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SUMMARY

I. Title

Advanced treatment of livestock wastewater and development of highly

functional biofertilizer from livestock waste

II. Objective and Importance

The objectives of this study could be summarized as follows: 1)
advanced treatment of secondary treated livestock wastewater in order to
remove nitrogen and phosphorus which have caused the eutrophication of
lakes and reservoirs, 2) development of highly functional biofertilizer
from livestock waste in order to increase crop productivity without
environmental pollution,

Industrialization and economic development have changed the
pattern of living and caused the development of livestock farming. The
increase of livestock wastewater has caused the deterioration of water
duality by eutrophication. Therefore, technology development for the
advanced treatment of livestock wastewater is rnecessary one. Also the
waste of livestock should be converted and returned to the nature as
highly functional biofertilizer for both increasing the productivity of crop
and decreasing environmental pollution. It seems that this kind of
rescarch could contribute to the conservation of environment and the

sustainable development.
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III. Scope of Study

The contents and scope of this research are as followings:
1. Advanced treatment of livestock wastewater by using microalgae
- Screening of microalgae for the removal of nitrogen and
phosphorus in livestock wastewater
- Optimization for the removal of nitrogen and phosphorus in

livestock wastewater

Mass cultivation of microalgae in livestock wastewater
- Development of the harvesting techniques for microalgae
2. Development of highly functional biofertilizer
- Screening and selection of antagonistic and compost activating
microorganisms
- Test for the effect of biofertilizer including the isolated
microorganisms
~ Onptimization for the biofertilizer
- Deodorization of livestock waste by using activated carbon

fiber filters

IV. Results and Application

1. Advanced treatment of livestock wastewater
The feasibility of algae as means of removing nitrogen and

phosphorus from secondary treated swine wastewater was studied.

- 16~



Among the tested 7 species of Chlorella vuigaris (UTEX 265), Chlorella
sp. GE 21, Botrvococcus braunii (UTEX 572), Botryococcus sp. GE 24,
Scenedesmus quadricauda, Phormidium sp. GE 2, and Spirulina maxima
(UTEX 2342), C. vulgaris was selected for their fast growth and
abilities to remove nitrogen and phosphorus and to produce algal
biomass from swine wastewater. C. vulgaris grew well at 35C, and the
optimum initial pH for growth was 8.0. In the effect of light intensity,
the growth of C. vulgaris was limited under a light intensity of less
than 40 g E/m%s. The secondary treated swine wastewater contained
58.7 mg/l of total nitrogen and 14.7 mg/l of total phosphorus, and was
diluted to 75, 50, and 25% with groundwater to be treated. Nitrogen and
phosphorus were removed by C vulgaris in all diluted swine
wastewaters among which the most effective removal was in 75% swine
wastewater (swine wastewater ! groundwater = 31:1). There was a
tendency of linear increase in nitrogen and phosphorus removal time
with increasing concentration of swine wastewater., Under the optimized
culture condition, total nitrogen and total phosphorus were effectively
removed lo 95.3% and 96.0%, respectively, in 25% swine wastewater
after 4 days incubation.

It is very important to keep the innoculated alga without the change
of species in the advanced treatment of swine wastewater. We optimized
the culture condition in order to keep the innoculated species, Chilorella
vulgaris, and to remove inorganic nutrients effectively in the secondary
treated swine wastewater. The addition of Mg in a comncentration of

0.0075%¢ MgSO4 was very effective in the removal of nitrogen and
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phosphorus in swine wastewater. CaCOsz as an inorganic carbon source
increased chlorophyll-a content, but showed some tendency of forming
white precipitation resulting in the reduction of light intensity by
shading. C. vulgaris could use glucose as an organic carbon source for
growth. That is, C. vulgaris grew well in a medium containing glucose
ranging from 0.1 - 0.6% at 30C, whilst at 20C it grew well only in
0.1% glucose. On the basis of the above conditions, we could
successfully perform a continuous culture for 56 days without the change
of algal species in the advanced trealment of swine wastewater.

For the harvesting microalgal cells, we tested secawater to flocculate
and to settle down C. vulgaris. Optimal pH was above 12 for the
flocculation of C. vulgaris. C. vulgaris was effectively flocculated with
2% final concentration of seawater., Alum has been widely used as a
good flocculant, but it has some possibility of toxic effect on DNA.
Therefore, C. vulgaris which was harvested by flocculation of alum
cannot be used as feed for animal. It seems that seawater can substitute

for alum which flocculates C. vulgaris in the harvesting process.

2. Highly functional biofertilizer
In order to reduce composting period, we have screened and selected
compost activating bacterial strains (K116, K215 and K324) from cultivated land
and normal compost pile. Also to test the antagonistic effect of isolated bacterial
strains (SC2214 and SC2218) pathogenic fungi such as Fusarium oxysporum,
Rhizoctonia solani, Pythium ultimum, Phytophthora infestans, Botrytis cinerea

were selected from cultivated land as test organisms. SC2214 had a
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characteristic of Bacillus pumillus which formed spore and stood for Gram
negative, and was tentatively identified as B. punillus SC 2214. SC2218 had a
characteristic of Pseudomonas sp. which stood for Gram positive and oxidase
positive, K116, K215, and K324 were similar to B, pumillus which stood for
Gram negative.

A 1l mixture of vermiculite and zeolite was selected as a matrix for
microbial immobilization. Pig dung used in this experiment was composed of
TOC 38%, T-N 1.96%, T-P 1.21%, K 118 m¢/£, and Ca 16 mé/£. For the
compost in a pilot scale (50x50x70 cm), pig dung, saw dust and immobilized
microorganisms were mixed in a ratio of 1:1:0.1 on the basis of weight. This
composting required 20-25 days and resulted in low alkaloid and low C/N ratio.

Plant-scale experiment to compare the control (general compost) with the
treatment (microbe compost including bacterial isolates) was carried out in a
compartment of 20 m® scale at a fertilization company located near Nonsan in
Chungnam province. Temperature of the treatment was stable at cz 25 days
which was shorter than that for the control. The decrease of water content was
also faster in the treatment. There was not any difference among examined
three depths. Total organic carbon content was continuously reduced in both the
control and the treatment. Total nitrogen and total organic phosphorus contents
dramatically decreased for first 5 days and then did not change much. Both
amylase and protease activity were higher in the treatment than those in the
control.

Antagonistic effect on pathogenic microorganisms was distinct in the
germination and growth of red pepper. Germination rate of the control was

examined as 94% which was higher than 83% of the control. The growth rate
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of red pepper grown with antagonistic microorganisms at 40 days after seeding
was 112 mm which was taller than 75 mm of the control. The attack rate of
red pepper grown with antagonistic microorganisms after 120 days was reduced
to 1626 which was much lower than 29% of the control. Therefore it seems that
the treatment containing antagonistic and compost activating microorganisms is
very effect in the stimulation of germination and growth and the prevention of
pathogenic attack to crop plant and could be used as a highly functional

biofertilizer.

3. Deodorization

We showed that activated carbon fiber could efficiently remove
hydrogen sulfide (H:S) and ammonia. Especially hydrogen sulfide was
almost completely removed at 35°C and space velocity of 100 h™' for the
wetted column. Adsorption to the activated carbon fiber appears to be a
chemical type because removal of ammonia and hydrogen sulfide
incrcased at a higher tcmperature. Activated carbon fiber can be
regenerated by washing with water. Filters made of activated carbon
fibers with this excellent deodorizing power can be used in intensive
animal housing to improved human and animal health. The filters can
also be used to clean industrial waste gas and harmful gasses from
domestic food wastes. Activated carbon fiber filters are better alternative

to existing deodorizing techniques because they are less costly and

easier to maintain.
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EATA BAAF o) i 2g, FEHAGe] FFHIH, NHFERE AT
of3 el A o Fzhchajolut A dtgede] HI A3 mlF B FIIL

io

2. 7IEExe] UL E

&, A, o, @& A3 HabmTtoA MEEHE s FHEA
B2 Zolul std, 42 &8 B/t +HYHY FYIHE 2t A
om, 53 Aedxde X3 U FF 4Fd ¥ 59EFE L9
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dAstE 71ER=0 2o ASFES & 28Y o, 71 £474 He
&2 HAY Lol NHHERE LB EY RIEE FAAE o HA
3 FelHA 9L A AEZL 29, A o, dHEA F& 4o
Tl ol ¥ Hatsl £ 2o B g £2ute} JtEASY A=Y F
ol Table 1-12} Zth F71% A2 19709 2,434 nie ol &4}
80 7tA B P2 JAsivirt 80 deol A 85d Atelof 10x= FZH
st on, 1990dc] SN dBd Ixold F7MES B 1994delE
8,906 mtelo] olE2m gt &R, AL, U, HAL FE Y F
z} 7} Heo] XAt Wl FE 197098 % KR 52.8%, H A 46.3%F
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A%ld oo AL vFEL ¢ 8§23 X2 Yd=d o] d FA 7 1994

742 A&EH D ok wield ol e FUtE4Y FI FAE 94 F4



He YAZ AYHA F712 dFH viehd Rola FaseAe] A4
of A& ztFojAz] X3 Felrtetd VHoAN Fivlsode] dA4E

2 % Fustel gtin ¥ 4 Qo

Table 1-1. Change of the number of breed animals in Korea from 1970
to 1994 years (%he]:ata])

ZFE\dXx| 1970 | 1975 | 1980 | 1985 | 1990 | 1991 | 1992 | 1993 | 1994

TS |1.283.646( 1,545,832 1,427,700 2, 553,449 1, 621,654 1,772,957 2,018,954 | 2, 260, 472| 2, 392, 560

AA 23,624| 85,524 206.851| 390,135\ 503,947| 495.772| 50B,241| 553,343 552,139
nt 9,042 3,894 3,009 4,937 5,498 5,474 5,103 5,648
EHZ] 1,126,130| 1,247,181 | 1,783,536| 2,852, 799/ 4, 528, 008| 5, 046,029| 5,462, 683 5,927,504 | 5, 955, 429

AR FUE, wUSATAAR", 1995

1980 Jt&e]  FuleuAFS 72,6208/d0l9dem,  1985dE
134, 2008 /4 7bx]  Foigz, 1993do] A s 170,1388/dof Hstact
(Table 1-2). 2 ®o] 1987dF8 1990'd Atolofl w|itAdefo] 237 =
iz ole M54 ZLied mE Ao Roly 53 ¢592f s
]t SR F] S 23AH 8L v ALe= LEYCH 1986
d7tA] e UARE 7 71&e wedAdgy v 5971 42,816
E/UE o 59%, AU} 21,4022/9UE 29%, FHATLF 8,2T4E/UE 11.4x%,

rE 32

e 1282/, % oF 0.2%2 FTAU S SA st 1987dRE HA| A4}
1dgto] 19t uta] 7t Fof el miat HAjol N HATHE ST v Fo]

o 38.5%% HolWm A4 HFE 122 FUT YE B9 Funs
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Table 1-2. Change of the amount of produced wastewater according to

breed animals (zhel:&/4)
e 718 Ay Er
A g A L =]
1980 | 72,620 42,816 8, 274 128 21, 402
1981 73,174 43,287 7,768 114 21,978
1982 85, 774 50, 346 9,129 101 26,198
1983 | 118,898 64, 024 10,991 9 43,787
1984 | 125,452 76,483 13, 374 98 35,497
1985 134, 200 84, 263 15, 605 99 | 34,233
1986 135, 966 78,210 17, 493 95 40, 168
1987 133, 471 63, 463 18, 533 100 51, 375
1988 128,995 51, 445 19, 209 117 58, 224
1989 129, 060 50, 690 20, 607 150 57, 613
1990 128,170 53, 514 20, 157 163 54, 336
1991 139,070 58, 507 19, 830 181 60, 552
1992 152, 686 66, 625 20,329 180 65, 552
1993 170,138 76,197 21,800 | 165 | 71,976
1994 175, 669 78, 955 22, 086 186 74, 443

AR BAR, 2BFAN A2H(1)7, 1994
‘o4Bn W Hus4e MAAI AY", 1995

W59t H=A 2 spddPgol 40%-44% FELE vl U F
& A sal ek 33 b Fejd BOD WA ESIS A ASHH Table 1-3
2 2T 19809 ¥, A, o, Hx 2 F BODYEA FIpF2 216.97F

/g olgd e}, 1993 470.48E/U 2 ZulEHe JdWF 8.3%2 FE

m[o

e
H TR

o

1987-90d Aol L4 FAE RAFZ=E stAvt. 2 725 d #HLo] F

grh 1983del= Ad=o] uld 37.6%71x FEE oy
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AL TES A g+e) ao] BE Rolrh ol 1% EFY % BDYA
Ratapol A A He wlFo] WL AL 19869 ol AFAE Al wid

2] BODUANF-8t3re] W F-2 of 45%2 Z LSt HA IS

sof whet &S
49 BFo2 Hx 2 BDEY LB o 40% o] 4 HAGHE WHE B

ofF3 glth. ZhHEkel &t A 4E BDLUAEFLS Il 30.4%, B

17.3%, 5 12.5%8] $£o0 7 ZAg g},

Table 1-3. The load of produced BOD according to breed animals
(vhe]: BOD, E/4d)

dE\GE sl popwse

A 58 P ¢ | =A

1980 216. 97 136.8 240 |  0.37 56. 0

11 | 204,93 125.6 216 |  0.33 57.5
1982 | 240, 19 146.0 25.4 0.29 | 685 |
- 1983 330. 48 185.0 30,6 0.28 114.6 |

1984 352,28 221.8 37.3 0.28 92,9

1985 377.58 244.3 43.5 0.28 89, 5

1986 380, 97 226.8 48.8 0.27 105.1

1987 370, 37 184.0 51,7 0.27 134, 4

1988 355, 53 149.2 53.6 0. 34 152.3

1989 355.63 |  147.0 57.5 0,43 150. 7

1990 | 354,07 155.2 56.2 | 0,47 142.2
1991 | 383.82 |  169.6 55.3 | 0.52 158.4

1992 421,92 193, 2 56.7 0,52 171.5

1993 470, 48 220.9 60.8 0. 48 188.3

AR BRE, eBFFM ARP(U)", 1994
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Slth(11). e} felvetolde Ai o it si&Fav 243502
Al Z" 7]Zte]l Zru, AF7hA HAe d AARcE BFAFoZ BOD,
COD, S8 Tol #AME Fi AHe$tr] gio] 3t - w454 A2 98 A
Aol thet A7t Zlo] A o] Folxz] Eala dle AFo|ri(12).
oMERY dd W Ae] 279 233 AfPoME Fasl4g Foly
=¥l E LR s Ao o AENY a3 N5 sty 93}

g
off A gae] ¢4 2{FE HH3

stol A A 29}
Thee dgAz Aaold XH Fo] U}E Fo02 HFA YRS
HW4E 489 2R A% AU Ao WSy A AP 4y

Ath &, FUWEE C vulgarist] Aol APsA A A2, He
SEE YRE AP Fie HE 2FFL FANEA g A AAY

d&A 2] A AFOAN U A4 FolM ¢ vulgarisE F2| 5o
152 MEZ ARSI f3te] SAWHES AFIA Hdok. HelgoA
ZFE T 2%t alung el ol&stng ot alund B JHx 2
Slol AMel Fel gl ZFE ARE ALEs}7) g ey
A et WA alung oiAHE £ dEe SHAWHES = AFE S48

st
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Az A AR W gy

1. 2L A AHAZo] £ nHRF 4

7h o o2

2 A¥e A" FF= seedMy 4 Y biomassol§ JMEHE
238t Chlorella vulgaris(UTEX 265), Chlorella sp, GE 21, Botryococcus
brauni i(UTEX 572), Botryococcus sp. GE 24, Scenedesmus quadricauda,
Phormidium sp, GE 2, Spirulina maxima(UTEX 2342)¢8] 7& & tjalo g sjeich
ol Z&H Fo|Ax Chlorella sp-. GE 21, Botryococcus sp. GE 24, &.
quadricauda 18|31 Phormidium sp. GE 2% A A oA Relstdoey, g

Z| 43+ UTEX(The University of Texas at Austin)e]lx FoF uiolr],

. a4

Aol A8B 4L B9 Hite] AL AFE HA LD 2
FEweren, 1a B4 A, 23 YHSANYOE A EdtE 3
8 AeEo] Evi4 599 WAk A glgen, 2 AL P2 4
Arh. LMzl o] W Edls ARE 4C Aol st F& 4y
of AHg3tairh.

