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Abstract

The influence of high voltage pulsed electric fields (PEF) on inactivation of Saccharomyces cerevisiae was investi-
gated in varying pH, ionic strength, type of medium as well as the growth phase, growth temperature and initial
concentration of S. cerevisiae. By lowering the pH and ionic strength in the medium, the inactivation of S. cerevi-
siae was increased when exposed to an electric fields of 50 kV/cm at 40°C. This phenomena showed more clearly
under acidic or basic conditions rather than in the neutral pH. The inactivation rate of S. cerevisiae directly

increased with the ionic strength of the medium such as Ca**or Mg?

*, causing change in the permeability of the cell

membrane. The S. cerevisiae cultivated under optimum temperature condition or in the logarithmic phase showed
to be more sensitive to inactivation than those cultivated in lower temperature or in the stationary phase when tested
with high voltage pulsed electric fields. However, it was noted, the inactivation rate of S. cerevisiae under high volt-
age pulsed electric fields showed no significant effect on the initial cell concentration.
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Zﬂ%}(10~50 kV/cm)«] A7NE L(1~10 us) A7HA]
A MEe] &4E Fo AEE *}% AlFle 71€2A 4
9 F43 AFH o= #-FO] AU+ bacteria, TR
o]59 IY¥ AxEY g F 45 E %/‘45} Al
F e Aoz BHIuHY glon, B AFAES] g
m] Ay

T R
PEF systems ©]-83}c] 2]F-o|y buffer Al ol A

9 Eg8Ag g d4E HAEZ UtkSale &
Hamilton, 1967; Castro et al. 1993; Qin et al., 1995; Shin
& Pyun, 2000, Jayaram et al., 1993; Manas et al., 2001;
Donsi et al., 2007; Kristina et al., 2005; Zhang et al.,
1994). A B2 A7|ZAA A7) Al71g M Al
e 3R JolA F8 HFEA AES APdd 9
S 1 ZtH(Castro et al, 1993; Kristina et al., 2001). &
olgigt F8 WHF oY= #AY 7] FE, X9
A, AE uiF 2=, AHYL o] FHRY o2
TE F8% 37 W2 4#A AthMolinari et al,
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2004; Kristina & Ulf 2001). °o]2s &4 Wy A A
A E HEE A% AF9 pH, A FH EAls= 77149
F, IR T 93 A EHE A Sst=u ¢
23 2501y A F7A = F2 FFET 171389 A
719 A2l Az 223 M2z A A7t HolA
S, 37 el tist AL Bol ATEHA BT

B AT7E A& A 4718 o] &3l 1A} A A
Aol o3t S. cerevisiae?] AVE EAHE FL 3 HIO
pH, A Z A& oA, AXe] sig 25, AE FE] o
2, ol A, #A9 7] w5 tisted At A
Al AFo) HEE W 71z AEE 8312 ST

d

AEE ¥ 2y

BT Y BT

B Aol ARE-E Saccharomyces cerevisiae @5+ ATCC
41052 $=+3%v3 3](Korean Culture Center of Microorganisms,
KCCM)ZHH &% ol AME-S 33t 45 Bag o
) FL YM agar(Difco Laboratories, Detroit, MI, USA)

£ ARSI e H, AR 7EA] 0°Coll BASITE 48 +
o] BgH g FLaA FAS] A8t Z\j%'ﬂ"\:‘
FEHALS HAWAZREH 239 FolE YM broth(0.3%
yeast extract, 0.3% malt extract, 0.5% peptone, 1% dextrose)
100 mL7} E0idE 250 mL 47 Feka3d) HAES ¥
26°CoA 24X 7+ Aufgatie. Aufde) 2 mLE st
200 mL YM broth7} 0] = 500 mL 42F S0
FEot 22 A 16A 7 Mgt tis 547 &
Hke] #FE *‘fmﬂ ARE-SHA T T #59] w2 =Y
A&DAY] TS AHE P 16°CAM = 32/ Wi F
(q]q/;f; 1 ? sk AL 26°Col A 32417F Wi ¥ A7) &
Chaoll Agoll AR-aHinh. v &g vl 4°Coll A 4000
pmZ YA &2 (Sorvall RC2C plus, Dupont, USA)3}]
A THFT L 45 850 mM acetate buffer pH 4.0,
pH 5.0; 50 mM phosphate buffer, pH 6.0, pH 7.0; 50 mM
bicarbonate buffer, pH 8.0, pH 9.0)9 13] A3 & &&
ato] ARE-SITE o] W HF #A FEe 2.0x10~3.0x107
TEINLH, & ¥4 ASE BE 7 AEYL 2L
WHoE vi Aj2o] wj g AL ARSI

