’E]E]ﬂ“ﬁvlﬂﬁclfﬂﬂE]LlLLﬂ%‘ViENﬁNﬂ%L!WIlJZ‘TﬁTWiV\IIu‘NE}’dG}ﬂﬂN‘V] 10 1ta@ 100 tM1v09A1 EU-MRL 1 2010

asandas udy ¥iiarhdg Nadne Aoud YEAGRN
WD) (i) anududu @dY)  ATORP(mV)  A1pH ANuAudY @AdN)  A1ORP (mV) A1 pH
0.5 13:1 EO ¥iansa 10 50 1048+2 3.04+0.01 44+2.00 84743 3.25+0.05
15 38+1.53 78843 3.36+0.02
30 32+1.53 685+2 3.46+0.02
10 70 114843 2.631+0.02 63+2.00 1069+3 2.84+0.01
15 58+1.00 1036+6 2.94+0.02
30 52+1.53 88742 2.98+0.01
0.5 naesulaoonlod 10 5 74643 6.64+0.02 3.840.15 59643 6.92+0.02
15 3.040.20 474+4 6.98+0.02
30 2.01+0.26 42743 7.074+0.02
10 10 88543 6.26+0.02 7.310.15 685+3 6.32+0.01
15 6.5+0.15 58643 6.44+0.02
30 6.2 +0.06 57542 6.44+0.01
0.5 ToTasu 10 0.5 58242 7.73+0.01 0.03+0.01 348+2 7.26+0.01
15 0.00+0.00 333+1 8.14+0.01
30 0.00+0.00 33242 8.26+0.01
10 1 764+2 7.65+0.01 0.05+0.01 366+2 7.84+0.01
15 0.04+0.01 35343 7.92+0.02

30 0.00+0.00 334+1 8.21+0.02
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MIINUINN 21 (AD)

© ¢

asandas udy ¥iiarhdg Nadne AouA YLAGRN
@) W) anududu RAdN) A1 0RP (mV) A1 pH ANUTNTY (AABY) A1 ORP (mV) A1 pH
5 lil"l EO wilansa 10 50 1037+1 3.06+0.02 39+1.00 832+4 3.47+0.01
15 32+3.00 806+2 3.54+0.01
30 29+3.00 775+2 3.5740.01
10 70 115643 2.5740.01 57+1.00 96342 3.2540.02
15 44+1.00 85443 3.3340.01
30 41+1.00 854+1 3.3340.02
5 ﬂa@gu‘lﬂ@@ﬂq“ﬁﬁ 10 5 763+1 6.6310.02 3.2+0.02 632+2 7.1840.01
15 2.240.01 523+2 7.26+0.02
30 2.1+40.01 519+4 7.3240.02
10 10 88743 6.25+0.02 7.240.02 697+1 6.44+0.02
15 5.540.02 62543 6.57+0.01
30 5.3+0.02 620+3 6.63+0.01
5 ToTau 10 0.5 643+2 7.76+0.02 0.03+0.01 336+1 7.92+0.02
15 0.00+0.00 323+2 7.96+0.02
30 0.00+0.00 321+1 8.04+0.02
10 1 83043 7.63+0.01 0.04+0.01 33742 7.8340.01
15 0.034+0.01 335+1 7.9240.01
30 0.00+0.00 325+2 7.94+0.01
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q‘ EZ 3’ kY 1 a a1 v 9 Y A a Y ~ J 1 =
AT NHUINT N2 fmu@1u1mqﬂq11aaﬂm”lﬂﬁ«mﬂ@uuazwmmmzmmmmaa"lwawaﬁmmm 10 1@ 100 tM1v09A1 EU-MRL 1 2010