o

2. ulHZFe ek
7houlAzEe dd w wezd 5
1) ¥ tu)o}
AlAzRe] Ad w osjorel A APolH LE, pH, Faw4e
$E 59 ETIE W4E BFEA UL NN (EHS s 1:3)5t
Aaoh Ao AAo] WY UPL SWsHAh. FIYLS Chu 13 1= (N0

o
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0.371 g/1, KHPO, 0.08 g/1, MgS0s.7H0 0.2 g/1, CaCls.2H0 0.107 g/I, Fe
citrate 0.02 g/I, Citric acid 0.1 g/1)2} trace element 1mi/1(HsBO; 2.86 g/,
MnClz.4Hz0, 1.81 g/1, NaMoO,.2H:0 0.391 g//, CuSOs.5H;0, 0.079 g/1, Co(NOs)s.
6H0, 0.0494 g/7)of v 2FE APA 25H ] uofsle] o]RAL PFULE AHE
stelvh. AT ol ZHH oJAzRY $= 4.16X10°7/n] FEZ o] v A
ol 3% HFstnh 22 FUYS AL AHAME pHs xFsA e
Jefel A 22 F 20, 25, 30, 35C AtejolA 190 xE/n’/s8] PO
shaking incubatorol A A z2|stglem, pHY F e R HPold e £
<28 pHE pH 5-98 ZET t}g C vulgarisE 13947 njgsleden &5
o FUE AL E o Zol B Hepu Bt o AAY KIE A}
stolth. ogje] FHalwl4d w27t A4 Q AA nxe AAE A3}
t AHAME 22 243t AA e,

2) A upet

BE2] JYL 25% YHH EviSol C wulgariss FEY ¥ 5 pE/n’/s
of 4 160 pE/n*/s7tx] TvierdlA o] TIFEL light chamberu]o] A
250-m18] dZtEetA e 100 nie] wPAE 94zt FX w3t A2

Al &1F o 23] hand shaking.® wjotol & E¢}3stelch

3) )

oS

A&t =M+E dIotA] gz Ao ze wRe] 5-¢
fermenterof Al wie¥dlelil, FETL 150 pE/m’/selgod 2= 35CT=E
2t2be] e Re A A FAIZ(HRT)of tidt F& ZAtsiglcl. Table 2-10]4
R uist o] WA 505 HAHH EuSo alARFE HESN F ot A

1}7'5}5] cell -7t F718tal Ex42 a2t o AAN FHAHE A7 A

rlo
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HE ey AFA e wire] Ef4E dKH L2 FF3 FUrh

Table 2-1, The conditions of influent according to the hydrulic

retention times(HRT)

HRT, day Influent, ml/min Influent, m]/lu“ Influent, mi/day
3 0.694 41.66 999,84
5 0.416 25,00 600, 00
7 0.297 17.85 428, 56
10 0.208 12.50 300, 00
14 0,148 8,92 214,27

L}, Chlorella vulgaris §A& 1% H& 35

1) &4 Wi

Chu 13 wi=lo]l C. vulgaris® AEA 2FAo)] wjgsted FFHULE AHE
stadcy, AEe] TP u]ME2FY 4= 4.16X10°/n] F=E o] wjted2 4y
ol 3% FF31Tt 2=, MgS0s, CaCls, glucose?] FE ZARE A HolA
HM8x S EMS4E dastdcot. Zzhy 2o uwiel d4+E H g
t}. oju] EW42 pHiE 29 pHel 7l7lgle B2 ThE Aole dhA] o4gh
om, WXL 190 pE/m*/s® 2 AH shaking incubatoroll A wj s}t

2)

(R
£

2}
dALujare 817 9%t M € vulgaris® sodium alginateo] 3L
AT QY NHMEFE H4sz UA 300 ol 4@l sodiu

alginateZ 9 g &= ¢t}, o|lgo] 43 RHFF alginate-cell mixtured

- 30 -
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Table 2-2. The various conditions in the continuous treatment of

swine wastewater

No. HRT(day) Glucose(%) MgS04(%)
1 7(428.56 ml/day) - -

2 7(428.56 ml/day) 0.01 0.01
3 7(428.56 ml/day) 0.1 0.01
4 5(600.00 mi/day) 0.1 0.01

5 5(600.00 ml/day) 0.01 0.0l

0.05 M CaCl; 29 o) stirring A|7|"W A nixtureE G-Fo] beadE HF S
FEE Eol7] 918 1-22 3 A& WA st olejgo] 2FHH nAH2F
o] &8o] 5- £ 2] fermentero]X working volumn 3¢ 2 Ed$Y ALY
g AABH 8 AR AAstgrt. Table 2-29 & 2A3ollA ¢
g3 ARALE 7¢, 5del wE F¥H M HFEE 2EIHBAM C
vulgaris7} $dF 02 RAHEE AES dAsdArt. on] F== 150
LE/mi/solglen &xi= 27ColAM wigstdrt. Ev4s 22 AHEHo %
FHE H¢g Abgstolen pHzE S 3hA] fsich

i

L]

3. olE¥y £4
7 AzMEZ S
AZMEZYL A 8E  sanpling manifold(Millipore)E  o]-&3}4
Whatman GF/C filter2 o8t F ¥ I HESZ 100ColA 24 hr A3}
o FA3stac.



L, dF4-a ¥
JEL-a AL A3 3t AE 1 n/E Whatman GF/C filter®
o] 218t ¥ chloroform/methanol(2:1 by volume) 9 m/& A 7Isl He &
B 4517 YRATe] RPslAct, 3 F E2HS$ 5.4 nlS YL EE0 &
2 WaAT A over nightstglrt. Chloroform® & 2 5t% Fluorometer
(Turner Model-450)& o] &£ 3}e] fluorescence & EF Y T HFZ-a

s&E& A&stach

o Aast QB4

Fl

W ol a8t FA49 FUALS AES persulfate WHol ot
Ada e Q& AAds dades dHAN F £ THIS, 14). F,

A& 4 nlo] 0.67% potassium persulfate¢](0.30% NaOH ¥ 7}) 6 ml2 7}
b2 5@ RIS ol §3te] 120CeA 30T stdsiel s A
v}, AbE® xR 0.3 N HClL 0.6 mlS 78t 23t F $HFB(3.0%
boric acid, 2.0 N NaOH) 0.8 nwl/2} FHF 4 8.6 nlZ 718t HHAEHO=E
a3 Aelstel, AU AaEs AAE B (poS)3 Aade Hels

B EAl AT, AP A EE phosphomolybdate(15) 8 WM A[ZL ¥ 5-cm

ol
3

(i

light path®] cuvette® ¥ 885 nmolAl FX=E ZAsle FFsdz, Hat
81 & Szechrome NB A] @¥(Polyscience Inc.)& AF&3tY 600 nmol A FHE
S &5l ALstdeon(16), YRUolY A AH W&HFPHOT)L

2 2434},

Z}. COD, SS, TOC &4
CODS} SSt HA oA ZTAAYH(18)o) utel 0.025 N KMnOsy dFFS
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tgA1 7 TS 4B E KMn0,8] o2 EE CODE &l

p

o, SS(suspended solid)= A8 F GF/C A2 23l &A5Ielct.

o
b
[0
(=]
dhs
o]
N
e
o
n

l

TOC(total organic carbon)y &G 7]El4 %A 7] (Shimadzu 5000A)8 £ 3}

ach.

AP EL DILERIS:

7h $UAH ol-8H wjoey

ExjsAe HAa ABld oA ¢ vulgaris el o3l SUA
¥e +ustdrh. W e ¢ wilgariss] AZATFYL 1 gl AxolGon,

pHe 7.3 B =o|3lrt

v 388 &%

5- £ photobioreactoroflA] & 1.12 g/IRE vjJ®H ¢ vulgaris 100
ml/E& 250-m! B]o]Ho| wil stirring barZ F7}3to] 300 rppnl 2 3] A A] 7]
A Zzte] Ae 2ol WA AT ¥ 1D F4 IS AAST)
¥ F Lo 3027 100 rpnl 2 HAAAE F IEZT FAY o
550 nmoll A HF Y2 FHE=E S A2MAETEFLE St pHY
BEE 2T WEAME C vulgaris wloke) 100 wlo] 10 M NaOHE  pH
9. 10, 11, 12, 12.57} HA 2=z A3 vl& vohE 2 nlE A 7psle &
AU 2Potgom, W2 2o WE $UYHS 2L AYlN
= C vulgarisE pH 122 Z2Ag F uigtE S 0-4%71x] HJ}ste] 2ASS
2, RESYAZNY CaCld] 4L AR AEAME widde] 10 M
NaOHE 7}ste] pH 122 st3a wigtE g 1sEA A7 F CaCl.g 77 0,
1, 10, 100 ppu¥] 2| H71% ¥ $W VRS ZAStaTh T untEo] oby

R $I% AWelNE wBEI Wb

e

NaClgle 22 §gde] gli=x|



2Pz FEE WA 4%, 10%olM SHE
o] ol alun?} WintES A HANH o uizt SJH

Z A5} 9 T}

ok
e
R
>
Sk
3t
fd
oX oo
1)
2,
b1}

Flocculation activity = 1/A - 1/B

A: optical density of sample at 550 nm

B: optical density of control at 550 nm

A3d Az 4d 2H

1. gl 27/ 44 W sHaeAeley A2

7b. &4dsee dF

Fatvi ] 2xMelE ] T =it AT HAANSHAZEY
1, 2& Nel¥ Ev4+E A5t F4¢ AE Table 2-32 #th. 4 &
HR Yol &3] MeE =Y CODwn 40 ng//E F718 HE= Hlady 4
stoL), HAALL &Q-2 2] 58.65 mg/l, 14.71 ng/ 18 L SER &3]
dtoith, E FUL FollM dRU oMY HAIL 45.44 ng/ IR TI%E A3}
drt. A Z7A £ stHe| Fho RIIE FULE AT SEAAEA 24
& FHLE oo viet FAE wo] Lot FA AL Ao ¥ A
7b ZEER ode dFolrh 1996EFH FEI e HissITEAE
A8 wRg 43 7153 BOD 30 mg/l, SS 30 mg/I, TN 120 mg/!, TP 16
mg/ o= A RojupA] ekgtert, Hitspol ZHH AL} Qo] T4 F
FLEY Fo JdAYE Y o HFF Fo o} dof A JERH

W oolE WWHY £ & T AeEe Awel 278 shach
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Table 2-3. Analysis of swine wastewater treated with activated sludge

process

Characteristics Treated swine wastewater
CODy,, mg/1 40.00
SS, g/l 0.12
pH 8. 01
TN, mg/1 58. 65
NOs -N, mg/I 9.75
NHs'-N, wg/l 45. 44
TP, wng/l 14.71
PO,"-P, mg/1 3.17
TOC, wg/l 42.35

Ll ZFe] A

AE oA oM2Fe ¢ vulgaris, Chlorella sp. GE 21, B8,
braunii, Botryococcus sp. GE 24, S. quadricauda, Phormidium sp, GE 2,
2|3 S maxima®] 25%%2 XM (Ev: A stp= 1:3)H E¥E FolM 9l
A el whE mHZEFY AFL Fig. 2-13 gl aeF 27dm) 2Fe] A
A& C. wvulgaris®} Chlorella sp. GE 21, 18|31 S. quadricaudadir -5} c}.
°l& £F FolM C wulgarise x7] 48] vl F FHrl golon, FAof
8 AR(19)2 o]-8H 2 glE Hedor Ut oy uHMZERE HE AEsty
th dao 2 uARFY Ao WA dEolng, uMzFe A4 A4
2t A9 AAE FHBUAE A= Fig. 2-2004 B upe} go] o] g3t
C. wulgarisolA AL} o] HAAER S oz ZAEGLL  os
Przytocka-Jusiak “5(20)2} Chenz} Johns(21)o] RA}8} Chlorella7} HAL} Q1)
HAAS ¢ EUE ZHevhe Baets dX|sHe Aajolt),
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Fig. 2-1. Growth of seven algal species in secondary treated swine
wastewater. Cultivation was done for 27 days at 25°C on a rotary sharker
under a light intensity of 50 uE/m’/s.

Chlorella vulgaris ([J), Chlorella sp. GE 21 (B}, Botryococcus braunii
(N), Botryococcus sp. GE 24 (E‘), Scenedesmus quadricauda (B),
Phormidium sp. GE 2 ([l), Spirulina maxima (EH).
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Total nitrogen {mgl/l)

Total phosphorous (mg/l)

0 5 10 15 20 25
Cultivation time (day)

Fig. 2-2. The removal of total nitrogen and total phosphorus in non
sterilized secondary treated swine wastewater by seven algal species.
Cultivation was done for 27 days at 25°C on a rotary sharker under a
light intensity of 50 ,uE/mz/s.

Chlorella vulgaris ((Q), Chlorella sp. GE 21 ([J), Botryococcus
braunii (A), Botryococcus sp. GE 24 (V), Scenedesmus quadricauda

(&), Phormidium sp. GE 2 (@), Spirulina maxima (IR).



Fig. 2-3& HIy FAw$olr nAzie P& B4Fa ) C
vulgaris®] A7Re] -itdon, I HFdNE =F Ao FA4Y AA=2
B o BFEA] 42 wleolM Ahel 1o Are MY BRI uAzRFY
Ao wtE A= wictHch X F7kx]8 A3}E Table 2-40f st HAET -
Sulaeet I A L EvigolA AL Ao AALET] ARAMEZIHEC] ¥

w3lehs AL FEZF Y] Exert AeHa S Huldte, € wuigaris
2} S, quadricaudaZ} ¥]5¥t &S Bgorl, 27 ALL € wuigarisolA £
Sttt old 2 MAZR FolA Esideld Aol S 3B(8 braunil,

Chlorella sp. GE 21, C, vulgaris)®] nlHZE-E ME3lo wy M Sz
u}2 FA] ARG 53 rHFig. 2-4). o|FolA BAFo] 4% C wigarisE
3 syt

Table 2-4, Comparison of productivity, TN and TP removal efficiency

of seven algae in sterile and nonsterile swine wastewater

Productivity TN removal TP removal
(mg/ 1/day) efficiency (%) efficiency (%)
Species

non- non- non-

sterile sterile ) sterile .
sterile sterile sterile

Chlorella vulgaris 34,07 34.07 99.97 99.93 68.62 64.60
Chlorella sp, GE 21 21.48 -2.22 99,42 86.49 63.20 47.58
Botryococcus braunii -3.71 -5.18 33.71 58.95 0.42 0,42

Botryococcus sp. GE 24 5.18 -3.71 49.03 64.51 17.71 1.28
Scenedesmus quadricauda 54,81 37.03 99.95 99,92 83.23 73.77

Phormidium sp. GE 2 2.22 -2.22 38.24 69,36 2.25 4,69
Spirulina maxima -1.48 -0.74 12.63 67.17 13.13 4,07

AGTQ/0G/05 15388
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Fig. 2-3. Growth of seven algal species in sterilized secondary
treated swine wastewater. Cultivation was done for 27 days at 25C on
a rotary sharker under a light intensity of 50 ,uE/mz/s,

Chlorella vulgaris (Q), Chlorella sp. GE 21 ([OJ), Botryococcus braunii (A),
Botryococcus sp. GE 24 (), Scenedesmus quadricauda (), Phormidium sp. GE
2 (@), Spirulina maxima (I).

