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Purposeé&
Contents

(Purpose)

- Feasibility study about a technology removing the nasty odor,
ultra—fine mist, pollution of swine barn by generating ultra—fine fog
of liquid deodorant
(Contents)

- Marketability survey

- Technological feasibility survey

- Business feasibility survey

Results

1) Marketability survey
— It is checked that there is no reliable solution technology enve
though the number of complaints for livestock odor, swine odor are
increasing.
- It is expected that demand for barn—environment management
product 1s increasing since Improved awareness that good
environment would improve productivity has been spreading.
- Because of the distrust in the market of barn—-environment
management product, it 1S not easy to convince operators to believe
the result of experiments. But nowdays, young livestock operators
are trying to apply new technologies, so it can be a good start to
coporate with those young operators.
— Since there is a distrust in agricultural machinery market and
barn—-environment management product market, it is recommended
for new business starters that having a large data for convincing
customers.
- It is expected that the size of domestic barn—-environment
management product 1s around W150billion every year.

2) Technological feasibility survey

- It is checked that there are more than 900 kinds of
barn-environment manage product in the market, but there is
no reliable one and having some experimental data.

- As a result of academic research, it is found that ammonia and
particulate matters in swine barn are harmful to human health,
swine health and so on.

- In experiment, it is concluded that the product, business item
in this project, makes the concentration of ammonia in the barn
air to 1/3 of concentration of control group.

- It 1s found from the paper that electro-statically charged water
spray can reduce the concentration of ammonia and particulate
matter to under 10% in swine barn

_|X_




3) Business feasibility survey

- It 1s expected that the total market size of barn—environment

management product 1s about to W150 billion in Korea and
about W8 billion in Jeju, main target market.

— Under the assumption that starting business in Jeju island and
increasing market ratio up to 30% in bDyears, the total revenue
1s expected to be W 8.96 billion, and the wvalue of the
technology will be W 0.6 billion.

- The wvalue of the technology is WO0.6 billion in Jeju and it will
be more than W10 billion in Korea

4) Tactical roadmap for business

- (Target Market) Pig farmhouse which has more than 1000 pigs

- (Customer Problem) Odor complaints and low productivity

- (R&D product) Barn-environment management solution which
reduces the number of odor complaints and improves
productivity by reducing the odor and particulate matters in
barn

- (R&D technology) Method of generating ionized fog from
mineral water

- To convince customers in barn—-environment market, it 1is
recommended that to own a lot of experiment data and field
data.

- Final Goal:
concentration of ammonia : under 15 ppm
concentration of hydrogen sulfide : under 500 ppb
concentration of PM10 ©under 50 pg/m’
concentration of PM10 > under 25 pug/m’

O R&D result can contribute to the development of
barn—-environment management solution reducing livestock odor,
especially to the development of ultra—-fine mist machine and

Expected strategy development of barn—-environment management solution
Contribution O The goal of R&D can contribute to livestock operators, by
increasing productivity of livestock business, reducing mortality
rate of swine, improving the barn environment and so on, not
only for people suffering from livestock odor.
Removal of Ultra-fine ) Pollution of | agricultural
Keywords ) Pigsty i )
nasty odor mist environment | machinery
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AR, By, 559 Zloju 9, AFeHY], FAHY
Jdo gy WA 4 glS[Takai et al., 1998]

W ARHow fad

T 69%(103%)o] AZe F4S Byom v

1
A 31%(47%)e WHAAHA S-S B Y (Marcelo Costa et al., 2007)

2 E=AF ZrAe 557 A9 dR(dA 178%)

<E 3-1> 200349 B2
5%, 299 3 H] &(%)

5 23l (nasal obstruction) 76 42.7
22l A A 7] (sequential sneezing) 68 38
5 ¥H](nasal secretion) 41 23
3 7} %% (nasal pruritus) 41 23
715l (cough) 131 73.6
wkAl 7] X (chronic cough) 40 23.6
et (expectoration) 124 69
THd 21 (chronic expectroration) 35 19.7
& & (Dyspnea) 55 30.9
3] 4 &3 (wheezing) 26 14.7
28] 5 3 & (wheezing at work) 12 6.7
THd 7134 94 (chronic bronchitis) 9 5.1
71#A] 7 4] (bronchial asthma) 10 5.6
2 F & <@ (Dyspnea at work) 17 9.6
agA AA dAshs 54 (Symptoms 03 13
consistent with occupational asthma)
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3.3. 7= XEAF
1) =AY 37 534
O MAEAY FE %3
- AR Y T 547