O A MY R

FAYG HE AV A LD APL L §F o2 A
o AZsIRom, 1 AIFS Table 13 2ol AF X<
AR A /N E = Fig. 19 JeRA vhe} 2o} AR 2 A
2"e A AL FFH(power supply, Model JP-PS2550,
Jaepae Hi-Tec, Inchon, Korea), T 2%AY 7] (pulse generator,
Model JP-PGT50, Jaepae Hi-Tec, Inchon, Korea), #]2]-&7]
(treatment chamber)?] A7 2 FAEo] Ut} ALY FF
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Table 1. Specification of High Voltage Pulsed Electric Fields
System

Device Specification
—— Input : AC 220V, 60 Hz, 40 kW
PPy Output voltage 5~50 kV

Capacitor 1,800 pF/each, 64 pieces
Switch Thyratron, 10°/sec switching
Inductor 2 uH~20 pH, 3 pieces/each
Pulse rising time < 2nS/kV

hilss Pulse power variable

Generator

Pulse duration 1~5 us
Pulse repetition rate 10~5,000 pps
Charging time 100 ps
Peak current 2,500 A

High voltage pulse generator

AL 220¥ ————>| TRANSFORMER RECTIFIER |

D.CHIGH VOLTAGE

INDUCTOR |

% TRIGGER CIRCUIT \I
PULSE GENERATOR

GROUND

| OSCILLOSCOPE §

CAPACITOR

liillm‘

o e e e

Water Bath

Pmmlu
pump
Sample

Fig. 1. Schematic diagram of the experimental apparatus for
high voltage pulesd electric fields treatment.

e 220V ACY] 98 A& IAY HY7E T3 &
st AFate] ) 50 kv D.C. A& HAAL 5 2
=5 sler Ho 584 H¥2 50 kwelth. B A
7N 828 FAE F Ade & T Y (pulse forming
network, PEN)Z+ 1A¢te] #7718 &80z dA4d +
Ae 29AXZ P Ak A 2o
o} Zo|& AAd= T8 FROZA HY FFFAA
>FE AYS FHBL rising timeS ZAASE SAXA
(capacitor, 1800 pF/each), 2] Zo]9} falling timeS X
A3t= W A4 inductor(discharge delay inductor, 2 uH
~20 uH)Z = o] 2121, exponential decay pulse®} square
wave pulseg WAL F AEE A 5]911:}. x—] Hl2]
< resonance chargingS B3}l oH, FHA| FHE 2
AGe 7o 2 WAHSE switchg2e 9= WAH
(thyratron, 50 kV, 2500A)& AME-3} o0, HPEA o WA

= €2 43]7] A3+ cooling deviceE AE-3te] &
WE3t9th 4 A= corona®} arching HWHA3}7] 9)3y

H X
&2 <
Hx

’l:l
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High Field Treatment Zone

High Field Treatment Zone

Fig. 2. Treatment chamber with co-fields concept for high
voltage pulsed electric fields treatment.

AR 1% silicon oil)o] Bkt X2 £7](treatment
chamber, Fig. 2)= co-fields 71d-& =43t A&7 A5
# A FEFdhe BAS Aot E49T 471389
P& oL A1 5] EE edgeE A A3k sparkel] 2
g A5 o] dojuR] E=F HA - AFeieH,
A5 244 2 mm, 2 mm®] A holeg ZHEF 3t 770
€ WEE dZ3sd AA A &40] 0175 mL7t HEF
Stk A &719 ArbHe A71739 Al7|e ¥
oscilloscope(Lecroy Digital Oscilloscope, Model 9300 AM,
Dual 400 MHz, Switzerland)Z, AF+= A%-#8 converting
< o83l /Y & UEE A ARt SH3A T
A2 g7]90 A7}E]E square wave] 8-S Fig. 39 72t}

¢

22-Feb-00
14:56:23

1 I = -
1 ps poiRt in time when loed is| smthd
5.0k yY P e
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Fig. 3. Generated wave-form from pulse generator for high
voltage pulsed electric fields treatment. This wave is square
wave with 1 pulse width.