~48 —

2019/00/08 15:36- 8 U N B/ O G



Botryococcus braunii

0.083 : | 1 ! |
0.8 |- Chlorella sp. GE 21

Dry Cell Weight (g/l)

Chlorella vulgaris

0.8 [
0.6 (-
04 -
0.2
0.0 | | |
0 3 6 9 12 15 18

Cultivation time (day)

Fig. 2-4. Comparison of three algal growth in each concentration of

swine wastewater,

O: 25%. []: 50%, ~: 100% swine wastewater
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vl FHawlle Ao #HHH

1) &%

20| C vulgaris?] A AL} ¢l A A pAaAs LS 2
Atst7] Y3t REE 25% EMH Ewsd JFY F 20, 25, 30, 35 4
0CE 82 ¥ photobioreactordA] 150 pE/n’/s8] FZZAstolA 6Y 7
vjofsl A A AABLLE AP THFig. 2-5). RAME 20-40C2 H$ Fo
A 27 ARz Axet A9 AAE 35C G2 AAN MF Urh 3
5ColN ARMIZHZ7LL 50.0 ng/l/dayd AAtEgon, 24l )
oF Z7] 21.50 mg/lolA 1.01 mg/I12 95.3%8] HAZEL Hgoen, UL
slok Z7] 4,83 mg/iollA] 0.19 mg/IZ 96.0%8] %2 AMAESS Rgr}
(Table 2-5). ti¥E2 mzFolA B2 HFg2=7t 25T F
o 2 AEFE vaF &2 £2oA Hol IS Byt =T
(22)& #lgoll A C. vulgaris?] 27 F&EEL& 36-37CUE R up gl
ch, ¥, 4&o] 25, 30, 40CH wf Lo 18 AAELL 80% o] YL E

B, mM2Fe B2 35T uste] A HAsHACE

Table 2-5. Summary of cell growth of Chlorella vulgaris and nitrogen

or phosphorus removal under different culture conditions

N P
Temperature Productivity removal removal
(C) (mg/l/day)  rate fe‘;“’?“ rate fe‘:‘?ﬂ
% %
(mg/ 1/day) (mg/1/day)
o5 41.3 4.04 76.4 1.08 85.9
30 45.0 4.24 89.3 0.84 72.2
35 50.0 4.39 95.3 1.16 96.0
40 46.7 4.19 82.6 1.01 8.5
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2-5. Effect of temperature on cell growth and the removal of

Fig.

nitrogen and phosphorus in 25% swine wastewater. Cultivation was done

for 6 days at each temperature on a rotary sharker under a light

(&),

Total phosphorus removal efficiency

intensity of 50 uE/mz/s.
Dry cell weight (@),

Total nitrogen removal efficiency ([J).

-51 -

Z010/06/



2) pH
EW42] pHE 5-92 ZE I i C wulgarisg 13437 viY3IolS
u] A sl Aol A AAY ERE ZAME ZAIbe Table 2-6 U
Fig. 2-63} Zr}.

Table 2-6. Summary of cell growth of Chlorella vulgaris and nitrogen or

phosphorus removal under different culture conditions

N P
Productivity removal removal
pH removal removal

(mg/1/day) rate (%) rate (%)

(mg/1/day) (mg/1/day)
6 31.3 2.41 87.5 0.69 85.1
7 31.3 2,44 88.8 0.67 89.2
8 43.8 2.46 90.7 0.64 87.9
9 33.3 1.87 88.1 0.64 86.7

pH 5ollA 97}x]2] Z7] pH ¥4l FolA pH 82 2AF A 2R/ A
o] ThE pHellA Erl f$3igct. ARNEFZFZFFT 7S 43.8 ng/l/dayo]
a3, Ao elo] HAEES 7t 90.7%, 87.9%2 LIElwich, Aol 9
AAZLEE pH 7oA 97tA] 2 xlo]§ Holx] ¢fol o etzbe|e A=
pH W Elo] WZsIx] ¢t Rog BTl oj& Gordon 5(23)] Hael
o] 72 2F& gzl Hd AFE Roled, & Ao AEH
C. vulgaris® ofdzelod o] f43tn, nHzFr7t AS3el uhel

W28 pH7t F7hste Hes mBT
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3) F=
C. vulgaris®] Az sl A9 ¢12] A A nXE= F=9 o
g R $15te] 25% AP Esigo] BEF F 5 pgE/mi/solA 160
pE/m’/s7A] cherstAl & FFSHEA 90Uzt wjeksielct. Table 2-7 W
Fig. 2-7o]A R u}s} Zro] 40 pE/n’/s olstoldE mlAZFE 8ol

A& wgolch

Table 2-7. Summary of cell growth of Chlorella vulgaris and nitrogen or

phosphorus removal under different culture conditions

N P
Light-intensity Productivity  removal o removal :
( FE/WZ/S) (mg/I/day) rate I‘BI(I];\)/&I rate rele;::)/a
N (mg/1/day) (mg/1/day)
13 16.1 1.26 45,5 0. 38 76.3
40 35.1 2.39 91.0 0.68 88.3
90 27.2 2.44 88.2 0. 87 89.6
160 34.9 2.29 90.0 0.99 90.7

=7} 40, 90, 160 pE/n’/s2 2 F3E HEFoNE nHAz2FY A
A& 35.1, 27.2, 34.9 mg/l/day AAE 90 FEE AAHILH, A A
AREL 80-90%= wl=estgct, welrd Ede AHeloA HAFT 40 p
E/n’/s o]4te] o] FFHolol girts AEL Y 4 ddrh L 40
pE/m*/s o] 42l FEAHNE 5 FRAM FFo] ¢Litgen W F=
ol gL uybstrl, T RE S FEStIAN ujHMRF Mg $PY

Ao 2 ntehE g,
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Fig. 2-7. Effect of light intensity on cell growth and the removal .of
nitrogen and phosphorus in 25% swine wastewater. Cultivation was done
for 9 days at room temperature under each light intensity.

Dry cell weight (@), Total nitrogen removal efficiency ([J), Total

phosphorus removal efficiency (&).
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Ew4e] AP o]| W C vulgaris] AR FAL, FA A
AZZE 2AE A= Table 2-83} Fig. 2-804 RojFa alrt. 30Ce}
pH 8,004 1407t vatslel S off, ESlg 75%(E 1 X3l = 3:1)ol A
Ho) z=FAF(53.5 mg/l/day)?t e} I8 AAZE] Z#Z 85.0%
94,8%% vl @A &gttt 2y 100% ETFAHNE 2 lag timeF-of E7-2
qApo] o] Fojx], EMLE YA YIE Ml g ASS Holr)
W42 $EI E24E lag tineo] HojNE AL ¢RU Y ALY FA
22 nHZFY Aol A ELZE AEHTH24)., F HFY A
Ae 4A sdAN Es4 oM i A& dFFoE AAY 5 U2
Roz uchAch

Table 2-8. Summary of cell growth of Chlorella vulgaris and nitrogen or

phosphorus removal under different culture conditions

N P
Percentage of swine Productivity removal removal )
waste-water(%) (mg/ 1/day) rate re?oval rate reToya
% %
i (mg/ 1/day) ) (mg/1/day)
25 33.0 1.92 82.5 0.38 84.5
50 50.9 3.21 85.4 0.79 92.7
75 53.5 3.63 85.0 1.32 94.8
100 38.4 2.07 55.3 1.21 92.5
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Dry cell weight

-57 -



b, Satulg A2le] A zPstolA Ai g AA 54

2 A¥dAM 2AE Ed$ Y HF2AE HIPLE 3-)
photobioreactoroj A &2 35C, pH 8.0, == 150 pE/n’/s2 =
i 25% ¥ ESE A ARE Fig. 2-9o vehiddct. 7] {9
TN FHAE 21.5 ng/], FA2 4,83 mg/iojglent, 49 wiUE mSY
247} 1.00 mg/1, %9°) 0,194 ng/12 ZrA3tdct, &, F2F 4d &
Qto] FAL9t &1L 7z} 95 3%, 96.0%8] £ HAZES Eot). o]s}
22 A= Li §(25)0] nMRFE G Dol FSEFA A #e
72N FYTF FH4LE 29.8 mg/l, FUL 9.3 pg/lojd oL}, F&E
o A ;A= 11.1 mg/1, FUL 3.10 mg/lo] ZT¥E o] 2tzt 72, 6%, 48, 1%
7t MAHATHs Bol v3le] AATE] mf &2 Zoltt. matA ol
2 AARE o3t FHalvl$£d IAAHIE EAYos @4E £ glr}
Ao At

§H o2 FY Age uwd pHe 7] 7.500M 44 F 9.771x] F7t
strhzt o] Fof LAYt Iel3 gF4-a FEE WG 29 F Hogiad
1,928 pg/l ol oL} o]Fo] ZAastednt, AR OE € vulgarisE o] &
B Bl AA = i) d8 HAZLE] v]f Eot EAH G o
gt R e JtiEY, ol&t & AslaS ] vzt T4

A, 293 APLBRA] UL JoiE ¥+ g Aoz AWt

of
—_—

I
—

o}, g A FAdo] whE EHiw4e A

TEl A A FAZe wd e Y JAFe Ay AHE 7]
22 3l 422 35C, pH 8.0, FEE 150 pE/n’/sold dFsA 4L 2
2 AHeld #W4¢E 3-L working volumngl ZRAEYLL 7oA ¢ vulgarisE

AEstel AeAl o] wet Ev4F Ase A AATA}. £
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Fig. 2-9. Cell growth of Chlorella vulgaris and the removal of
nitrogen or phosphorus at 25% swine wastewater. Cultivation was done

for 6 days at 35C in a 3-/ photobioreactor under a light intensity
of 150 uxE/m’/s.

_59_



= A} 292 58.6 mg/l, 14.7 mg/lo] it 42 Y AFALLE 14
d, 109, 7¢, 5UE THEAFAAN e} JAAAE A8t & 224 5
Qlpta] A A9} olo] tAH o T HIHLE AL Table 2-99} Fig, 2-100]4
Ho{Fo glt},

Table 2-9. Comparison of the effect of hydraulic retention time (HRT)

on cell growth and nitrogen or phosphorus removal in continuous

culture
N removal P removal
HRT Productivity =~ removal "~ removal
(days) (g/1/day) rate removal % rate removal %
o (mg/ 1/day) _ (mg/ 1/day)
14 0.518 10,79 87.39 2.91 92.52
10 0.685 14.58 82.93 3.94 89. 46
7 0.509 23.03 91.65 6.78 91.04
5 0.493 33.41 94 94 8. 86 84,81

u
N
o
Hir
32
a)
o

Ir
o
8

ZHF Adatake HRT 109l 0.685 g/l1/day
73 kFF o AHasl o] FolAn YT HoFE ZLE, 7Y, 5YE
2| 4 AFALe] EEHA ZFH AN
A FA ol A 85%ol Y AAF LW U=
2L} 35T TLoA AHesittRry SZ2Fe € vulgarisRtl G277}

Wy o] daste] 2FF Fdelrt sldch o] g A %o 2EE
G Alelel A € vulgarisd] A Aol 43I F st APEE 85
Adrth.
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Fig. 2-10. Effect of hydraulic retention time (HRT) on cell growth,
chlorophyll-a (A), and nitrogen or phosphorus removal (B) in 100%-swine waste

water.
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uh, & o
Zatsl4s e WA df VAT olN Tao yIHE
B

420g o5AF7] wFel, & dFdAE 2i AW EV4E o=
ZFE olgdle] W4U P&} dg ELIYoE AAS A ZFH A

W oujere] W3 AWE Ssysteitt, Chlorella vulgaris, Chlorella sp.
GE 21, Botryococcus braunii, Botryococcus sp. GE 24, Scenedesous
quadricauda, Phormidium sp. GE 2, ZL2]il Spirulina maxima®] 7%& tf%
o2 zAE A3} ¢ vulgaris7t A4 Q18] AARE ol =/ it
e oa3igcl, APFFEE MH¥E ¢ wlgariseE & 35C oA AAo]
13 Fokom, of astElel 7] pH 8.0004 Aol f3grt. =R
qarw Aast A9 AA ol = G¥L TAst A} 40 wE/m’/s
ojstol M= mlMzF Aol oA worour, I o|Fe FEoAE Hlz
g AE Agch, ARE AHEE EW4Y AsY d vEE 77 587
mg/ 13} 14.7 ng/12 ZAE G en, oty H4E 75%(ETS 1 A8k = 3=
NE 343l ol 49 9 AARES 2FY Aate] +4345, 3
M el o} AS lag time2 Aol oy HAE A do] AAFHUT
2 AgolN deolz HF AN 25% Evl4E Al Az 49 F

42 FAAE 95.3%7F F UL 96.0%7F A AH LT
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2. C wvulgaris +2& $1% w42 A3

7t &x2] o3

B dHelM FuwleAel HPy 2E& 35Ce| GO}, o
EoM= 2R AgET]l dzfe Ago] uslel 77 imas
Aelstd 7] FE2FY € vulgarisyt 2 F Fo2 uiyigct. o
A2 dYeldE 20, 25 30ColM S4E "IN Aoy @ ¢
vulgaris®] 22 AFLEE zaslglon, 2 ANE Table 2-103 Fig.
2-11o viepup sdct,

rfo

Table 2-10, Effect of temperature on the productivity of C. vulgaris

and the removal of TN and TP in swine wastewater

TN TP
Temperature Productivity
. removal removal
(C) (mg/1/day) removal removal
rate (%) rate (%)
(mg/1/day) (mg/1/day)
20 6.22 0.73 13. 43 0.48 21, 86
25 10,00 2.16 39.52 0.78 34.90
30 16, 66 3.16 57.34 0.83 35.60

art A2 AAZE 2ot ojz} ufM2F YLE 30CHA 16.66
mg/l/day2 713 431413, 20Co]A AL Qe AAZEL 13%, 21%3
=2 30TColAM e 57%, 3549 wlasiM WE xolE H=3 QItt. & e
oAM C. vulgaris7t BFo] S4sthe Mue Ay Azt X 43
& R4t}
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Fig. 2-11. Effect of temperature on cell growth and the removal of
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was done for 9 days.
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L}, MgSO0.8] 8%

BYY HELS WE BoE= L 3t chlorophyllo]dt AL =¥
sted TZFH 22 hemedt HAISIA R FARo] Mghol2o] e & Faal
=4 B3 Holtl, uwleld nMERF7 REEE A7 HHA= AR
o] Mgol& ol A 94¥L werlh 23 A" Ede«E B ¥ 190
L E/n%/s8] shaking incubatorel] 947t wjekgt A} S Fig. 2-12¢] el
odth. MgSO: HE-E 0.0025, 0.005, 0.0075, 0.01%2 Yo F.on Table
2-110] 4 Rol & ule} o] 0,0075%0) A WL HAZEL 62%, U A
AXLL 49%% Holglon, 0.0025%0 L A4 AAXES 325, AYY
AAZLELS 41%2 0.0075%2] MgS0.8} wlmdtd Ao HARTHE AL A
Aol 2 g nxs Ao WolFy girt, 1l ARNEZFHSIE

2. MgS04 0.0075%0 A] 40.77 mg/l/day® ZAFE oAl

Table 2-11. Effect of concentration of MgS0s on the productivity of C.

vulgaris and the removal of TN and TP in swine wastewater

TN TP
Conc, of MgS04 Productivity
removal removal
(%) (mg/ I/day) ate removal rate removal
(mg/1/day) (5) (mg/ 1/day) (%)
0. 0025 17.00 1.79 32.59 0.95 41.96
0.005 18.22 2,34 43.62 1.09 4727
0. 0075 40.77 3.44 62.32 1.156 49,36
0.01 26.00 3.22 58,14 1.04 46.26
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and phosphorus in non-diluted swine wastewater. Cultivation was done at
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pH 7.8 for 9 days on a rotary sharker under a light intensity

of 190 xE/n’/s
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T} CaC0s®] 4%

F3Y AEL C0 8 BtAYOR o] Azl A Ho
2572 Aol 2 ¥¥g W
.03%2] 007} B3] alem® A

)
AAE 25 APl = gYL wHA gou, AsHeAd B ARF

7l F2 Co%a& ZarZ

7h s dd sFole

4>
£

[=]

= 31
X &=

¥
fr

ko

B>

S El

F43 AAste FRole Cot ABRALE Fgshe] ZHY HKS A
S% Zelth A CaC07t ZF2 M&ol oW Fuhg waEx o}

B7] ¢35l uwiRr]ef A Cal0:%] =5 0.005 0.01,

238ste] C. vulgarisg] &3 A4} e HAE

o
=

0.025, 0,05, 0.1%Z
zAbste] Bk}, C

vulgarisS 3% FEYL F 190 pE/m’/s8] FRASI)A v]g3t AIE Fig

2-132} I},

Table 2-12. Effect of concentration of CaCOsz on the productivity of C.

vulgaris and the removal of TN and TP in swine wastewater

N P
Conc, of CaCOs Productivity removal removal
(%) (mg/ 1/day) rate re?z‘)’al rate rexzx;\)/al

(mg/ 1/day) (mg/ 1/day)
0.005 7.33 1.86 33.48 0. 66 29.58
0.01 11,11 2.11 37.55 0.83 35. 39
0.025 12.88 2.53 45,03 0.92 38. 21
0.05 22,22 2.75 49. 46 0.96 43.13
0.1 31.44 3.04 55.45 1.35 57.72

CaC0se] It FHU4E Wast A AATLS FIHAT F4

s

Aael A& ol &3l ZFY biomass EY F7tetddrh. o 7] M&= CaC0s7}
End

gknto] L35 7] wjEo] biomass?] %7l in vivo fluorescencedtl &

EA5HETh,
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Table 2-120]l4 K™ 0.1%2] CaCOzollA] A4 A|AHFELES 55%0]a 3
A2 57%0] gloL}, 0.005%2] CaCOzoll A= A7t 33%, ¢lo] 29% AR A