- 2dy : CW-HWA200

5\
X,
z

guF: light scattering method
: 0 ug/m’ ~ 500 ug/m’
- 2437 2% 5°C ~ 45°C / &% 90%RH<] s}

,
R

= o Eololl A 132 F S43 o] F 77]gkde] YEhd PM25
¢} PM10, LLsﬂr FEE V289
= 7]

&

- 2d o SKT-9300
- A" A 718}8k4 (Electrochemical)

- ZHE: NHzo 5% 1 ppm ~ 200 ppm / H:S9 &%=
L 2R3 2% 0°C ~ 40°C / &% 0% ~ 85%

- ZAbM 20m Bold AHNA, FAZHIIY FRUl FES FHFLY FE
g 070 2 F EA4 W WL

[Z29 3-8] WAIWA FA7]7] [ 3-9] o524 5477
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- 2403k olujel] ThE FA1E guiglel, A} 199
o]

FEE7HY BAANA S AR AHEHS dEFE olF A
stal @A st 1 @S V1S
<G 3-5> FEE7HY FA U wAYA e 54 A
AEANT | AEAR | AEAB | ZEA |82
PM2.5(pg/ m') 198 40 37 27 28
PM10(ng/ m’) 396 88 77 59 61

#¥54 =5, U FAb olfAEES EEAIA &As

- AEAMS] BFE Hol, ofAES TSl me ¥

A B2 F7heke @gE nY

= QHgHQ FE7} ohER ol Fo AN AeF

O © ] b
A A E dglon, ol REANE IS WA AREEHH,
A AFYNEE TR F7] WEoE FFE

=
ul
ol
X
1)
)
il
Lo
ik
of
o
e
5

T Sk wEk v AY
e REAQR7ug/m', S9ug/m)NA = w2 (28ug/ m', S56ug/m’)H
RE9] &E ol
32 AEARSE 3o A& upgolu

W, FEFAL] PM259] 99

[e)
HF(G1~80 pg/m)TFEH

83
- o7t LB
80 50
| Wsg
70 & w + 40
PM10 & 37 PM2.5
HE
(w9 /n7) = {pg/nr)
60 585+ 30
59
7 .
B PM1D 28
T epm2s Il
£5
40 : 10
A= A2 A= Abs =M bz
[ 3-10] F=57F19 =AF U A x] 54 43
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na

Veterinary Research, 1994)

. HYAT Az AEARSE 39 k27t o

- EAL

F-0]7]

3000 T

2500 -+

2000

BELO 1500 +

(ppm)

1000 +

0.00

o)
=

wUol 5e) Wsle} Pers FE

wEAAS G $AE REA nIPAIR

Hgeg

o

=2 =
a=

olold k5ol 2
w7} fAleh e

g5 27)

LR
© AFEAMLOA ZFEAR, 3°] HIE| tRUolel Fslpivt BHA ASEHE AL
AEALY AAS] RED Wolzl A Yol AU e HASo] ABeh
wfitel, TFFAES] dFS @ L3y Wi
27 myDL|of
N e 0.70
B osc m 2278 T 060
i =
o 1=
T 1 o040 .
1&4 ot
(ppm)
+ 030
Mo 1 020
B o.10 5_1.5 1 010
#-eeet+ 000
FrEAN KHEA2 THEAS QEA Bz
3-111 FES7H e E4 Wl Flol SEo Fa5s BE

(1%
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- HANHZR S 4
<E 3-7> FEE7R9 A Y mAHA 25 =4 27
815 8-2% 715 7-2% 6-1% 15 np7zk
PM2.5
19 12 11 25 12 12 10
(ng/m')
PM10
36 25 25 55 24 22 23
(ng/m')
8153 7250 27 =2 FXE VIS AAHOZE g vk mAHA] T2}
=4

PM259] 918 FF2 =
+(0~15 pg/m') L& EF(16~50 pg/m’) ol PM10Y 943 &2 5
(0~30 pg/m’) & HE(B1~80 pg/m) FE
- AAHo R e vMHA] FEe U YA E s HXEe] ] FHJUAE Bre.
2 vdy
R E U] 8 EA] H7IAAES A Esskar QIS1T] witel] EAF We] vlA|
HR| FX]7F v
- gl vAARRE QlE)] HiRe] 7S A= do] §ia
- 7Fe Agdle vAHA] F=X)7F 2ol X7} Qlo] ALHe] Aol 2ad)
100 +— B0
EPM10
90 - @ PM25
+ 50
BO
70 - -+ 40
PM10 PM2.5
60 - 55 =
(g /¢ =35 (o )
i - 30
50 +
36 © 25
40 +
5 i T 20
=
2 A 12 ;= W23
20 . 612 51.1 ; E D 10
g5 825 s 128 &1 A5 HEZ