e BA 71 X2

gl 200 mLE A& 87] B2 253 o2 9%
H Z(peristaltic pump)E AHE-3t A 8E ] gelol A
Aok Mg Rl AT LE(2040°0)2 ARG F&
Tz FH ARY 25E A ARG A8
SE7F A3 2o =LA L, A FFFl ALY
< &9t power supply®] WFE st w3
o2 AE A Az w2t Fokeet AR 4458 2
At Mzt she AY7A ALE FFst A2
71l A7173S FAAA AEE A3k A A
AIRE A F M linedlH Y= AEE dFF &
At o £42 93 ARS8

ypse| 5

A} A AR AYE R &R dgde I93E
2] 4E085% NaCl) T8l dAEZ 343
potato dextrose agar(PDA; Difco Laboratories, Detroit, MI,
USA; potatoes 20%, dextrose 2%, agar 1.5%)°l 0.1 mL%
T3 o] & 26°ColA 48A17HE <t H i ge oS
AE colonyE Al Aad+E 43 tHLin et al.,
1993). A%t B2 A7) Ao e #A Y YEELS
Z7] AETM)d i A F YFFm) vEE BA|
oH, 4 33 o] whE Ay AAE HaFste y
ERA AT

SAHXE|

£ AL 33] vHE ANt 2 Haghe AMEEE e,
A% 3)7 9 (linear regression)S AHE-dte] AAAA S v w
skt

al
ES

1 % 0F
pHe| &t

A7179 A7, Al AlZE AE] 225 33X W )9
ol NIE g4 9] pH, e 74 AR A7|A
T, @5 U9 0|25 ¥ =A% 79 TH, AS
271 2 A% 94 5 vAEEH 8052
A71% AejA v BES] AME & & F3F
8 WF7t 2 F Qdvh 53] olgg WFE ke AlX
derd ] pHOt P ] H7ARE, gAY o], T
A ARFL tAE APHo) ux & o] nj$ A},

nAE NESES 95 g7 #AIgle] proton pumpol]
¢J5ke] cytoplasmic pHE 41 7HEA A 2h(Vega-
Mercado et al., 1996). 22.7Qte] 7|7 o] M x| Q17t=H
Al F(pore)e] FGEHA M Eute] F3pdo] FrtsHA =,
AZe A5 488 oA AlZUZe] HF o]29] &
Y =71 AXA €t} Protone] F4ell €J3 cytoplasmic

1A%
O
=1
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Fig. 4. Effects of medium pH on inactivation of S. cerevisiae
cells. High voltage pulsed electric fields treatments were carried
out at 50 kV/cm and 40°C.

O pH 4.0, H pH 7.0, A pH 9.0

pH7} 2452 AT 7% DNAY ATPSH 22 Al 7|8
74 E49] 334 HelE do7|A Fh(Wiggins, 1975;
Dolowy, 1975). Al @gdo] A HEA A Z JFEE
FYE H'E AXYZE wjE37] 918t H-ATPaseE 2
AIZ1A =l=d, o2 g u]AE2] ‘proton motive force’(PMF)
o 23t pH 33/ (homeostasis) frAl= th&e] oA
7} AREo Axde OE At &5l (S sty
95 FZA) Aol 7HaT thHong, 1997; Padan et al.,
1981; Booth, 1985; McDonald et al., 1990)

IAY B A7 A WAE @AY 27] pH
WE S. cerevisiae®] AEAHEE Fig. 4o JERSITE 50
mM acetate &5 (pH 4.0, 5.0), S0 mM phosphate 5
I (pH 6.0, 7.0), 50 mM carbonate $+5(pH 8.0, 9.0) 5
o] ZAE A&t 40°C, 50 kV/iemollA 2AYG B2 A
71 AsAE AE T8N MK AFE, T4
oA GZEHZ o2 A4 APE 37t @A St
Atk Acetate 5 (pH 4.0)°9014 = AFE £X7F 0.088%
phosphate 5% (pH 7.0)%1 48] APE £%(0.056)E.TF
ThFig. 5). 4 log& AFEA7I=H Al AIZHE pH 7.0
A= 60 ps o3 wHHEC pH 4.0 9.0014 = 53 us%t
46 s FANA HAAFE Fe Al Aol AbEE
At o] A= Hol IHQ; D& AVNF 71&0] A 4
FRAA F&, G2 F£%)9 Aol A& Aol B
o E88Y AL Z et

Ml

Hl

M eho| gt
A B2 A7) Beolle QurEel & A 9)

R

0.09

0.08

Death rate (45)

pH

Fig. 5. Effect of medium pH on death rate of S. cerevisiae cells
by high voltage pulsed electric fields treatment.