asandas iy o NA1A Aoudng EGAN
WD) i) anududu @Wdy)  ATORP(mV)  A1pH ANty (\AdN) A1 ORP (mV) A1 pH
0.5 ¥ EO wiiansn 15 50 1078+2 3.06+0.02 4141.00 783410 3.32+0.02
30 36+1.53 682+12 3.47+0.02
15 70 1194+4 2.7140.01 6342.52 1142413 2.84+0.01
30 53+1.53 987421 2.93+0.02
0.5 nao3ulaoenlyd 10 5 769+6 6.90+0.03 4.3+0.06 66342 6.88+0.04
15 3.040.25 46342 6.92+0.07
30 2.2+0.26 43443 7.04+0.04
10 10 92343 6.16+0.02 7.540.26 654+6 6.20+0.02
15 6.9+40.31 633+4 6.32+0.04
30 7.040.21 63643 6.39+0.04
0.5 ToTasu 10 0.5 534+1 7.7140.01 0.03+0.01 349+1 7.9140.01
15 0.00+0.00 33342 8.22+0.02
30 0.00+0.00 33242 8.25+0.01
10 1 79143 7.87+0.02 0.04+0.01 356+3 7.95+0.02
15 0.04+0.00 355+1 7.92+0.02
30 0.00+0.00 33242 8.21+0.02
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MIINUINN N2 (AD)

msandrasudy  wiieidn NA1A Aoudng EGAN
WD) i) anududu @RSy A1ORP (mV) 1 pH ANubNtY (ABN)  A1ORP (mV)  A1pH
5 ‘L{W EO sHansa 15 50 1025+3 3.03+0.01 28+1.00 87543 3.47+0.02
30 25+1.00 79613 3.514+0.02
15 70 1169+4 2.73+0.02 46+2.00 95543 3.32+0.02
30 44+1.53 924+4 3.34+0.02
5 nao3ulaoenlud 10 5 79342 6.82+0.02 3.240.06 754+1 7.14+0.01
15 2.6+0.10 647+2 7.2240.01
30 2.140.12 53343 7.3540.01
10 10 917+2 6.17+0.01 7.740.06 79642 6.40+0.11
15 5.640.10 636+2 6.52+0.01
30 4.540.10 61242 6.66+0.03
5 ToTasu 10 0.5 635+4 7.64+0.04 0.04+0.01 326+1 7.72+0.02
15 0.00+0.00 321+1 7.75+0.02
30 0.00+0.00 321+1 7.74+0.02
10 1 81443 7.73+0.02 0.04+0.00 32742 7.80+0.03
15 0.04+0.01 32642 7.82+0.01
30 0.00+0.00 32343 7.83+0.02
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M519WUINT 23

Y

wAa o 1 a P 1 Y] v
auimiidnngueend ladsinounaznasiiunsarsdnag

v

111814 A AW a5 Tnsil Tumlea (0.56 D) arsaae lnsea (0.61 Wdw)
e Wudu AoUA Na9d Aoudng Mdada
(i) @Dy sorRP  ApH  Anwdudu M1 ORP MpH  AIORP  fAlpH  ANWdutu  A1ORP  A1pH
(mV) (Wiid) (mV) (mV) (D) (mV)
vimlszah 5 36343 7.7+0.1 342+4 7.9+0.3 38242 7.9+0.1 360+1  8.1+0.4
10 352+1 8.140.5 35741 8.2+0.1
¥ EO wiiansn 5 50 109412  3.240.2 46+1 887+4 3.740.3 1094+2 33402 39+1 39245 3.6+0.1
10 3343 828+2 3.8+0.2 34+1 35545 3.7+0.2
5 70 118242  2.7+0.3 58+1 100543 2.9+0.6 120545  2.7+0.5 5642 108342 2.9+0.1
10 50+1 981+2 3.0+0.3 4242 969+5  3.1+0.0
aaoiulaoonlud 5 5 77242 7.240.1 4.7+0.1 662+2 7.3+0.2 776£2  6.9+0.1 3.840.1 76242 7.240.0
10 4.140.1 604+2 7.4+0.2 3.140.1 68743  7.9+0.3
5 10 938+1 6.1+0.2 8.0+0.2 775+4 6.3+1.8 975+6  6.2+0.1 8.5+0.3 86343  6.5+0.2
10 6.9+0.2 73247 6.4+0.6 7.5+0.1 834+4  6.8+0.3
ToTlau 5 0.5 556+4  7.7+02  0.2+0.03 434+6 7.740.8 566+6  7.8402  0.20+40.03  435+1  7.9+0.1
10 0.07+0.10 38142 7.8+0.7 0.03+0.01 392+4  8.0+0.1
5 1 803+3  7.5+02  0.4+0.03 53243 7.6+0.4 81046  7.5+0.1  0.40+0.03 55343  7.8+0.1
10 0.140.01 444+4 7.8+0.3 0.10+0.02  453+2  7.940.5
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v Y
A o 1 a A 1 [ o
M31awuIndl a4 auliithdngueond ladsenounaz naeriumsanans