(29 3-12] FES729] £ Ul WARA FE S4 A3
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- 3HER A4
<E 38> FEF/RY AU FHEA BE 39 A
8-1% 8-2% 7-1% 7-2% 6-1% 1% Hp
N
B 0.81 0.84 0.94 1.34 1.03 1.09 0.00
(ppm)
YR Yo}
16.00 16.22 14.37 25.76 17.73 20.60 0.00
(ppm)

- 82%9 Yol RS BASA $E/ S1FHT 2% FeE AL E
Abe] EelE]7t 8-1F A 82502 E87l7] E o2 HoF

- 72%0] FmUel B, G5 FE 45 B BSHLAT 49 @
T A=

CGREYol weE HLHH HugS Alstd B 17.64ppmolH, FIlFiE
0.975ppm <]
=it A A 2w 7259 HAES 3 F Fa, AT AL AT F
Ve A TS AE AU (American Journal of Vetermary Research, 1994)
AW Aol Haw, PH4L FE /1S B9 RE 59 4A7) &

=]

3000 + o
B0k
ngsss
2500 + [ |
2576
150
2000 + RN M 2060 LELIO0
: -
1773
15i2 1437 : W oioe I1E4
22U 1500 + 100 ' 103 ' 1 100
rt | 0 gaan
ppm 5
oo (ppm)
0!1 0.84
1000 + © i
ELEE
04 o
5.00 7IEd
0.00 : : : : : 000 0.00
815 815 71F 725 51E 1= B

(1% 3-13] FEE7R2S ol Brok FaGa B
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- EA e mARA SR Fe del ohle] AHAo BAZL B4 B

F2 =% b 7152 1029 35ppm, 8A|7Fo] 25ppm

AEALS FRUC FEE 4AZE EALIN ABSE AES

7
L YA h2W FEUo} Bppm/ A% A FYOE AAS FT}
5 S}

star Aol Asjute dido] WIS (American Journal of Veterinary

Research, 1994)

Sk

mEo] PARAS} FEIL 1 gL wol AA Y

CAAR 54 else] wMIINEY A Fole he Fe AL
o MARAS) 4H FEE A ZHslol & Bart Je

of FHE Gl HAEo] A beA FEF H7IAE S AL 7Hsskal 17

£

- EAE BARAY SPAARE ol WA} A 98 acle] B & Qg

- FEBH AEMY WARA Y £F o]fAEC] AEAG Foi7t e

oA WA F57} PM25%E 1984g/ m', PM10<L 396ug/ mo] =45

CAAS SRR weh B4 dol MAMAY FEA WS Fobd 5 UE

- = A A w29, FEErH 2 AR o vledo] Eolg AA7F AAN
AAZE A4ET He 2 13~53] oo Wgle] EoF
© Z2AF BEA] 7 WA E o] ZhlE WY o® ool A e ¥y] i
<, vEe W §5 T Udd AN aclel MR FAgy] wE
AL ez F7IE wEd o, AAF AL HEA 5& &8st BUE
A A WERW 7] o2
C #E

A W79 EYol T EEALE A 9et¥ 15.54~27.61ppmo| 0.1,
HAER] FEE HA SFFd wa & ZAV 2 A7 A
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<E 3-9> Ag AxpAdd)

gla= A | Bglol= o]—E o %_\;_‘_ e :
293 | Az 33l B3k | drYo} : = PM25 | PM10
(ppm) ppm) | (C)| (%) | (ug/m) | (ug/m)
8:40 0.52 18.6 13.14 31 79 7 15
8:44 A=
9:44 0.73 27.7 15.76 32 77 6 13
10:42 0.32 11 9.63 32 73 6 13
11:40 0.72 20.5 15.5 32 77 9 17
<E 3-10> Ag Aap(d )
SlslA | By | dr Yol | &% | £ & .
Mz | Az sl B3y | R Yo} : 5 PM2.5 | PM10
(ppm) Ppm) | (C)| (%) | (ug/m) | (ug/m)
8:40 0.62 19.2 14.56 30 82 18 34
8:44 A=
9:44 15 449 29.5 ¥ * > *
10:42 1.13 34.4 23.74 31 84 9 17
11:40 2.51 79.4 50.61 32 84 10 23

[AFR] 3-16] =AF W H 4
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O A3 4

- (AR A)
BE F 1A 0§ 2P MY FAY RE0E YA 2F
SR Azke Bl A7l nel AgE dBE e 2 ot gl

APT gz 2F ARAY FEE AR R 45 A
ZH) Qe AE AN 5 AL

AT 2o BF PARA Aase] A& 247 o] 3417 Bk
0]

=

PM2.5 (THel:pg/m)
[ ]
18
10
9 ... Xy I EH_?F_E.