AME wAZe] A 2oy, A5 &, viA 24T
737 e Q3 A a3 E zol7t drt dRbygoez
BA719 N EE& S AE)RT= F4719 AZE s AE)
7b 5 37 9] wsle] B} 917sHA wkg-3tal, EAE T
= FYHE7 44 A2 @ th(Yiping, 1996; Marquez et
al, 1997; Raso et al, 1998). S. cerevisiaeS 26°Col| A B ¥
stAA i 34171 Fak16AIZhel FAS vls AlEe}
A 7132 ZHA FAT S5 AR TR 40°C,
50 kV/emZ 279 B2 W71 A 23S e AFE 3
A& Fig. 69 YA tia 21719 A EE 53 us
AHE|eAE o oF 5 log A= AFEEA oY, AHA719] Al
T ZE A7 AZIAE A o 3.54 log =Y A}
FE&S AT AFE E54 YoM T tiF 541719 A
= 0.11(7=0.997), #1719 HEE 0.082(°=0.986)2 B
2ol & eI YA o2 M EE FA 7o HoEW
259 Feolu 48l AEETY Y7 896 g &
Ef & iz 222 F Wojslr] ¢t A2 g s
st AE ZHo Fg FA3HA D h(Kolter, 1993).
weEtA] A 719 AEe tF 24719 A Ed vt 9
F 2Ef 2 & AFAEE ZAES A 2= AUNE
Aol oMz tF F247] Al vlste e T4
< YepliA €t

MIZ vt 20| Hsk

nAEY] A& o] 1AY 2 AVNF XA A
g e FGFS AR IR} S cerevisiae N EE FH
A 259 260CS HF 2xHTE Y 16°CAA 7]
TR wigste] AR 7AAE AU FF &
521 26°ColA = 16A17F, 16°ColM & oF 3241 7H5<t wl %
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Fig. 6. Inactivation of S. cerevisiae cells at different growth
phase. High voltage pulsed electric fields treatments were
carried out at 50 kV/cm and 40°C.
[J Stationary phase, ll Log phase

& AE Y-S ARG #ANE FAS F
phosphate 5 (pH 7.0)°l A &@E3ted 50 kV/iem, 40°CE
FAQF B2 AR A S W AFE &3E Fig 7
o JepAth. 2olA BXo], 26°CollA v g3t & 7
+ HEo 16°CollA v gst Al X7} 1% B2 A7F A
g DAk ole XY AAl 27°C Bk 10°CAlA
i F3t L. dextranicum®] ¥ T1733}Ch= Lin et al.(1993)9]
B9} FL3lth o|X Y v 5o w2t nyE A2}
QF stressol] ¥HE-3te FE Y Alo|E Hole AL AEY
oluf MW A= A At A At0] dfEQ Aoz
AzZtEh dubEo g A EE vjYg 257t FUtehd M X
TS A= A A 5 EXSA L] o] At
(Uchida, 1975) F, AolA vt nBES AlEY
A4 = fr8d0] F7ketH, AWt Aks do|7t #
o}x] 1 Eii} A HFAke] H]go] Folz th(Hong, 1997;
Sinensky, 1974; Kaneda, 1991). M X5}e] ANAdLS M Eg}t
& FASE A R wE 22 ded 9wt
Aoz 3| AHE H A9 & AlEo] A= FFatA A
3 W3] wZel s} APAte] ko] BETE AX
gtoju} e AE Aef7t | rk(Stryer, 1988). webA A

i
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Fig. 7. Inactivation of S. cerevisiae cells cultivated at different
temperatures by high voltage pulsed electric fields treatments
at 40°C and 50 kV/cm.

0] 16°C; W 26°C

Lo A wjgSt S cerevisiae M E7F AL A A7 A
Aglol| 717s Aoz FHHE.