2}. Glucose?] ¢ 8F

Ad¥ 2FFol $59949 AL st Ao 494 ded, 2 A
1o Al83F C vulgarist glucosed EIAN O 8 o] L3l Zoz ury
th. 2l A glucosed 2& A 2" ES4of 0,01, 0.05, 0.1, 0.5%% ¢
F3 30ColA 743 190 pE/m’/s 2R 08 wjokg A= Fig, 2-149 7
Cl. Table 2-132 30CoA ©AH LR glucose’} A7EHYL o] =u49)
el & 2AIY A2 2 glucoseE HFIISIES wie A7 etA Aok wjRoh
YS3] 52 BAEE Eolal 3oy glucoseyo] ZIIUFEE nAz2F 4
A A 2] AL f4dicte AL B33 9t 18} glucose
0.1%2} 0.5%8 H]as) E= 0.1%2] glucoseod Lot 2 2tz 73%8
69%71 AAE QL 0.5%l A= 81%8) 88%7t A AE YL wxof w3 & x
ol olUA| gt biomass? ZH71E EBEA 0.1%2] glucoseo]A = 109,42
mg/1/day, 0.5%0llA = 338.14 mg/l/day® T2 Zo|& RoF3 9t} 1
2 AF7HA] dFollA glucosert ¢l& W ARHNEFF F7F&o] 53.5
mg/l/day o] Zz ¥]23tA glucose E2] st A FZ3] FFo] F713]
t A& & o+ A4t ol He FY H4 U8 AAE 0.1% glucoseR
E 7test I o] FEAME cell mass] 715 JHALE Ao=E W

s

HE T TR 22F WE defolA glucoses oW J¥E ulX=A] Yol
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Table 2-13, Effect of the concentration of glucose at 30C on the

productivity of C. vulgaris and the removal of TN and TP in swine

wastewater
N P
Conc, of glucose Productivity removal removal
removal removal
(%) (mg/ 1/day) rate (%) rate (%)

_ (mg/1/day) (mg/ 1/day)
0.01 11.85 2.68 J6. 48 1.01 34.62
0.05 54.71 3.85 54.79 1.11 37.49
0.1 109. 42 5.21 73.01 2.08 69. 42
0.5 338.14 5.75 81.39 2.62 88. 56

B2 93 w228 20CE udo] AE3 A} Fig. 2-152} Table 2-14
o Al HojFi wle} 2T} GlucoserTo] whe L9 g2 MATLL By
0THE e e & RArh. 30T M E 0.5% glucoseZtA] HE7}
s AL dY AAZE EY FsALoU 20CTAHMHE 0
glucoseollA] #1198 AAZELEE Bo|i 0.5%8] glucoseo]A = ZrAFtgrc}.
0.1% glucosedll Al A2} A& wjo} ¥ 79 F Zz} 67%, 62%7} A AE oL}
0.5%0l & A2t AL 7.9%2 39.3%2 AL} A2 HAZES 74

th, 25 Ao]lE Hw glucose 0.1%04 30CSF 20CE wjzs] B9 30T
A Hi el 18] A AT 73%, 69%2 20T 67%, 62%R T} S4stgdct, gLl
SE2E d¥E ZAT AP e 9E] glucoseF ol uhE AL

30CLE 20Coll e W& o] & Holz] ¢falrtt. & glucosed AJHPLEZH &
52 9%8S ¥HAE + ddod, ol Uste oA A-Lo] wlE C
vulgarisg A 2HE A& WU RFAAA AEE $&0] WoHS of
= A2 d AHAL FHOZ Ao o8 4 o edE HoyFgrl
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Table 2-14. Effect of the concentration of glucose at 20T on the

productivity of C. vulgaris and the removal of TN and TP in swine

wastewater
N P
Conc, of glucose  Productivity removal removal
removal removal
(%) (mg/ 1/day) rate (%) rate (%)
(mg/1/day) (mg/ 1/day)
0.01 7.97 0.84 11.54 0.72 24,05
0.05 50. 85 2.81 40.14 1.04 35.93
0.1 81.42 4.82 67.17 1.81 62.37
0.5 52.42 0.57 7.92 1.17 39,30

oh, A&ulRzA] wWE WAL AY AA

5- £ photobioreactor®] working volumng& 3£ = 3}o] 56U 7t P =E
AE iR Jin A<gujorg AAlstdrt. WA wekRzlee C vulgaris
& sodium alginateo] 1 3ste] e HHFAIZL(HRT)E 742 st A
HE AAstagen, vjor 124 %] glucoseE 0.01%, MgS042 0.01% HRTE 7
Az ste] 23U7tA] AP e, 24U#= glucose 0.1%, MgS0s 0.01%,
HRT-72 AP S AAF gt 4347 glucose 0.1%, MgS0s 0.01%, HRT-52 uj
otz AL vpFelsl, 5297) glucose 0,01%, MgSO4 0.01%, HRT-52 BTl ¢
9] 2o w& HA3}:= Fig. 2-163} Table 2-15004 & RAF3 Qlvl. &
7] ¢ vulgariss sodium alginateo] ZLAZAFH FaH+E AHelstdE o
12d7}2] &£ " A2 FEolo] £713}3 9l.o.u agitation® @ ¢13] alginate
bead7} Zixl&= ZA#E At 2dAAH ol¥ beadd AHEE JEH
alginateo] 2]%F mixing®WHolAl Roli= ZHr} air-1iftE e TS wjYH

of A}&shs Ao] B&AY Ao uigtgc}, 1244 glucosed 0.01% B0
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Table 2-15. Comparison of average TN, TP and DCW of each culture

condition in continuous culture

Conditions Ave, TN (mg/1) Ave, TP (mg/1) Ave. DCW (g/1)

Immobilization

30.14 7.76 0.65
.HRT 7 S ssasness e T T T T L R L T T
Glu-0, 01% Mg804 O OIA

58,73 11,61 0.36
HRT 7
Glu 0 lzé MgSO4 O 01/6

6.58 1.37 1.22
HRT 7
Glu 0 IA MgSO4 0 014

14,97 0.81 1.13
HRT 5
Glu 0 01/» MgSOa 0 01,6

47.3 4,55 0.85

HRT-5

FR& uwl wlg=zel] C vulgaris7t @& EAtA o} UL wE9Y

glucoseo X = 2] AL IS FTRHOE HASRA Eilx AL F7}
Stelnh. 2Ll 24UA) glucoseE 0,1%2 SN AL o A4} 2] AA
7h Zds] dojut AL vl & F 11YA He 4dR A ¢

22} Qlo] AAEA A& HolFEch wje} 4447 HRTE 7oA 5U=E u}
Fodrt. olof biomass P S92 FHLE A3 FIEE 20 mg/ YR
F MelEden, FUL 2 ng/lel3tE P Aoz AAFHATH uiek 52¢

Zole W& £ C vulgaris}

oQ

7] glucoselsr =& 0.01%F w3t )
71 wlEel glucoses 25 oz A7 #AH RA.o® AzZrEo glucose
S8 wagey 2347 349 FAe Ae RelFgoy e

A4S AAHE AL HojF2 9t} o|RLE HolE Z
5
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E AEFdrt. Fig. 2-172 56d7x] wgslds $ds= 2755 4y
AR 2718l AR sodium alginateo| C, vulgaris7} LA E H AL
Bolga 9len, 7 o]¥ bead7} 7)A A wash-out® o] L}7} 2 single cell
Bl 2 2tetA Ho] 56U7A] €. vulgaris7t B H oz A5 A AAS

o F3L Sich,

Iz

up, @ of

2z Ae® Evsd dast JdE&E AAY BHe=: 3-¢
photobioreactorojl 4] &P ow  FHaslgev =7 JExFe
vulgaris7} ThE FO2 WEsle] & MYolMe HEAN2 AHolM FFY
ZHFol WHstA A=EF wigd HHY UYL AA)Folrh. Mgl
chlorophyll-a2] W4 LHE|BZE MgS012] o3k Z A3 A3} 0.0075%0]
A 2T AFolut Aot 2o AAFEE Tt 4 Fo €04 X
TE 0.03% FEZE (0.4 TZTHOE CaChrd] 8L ZAI3F A}, CaClpe 2T
% W chlorophyll-a8] w27t F7lstgd oy, w49 WAoo g ¢ls}e
BFFE It A A E Bdrt. f7] €42922 glucosed] FuE
ZA A3} € vulgarise glucosed TAYOZ o] &3} E4o G Mg
Hgorn, 30CHME 0.1%1 4 0.6%7}2] 8 glucose HEo|H ZFe Ao
2 F7tstd oL}, 20C oML 0.1% glucose FEAA ZFo BAro] 7}
g st ALl x7) AFZFY € vuigaris: Sl HAg
Z30)A v} 56U7t2A] Fo W= FAE= gkt

h4
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3. H+E oY MHMREFY Y

7} pHe} 4%

C. vulgaris 8e¥< 100 mlo]] 10 M NaOHZ H7}sted pH 9. 10,
12, 12,57} HA Zz =A% g vgE 2 olE F718le SHEHE &
F3 A3 Fig, 2-1894 RHoyF= wie} g},

Table 2-16. Effect of pH on the flocculation of C.

removal efficiency of dry cell weight

11,

vulgaris and the

Flocculant

Dry cell D.C.VW. removal
PH activity ight (g/1) effici (%)
wei efficiency (¥

(1/0.D.) sHE :
N 9 1.05 0.9 19.65
10 1.04 0.87 22.33
11 1.26 0.58 48,22
12 16. 66 0.05 95. 54
12.5 21.27 0.08 92. 86

pH7} Zg7telad 120]4d o] SFFPFPo] %42 Table 2-160A K
=ul & o] pH 12#} pH 12,5 wj& B]A3tH pH 12,59 off SHFEL
21.272 pH 129 wjg] 16.66H T} RoU FHFst= AZMNTEFANE pH
12.5¢ wi7} 0.08 g/lo] A5l pH 12 o= 0.05FB =2 AZAHIEFZH] 90%
o] ol MAE ATt A thE HPMNE pH 122 2T F FHHES

SEL TN
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Fig. 2-18. Effect of pH on the flocculation of culture solution of C.

vulgaris, 2 ml of seawater was added to 98 m/ of culture sclution which

was adjusted to pH 9, 10, 11, 12 and 12.5, respectively.
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itE ol W2 ke B4R 9l 53] NaClz} CaClzrp who] =it
o] gltt. 53] CaCly= RZESIAE da] AHLEHI 9t} o2 o &
E R ES o8 FFALAHEC "ol dF HIA ded, PR 3
3L
[

FFol WREBEZ FLE LA =Y HFaste] ¢ vulgaris?]

Table 2-17, Effect of seawater on the flocculation of C. vulgaris and

the removal efficiency of dry cell weight

Flocculant
Conc, of o Dry cell weight D.C.W. removal
S ter activity (g/1) efficiency (%)
eawva
(170.D.)
none 1,01 0.85 24.11
SW-1% 8.92 0.07 93.75
SW-2% 25.00 0,09 91.97
SW-3% 22.22 0.08 92.86
SW-4% 83.33 0.07 93.75
Table 2-173} Fig. 2-190A= HlGtE S %o ulE SIHAHNZ A}
3t ZE HIGE 1%-4%0| A AZMEZSFE 0.1 g/1 o|3tE L3 E o,

SHEEE B 1%2] ulgtEoAE 8,928 RAal, 2xoAME 25,0009
AME v FTIEAEEE BTk 4x8 nintEoAM FHFEL2
83.330. % F A% Z7181L) olu] 0.D. & ulxsld 2% uj 0.0480]5 4%
oj 0.0152 0.D. FelHE= & ozt gldvl. whatd 28 uigtEolA C
vulgaris®] S & do] sttt A& & 4 Adrh
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Fig. 2-19. Effect of concentration of seawater on the flocculation of
culture solution of C, vulgaris. The concentration of final seawater

was 0, 1, 2, 3,and 4% of culture solution in which pH was adjusted to

12,
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t}. CaCl,2] &3

BZSHAZ alumo] #]of CaCle7t Heo] 2ol o]AL HHYL SHE
PR3 A ¢hotA C vulgaris?] REZGAAEAN ALARE ZAsIA H
gdrt. wgde pig 122 %F 3 sj5+§ 1xHA 7Y F CaCl.§ Z7
0, 1, 10, 100 wg/! HA H7%t F SHAVY LS A5t} Table 2-183
Fig. 2-20004 ¢ o] AelFu v Al FolM 22 FE2] BHE Ho
g] el Reldt Aolrt gt whelM CaClee € vulgaris®] $8ole

H FVE AR Kb Aoz g

Table 2-18. Effect of the concentration of CaCls on the flocculation

of C. vulgaris and the removal efficiency of dry cell weight

Flocculant
Conc. of L Dry cell weight D.C.W. removal
CaClz (mg/l) aeEIviDy (g/1) efficiency (%)
2 18 (1/0.D. ) 8
0 2.61 0.22 80. 36
1 2.66 0.19 83.04
10 2.50 0.23 79. 47
100 2.59 0.24 78.58

s FAHES NaClE oF 2% FEE XAt glch. sj+F of¥ A4
ol &3 SHVEE Hol=A] Yoty #5te suiil NaClg HEEE
Hotsted SAYAE L ZAsldcl. Table 2-19¢} Fig. 2-2164 Hiko] Zz}
2] NaCl F=olde SUBAE S HolA] e AR Hol 34F NaCle] §

AYge] FHEo] ofUus} vlE oo] 23} NaClo] HE L34 SAEN
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Fig, 2-20. Effect of CaClz on the flocculating activity and dry cell
weight of culture solution of C. vulgaris.

The final concentration of CaCl: was 0 mg// (), 1 ng/l (A), 10 mg/l
(N) and 100 mg/7 (B®), respectively. pH was 12 and 1% seawater was

used as a flocculant.
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Table 2-19, Effect of the concentration of NaCl on the flocculation

of C. vulgaris and the removal efficiency of dry cell weight

Flocculant

Conc. of L Dry cell D.C.W. removal
NaCl activity @ ight (g/1) efficiency (%)
al
(1/0.D.) Ent 18
pH 12
15, 87 0.14 87.5
S.W-2 m/
H 12
: 1.02 1.01 9.83
2%NaCl-2 m/
H 12
P 1.02 0. 85 24.11

4%NaCl-2 m!
pH 12, 2#NaCl1-2 ml

CaCl,-200 mg//

1.00 1.08 3.58

ol Alumz} HISEZLS] SHRGHI R

A F7hA] AP wistEe $FHEl alunt HlAEA o= FE H
Ag 71AA QA Yotk #T AEE HAstHch |A alund]
SA2AL ZAE7] 13 pHel alunP S ZASIY HE S AAT A
Table 2-2032} Fig., 2-228} Zo] pH 7.290A alum®] HFFE 20 mg/lolA
FL ¥AHE R}, ojue] ARMEEFHY] SHALEL 94.65%2 L &
otom, SRYAH L 45.4582 ZAF U 2dd s FHEEES =AY

jiga)

o pH7} 128 7 &7telold VA BuoLl alund 79 wigee] pHE
ZA8tA] 42 el 7.2004 SFEAHC] ZHoy pH 12e]M = HYE B
o] 2] ¢iatrt. olF alumg] X3 FHRAL siE ol &Y SFHEAE =
ist7) f1%te] AE-e AAsgct o 2AE dold A H S A=
A2} vl2s] 2 A2 Table 2-213 Fig. 2-23o A ¢} Zo] alund A ejgt 7
O Arolo] AZMEZIL 0,05 g/] AEGT SIAYAHL 5H5AER Zoch
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Fig. 2-21, Effect of NaCl on the flocculating activity and dry cell

weight of culture solution of C. vulgaris.
0 pH 12, seawater 2 ml: pH 12, 2% NaCl 2 ml; pH 12, 4% NaCl 2
m/: B pH 12, 2% NaCl 2 wl and CaClz~200 mg/1,

— 85—

2019/00/05 1538 G HE B0



Table 2-20, Optimization of the condition of alum on the flocculation

of C. vulgaris and the removal efficiency of dry cell weight

Flocculant Dry cell
. D.C.W. removal
Treatwent activity veight L
efficiency (%)
(1/0.D.) (g/1)
Alum- 20 mg/! 1.03 0.82 26.79
pH 7.2
Alum-200 mg/ I 45,45 0.06 94, 65
Alum- 20 wmg/! 1,02 0.97 13.40
pH 12
Alum-200 mg/ ] 1.02 0.87 22,33

HNeg ol 8 & A% AZANEZF Yol 0.16 g/] BE ooy A
& 20019t 2y B Aoy ol oz A TEY £ 9e A

22 Zeolt},

Table 2-21, Comparison of alum and seawater in the flocculation of C.

vulgaris and the removal efficiency of dry cell weight

Flocculant
o Dry cell weight D,C.W. removal
Treatment activity (g/1) ffici (%)
eificlenc %
) (1/0.D.) ‘g d
pH 7.2 1.03 0.93 16.97
Alum 50. 00 0.04 96.43
Seawater 20.83 0.14 87.50
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Fig. 2-22. Effect of alum on the flocculating activity and dry cell
weight of culture solution of C. vulgaris.