- *)\|
Y S— 9
—

6 6

b

[ox fum }

IZI
E

8:40 9:44 10:42 11:40

(23 3-17] A+ gz =AF U PM2.5 &

PM (EH2l :pg/m)

17 e coflee |:H

I'-I_I

o-I

1
|
t

15
13 13

8:40 9:44 10:42 11:40

(29 3-18] A¥7 3 dxv9 =AF Ul PMI10 &
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1}

=

1A =g

9

Fol7b &3

A

I tfxTo

o 10428 AHE A HxE

49
=9

- (HE22)

ojn
R

(0.50ppm)< g 7]aL

A

d

==
o

F 7l

o}
o}

bol b 2ol

S

}

9
gl

XY [H_?F_E.
XY [H_J‘C___ILI.

(S : ppm)
(SH2] : ppm)

EL

[OT, » =4
- T
50.61
15.50
11:40
M 251
0.72
11:40

R

[

9.63
10:42
10:42

71Zbell AA AA
15.76

9:44
9:44

14.56 ,e°*°
13.14
8:40
U.0Z
8:40

Lot

3&

243

[1¥ 3-20]
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gEEe A

E

Zrol Aol wel drEYol X7t 50ppme, FI&A TR

rr

-z Ruds W, ATl dFFE SIS JAANNAY AFATI=

Seo] o ol

AT 2Ty dEYol v% ®HIE HEE Yehfd, 4979 4Ry
o} 3=+ 13.14ppmol A 1550ppmo.2 °F 17% Z7lsli e, 2o =

14.56ppmol A 50.61ppmo. 2 <F 248% 7}l <

L (St : ppm)
17%
= 15.50
13.14 =_>_7_} ______ >
8:40 11:40

=2t (TH? - ppm)
50.61
Kl
,/
,/
248% e
57t
,/
,/

//,
1456 -
8:40 11:40

[ 3-22] oizde] EAF U] geyo} 5= W3}
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ZAF U9 874, 53] WX @A #AHEE Q9L HA, vy 7#AAE 2 A9
HE Z7ke} ##o] 9lS[Viegas S et al,

2013]

= AR, 5, 359 Zlojy 8, AFgr], FA AFE] I

TEY Yo ZHE HAT 4 9l [Takai et al., 1998]

A YA= HHE Eole) vlolH A F& WE § lon, HAuH

o2 §al BUA) eEsvol Hol A% el agel AT AL & 3l

<-[Muller and Wieser, 1987]

200799 Bebde QRN AA 17899 EA} 22 F 843%(150%)e] A4

357 H¥o] HHEHNOH, I F 69%(103%)o] Aztst dEido] FRIENoeH

U 2] 31%47%) A0 S-S B (Marcelo Costa et al., 2007)

O EA W gkt HAY 4L At ATAN AL

50ppme] GEUYold] =EH A=EL %A gL Uizl vl 12%71F A
ol AAHE Ao ey, 57 82 YEhA] gk (Drummond et
al., 1980)

AEEo] 100ppm¥} 150ppme] FEUolel] =Z= UL wols, A&l oF 30%
pFrstgoer 557 289 %27 42 yehd (Drummond et al., 1980)

77} 50ppm, 75ppmel] =ZH oA HASL 159 HolA W elolE A A

3ol A ¥ (Drummond et al., 1978)

AEES0] 50ppm¥t 100ppm  FES fEUYold] k=ZEFHSS W, Bordetella
bronchisepticaol] ZFAEo] Ue o HAEY HIFATIFS I3AF
(Drummond et al., 1981)