v

DRGAN al A 713 Insil Tuvlea (0.58 Aidw) a1snae Insvew (0.61 W)

A dutu Aouda EAGRY AIGAN EGERN

(i) @By MORP  ApH  anwdudu  MORP  MpH  f10ORP ApH  anududy A1ORP  ApH
(mV) (WD) (mV) (mV) (WD) (mV)

vimlszah 5 357+1  7.8+0.0 332+1 8.140.0 3642 7.7+0.01 35443 7.9402
10 333+1 8.240.2 34942 8.140.1
1 EO wiiansn 5 50 105241 3.2+0.0 38+1 78743 33402  1086+2  3.1+0.01 42+1 87943  3.3+0.0
10 3142 65412  3.440.2 3743 83245  3.3+03
5 70 1187+1  2.6+0.1 5742 97741  2.8+02 119342  2.6+0.02 62+1 101443 2.740.1
10 4242 887+2  3.1+0.1 56+1 985+4  2.8+0.3
naoiulasenlad s 5 786+2  6.8+0.1 4.0+0.1 722+1 7.3+0.2 766+2 6.9+0.01 4.3+0.1 658+3 7.040.1
10 3.240.1 686:+1 8.0+0.4 3.9+0.2 59542 7.3+0.0
5 10 954+1  6.3+0.2 7.340.1 83543  7.1+03 946+2  6.140.01 8.310.1 776+4  6.6+0.3
10 6.240.1 819+3  7.9+0.2 6.9+0.2 73744 6.9+0.3
Tolou 5 0.5 54244 77402 0.11+0.01 42943  7.8+0.0 55243 7.6+0.01  0.12+0.03 43244 7.740.0
10 0.03+0.01  365+6  7.9+0.2 0.03+0.01 37744 7.9+03
5 1 786+1  7.6403  0.30+0.02  523+2  7.8+0.1 79043 7.4+0.01  0.33+0.04 52643 7.6+0.1
10 0.05+0.02 43242  8.0+0.0 3642  7.740.01  0.07+0.01 44042 7.7+0.1
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v E4
M5mIni as auimidungueend lad

FINOULATHAIHIUNITA

vy

2

1nsnaih

v

1 na AW a3 TwsW Tuvlea (0.70 D) asnaelwslea (5.66 AiNDN)

de it Aoud EAGAY Aaud RGN

(i) @dy)  soRP  mpH  Anwdudu  MORP  A1pH  f1ORP ApH  anududy A1ORP  ApH
(mV) (WD) (mV) (mV) (Wd) (mV)

vinlszah 5 348+1  7.940.1 327+1 8.0+0.1 378+4 7.840.2 365+5 8.0+0.0
10 32343 8.140.1 35242 8.1+0.1
¥ EO #iiansa 5 50 1049+5  3.1+0.2 41+1 785+5 32402 109545  3.1+0.1 41+1 89246  3.340.1
10 3342 646+5  3.3+0.1 35+1 83945  3.4+0.0
5 70 1186+1  2.6+0.2 53+1 97141  2.840.1 118846  2.6+0.2 70+1 102846 2.8+0.1
10 4312 87742  3.140.2 5043 996+5  2.8+0.3
naoiulasenlad s 5 778+1  6.840.1 4.3+0.1 714+1 7.240.3 772+4 6.9+0.0 4.6+0.1 665+1 7.140.0
10 3.5+0.1 659+6  7.3+0.1 3.9+0.2 60242 7.3+0.1
5 10 948+1  6.140.2 7.5+0.2 828+3  7.140.0 936+1 6.140.0 8.5+0.2 786+4  6.7+0.0
10 5.9+0.3 81316  7.5+0.3 7.3+0.4 74047 7.040.2
ToTlau 5 0.5 54248 77404  0.11+0.00  418+2  7.8+0.1 550+4 7.6+0.3 0.13+0.04 438+1  7.7402
10 0.03+0.01 34242  7.8+0.2 0.05+0.01 38043 7.9+0.2
5 1 783+2  7.6403  0.33+0.01 51147 7.8+0.1 795+5 7.5+0.3 0.35+0.03 56241 7.7+0.1
10 0.06+0.02  441+4  7.9+0.1 0.07+0.03 44141 7.840.1
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v Y
A o 1 a A 1 [ o
MmNt a6 autiathannquoend ladsenounaznasriiumsasdinnayla