[J pH 7.2, final alum conc. 20 nmg/l: pH 7.2, final alum conc. 200
mg/l: pH 12, final alum conc. 20 mg/l; BB pH 12, final alum
conc. 20 mg/l
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] A,

Bt Zell= tide] FI1EF7 &35t 58] NaCl3} CaClyst wol X
E o it CaClee RZGHAE gol AMEEHI 9dom olojx rlzry
Fol2& EF3II grh. 2 EER wBTES o[ & FHPLYP Wel dF
Hi glen, 7l E &3 FEE wE o vnER F5E IFAIE
o #Mcl. olo] Zetste] ¢ vulgaris®] SHAE vivtE L AlRslgct &
HEgol thet pHe Y& ALY A pH 12 o|Atd of S HEH7L o
Wrh §H"EAE2 pH 12¢ of 16.660]9 .2, pH 12,50 A& 21.270]¢lc}
olm] HHFujgAe AZMEZFHL pH 12 & w7} 0.05 g/1o] %3, pH 12.5
Ad wj7} 0.08 g/I12 A9 xlol7} ¢l4drh, pHE 122 AT F pigHEY
FTE STt 0-4%E A S = %ol M FFFFo] 250]AU R %Y wj= ¥R
U AHE 2ot F uinEY w27 HE 2% HAS ] 48 SAYY
£ HAErhs & dgdtt. RREYAZ aluno] ol = CaClz7} Weol o]
<4l CaCl:t alumd} HAIAM 4o AL glolA sleA ol o]&H C
vulgarisE 7}EAIRZR ALR3517) $)8le RZLAANE 9% o)]R7IX7 &
otA SHAEAEE HAT B CaCles= C. vulgariso] Widt FHso] ¢l
Tl HIGHE S oW JEo] EHUFAEEL A=A dolkR7] #5] uiTtE Y
44 NaCle] F=o] uld AL & 2AIY A NaCle] S+
7t el & NaCle] eafa gdeo] dojutz] ¢zt wivtEe i o

SE3) LYo o8] S| dojdrhe 2 FHY & Ysith Bz

e

¥

o]

H

RE N 32

ok

L, olmfd] B2 55013t o2t wladA uintEe FJHH=EA
o= ERPA o] 20014t A5 AZMEHLE alune] H$ 0.05 g/l
o] Jal MigtE A £ 0.16 g/1Z aluwe] FHEYo] st} HiRER
P47 $HAL 29 4+ dohe AE BojF AT},
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Fig. 2-23. The comparison of seawater and alum on the flocculating
activity and dry cell weight of culture solution of C. vulgaris in
optimal culture conditions.
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Al 48 AE

78 AP E T3 FAu5o Mo FPP myzRFQ
Chlorella vulgarisgE A'83l€3 FAtH 4 Ao AP FzAL =

stom, mAMER{FY Fo| HiAA UREF H4 YRS HHs sge
FAMFE Aot Rl ZHE ABE A ALE7) st Hesie
CHOE HIGEE o] &3t dF78 85 e e AARE g

slalct.

A

£ x

gl

1. 22t Aelg Ev$ Fol $UAE 58.65 ng/l, 292 14.7 ung/lo|
a8t gt

2. 738 WAZFE LR Evs Ao Hyy g2 A8 AEe
&3t Chlorella vulgaris, Scenedesmus quadricauda7} A A%} el = A
of AP FF= YwHFow, 2 MdYPoML 27 WAkl £48 ¢ vulgarisE

A stglrl,

3. B4 Aol AU C wulgarist] MFRAL EAY A SLL
35C, phi 8.001A ulMZF AY B ehizt Bao) A AAE F4o1y

t}.

4. mA2F] A AL g A8 HA uAE Fxe Jge =
B A3 40 pE/m’/s oSl A ¢ wulgariss FAto] M3 E watrh.

§. C. wilgarise 22} A 29 100% =¥ o= BAo] wral AL ¢
of MAHL L, 75% EfolM nlMzFe] Az AL oo AALE
o] 713 ¢-+3tgict.

6. Batch-culture® MHEY A} C wigariso] &)3)M AL 91, 7%
FU2 89.3%7} A F24olM FAL9 %2 oFe 4.9 ng/l, 1.6
ng/! A= I gt}
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7. A AN Y AFAZE 14, 10, 7, 542 FF #
7l s o 5d7A] FALe} FAS AFYoE AAHALH, AFAY
o] 58 B FTA& FUY AAES 33.41 mg/l/day, 8.86 mg/l/dayR
ZAHE gl

8. &Xof o d3E 20-30C HelolA 2AZAE A2 30CeA C
vulgaris®] 450l 714 Eisiglen, ALt A AHAR f3tgct. 3
Ll o]2) g2 LN HAEY € wigaris7t F2RFE 2R Aol Y
oy iFEE W& dart drh

9. Chlorophyll-a2] 4222 Mg%7} L F7E T2 MgSOo] tjgt 488
ZALEE A3} 0.008%2] MgSosellA] C. vulgaris®] M-S A9 48 AAZ
girsiglch

10, 277} AFY o dLPo2 FIgdLE oj&sted 3o Holdl

T ¥ F3 Hderng BAHUOR CaChzd HIIY A 0.1%0lA o]

F

Zotch, 38y} CaCOsg] H7te] whE Wedyges W FFoe @l 4l
ol
A

Z7Y B2 glucose2td] @3& 2 A} C wulgariss Vb
#o2 glucosed o] & 3h= heterotrophic A& Bt e 2%(20T)
ANME glucosed o]&3le] ZRE ol 8§ ALH dHsHedE o] §e] 7t
8 Jer F&Hch 30TAHAM HA e 0.1%0lA 0.5%71%] &2 BX
o A "9 AL A Festdot, 20ToHAE 0.1l AT FHolyt
A3 0l wRoAE B A AAL TasteE FHE B Fr)

12, d4uids Foted wigdzde] uld 2F A dao A9 A
Aol tidt 23 FAZ A ¢ vulgarisE sodium alginateo] 7 ¥3}
o] wjeFA] bead7} 7R TH L okgton, glucose 0,1%2}l MgSO0s 0.01%2]
FX ol A= HRT 5(day)oll A L9 8] HAZEE] Eokrh,
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13. $AHE ol gk pHY F8E& 241 Z3d pH 12 o] d W] §HE
A7t ®elytth, SHEEYL pH 12¢d o 1501812 v, pH 12.56] A= 23014}
t}.

14. pHE 122 1A% F 8i5tES HF 57 0-4%5] A SIS wf 2%0f
A SA"RAEel 20019l %Y W= vl A(E ATt F HITESY &
E7F HF 2% HAg w Y FAFYYEE HeErie AE gourh

15. R2SAAZ aluno] 2o = CaCly7} Wol] 2old CaClys alumi}
ALl A Hge] A2 glolA sl4aAe o] &H C vulgarisg 7ISALER
18317 93t HRESHAZ Uf o] 877t ol SFHAEL HAT
A3} CaClse C. vulgaris?] E@ols Fa7E glddcl.

16. uistE 8] oW 2ol FTHEAEE A=A dotl7] #3) HintEeL
FHEY NaCle F 2o wg SFFEPES AT AT NaCle] FFAw
B7L 9lolch & NaCle] 2jsfM $Ho] dojitx] 4wzt wintEe] &
ol 25 AF Lo o3 o] deojudrle RS FEHY 4 odddrh

17. REREZAZE ¥Ado] 243 alund} ¥}REHRY] AHofd v]AE BE
otth. Alund] HFRAL pH 7.20] HFEHE7) 20 ng/loldg wl SJEA
o] £481ga, oluje] SRHAHL 550]¢lct, o] vl HIGEEL] §H

AAzAlNE 2YBAol 2001t AENe) AZMEFTL alung] 7

9 0,05 g/1 ol vigtE] ML 0.16 g/12 alupe] -FB/Fe] 5314

ou MREE $4% $YAT 2d + the RE B FTh
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A zd AR W oy

AR LB e, ¥4 2 53

AR gE 2ol 2 @A

Fedde AdANEY ¥ AAwaxes PAZBLE Yepys
Adg& A& s18 3, o] F tli] potato dextrose agar W] Abella] A
o% Fusarium oxysporum, Rhizoctonia solani, Pythium wultipum,
Phytophthora infestans, Botrytis cinerea ¢ A& WA ZFa} ofx )k
sto] FAFHo] Yt vt AT 13FFe YHF 2FF B 157325
22t Eelstdet., 228 MdL nutrient agar ¥R o] Ar] R &EsIe] 3zl
Y #TE A% FEslgdon, oF FAYLEFF ] FA

R4 23 Y3 AgHel Foly 27) TFE B 4y FAZFE AR
s} 91 T
U, R4RAu A He) 0wy

AAdaE N GAY BRoeRE ARE UL ol F AFEE
& WlR]| (Table 3-1)o]l M @utujerstsd e£E27 € Q7= hEsio A
3

Alstdrt, 228 MFEL thA] Z2¥4 ZAR wix](Table 3-2)o] ujak
3} amylase, protease, lipase, cellulase B¢ AA HTFZ T3 =
9 FE 12 AEstEden, 2F 2714 oj4e HAE FAlo] st o

dE4E& 7HAS oE= 3 FFE HFTA st 2 Aol A2ty

th nAAEe] 54
e AEH n)PBEL “Mannual for the identification of medical

bacteria™(9)2} “Bergey’s manual of systematic bacteriology”(10)& o]-&
) e, Beby Sz auunFe BY wely wBEA SPs4qc
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Table 3-1. Isolation medium for bactria

Beef extract 5.0 g
Peptone 3.0 g
Tetraene KM-A 0.3 g
Bacto agar 15.0 g
D. V. 1.0 L

Table 3-2. The composition of media for the detection of enzyme

activity

Amylase Protease Lipase

1% starch

10% skim milk
Nutrient agar

+

0.01% CaCls

0.1% tween80

Cellulase activity detection medium: cellulose powder(DIFCO) 10g,

(NHg)2S04 4g, MgS04 - 7Hz0 1g, CaClz- 2H:0 lg, Yeast ext. 0.5g, D.W. IL.
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2. o] F @A % o Composting

b, nlRAEIAE gy AA

£ ZASHYT 2 FF FH ALY 45 E ZESH] 48 59 BAHL

2 ANEE 235 nutrient agar HiX|Atel A AFHA & RAMSFY O}

L}. Pilot scale compost
X Huls ¥ 98] A¥EA F22 Pilot (50X50X70cm)ell &
o] 50 cm®] E|HEZAN Huly MY FHAcE Pilot ol aire A
£3YA 02 10 L/nin/m W] FFo2 oA oF 2 13 1A F
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e 4 A st dzFE BYUTE B BUYS 11 HEE 2
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3 B2 FUE ol &Y 1 F&5Hu (20099 BFIH)E ZHAE o] &3
thal EELS AEY ¥ iz7e) R4n4E AHTE ZZ ¢ 20 n'(lmX
daX5n) FRZ 24T F Fdo|M 4 30 cu, 60 cm, 90 cm X HL] AZE
st 4F d2E& AT Hy F5735¢ FFE AAFTEA
& AEstden 7~9d BFLez HYIE AT

2ot F5udE N 42 el 2=g FEdden A
HE AL 2 HAEA TE WEE o] &3] 4314 TH(13). pHE A
22 DV.E EY(1:5)8t FFsIAL, &L AMAANRY 7] FALY
ey zlelg HAPstd WEEE viEhALm(14), F7]%£(Total
Organic Carbon: TOC): Tyurin methodo] 2]3] ZA3s}g (14, 15, 16), &
A A (Total Nitrogen: TN)= EYF ALYLS FHYE o AEFHE=
Kjeldahl methodE o] &3 2m (17, 18), %<(Total & Organic

fifo

Phosphorus: TP)& z2]e AES HCIL Wi 71d3 4
Vanado-molybdophosphosphoric acid colorimetric methodZE o] &3] Ax
Hate] wpE v &S ol &8 AEUY d & ¥FE FFSACH(19, 20),
F 2% (Anylase, Cellulase, Protease activity analysis)<%(18,
21, 22) 7z} N Rol|A HAE UFoYeE FeAg ¥ Z7e JAe] £3
HE g &3 o9l Ao R #HAE unitE A4stdct ol &
0 BARHE R&773 SR WE WHE 7 Aol ANH Azl
ZApstEct. =, n|AEAL ZMzZe] A2 E VA A 371 wfR](Table
3-3)l4 24 2 AF+E HFsidrh. SI&S  photometer SO

118(Merck) 2 Z A st4t}t.
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Table 3~3. The composition of each isolation medium

PCA PDA SCA
Tryptone 5 Potato 200 KHzPO4 0.5
Yeast ext., 2.5 Dextrose 20 MgS04 « 7H20 1
Glucose 1 Agar 15 Starch 10
Component . .
(g/ 0. ml/ g )Agar 15 Chloramphenicol 0, 025 Casein 1
Cyclohexamide 0.025
Agar 15
pH 7.0 pH 5.1 pH 7.0

%ol B2W Hut: 23(NE, 23)Y NBETFAYel Agstac
28 potold WeldR ANEES 22 ZHAEY 15(1.5%10) o

S¥ug FEE AL A/ LAY FAANES AW H
HE 27 FAY uEE AHstel FUT 2AlA 2 40744 AEol A

€3lel AAEE &AL AHA 7] 5& ¥la z4apstyr)

Table 3-4. The mixture rate of agriculture soil component

Control Experiment
Vermiculite 1 1
Peat moss 1 1
Compost 8 0
Microbe compost 0 8
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228 AL pot A THUEE FAo AT hz 7o 4y
Zold E Bule WL Table 3-49 o] ZUY F EEste A=
s 4% wa Zatstdch

il
T 152 o RoM Eesle] WHdE& HUR Phytophthoras
2 Agel FASACH(4), Egoln ¥e8 2FELS A¥do] deAS o
olx 7] 2]&] PDAui=]7} QL= petridish®=¢te] 5 mm2} paper discol] ZLFY

HEE HE, o 2~3 cn HAH el AL FF st 25T F27)q

'~

A 5UR YHEE WMPT F AFH FYF AolY clear zone HE &
stel 229 %e] YA Yehik 348 278 ddstdct. 9 2

] 4 82 POBUIA & 500-ml AZtEetAde] 22 200 wl ¥ Yo BEFY F
AEo] 30T W0l 3YP wastdL, TFAWFL V-8u)2] (Table
3-5)ol BFstel 25ColA 50 widstaArh 547 WYY TR TL
homogenizer 2 w3t £ 108 A sie] AYol Abgsisct.

Table 3-5. The composition of each isolation medium

V-8 KB
V8 juice 200 mf Tryptone 10 E
CaCls 4 g Peptone 10 g
Component Agar 18 g KzHPO4 1.5 g
MgS04 1.5 g
D. W 800 mé Agar 18 g
-104 -
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i

AR ZRAYPIN AYu A Fo] L5 Polgol YHE Fix

Wotmy] o8] AYuWE2 KB WG (Table 3-5)0] LFEE 2

b AA T F pote] AFFe} 100 FHLE Pobg s Zas

H23 AYeYEel Aol T A At 230l
% Gol Yo dnht H8EXE Potrsl ¢ stel

Rl
3
offt

SN
=

4 ?9-
B M
A2
ok M
4}#
12

)
i
N
Rl
r=1J

)

38
& BESHD 24 A o Fol AYTABS Azstel AP o ¥§ B
drh. = AYE A4S PSS 43} YYLE BEC] Azl thel

dustgch. 99 A% HOUYRE YA Fol v sodius
=

& Agotala, U4 F9E 1% sodiun alginate &g 3

%
=9} kaolin : wjteletole] w &g 5:1% Azs ¥ Agsidn. 1EE

qEo) AYEAE 44512 UEAE ol sa) 15d VAL 28of
AA 22T Aot Aude opr ot}

Az w ANdzju] ELOe=RE FAFFT Fusarium oxysporum,
Rhizoctonia solani, Pythium ultimum, Phytophthora infestans, Botrytis
cinerea 52| A EWAdFol iy 27 {4 FF ol FA Z¥HE Ve

e MZ 13259 2 # % 15835 12 2ot arH(Table 3-6).