Ade] 283 FEwrke HAEY 1 BHE BAHT 23, #dY, HA 2E
2 557, %] A4 29 dEUol SR BB

(Donham, 1991)

ol & [

10~15ppm sEe] rRUjote] &, 50| gl Akt 22 )
=5 (Jones, 1997)
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6) =% £ S BT FoIIE 4
0 F2 B3 PR
£ 3-11> 7o) Fa =3
sEHE |94 W = a2y
KR EAtS] SHAAAPET | . “ L EA U oHE
0901756B1 1 AlZ®{A system | [ Helteeer A me 2og 2y
and method for v = | < [" ] .|n6 "l Aol ®o}, oFH A
removing bad smell | e e R i NN AAE  EA}EA
of a pigpen} dHE AAsE
H}A)
KR A4 g4 7Ae 99 . .
0942201B1 | HAH§ W/ &5 B o if; fg
4] (Cold and | lons wras
_ ST = AT
warmth water spray —‘ | e 24 ok
apparatus  of  the | [ BEae wa o
mpleceion = 8 ged =
Best Environment} & aiel 7bs
KR BE o 8T 44 37 sEde 59 2
1152015B1 | g3} A A|{air purifing 712 &9l8la, o
apparatus with o] oETHE
water) A . ol o,
=9 FHEE o
1 S g3 ¥4 27
ST g Rakshe w4
7148 FA
O 4 A%

- EALY) FRAAARNT 3 A=DHE HATE BT 3AE AADTGE
HolA §AHE AUAD, BE 1ee TPA B2 e Ba glo] 4 ol
BEATE oA Aolz} dom, ehel §@3 oF R 2 A&H Aol
7 A

SHE 87 RS AT S W/e5 BRAAE EA GO 0AATE wy
A exE 24, a5t B0z, rage BE AE% B HANE 7R
g oud JHE BASD oug AE7 444 98 sue A
o|7} A

- WS o837 F4 TVIASAA E FHLHE S, B9 FHEoE oF 9
AAWAS AN FolA FAE, A AL, BN 2 Aol g
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< 3-12> =9 F8 53
FEHE EE] e Gk
Us Process for treating | oW 4] 1 TCM(trichlormelamin
6749804 | animal habitats ) ZA} ol oA
2 A SRR
wel AMEe AUG
of W WA} of
AL Al =2 ¢
us Atomization system AER 72, AA A
7360503 | for odor and A e, dm:e,
environmental B ZIES B}
control in livestock o] orHE A7HA
h = j=
holding areas 7= A
us Air cleaning ~38d Ao} oF
6843835 | apparatus and AN 7t EE3H
method for oz J}A F Z=gA
cleaning air 279 otmuo}l, 3}
st Bl mE
AL olgF oA
HEA
O &4 23
- ‘Process for treating animal habitats'= ¢}F <} v HAE A A7) HollA

RENS
7]_ o] o

=]
‘Atomization system for odor and environmental control in livestock holding
S BARste] obF el RS ARAIE HelA frAkehd, FE @k
ruE 9HE 289

nAARE Fgsto] B4 e 7S Hslele

areas’' &= &
A,
‘Air cleaning apparatus and method for cleaning air' =
FrUolsl Foliart £84YL olgBThe HolA
371E Fdelor @ohe HollM EAF gt vlAARE
HE]7]' )~}\1:r

&4 A%
FAbsh,

=0
S
YAHE o &3

rr
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O ForEiEA

i 3-13> F8 =E 24
N= A Ak -8 A=
Dust control in livestock buildings | EA el SHHIIER YA | 5007
with  electrostatically charged water | Amuhanna | 2222 PM10ol= 88~
spray 92%, PM2.50ll= 34~70%
ol MAHEEE E0E
Swine Finishing Barn Dust Reduction | Richard E | Electrostatic space | »gn9
Resulting from an Electrostatic Space | Nicolai, discharge systems= | &k
Discharge System Brett Hofer | 2&3t0{ ZMX[2| 63%
£ XNZLAIZIZ PM10zt
PM25E Ztzt 47% Nz
Al
Minimise  dust by spraying oil | H. Takai =3 2do 2E=8 = | 1987
emulsion Atstod FAF e WX|E
°oF Q0% 7tk M
Factors affecting the release and G.Gustafss | =4 7I&2 =28 2" | 1999
concentration of dust in pig houses on =AlstY WX sEE
84% M™MZAIA
Effectiveness of Multi-Stage | Y.Zhao. et | OIS, &f& 2l ZASID HE | 504
Scrubbers in Reducing Emissions of | al. O|2EEE & &304
Air Pollutants from Pig Houses PM10= 61~93%, PM25
£ 47~90%, &2 ol =
TE 70~100% Z2AlZ
Air scrubbing techniques for ammonia | R.W. thy AT, Ol & 5455
and odor reduction at livestock | Melse, It Hio|2 EEQ
operation N.W.M. 2 89 7|l=2 &8st
Ogink o 2ol HAUES 0
H oMoz Zojgal