J

1da nal AW a5 Tnsi Tumloe (0.57 Ndw) arsaae Insea (5.82 Wdw)
Aty AN ENGRN ABUA YLAGRN
(i) @by arorp mpH  anwdudu f1ORP MpH  AORP  fpH  ANUANYY  A1ORP  A1pH
(mV) (WD) (mV) (mV) (iid) (mV)
vimlszah 5 376+1 8.0+0.1 355+1 8.2+0.0 387+1  7.6+0.1 35342 7.9+0.1
10 351+1 8.2+0.2 35141 8.1+0.1
1{1 EO ¥HansA 5 50 1085+3 3.340.1 45+1 987+1 3.540.2 1095+2 3.1+0.2 41+1 956+2 3.340.1
10 39+2 946+1 3.6+0.2 3542 87613 3.310.3
5 70 1189+1 2.610.2 62142 107612 2.840.2 120242 2.610.2 63+1 112543 2.740.2
10 59+2 10352 3.140.2 52+1 1068+2  3.2+0.2
naeiulaoenlyd 3 5 7751 6.840.3 4.240.1 75742 7.240.2 795+1  6.840.3 4.240.2 72342 7.240.2
10 3.840.1 734+3 7.9+0.0 3.240.2 64742 7.7+0.2
5 10 965+1 6.2+0.1 8.4+0.1 858+11  6.4+0.3 944+1  6.1+0.1 8.6+0.2 82543 7.1+0.2
10 7.740.2 822+3 6.7+0.1 7.240.1 75542 7.6+0.2
ToTau 5 0.5 55743 7.740.1 0.19+0.03 435+6 7.810.1 565+4 7.610.1 0.144+0.01 45142 7.740.2
10 0.04+0.01 384+4 8.0+0.3 0.0240.01 382+4 7.810.2
5 1 79942 7.5+0.3 0.33+0.03 548+3 7.740.1 802+4 7.4+0.4 0.39+0.02 529+4 7.610.1
10 0.05+0.01 44143 7.840.1 0.05+0.01  441+1  7.7+0.1
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v E4
M5EIni 27 auimidungueend lad

FINOULALTHAIHIUNITA

vy

1nzvdla

A g

an g

an AW a3 s Tuvloa (0.51 Witow) msnae Insoa (9.49 fifiDw)

A ity Aouda NA9aN AouA YLAGRN
(i) @Wd)  A1ORP  fipH  Anududu MORP  @ipH  AIORP  @pH  anududu  MORP  fpH

(mV) (iid) (mV) (mV) (fid) (mV)