[
[l

b Ay }
LA~
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2 FFF 5 & EFo ZHET Au¥ES JetdE SC2214, SC2218
& A¥nBAEE HF AE3tq AEsct

e 4498 wUhEy] 2 EANRES EYE A3 H584E nBE
= oo F o5 BAYF FAPG 12 oy YA S A Az
£ Table 3-72} Zch, E2¥™ uAE 7h2d K116, K215, K324 327}
cellulase, amylase, protease, lipase 58] X 4AS ZA o &L 271%] 9]
& SHSte ALR vehd BaRAgo] A UEIkten, 80TE =R 2
2o HME & 71 ZLE UTHo] oF FFE EZEFHNEH Y
T4 & nAEE HF APl

L. nAE5E

AP nAEe Az, HEY 543 ¥eyy 542 2AY 2
(Table 3-8) SC2214%= Gram ¢} o|n], spored ¥ 4%} Bacillus pumilus
o FAIY BEES Uelde RL= UutHo] o] F Bacillus pumilus 22142
Huslglal, SC22182 Gram S48 WRE 7lA 3 9o oxidase ¥ g
2] ¥ HQ Pseudomonas %3 ddtgllen F%¥Y nAEE o4
K116, K215, K324 5-& Gram %4 2] spored ¥ Md3l= Bacillus &2} FA}

¥ 54e Ushia gt Aoz 2= goh
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Table 3-6. Inhibition of phytopathogenic

fungi by isolated bacteria

Pathogen” A 8 c . ]
Strain No,
§C2201 ++" - ++ ++ +
§C2202 b s _ e .
SC2209 o ", ot e .
5C2214 - . e el as
SC2218 4 et PR . 4+
SC2220 e +4 +4 +H+ +44
SC2312 ++ + + ' +4
§C2318 R . . R 2
SC2320 - - ++ ++ 4+
5C2330 - + et ¥ +
5C2335 - ++ ++ 4 ++
SC2405 - ++ et et ++
$C2406 " - i . .
SC2417 + +4+ 4t bk ++
S5C2426 - + + +4 .
*Pathogen

A: Botrytis cinerea,

D: Phytophthora infestans,

B: Pythium ultimum,

*%Inhibition activity

-: none inhibition,

+.

50%>,

C: Rhizoctonia solani,

E: Fusarium oxysporum

++: 50-90%, TS
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Table 3-7.

Selection of compost activation strain

Enzyme activity Thermo-
Siifagn | SESSESEE tolerance
No. Cellulase Amylase Protease Lipase at 80C for
10 min,
K11 + et ~ ~ .
K28 * - 4+ N
K29 + _ . )
K37 + +++ + + _
K45 +4 = _ e )
K45-1 - - - _ )
K66 - 4t - _ _
K102 - + +++ - +
Kllz - = +++ +++ -
K116 o S e + N
K142 + n - _ .
K186 + = . N )
K188 +4 . e B )
K191 - - rha - -
K192 & - it ' .
K196 ++ o na. _ .
K202 = - - . )
K211 = 4+ _ ~ B
K215 = 44 ris var .
K310 + - _ e _
K315 ++ e - s }
K316 ++ - ‘e ~ .
K324 + e P e+ +
K431 + - ++ . -
K433 + o _ - )
K476 % = N ) )
K480 - +4b - + N
K520 - + FRras 4+ -
K522 = . N . )
-108 -
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Table 3-8. Characteristics of isolated strains

Species Antagonistic Composting
bacteria activation bacteria
Characteristics SC2214 SC2218 K116 K215 K324
Shape R R R R R
Gram staining + . + g +
Spore formation + - * + +
Motility + + + - -
Growth in aerobic
+ + + + +
condition
Growth in anaerobic
condition ’ N : ¥ d
29 & + + + + N
Growth at 457 + + + + +
65T + +/- + + +
Growth at pH 5.7 + + + + -
0% + + + + +
Growth in
NaCl 3% + + + + +
7% + - + + -
Catalase * + + + +
Oxidase + + + + _
Nitrate reduction - + . + -
HzS production -
Indole production - . " -
VP + + + 5
Starch hydrolysis + - + + .
Casein hydrolysis + + + + +
Gelatin hydrolysis + + + + +
Urease = ¥ + + +
glucose + + + g -
arabinose + + + - -
Carbohydrate, mannitol + + - - -
acid from xylose + + + . +
mal tose + + + + +
lactose + + + - -

- 109 -



2. o5 A3l 2 Composting
7h w3 g2 HAFH
o dEY @HANE 54 nAdEe §F 213, F2 FIFY PHS
o] &35 olt}. e )AL zeolite, perlite, vermiculite 5 ¢ x4
PEo] 9lem, active carbon, white carbon 5% F &2 o] &5 9l
ol2 §t gAo] £4=E= 1PA 2L sodiun alginate, starch, xanthan
gun Fo] ]l E3} E3t nPE LFAE ARSI led £ dElA
t AdEGA o]dRY EUNFARZ AHEHI Qe F4E FEE Y
2% vAE FHAAAE HAYsI ol A&HHA BREHYS YotR YT},
o AE ZiABEL zeolite, perlite, vermiculited z}Z ©i& &
F¢ Fruje HE FelZ2 K116, K215, K324 F2] 52} SC2214, SC2220
o 55 dAEe F 0.2 M QAU FEde] FAIT T FEA HH
AA AFHAZE B AU F2E FAHE AT EAHY IALEE
A FRs 9o ey, HAW FAY FAE @A H3
of ARAZ F tha] 0.2 M QA#F LY 147 FE LWAA §&5H 4

o

T8 F43tdcH(Table 3-9).

ERAE A FHQe AT FAYEN vE SHAM AEE
A gAY=L WA veld AL FAE FA7 #AE &EFHA UskE
Noz AUAEY, zeoliter & FHH L 243 AEE2 verniclite
of Hls] Holxl Hog zAE Yt 21} zeolite2} vermiculiteE
d ¥uul2 EE39& o FAEL 322 71 &A ZAE vl whatA
2 A#H nAAE gl zeolited} vermiculiteE 1:1E E£3F Helz
sty AEE FAACE
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Table 3-9. Adsorption rate of several adsorvents

Adsorbent Adsorption rate AdsorptiﬁP rate
(%)" (%)
Zeolite 21 0.160
Perlite 14 - 0.008
Vermiculite 18 0.280
Zeolite : Perlite (1 :1) 20 0.140
Zeolite : Vermiculite (1:1) 32 0.300
Perlite : Vermiculite (1:1) 14 0.050

% 27 FAYEE 1.8x10° CFU/mt

a:EHE(a)2 27 FHLENAN AFHWS F 2 42 FAHUEE
A FALE

b

RE7| 7Y FAUEE ZA38}7)¢]8] zeolite?l vermiculited &Y
Hyjulg 223 gajo] FA HEYS AFAN F oir] ARAA T4E
olE REZV|ZHE BEHAA FALUEY AS54

). 2.0X10° CFU/mte] FHME F2Ag F A=A

5-10%2 I Z2EHAZ UE

o
by

-4

H A3t g ch(Table 3-1
AeeH e of 1.2x10° CFu/gd] FAYEZ} 9e2 FAY ¥ 5-10d
Ao 8 Ao RUA HAE Fgsted §FA7 A 204742 FAA
= ztae] Qe urhggeu 204 olF o o4 aglel 0.2x10°
CFU/g®] cell& fAste Aoz Ueiych. A3 7] FHejds cell ¥
T Bdrid iy ZAUEE 282 2Y 5 A ALE A=Y
T}l.

[=4

o

3

o
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Table 3-10, Variation of viable cell density during preservation time

Preservation time (day) Cell density ( X10" CFU/g)
0 1.20
5 0.98
10 0.42
15 0,26
20 0.22
25 0.21
30 0.20

L S E4 ¥4

S dd FisrtelM A3 EZAEY dAes 24T 2F
Table 3-113} Ztt. Eu[s A F & 3EH Wi ofsf 2AYL AAE
B, 5571202 47] A7 25 20~-259¢] 208+ A2 voty
o 47 Azltzre] Aol I A ULIElUA] dstent TS A KSC-1 A g
Tl x7 2=7t 7tA wA Yelyten pie 444 ddHdeE fA
st ch(Fig. 3-1),

Tahle 3-11. Characteristics of pig dung

water - T-N T-P K Ca
TOC (%)
content(%) (%) (%) (mg/ £ ) (mg/ &)
Pig dung 6.81 78 1.96 1.21 38 118 16
Dry pig dung 6.43 27 2.74 1.36 44 209 23
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N
o
I

(&)
o
I

Temperature (°C)
B 19y
o (]
| |

w
O
|

| 1 | | | | |
Start 5 10 16 20 25 30

Sampling day (after start)

Fig, 3-1. Variation of temperature and pH during the composting
period,

-0- pig dung + matured saw dust fertilized (1:1.5)

-O- pig dung + saw dust + rice mill (1:1:0.1)

-®- pig dung + saw dust + composting activator KSC-1 (1:1: 0.1)
-®m- pig dung + saw dust (1 :1).
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U+ Fc ¥4 fRAV 508 FES FA3] KSC-1 A7}
713 ¢e 488 F40AS viia, O/N HEE ZHE WA e Ey)
3 FolA Ay xaE v Re Algd"cHFig. 3-2),

Pilot 7228 HuHxA Fol deojites njAEFY HIHE 2AT 244
A Hzt= BE MHaFol 2EJF A5H 5~204728] 25712 Fof
10° cell/mF =8 ZtA7h Uetuzn gl wls) E%ole Hile 933
ol 712t ZFoll ulAstuint FIistALY 2 WEI gle ZAe2 Ustyrh(Fig.
3-3). AT FF E5F/(227])d UElUtE 5= tiRE Gram F4

9] Bacillus £ 0.3 ZAIE g on, T8l B&PAd4 KSC-18 A 7hgt

a

8] AL Bazglo] 10° cell/mtg {3 A= HRog ZAF
KSC-12] AtFF FollA 3FF71 AelFo] R AUSES HAP 4 3

ich.
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60 |-

50 -

Water content (%)

24

20 -

C/N ratio

16

L

12

Start

Fig. 3-2. Variation of water content and C/N

5

Sampling day (after start)

composting period.
matured saw dust fertilized (1 :1.5)

-0 - pig dung
-0~ pig dung
-@®- pig dung
- m - pig dung

+

+

+

saw dust + rice mill (1:1:0.1)

10

15

20

ratio during the

saw dust + composting activator KSC-1 (1:1:0.,1)

saw dust (1 :

1).
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1010 -

109 L

108 =

107 | | |

105 =

Cell number (CFU/mI)

105 -

104 |- | | | | | 1 |
Start 5 10 15 20 25 30

Sampling day (after start)

Fig. 3-3. Variation of aerobic bacterial (up) and fungal (down)
diversity during the composting period.

-0- pig dung + matured saw dust fertilized (1 :1.5)

-0- pig dung + saw dust + rice mill (1:1:0.1)

-®- pig dung + saw dust + composting activator KSC-1 (1:1:0,1)
-m- pig dung + saw dust (1:1).
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t}. Plant scale compost
FEudES H71Y Hulg cj2RFE AEE AE WA HH Y
dae ol 59 NHLR MG T, EE WA= vid FF A wA
B&ado wASEe 259 WHE B Fig. 3-4o] Uteld upep Al
2718 £2& BE ZoldAM 26TE RA ot 298] HEME tj&F
= Zolo] uwlgl 35~60TY EEE A4 wd APFM= 76~62TH
A 2EEXE stHA A zte] Aol utel dold =7t FHI HWH
st 212 Horch & dF Y Fof 2= FATL A2 14 52 R
E oty o] AN H2 Sxe Eusts A= ABFolA w
28 fA A2 28y tizFod o ZA uveistch
a2la FHAE g ol2k AlVE AEFE 4 e dAdstE et
T 2T g2 225 fA . A 226 o
Bl A7l 2388 zas witen SE% off A4 FEFEAL A
B7e AeE ¥ LEolA g HAo o Ao Hejdrh F
Z Z2 2 gojt & dFd IE RA dBHHE A
o2 byl old ¥ FAa: E4ndES B A5 wEA a7t o
i} ttr|te] 5 22E AT Ao

ARA FRojA tiag AaAARe] HiolM ¥=73 F¢Y FFE
& AzZto] o] umizt ZAste AH¥S UebWck(Fig. 3-5). =74 %
7] B4LL 68.6%2 AH T 64.3xHrl oF 4.3% A A FAEch 54 F
o] ¥4 URTN EFo] 57.2%2 &7 PeLHT 9% FE 4T
e 90 em Zolol A& 63.3%% 58] ZAE uiebyich. I AEFY 2
© 2O 60%Z 4.3%7} A% ¥bde] 90 cm Zololl M= 54.7%2 10% 7HF

Zaso] et oje] e EhYTh
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—(O-- Con. 30cm
80 —{1— Con. 60cm
—— Con. 90cm
60
40 -
)
o‘*--"
) 20
3
o | | : I |
8 —&— Exp. 30cm
g 80 - —— Exp. 60cm
- —A— Exp. 90cm
60 -
40
20 -
| | L | |
Start 5 10 15 20

Sampling day (after start)

Fig. 3-4, Variation of temperature during the composting period.

open symbol : none treatment (control)

closed symbol : microbe treatment (experiment),
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70 —O— Con. 30cm
~{}— Con. 60cm
60 —4— Con. 90cm
50 -
g 40
I=
_g 30
O | | ] |
)
o 70 —@- Exp. 30cm
g —&— Exp. 60cm
60 — —&— Exp. 90cm
50
40 +—
30
i | | | | | |

Start 5 10 15 20 25 35
Samplig day (after start)

Fig. 3-5. Variation of water content during the composting period.
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment),
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159 A7t & cjz2e gego] Zolo met EFH A= ole +
ANE Bl AEE st Lol ME HA A LEIY dAY B
22 BHAn AT FfEe @08 LY FUE FANER 5
78t S 7F vhetukA] gkokrh, cfR o] Fg 15de] A FRE & E
Zo gagol A A UBKAY AEIFY ZFEE ANFLE FAY
T4 Vel 2452 933 A & uvrhi drt 154& JAF
A dAFe F71et a7t vElY A HAVE Jd3) el dAH 3
Moz & 4 ol HETAY BLESE e 27 FfE 40,7~
43,9%5 59 uido]| AV FL 34.0-~36.4%x2 A eI 2798 ¥

1= 4B E&5udEe] F45& HHAA wEA 3
BHE o= o B 4 oth

B 5ot APF thzPole pH Wt efdedA F4L
2 w3lsls orabe LeluITHFig, 3-6). A #e] AlzH A]7)of pH: MH
F7t 9.282 cizT8 9.058Th thd &A uEdcth 159 F=E A IR
Foj iz 2] pHE 8.29~8.442 A ¥ pH 8.17~8.358 T} A U¥E
yoh, & B&e 202 gloa FAoly AL R dollE A7
7} AP AA VG Hao2 B 4 gt HFEANMY pHe 277 7.7
A=g SRt AP LollM pH 6.6~6.8F =4 FgIt Fagy
$18 ebdch, pHi= Zolo] osiAN @ WHE uvehfA] et AR T4
25908 AFdAN ZFH A2 Zod Aot th: UEIRAIR FS5TA Y

B

0)-

A3t AA FU2 v AEE ofd LR AtEHT

FAA£(TNG F5 ¥2571% 5¢ AAFoz FLde ZH¥E e
B33 ng B ouxdes AERAEE o 4 UrHFig 3-7). 27
HAAN A2 F43) ZaPort tfELolAs 60 o FoloA 1 3
Aol ZEF UAT AHFAMNE 30 e HolofA ALY EHE RATH
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pH

10

7 ——0O— Con. 30cm
—+— Con. 60cm
—A— Con. 90cm

10 l | |

7 |-—@— Exp. 30cm
—— Exp. 60cm

—A— Exp. 90cm
| | | | | | |-

Start ) 11 15 20 25 35
Sampling day (after start)