O #4 A3

+ ‘Dust control in livestock buildings with electrostatically charged water

spray’sh EAAe] The RN, QNSNS
o AA BEES A2 5 9

O O 3

12
=i

2854, $5F vANA

- ‘Minimise dust by spraying oil emulsion’, ‘Factors affecting the release and
concentration of dust in pig houses’9} FA o] ThE =FoA E3 Y9

EgEg 2

P
I
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O =7}}8t7])e A HA) 28] (NTIS)
- FHAE & ofF & X 1= A A F 7 A A
off B 2l 543 71Fel tigk A7t 51, F4 el
T7b “xAey mAAet $7FEE o8 xm% A4k orH
(=38H 7EhH”(2x)e] A+

szeE] A BAle] LekAE SQls) X AT, A /T A sde
wol At Wb, HAb Ul AHHQ 874 A45E BHow st v

o] HAe= HA o] Tt

- ‘FAF & oF & FX 71H = A A T U A A2
SARE X H HAAGA R HATE 1] AdS
Wiz1dy e 23S 85 oA g3 A aFoE, H*‘E”Ol FrAbsty &
A E71E Wo R YHUHA 371E AIfetRE, F2 s &ko] A
o= HAo] ti

- ‘FAF & N 7I1= A A3 271 HA A
SAY 2 #eEE %’46& A AN YESA 7|9ke]
o] upgkont, o= ol B Ve BxF o

<¥ 3-14> NTIS DB AM ZA3} £

A3 EER A NE 2o =E /&49 Aol
1 of o] A i3 I 7IES EA
- = | - 2 H] oz o Z o)X
234 wAe E | =4 g AT AL 9 371% ?4 o §e& Fko] <ty
NGBS o|gd AN AAY AF AAE T F FA _ .
o= o olH & _ i = 7ot o9t
4 H4 ok % 23R 19 AAe sael A 0T T
. A= h N
AAZ (=W A | 23 B7} o EAow
= 1 11— =4
o am g | UM BA N AR ¥ SE AEe B4
Ch I N A AL a9uAdsy By EHL | o oFHe 2 AA
HORAS S % W& ey 5w w4 As9e 56| & %H02 aW B
i w3 Bohoh WEYS A} F9e AL} W
AR B0 AEd AGEA = | 2 A9 HAFA
e mete e | B g | R EAL R vlgEel e A | e £4 ) )
sAMAe sk ¥ m&ol Y 958 AzElel A | Haks HHoz @
T 1) 2 1=
=R AlE A &y g g 9 g ARG | = 1% Aeln
T w3 AF U ERAsE BEY Sl | B dAls 1 e
W @ ot 5 A7
=X s 5l Q3 2 =
2abe BA 9 ok3A ;} & uplgest 2aee 283 o | BE /15 FA4 )
A A R R R R R R E R A
R 24| = wse 45w 458 mHo= 3
=) 874 el 9 FAbll AXE B Aol7]E E7F | o 2 23 AA T
s 2 A UEZ | FAF & |9 PC Y #yAe mRkd V)7E | 2R, of Filem
R A S R TAHA AT A=F &= Ve | 2SR A A
e LS < M ks Wt B
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Kol
- 1999\ 9] G.Gustafssono] =9 &5 3F7F9 =8 &3}
AePatdeta dFata o, 2Fo=Z s HASES A= 25 o
< ARE AT AT
O B9 mAdRs2E oHEHAT B Azt sAI7F dFel F1H
- EA Alimuhanna®] =&l A, wlA|A5-3}8tA] S 750l wlatsl mA A3}
Zo] 27 T &L EYoY FEI as&Folx E3H ANE FAANZHES |
o] A7FE(88~92%)0 W X]A] B3}
- G.Gustafsson?] =&A, &2 AME o|F, 943} =9 EFES FE3lo] 249
AdPsin], @ Gl Foha HF
B EFES BAE A, B AA 582 Hd 90%7HA vee A
o2 &elA Q) (H.Takai, 1987)
&l | obd muld SEE &8 dFol7] Wi dIS
P g Aze ddS U 5 el

Y

FEFIR EAL WEE ZHste] EA o AR v WA

- G
TEE FQ3

- FEF7HIAE 20ppm AF] dEYol FEIF EAJFH AT, o= EAF HA b
M= o7 & 7HeAdel v FAY
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