M|z BiEHo| 02 &t

IR} B2 A7 AA @Y Yol ERlshe o]
Eo] HAEY AP nA s TS ZABIAT. dEH
o] o] 2rte] JFS Fotry] fJste Y 7] A=
TE ZAEE 0|29 FEE 2FF £ BE T HNES
dgtaigitt. A9 o] 252 A3t AgA2A 77}
At wEt M{Fe] sFolv APl B I9FE v
ok ESE HY, Ca*, Mg»9} 22 o] 258 ujd Folyt
g 5 A2 g Joll EAE ¢ Azt F34Ago
Z TS AL, A2 E4FE #HdgHrh(Tedeschi,
1993; Wang et al., 1979; Schubert, 1987). Aol Al&H
o] &2 17} o] 22 Na*, K, 27} 0|22 2¢& Ca¥, Mg
S ARtk Table 20 WUERd wie} Zho] 27} o2&
g dg e A2Vt 171 o] 28 e g
A= AEHT °F 1 log ol  APE &S HATh =8
AAH o2 Hadte Fi9 71272 RE APE £E8 Y]
3P 27} o] 250l 171 o]l Hls| A AME A

Table 2. Effect of ion species on inactivation of S. cerevisiae by high voltage pulsed electric fields treatment.

Ion species Initial cell concentraiton (CFU/ml) Final cell concentration (CFU/ml) Death rate (us™)
K* (KCI) (1.16+0.20)x 10’ (1.66+0.15)x10* 0.0466+0.0021
Na* (NaCl) (9.27+3.01)x10° (1.70+£0.07)x10* 0.0485+0.0014
Ca* (CaCl,) (7.82+2.62)x10° (1.03£0.15)x10° 0.0827+0.0082
Mg (MgClL,) (8.30+£2.25)x10° (5.77£1.29)x10° 0.0741+0.0054




TAYG BA A7 28 Saccharomyces cerevisiaed] B3| viAle F2AY F3F 159

E73E 2 Qth Hutkins and Nannel(1993)°] <]3lH A
9Jolo)] Ca¥* H* o]20] AlE Y9 TTrRT ¥ F%
2 2T A AEE A ATZHZE o o]2& Y3t
o AEWS Ca, H' 35 F5A71A =Y o2 st
of A Euto)] &48 FA ") g Mg* o] T2 AE
2] §54E FVHTIE 9E8L sVIE STh(Wang et
al,, 1979). Wb 1A & A7 A AdE °ol&
o|7} ol S0 M x| {53 HsE oAU &
Ae doA TAG 2 AR A FFE T AL
2 A7, 28y 22 17} o] 27t o|2EZE
MZ2 Zbo] & JFE ol B F UA2H, ol= electro-
permeation?] EEAU ] 7He A5 FE Zhe o] 254 9
3 ke W] ¢kE=thE Ho & Mittal(1996)2] B9t =
A=

Ol Z=@7| MxExT)o| HEt

FAQ F2 A7 Aol dojA YA o] Fx
(ionic strengthy= Th2 3744 803 ¥ AFEES FH5
e ¢ 523 cxloln. g o] P AV
A==9} D3 FAo] o, o] ZF=rt ARFE 27

AEEE A 0 old@ 7] AREE LAY B2
171% Aol Aol A71ge] BA, AR B8

5ol FFS Fo RE AFB B IFE WATh
Electrofusion®] 1} electroporations3} 7o) A& 714
235 7FeE A, 849 B85 B
39, 93 He7RAE A7) Axxrt F7HE4E 880
Z7}3Fck(Saraiva et al., 1996; Gaskova et al., 1996). —L&]
U 9 oJFo = ol eyt F718lY A7) AxEESHH
S AAA HAE AE APEEL 23] s €n
(Hulsheger et al, 1981; Mizuno & Hori, 1988; Jayaram et
al., 1993; Vega-Mercado et al., 1996).