Fig, 3-6. Variation of pH during the composting period,

open symbol : none treatment (control)

closed symbol : microbe treatment (experiment).
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8
(O~ Con. 30cm
6 —{3— Con. 60cm
—/— Con. 90cm
4
_— 2
)
o
e [
% —&@— Exp. 30cm
E 6 |- —il— Exp. 60cm
—&— Exp. 90cm
4 (=
2 —
0 s
| J l | | ! |

Start 5 11 15 20 25 35
Sampling day (after start)

Fig. 3-7. Variation of total nitrogen during the composting period,
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment).
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54U ol FHE & APFIL eolo] ErtE Gig Ux Y AAFY Z
£PA T hz72 e Fdolo] d¥E ¢ R, HPJ HFN &
ol Fo] RAHA UgoR UM ot B ANI LR Ao
Tl

TOCY ZS-= TNZ miziA2 AR asts AgE UEhoi(Fie

-8). ARTE B ole WAl dFY FELRE HAY e o
ZF8 AL ZolEME oot xjo]E UElx g N e F=gl 3 x
o] BE WAFZA gttt tizt 2x9) wWitel] whal TOC LA 2] ZFo] whatx]

© #E& U2 & vl 2E7 1AZ JyEzte A A 993 21 = v
Zhd Fo] tfRF4 AEY BTN uvElY HoR
o] F24 nAEe I ¥tayd &R dojila 28 ¢ 4 glth
FA(TP) o] Z %= NI TOCHE AJzbe] Ao mhz} FA} Zads
Z3E& vielWltH(Fig. 3-9). TP gA] R52xslo @ o] 7

P
0 Fold o 27 ¥43Fol uAB o3 wol £RIE RO AR

Ay
N
r
™S
S
1o
o¥
2
—3
o
a
o

& Aol Zage] wet nAEL FHE ENE Ushdsdl, ¥
Ag WA PoA wiReld WY F 4L 13322 Ushou a2y

8 AL ¥4 A3 FA 2 4ol el 5~8 FO2 Pashd
3. AUFY AE 8~9F0F pasted PAY Fo| yzrHTIE A

Ut ytch, E A2k Ate] w2 2= 3le] F 49 W Po] deojut

Re g AtRHETh PDA wix]o] 28 FL& F<5 27)o] el =3 7F,

AP 8Fo] AlZto]l ZHsiw A HAaste AL Heltlhrl K50 ¢aH

© Al7lel oAl F7tE e A S Vebdch (2T 10, A¥EF 10). SCA #)
2

7} tha AL &

>

27} 3202 H¥HW thal stk AV HAEH, B3 a7 2
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50
—C— Con. 30cm
—— Con. 60cm
40 |~ —/\— Con. 80cm
30
§ 20
O 50 ] ] | | |
O
- —@— Exp. 30cm
—l- Exp. 60cm
40 [= —Ah— Exp. 90cm
30 |~
20
| | | l ] | |

Start 5 11 15 20 25 35
Sampling day (after start)

Fig. 3-8. Variation of total organic carbon during the composting
period,
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment},
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800
—— Con. 30cm
—— Con. 60cm
—/x— Con. 90¢cm
600
3
o
2 400
)
Pt
0O
s
8 200
£ 800 | ‘
Q.
Q —@— Exp. 30cm
5 —— Exp. 60cm
> —A&— Exp. 90cm
o 600
o
o
-
400 —
200 +
| | [ | | | ]

Start 5 11 15 20 25 35

Sampling day (after starte)

Fig. 3-9. Variation of total organic phosphorus during the composting

period.
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment),
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dedl W Fol Z4E RAN(12F5 4 8F), 23 2% 4
27 BE 49 A Vel #8FE0] 82 &%
of nj-¢ =lzgh RIgL Hol: ZAo2 Usiydc

ZtE MAEE ST IS4 E FIT AAE 228 A% "o w)
2} $71ef B4 E WwEst= A% UEWTH(Fig. 3-10, 3-11, 3-12). PCA
sl o] LiER 2718 B4 UZRTETE AETgM RE Zeloy &
A VGEIGE, AdEFY e XSS AYIILE AY QA £8 423
Th7t HF A FoA tha A vebkdch PDA WA Y AL 27 gz
ol A &t wA WEIRa AlZbe] o] whal AP T vER AN$I) Z
7bete Z¥E uUebdloh. SCAY ZAfo &Jo] tix Alg o] e A

b S7bstet s A zbe] Aol wie) zleld xto] 7z A A kx| A ¥ o
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1013 -—O~ Con. 30cm
—3— Con. 60cm
1012 |-~A— Con. 90cm

1011 -
1010 -
10° |-
108 |-

107 |- | I

10'3 - —@— Exp. 30cm
—— Exp. 60cm
10'2 -~ —&— Exp. 90cm

Cell forming unit(CFU/ml)

1011 =
1010

109 |-

107 | 1 ! l l | |
Start 5 11 15 20 25 35

Sampling day (after start)

Fig. 3-10. Variation of cell forming unit (CFU/m¢) on PCA medium

during the composting period,
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment),
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107

108 -
10° -
E
35 10t -
S —O— Con. 30cm
~—~ —1 - Con. 60cm
= 10° | _—A— Con. 90cm
= 408 | | 1 1 1 |
o
£
£
o 107 -
= A A
3 TN A
O 108 - w A
NN pa —
U ¥ ’\/
10° | —
4 —@— Exp. 30cm
107 ——m - Exp. 60cm
—A— Exp. 90cm
103 | 1 | 1 1 | |
Start 5 11 15 20 25 35

Sampling day (after start)

Fig. 3-11. Variation of cell forming unit (CFU/m¢) on PDA medium

during the composting period.
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment).
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1010

10°
E 108 |-
b
-
L
Q —O— Con. 30cm
— —+— Con. 60cm
c 107 ——A— Con. 90cm
= 1010 | l | |
£
E
O
[t
% 10°
&)
108
—&— Exp. 30cm
—i— Exp. 60cm

107 |~—&— Exp. 90cm
l | | | |

|

Start 5 11 156 20
Samplig day (after start)

Fig. 3-12. Variation of cell forming unit (CFU/m¢) on SCA medium

during the composting period.
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment),
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FARE B RalolM R HEI anylase B F¥= F=
Ao g VElWCH(Fig., 3-13), 5278 AL O FF7F & 495unit
2 AETY 39%6unitirt © &2 UeRRIRE 13 2245 Al7le] AEF
7} 1137~1355unit® Z7}§t ¥ o2& 972~1285unitE 23]8 AP
9 ¥AHE 9A Rien, 1 oY 2x4T AR oBEs TS FA
Hog ZF7lsle tiRFolME A of 174unitE UYERAZD AT F§
L of 1876unit7}hx] TABAHol F/H AT HAFDANN hEFE ABT
2] 580unitR T} &2 866unitE VEI] HAHSHo] HojAdS Hyr).

Cellulases] WAL x7]o] AHTZ7} 8. %unitE t]z2F2] 4.8unitRr}
EA A 3= THFig. 3-14). 4 £x45 A HoM cellulased] HH 2
227 32 30unit®E LbER e A EFE 38unitE A FEHAZ,
o] 2} L2 aLA ol YRR 5UFE whE A7 AP TN ELE
Aol A veldz 59 F 2 Fo)M cellulase B2 A@FHTL o
wA Yepxch

- 130 -

2010/08/08 15362 X8 /LA CH



2000
—(O— Con. 30¢cm

—{1— Con. 60cm
1600 ——— Con. 20cm

1200 |-
800 I~

400

2000 — | | 1 | |
—&— Exp. 30cm

—il— Exp. 60cm
1600 ——a— Exp. 90cm

Unit

1200

800

400 -

| | | | l 1 |
Start S 11 15 20 25 35

Sampling day (after start)

Fig. 3-13. Variation of amylase activity during the composting

period.
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment),
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60
—O— Con, 30cm

50 —1— Con. 60cm
—— Con. 90cm

30 |-

20 -

10

Unit

—@— Exp. 30cm
50 | —— Exp. 60cm
—aA— Exp. 90cm

20 -

10

Start 5 11 15 20 25 35
Sampling day (after start)

Fig. 3-14. Variation of cellulase activity during the composting
period,
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment),
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Protease ¥/ Al 27t Assts ZFd 4o &4 Ueiuz 2

=7 Weid wels o] E3Ee 2o Ukt (Fig. 3-15). o ¥ %

ANAHY A AP AT EF 2 ushdAw, 2¥TY FLE
2500] 2|\t Fol 30 eu Zolold MY ARolN Yo AT AL of

o] =7t g2l A G0l AL FY el Hulst RHHUI W2
o7 xRt}

2 Ayl A8 Hule FF4 $HAFE 24T Z A (Table 3-12)
g 4¥ EGVIEY uizg o cd ASE JEXT 0.01 mg/ ¢ WA
z7e AP T BFojA HEHA dsfed, rE 5Y EL7F wE
L3 100 mg/ 4 HT} ol e 0.40 mg/ £ 7} AEETH Cuy FLEe
292 60 mg/ L, Y2 125 mg/ L BTt ¥ FL 9,40 mg/ ¢ &} 8.40 mg/
L7t AEEHATH. FEAW(ENY EG AE A7 E3kol whE Pbe FHE
7| EXE 375 mg/ £ A W] cjzTel AYFNM FEL Poe %2 47
110.00 mg/ £ &} 120.50 mg/ £ 2 7|2 x o] QM Wr= £xdon, Zng 7
= HEBX7F 200 mgr £ Q) b £ A¥e] AHEH Hu]|Y HLE RS
47.20 mg/ &, AT 31.80 mg/ L 2 27 e} JE7EAE BEF EA

ole Ao & LJEIYT}H(23).

Table 3-12. The list of detected heavy metals in the compost

Cd Cr Cu Pb Zn
Control (mg/ £ ) 0.00 0.40 9. 40 110.00 47.20
Experiment (mg/ £ ) 0.00 0.40 8.40 120, 50 31.80
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—O— Con. 30cm
—— Con. 60cm
0.10 ——A— Con. 90cm

0.08 -

0.06 -

0.04 -

Unit

—@— Exp. 30cm
—l— Exp. 60cm
0.10 |—#&— Exp. 90cm

0.08 -

0.06 -

0.04 -

| I I [ I |

Start 5 11 15 20 25
Sampling day (after start)

Fig. 3-15. Variation of protease activity during the

period.
open symbol ! none treatment (control)

closed symbo!l : microbe treatment (experiment).
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3. FE A4 A AYY A
7t HEE ol &Y ZE A
HE XFAEE] A9 BEAE A 42 B AL wrEa deist
A 1Fd F 24 &A Az AT Zeolet 49 +F 7IFs4r
(Fig. 3-16). A|A%F-o Hol= 30¢ oAU &£7] 4 Folls & Hol= LiE
LA Qfgket 30~609 Atelel= of 70~80 m#] Apo]7l VEIEI o] Fof
= 1 At vhd AaEAdct. 4EY FSe AAS AR "ol vEld A
71¢l 30~60 Alolef 71A wWe AHAE Hol= AR LElytEdy olu)d]
Ay st chxFote] Aol W2 Hold glofut e FERAANA ¥
A RAEEL] R4S FAY njPEe] FAXU A HEA F5HE

SR

Folgirtdl W% 2 AxA Uoly 4E dg AL

et

A2
8] SolME 25-35 Abolo] 7HE WE F7hE Moln WU o
277} eizhe] Aol @ Molm oMot B MAAE Uehich A o
2ol AP RTI WS ol § Uehlx skol o] AAelw
2 xo]® Holx Woled ThA WA MFY 4 AA Ha 4 AeY AL
AL L8 27191 100 mo & E §-2] sl
W2 FHAAE B BB REHue ey A
£3o] AHE e HES TAY
Asstel Az AN E
W7 Ate] E&E R ozte] XolE MyrTH(Table 3-13). o d T uln
g Aol eAlolete =AY 2y B
A% BelATH B3 e 4% G F& UGB ALL £Te| 7
gt o] 10~13Y FE Ayt Fof ANEstPon, dPFe tfxFoA =
Told HoAY 3QUNTHE B o 6o AES AXNE HATH AR +Ho

)

fr
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—O— Con. Plant
300 - —e- Exp. plant

40 — =—O— Con. Plant
—@— Exp. Plant

Leaf numbers

| | [ | 1 |
Start 10 20 30 40 50 60 70

Sampling day (after start)

Fig. 3-16. Variation of melon’s total length and leaf numbers during

the experimental period.
open symbol : none treatment (control)

closed symbol : microbe treatment (experiment),

-136-



R NAE YT L7 3 1FYAE W ARTLEH VA B
WEThe F4u4EE BHE Hulvh f4€ ReE Aedc

Table 3-13. Flowering time of melon after germination

Item Control plant Experiment plant
First flowering time 31 days 28 days
First fistil flowering time 44 days 38 days

L ZFE o8 HE FH

RaudES FUiE Hulel 4 Hulo] iy vl AEF L5
Ago] e AES Sue A7 AANLE Fe HEE A A 4 A
B9 AL 30d ©H T ZA6gich(Table 3-14).

iz 78 A9 60U7tA 2 HAEL 5ol 2.7 mAFE FFSILAL 90
Ao e HAEL B o] Folk HHe] A EFHUT 3txRL A
gre] AL 60UVRE 4~5 m/daye] HAS Ro] tfRFof uls Fuj
8] #xolE UElWlen ol W2 Aoy Aol tfRE olF=
o2 Uelyc), E 60 o] FelA 904 Atolef I 6.5 mm/dayd] FH S

N

Vel o] Al7l7t 2ol Ago] A fAY Aoz uvriptt, AR 75

rr

nAEE T Hulg F47 238 Ffele B3I =AM ARt

A7t Qubae ¥&ENE Agsts AfuTt o & BIAE A 4
=

32

uhebstet.

ir

e
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Table 3-14. Variation of growth rate of red pepper during the

experimental period

Item 10 days 30 days 60 days 90 days 120 days
Control growth (mm) 175 228 311 466 483
Growth rate (mm/day) 0 2.65 2.77 5.17 0.57
Experiment growth (mm) 175 264 423 618 715
Growth rate (mm/day) 0 4.45 5.30 6.50 3.23

DauldEe MG Sl QU HuY ua AEF 23 5o
A AAE 4% Qg oA=ANE golus] AN +%Y ZAE YA

st ARFe} hzTolN We Afol7h UElutrh(Table 3-15).

Table 3-15. Comparision of yield of red pepper

Condition 90 days 120 days Total
Control (ind.) 282 102 384
Experiment (ind.) 414 788 1202

WA 4= ¢ 9670 A

8% ZAE YN FS0AES FITE Hulo A d Heled 3%
96712 2] T 2ZANA HolA|A BAY AFFE kAo A AT
FAPES AAFTA 90do] F3 Foll BE JAlolM +HE 238 &&
B ot EulE A& A9 2827F ALY 414700 68%o] P E=
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SELE Y $uBY Aolg el Urh. 2PN Bold upet 2
o] 604 el AWt FHE 1 Aoy A Urhte R FASA £HPo)
A= we Hol7t wastglch E 1209 Fof Th 4¥WE woels 242
102709 788702 AN Hu|E AT A9 FEu 4TS AAY Hy)
o 13%0] AbA ot I Aol ALHA FAUL HelFth BT 120
el TANYNN QLU E AHSY AT REHABS AAY HulE
AgR AR +HFY wol 2H FHuABE AAY Al 232y £
Hol ¢ REY RoT Ushyth whebd Aol FAY 4% AL o
Bol TRME FHUMES VAT 297 QAU FaHuwS
t ASRT HE HRolud £%o e S35 FEE Re= e
steh.