vimlszah 5 368+1 7.7+0.2 343+1 8.1+0.1 36342 7.6+0.2 34341 7.840.2
10 341+1 8.1+0.4 342+1 7.9+0.2
1?:11 EO ¥Hansa 5 50 1044+1 3.340.1 42+1 879+3 3.440.1 1023+1 3.3+40.0 3942 85542 3.440.3
10 836+2 3.5+0.0 33+1 77613 3.540.1
5 70 1198+2  2.7+0.1 63+2 1028+2  2.8+0.3 1188+1  2.6+0.1 56+1 96147  2.8+0.1
10 59+2 984-+4 2.9+0.2 4542 818+5  2.9+0.2
aaoiulaoonlud 5 5 787+2 6.7+0.1 4.340.2 72443 6.9+0.3 793+1  6.840.2 3.740.1 654+3  7.0+0.4
10 3.6+0.1 64642 7.0+0.3 3.240.1 61542  7.1+0.2
5 10 989+2  6.2+0.0 9.4+0.1 929+3 6.4+0.0 964+1  6.2+0.0 7.940.2 77444 6.740.1
10 8.6+0.2 863+3 6.9+0.3 6.5+0.2 64443 7.0+0.3
ToTau 5 0.5 565+4 7.610.3 0.16+0.04 44043 7.7+40.3 558+4 7.5+0.3 0.114+0.02 43144 7.6+0.3
10 0.06+0.03 389+6 7.8+0.0 0.024+0.01 37344 7.740.6
5 1 81745  7.540.0  036+0.03 5443 7.6+0.2 792+4 73402  0.32+0.04 53047  7.5+0.1
10 0.06+0.01  452+4 7.8+0.1 0.06+0.03  430+8  7.7+0.2
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v E4
M51HInd a8 autimidungueend lad

FINOULAZTHAA

Y

winazihlunanlgn nasdianuars Insi Tuvlea

v

1Hda nal

AU PHI 17213 U PHI 1121 10 7u

de Aaudna EAGRY Aaud YNGR
(i) @dy)  A1orRP  mpH  anwdudu AORP mpH  AORP  dpH  anududy  MORP  MipH

(mV) (D) (mV) (mV) (Td) (mV)
filssh 5 36442 7.74+0.2 35642 7.94+0.3 376+4  7.740.1 34244 7.9403
10 349+3 8.140.1 35241 8.140.2
‘fi? EO ¥iania 5 70 11932 2.6+0.2 62+1 101442 2.740.2 117842 2.7+0.2 58+1 1005+3  2.8+0.1
10 56+1 985+4 2.840.2 50+1 981+2  3.0+0.1
aae3ulavenlud 5 10 93642 6.140.3 8.340.1 78043 6.6+0.3 935+1  6.2+0.0 8.0+0.3 775+4  6.7+0.2
10 6.9+0.2 74343 6.940.3 6.910.2 73247 7.040.2
To Tosu 5 1 833+4 7.540.1  0.38+0.03 539+2 7.6+0.3 82343  7.5+0.1  0.39+0.03 53243 7.7403
10 0.0740.03 448+4 7.840.3 0.06+0.01 444+4 78404

v 9
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v E4
M51EIni 29 auimidunguoend lad

FINOULAZTHAA

Y

wanazihlulanlgn ndsianuasaae Insvoa

1de 1 ALY PHI 1781 3 7 PHI 1721 14 U

e ADUAN NA9AN Aaude YENGRN
(i) @by a1orRP  mpH  anwdudu  MORP  @ipH  AIORP  mpH  anwdudu  A1ORP e pH

(mV) (WD) (mV) (mV) (Fd) (mV)
szl 5 36543 7.640.01 365+4 7.940.1 36612 7.710.1 347+1 8.0+0.2
10 354142 8.140.1 335+1 8.14+0.2
‘fi? EO ¥iAnia 5 70 1200+1  2.640.1 60+1 1005+3 2.7+0.2 119742  2.740.3 62+1 1010+2  2.940.1
10 50+1 97642 2.940.1 5342 97443 3.0+0.3
aae3ulavenlud 5 10 91742 6.1+0.2 8.740.1 76444 6.5+0.3 97842  6.2+0.2 8.5+0.1 908+4 6.5+0.1
10 7.340.3 73245 6.9+0.1 7.9+0.1 85242 7.0+0.1
ToTau 5 1 799+1 7.5+0.4  0.32+0.05 51543 7.840.3 825+4  7.540.2  0.30+0.03 55843 7.740.1
10 0.10+0.04 43445 7.940.0 0.05+0.02 44343 7.940.1

Y

ANNABLALAT SD 1INNITNADDY 6 91
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