AE @Yo o] 2 Fert LAY B A7 AA
A G " X= IFE A HIA S cerevisiaeE
st & 7H7] thE X 9] phosphate buffer(0.005 M,
0.01 M, 0.025 M, 0.05 M, 0.1 M, pH 7.0)° &E3l 50
kV/iem, 40°CollA A%} & 71 AE st o
o]29] TE7t F7HETE AFE &L F7HeHth(Table 3).

k)

Table 3. Death rate of S. cerevisiae as a function of ionic
strength

Phosphate concentration (M)  Death rate (us™) o
0.005 0.01911+0.0011 0.997
0.01 0.02945+0.0042 0.996
0.025 0.04154+0.0066 0.996
0.05 0.08394+0.0031 0.979
0.1 0.1088+0.0094 0.998

Electric fields strength : 50 kV/cm

Fig. 8914 BE vle} 2o 50 kV/iemolA] 53 ps A 233
< A% 0.1 M AlE AL % 6 log 7M7HE AR S
< Yepfiiey, 5 mMe] ME dgde ©A] 1 logits
ArEEAT 22 ARZE 40°CA A28 AlZIE 2

ated 53 ps¥ TS MRS BAE 0.1 MY 7
$ 50 kVicmolM = 6 log B AFF7F ZaE vHo

1E-01

1E-02

1E-03

1E-04

Survival fraction(N/No)

1E-05

1E-06
0 10 20 30 40 50

Treatment time(us)

Fig. 8. Inactivation of S. cerevisiae cells by high voltage pulsed
electric fields treatment as a function of treatment time at
different ionic strength.

v 0.005 M (R*=0.9965), A 0.010 M (R?=0.9964), O 0.025 M
(R*=0.9962), (] 0.050 M (R?=0.9786), H 0.100 M (R> =0.9980)

Survival fraction (N/No)

1E-06 *

30 35 40 45 50
Electric fields strength (kV/cm)

Fig. 9. Inactivation of S. cerevisiae cells by high voltage pulsed
electric fields treatment as a function of electric fields strength
at different ionic strength.

A 0.005 M (R?=0.9963), ¥ 0.010 M (R>=0.9817), O 0.025 M
(R?=0.9778), (1 0.050M (R?*=0.9947), H 0.100 M (R’=0.9795)
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30 kViemoll A= 2.5 log A4 ATHFig. 9). gutd oz
et W9 o] FErF ZASE AR 7t Frkete W
F ddo] AXA drt ol o|fE U3t e
73 ol B=rt At u A& AVE o] FIsHAl
. mets B AdoXE 2@ S35 fste A
2 &7 W9 AFE St A/e A% A
2 A &7l 2l TS vAE T8I AR
dtitoltt. AP HFE ST A3 0005 M-1.5 A,
001 M4 A, 0.025 M-5 A, 005 M-14 A, 0.1 M-20 A2
ol ZAx=rt F7Hel wet AFgkol ARE & F UMk
Z 99 2EE 40°CE 2AQFY ZFs oY, X2 &
ZIgellA &2 02 dojue 343 & Asolv A/
o] o] AXAM ME] AFEE IS FASS & F

et

N | s=2| Y&

I & AR dFE VA e E UE AEE
%27 A HE € 4 Ik Zimmermann(1986)> A E &
golo] A7]go] FAHH MEESC] W M3 WA
HA o]#ig Hate | AESS ZA71F AH| &3t
M2 &= pearl chaing F4 &AL skt T3 Cho
et al.(1995)2] A% ANE HW E colitt S. cerevisiaeOl
A71E 7vska Zt A 27 A71739 A/ 585 wat A
gdaA He 2S¢ F Utk B AFXE 27 A
olF & R A< chamberd] #AE T8 RUHA]
ANZIOZ |u7 #FE & A H7)1Fo] TR HA
AZEo] A3 wFoz FA3IAL AlZte] S50 wet
& (cluster)S AL AA o= Woldte MEE] 59
A NAZ oA UrtA] Rt §8ol Uil pearl
chaing ¥43h= Z& £ F Ah Oshima et al.(1995)°]
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Fig. 10. Influence of initial cell concentration on the inactivation
of S. cerevisiae cells by high voltage pulsed electric fields
treatments. Treatment conditions : Initial cell concentration
(3£0.35)x10” CFU/ml ( W ), (320.25)x10° CFU/ml ( [J ), (5+0.5)
x 10° CFU/ml ( O ); Phosphate buffer of pH 7.0 and 6 mS/cm.

Table. 4. Death rate of S. cerevisiae at different initial cell
concentration by high voltage pulsed electric fields

Initial cell concentration

(CFU/m) Death rate (us™) r
107 0.0879+0.0033 0.982
10° 0.0892+0.0015 0.998
10° 0.0960+0.0045 0.994
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