FHugEe AP Hulz 239 Yolo] IR FLAE dotry
1%l 22 1671 S ol 3 Hzte) YolyehE EAbstm 2
o T} (Table 3-16),

ol

Table 3-16. Effect of compost and microbe compost on the germination

and growth of red pepper

Condition _
Control Compost Microbe compost
Growth
Seeding (ind. ) 16 16 16
Germination (ind. ) 16 14 13
Germination rate (%) 100 87.50 81.25
G th (40 d ft
row . ( ays after - 73 112
seeding, mm)
Growth rate
1.875 1,825 2. 800

(mm/day)
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QRFY AL EuE Algstx ofn woldel g At ed 16744 =
2 wtelslyg s, dwr HuE AEY ASE 1674F 14747 ot
87.5%2) Wol& ¥ UelWon R&udEL F7ie Hulo AR 1674 F
1370 M 7} o}stod oF 81.3%2] Wob& S UElWT) oy A= F

28 EY Hu 7 dolg g ths WRE d¥YS F2 o0tz & 4 drh
st gt whol F 409U 7tX| Y VA E B ofF Y

EgolA A EY A 4% ZHelsl 75 mE AN

[o]

o

9] 73 m2t} uu]¥t o] & uetych E &F JAES R HE7Y F
%

r o]
4
H W
An
o
]
el
N
%
oX

¢+ 1,875 mm/day® UIEISEEL Wt EH]E A1 ¥
felg 2ol F vehiA] gttt AW FEoAES U HuE S
§ AL ZJ| Ao 112 mE ol= tERTFe ZyAZEL} o 5% = T
st Azloln] o WP HAF 2.800me= CjERFRTE o 49%E 2
Aoz Ueiyitl Lol Ade FSuAES FUHY Huld 3 =
aE st ZETH: gurAel ko)A wWolE A F 74 AF] &
A e Zo] ZHEL HYo FEYT AoZ veiyrh. oI AIe AF
o] Auje M ol F &A A= FAA FYNERE FEuPES MY H
Bl 7b g A &3 dSE

2o AW A 7@ EE dotRy gz AU S
LHZE EEE HelstA oz 4yt Hulg oA E P EHTE JY
Jejo] 2} pote] 9671 O] TFHFL JIY 30U VHLE 12093 4
A2 WHES ZASATHTable 3-17). 27 (dut=v])e B¢ EF F
3097t = 27)Ainte] Ao Zd=E Ay, 90de] AUHEA 257ME FT}
sto] AN REJHANY o 26%7F UL, 12090 FABHA o 29%2
A Sg uetylth, ol Az 53T YAU wEdel FIEA 4d

e 30w WWel W 4+ Arhe R Ushha gk sAIT F4u 4

2 ot

N

Vel AL et

okt

0*



& AT FHEHE AT AETE 3093 60do] FAUEg Foli &

# tlR2FEct Ztzb 3 A7 o gA uebgdAg, g0 12080 A=)

T F Aol AL AAe ch=2FHECL of 60%7F v A2 25719 oF 57%

A2 167127} 2tzt g ste] Ajzte] FAY 4+F UEES tj2FET

WA UElES o 4 vl ol¥¥ Fae thE 22Ul #estA dgiid
]

FEUAES AT FSHOI QUEHE MY 35 WP ELS ATl

Table 3-17. Aattack rate of red pepper grown with or without
antagonic microbe

Condition 10 days 30 days 60 days 90 days 120 days
Control 0.00 2,00 500 2500 2800
(96 individuals) ) ’ ) ' )
Attack rate (%) 0.00 2,08 5.21 26.04 29.17
SEESELneHE 0.00  3.00  4.00  15.00  16.00
(96 individuals) ) )
Attack rate (%) 0.00 3.13 4,17 15,63 16. 67
22 2AAZAAN ALuAES AZsEE o oE d¥E F=4
dolR 7] 2]8te] RHENE A1L31A] U2 pot§ EoFo] mF Ho LI
BEE AT mFE F 4090 Ayt AMASo] i) AFFL dolet ¥
BAES AxsrstolcH(Table 3-18). ¥4EHb &t Z3nBES |5t UL
Hz7Y AfE 718 £2 81w 4 2.03 m/days] JFES VEN
dbd ZAYu|AE 2028 Hg AAY HAEES EE 78 mE FFEC]

1.95 mm/day= 7}3& 2term, s5C22208] Z$= 79 mm 43 A3ste] 1,98 mm/day

8 4AES uvebblch ZEuAE 5098 AT Ade =z A 4
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A Roon A 71x2 AguPES EUStA AL FFE 80 m FF
o 2.00 m/daye] HAEL 78 120

509 Al 2FE EYS AsHs Rl AL Ao ARWUL.

Table 3-18. Growth and growth rate of red pepper treated with each

microbe
Microbe .0, 509 sC 2220 M Control
ltem
Growth 78.0 81.0 79.0 80.0 81.0
(40 days after seeding, mm) ' ' ) ) )
Growth rate (mm/day) 1.95 2.03 1.98 2.00 2.03

*M: mixture of microbe 202, 509, and SC2220

H &2 EYst th2F 2 ol &3
Egste] Abgsts Aot AU AE} FSHY
&, dEla AFEF+A PP SHE 2
gotgg of Lot ol oWt JFY FLA, 2 27| MBS F
Lz & zAbsteiti(Table 3-19), thx32] AL wolg 36/ n&3
307§ A 7 dolsted 83,3%8) Wolgg UElWli, IFFgYEH F5EH
E EY Z9xe 3671HF 1971 o] wolrt dejrt 52.8%2] HolE &
vetdith 2R e REHE Yt mapy Ae 36704 F 3570
A7} wolstel 7% && 97.2%2) ol & & uUrhdon A ZHAE BF Z
YT AL 36702F 3407t Wolste] 94.4%2) Wol-&& Ho A4
HelT Eofo] HWohgd FUALE & 5 ot E AFEYH F

=5
SHEBl g AP AES EYT A7 7HF 5 4.53 m/dayR LEIRES
=

~r
i)
B
1)
rl:l
fijo
o
=
oo
e
ol
)

b}
i)

L]
U]

3

rr

4.48 mm/day® U}ElYEOY, A T7IR]E 8y AL
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3.45 mn/day, I HFZUE AT AL7 1A 2 1.98 m/dayE L}E}

U AR AEE ESE 497 dE2Ts SAsE 4¥TY o 2o}

gt Aol W2 d¥E A Ao Ush BYuAEE EYsIH wF
b= Zlo] et oz wtghdr

Table 3-19, Germination and growth with a mixture of compost and
pathogenic microbes

i - C+ PM +
Item Compost C+ PM C +AM
AM

Seeding 36 36 36 36
Germination 30 19 35 34
Germination rate (%) 83.33 52.78 97.22 94.44
G th (40 d

rowth (40 days 179 79 181 138
after seeding, mm)
G th t

rowth rate 4,48 1.98 4.53 3. 45

(mm/day)

*PM: Pathogenic Microbe, #*¥AM: Antagonic Microbe

otz ol AP AFe] fHTL QAstEAlL AN B upg 2
A, AR AF AsuABo] RoiHe we) FS Yolny] 913 Yol
Azstel 5 A F

L.
=
oY AYBE BFEE

u

= Aoz yriueh, AP ES Fosle Y F IHA] WEE o1&



AL 33 YA WEEL2 60.4%= 2|31 75%71A]
ofstalel 2 AEF AFE B 52.1%E U
st H o 62.5%2] HEES J1E JAYEie] FFAL FAT FA5
Ve dxlgdel 2ot &-go] WolAlEe Ao 2 ek

12
o

Q) abe

o

Atx

e
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ox
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ox
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el
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Table 3-20. Survival rate of red pepper examined at 5 days after
treatment of a mixture of pathogenic and antagonic microbes.

Red pepper was grown for 40 days

Item Control pM’ PM + PAM™* PM + LAM™

———
SELONINE 16 16 16 16 16 16 16 16 16 16
(individuals)

Survival
15 0 4 4 8 9 8 7 10
(individuals) ke

Survival rate
(%)

Av. survival
rate (%)

93.8 0.0 25.0 25.0 50.0 56.3 75,0 50.0 43.8 62.5

93.8 16.7 60.4 - 52.1

#PM: Pathogenic Microbe, *%PAM: Particular Antagonic Microbe,

x%%LAM: Liquid Antagonic Microbe

AT 259U T 4ARFF ZEEd ¢ HIHE Fi, AEE
2 Ay gEe] FAlol Fo¥rlE o AP ES dAYLE WE
of Axsld £ EXNE /¥ + & A= AmHrh

E ol F 50de] Ayt 2F RF ILFHHFol WA HEH o F
290 Fo AP AEL A2t 59 Fof 2AH YEEFS Thle 3-2134 2
ol 1A AyIEte A 3

Ho2 WE W AYu TS HEY FHE A2 87.5%) HEEN BE

= B2 2n.1x] HEEE vepla, 9

o

81.3%2] MEES EAa, YAZee AYnEES FAYL AIxe H2
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68.842] YEES UEIT 58.3%8 BWF HEES ey 2 Fel= 7
Y4B S YRS WEol HEshs o AMaeiRT) oF 20% o] 4

BEE JSEAE £ ¢ 9t 228 Azdr},

Table 3-21. Survival rate of red pepper examined at 5 days after
treatment of pathogenic microbes and then antagonic microbes 2
days later.

Red pepper was grown for 50 days

Item PM’ PM + PAM™ PM + LAM™

Beginning (individuals) 16 16 16 16 16 16 16 16 16
Survival (individuals) 4 5 4 11 14 14 8 11 g

Survival rate (%) 25,031.325.0 68.8 87.587.550.068.856.3

Average survival

27.08 81.25 58,33
rate (%)

*PM: Pathogenic Microbe, #%PAM: Particular Antagonic Microbe,

*¥%LAM: Liquid Antagonic Microbe
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AF7A 8] Ag& T3 Faw]
B Mz AdEd ulBES o83 ¥5AY dHE 2Asden, <
By

S ol Aulstel HEe HFEEF WA 2, P o YA
o & WWNATZ HUsI, o]F &HuIel Byt Auy Aze
o e ARE Qdrh

1. =2y 2 Al AuEYL.ZFE FAEF  Fusarium  oxysporum,
Rhizoctonia solani, Pythium ultimum, Phytophthora infestans, Botrytis cinerea
Zof Z3rate-& vpehii sC2214, SC2218FS AHn|AEE HF AEsiach

2. =& FHAYA(cellulase, amylase, protease, lipase)z} 3L-2(80TC)dl=
8L 2= K116, K215, K324H-5+& = &3 oqAEE Ay3slgc,

3. SC2214= Grap QA 02 sporeE HASH= Bacillus pumillus?t H-AR &
2.8 ER) ©|-& Bacillus pumillus SC2214Z "5¥83%}%l3, SC2218% Gram 24 8]
HREZ Jlx 2 9o Pseudomonas 43 FAFEE 544Q] oxidase FdRbE-S LB
tl. =
Bacillus 42] B3& Liepfict

4, Au|AED F4g oA AYHE A3 EQANTAR 2elal e
vermiculite, zeolite E2] F4td RyauEL Az HAstgon 4 Ed&
2 ZAASIAHIL (zeolite 1 : vermiculite 1), viabilityE ZAM A3} AFHA
54 2L FAYEE AAHe A22 25k |

5. Ei|7EQ B89 Hda2 AEEY #Hf TOC 38%, T-N 1.96%, T-P

3 B 3ag 2a)H K116, K215, K324 37] - BT Idd Y

[

1.21%, K 118 mg/l, Ca 16 mg/1 8 RA}E| ST}
6. A¥A FE2 Pilot (50X50X70 em)el =X} Ty 1: 1 v]&2 2%
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thzel, EE3 §ihs 231 Ao 23 o AEEAE 1 1 0.1 ]
2 AVIY HAEFE F57132 U] N BT 20-2590] £8F+& Ao &
AEH AR AEFNN 27|27 7H g A Uehten pis 249 g0M oo
Zld9ges ¥ CNEo] 7HY W Ze= yetych

7. Pilot AY2] Ag Eri2 viFR GEUAE LS A4 F584 o
JES iR FAW7IE HulFo] Fodt A3 AE T uFE 7] ol of
2o vis] A fAH oD ciRFo vls) L& W Fo] IA| dSE U
= gl

8. pH W= 27} NPT BF pH 904 A2t pH 82 HAWstA ¥
Hyow Hoo] g5f AFold AEFT gibgos AP gict

9. 8L FAZolo] Aduglol A dFT FAEE vehfolen AEF
7 2o wis) Y& A&7} whEA Lielsich

0. ¥57I7t5qt 3jeha) g4} Wl T0CY A4 Aol IA F¥E B4
ohotor cjz-of AET7Y TOC ZARHE A KA G4 vehiodch 334

b

49 Fe R} AYT BF R&2) 597 FAY 24¥LE Ushim o
!

2 R 7)e] A4} Qlate] biomassE A

11, ¥<&7|7b28) FA%2d0] M3l= anylases} protease?] AL H&7|2 F
I2HL} 2202 olR L A7o] S AL FAFE ZAoE AEGL oz
Fo ul3] AT AL vrgAde] A ZAH oY, cellulased] Z¢ tjz2F

£ anylased) BRI HARE P Uehid gout ATl F¥ 2ol

12. #4708 W24 492l o 2L EA £FE 248 A ¥4
d

o ushix gt e zasigen, S

>,
i
)
oY,
X
sk
4
S
o
el
[l
oX,
DS,
N,

Hotste] 2] potxfulE 2AE A3 ¥l

]

Hulof A A¥mdE A
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29W B golgold o s0xAES B YAG Ushigon WigeN of
2608) Za&& Uehigict.

13, R4YACAET ALuBEE 18T YA Hulol oiR B AL
=o} WHEE vE 9 vsle] EE 24 23} 2%, YE 5 ARAYEL @
guze} 2 Aol gUoy 2 use] FEY oz miHgon, 4§
2% Gl oyt FelwAol A Ushix ol BRAATY Ha 2
=87 ofsigich,
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A 2 A AERY

Hz2S 156ppm(in Nz) £} NH3 112ppm(in No)& Z+zt =Z gt FAL gas
bombo] A U2 pasE aird B A3}e] 2x}2] mixing chamber® FXAlZ
F F49% %S HS 15ppm, NHy 20ppml 2 g 7iue] FdA e, HE7=

o] 2|02 )2 glass column(25mm® X 250mmHg) o= A% HH(A

P

Carbon Co. F-20) 4g& T2 59 wWAREI ¢gd£AE F0]7] ¢80 10mm
X 10mm2  ZelAd 105g/18] WEE FAA A w1§7] HFee oy

setting® X2 water® circulation® F3] ¥§7 JUH2EEF 25CTE

Szl AT, wrgTe SUdsE E3RbAY 9L 900ol/pinl 2 Fl F
ZtEl 900h'e 2 slgow 100nL/ming] KLOR FHET 100h7'e A
He slavh Sa4uty vas ¢8 W94 Az E AES 62 F
of 58 F7HAHAN S84y A +HsaArt

2 7ol Y FAEe} 4¥E thet Lok

1. make-up gas RIS 7|

el 156ppm(in No), ¢ 2o} 113ppm(in Nz)2] gas bombE ET ¥
AL Aol A A2stH o o]F airE 3 M35t HS 28ppm, NHz 20ppme &
mixing chambere] 3=¢13%tc},

— Fig. 4-18] #X]# 1~5

2. 2%8] mixing chamber®& FZA|#H $#3A EY gasE WECLL F R

mixing chamber = glass beads® packing®lt}. — Fig. 4-12 FX|+# 6,7

3. BAEEE{E e L= UELE FAE #1814 olu] settingd
2o water® )89 circulationg %3] ¥¥&& HA 3L YFe 2=F

A2 23] sensorS AAFT. HFA4 AAe vaE s HL HEL E

A2 4z £ S ES FUY BAHES BAE



setting 3}, — Fig. 4-19 Ax|# 8§~13

4. HFETE 6Cet AZAF 7] A3 gast liguidd] 2|71 Wesich
o] z4 & $I5] 2xte] AH condenser FxE A zstgnt. — Fig., 4-19
T # 14

5. ¥4¥ MHR{(HZX Carbon Co, F-20)= SKU LAYEY JY&£4S
£ol7] #13 lem x lon H2tA LBPfell FAAZCE — Fig, 4-18 FX|# 8
6. 24L& Thermal conductivity detectord ©]&% Gas chromatography
(GC-TCD)& AF&-3}m column®] packing material& HAYESP, P 60-80mesh&
AN RAE AHESt HH YTy &FMY sawplings T3 =5
g vlagAi,

7. AP A& ABzHAL otel Table 4-1¢6] EAE ] gltt,

Table 4-1. Experimental condition for the removal of HzS and NHs

SE FHRA FHHEe FAUE K¥ FTEE Y= T
a0 =

(8) (cm) (g/1) (wl/min)  (R™) (ppo) (%)
H2S+NHs 4 10 105 900 900 15420 0
HzS+NHa 4 10 105 900 900 15+20 50-90
HoS+NHs 4 10 105 500 500 16+20 0
HzS+NHs 4 10 105 500 500 15+20 50-90
HzS+NHs 4 10 105 100 100 15+20 0
HzS+NHs 4 10 105 100 100 15+20 50-90
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Fig. 4-1.

Schematic diagram of deodorization process.
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S FEUHE vl A5ty
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Fig. 4-3. Hydrogen sulfide calibration curve.
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