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SUMMARY

I. Tiltle of the study

Development of selective piggery slurry treatment systems and their

operation strategies with the scales of pig farms

II. Background and objectives of the study

The purpose of this study is to develop selective piggery slurry treatment
systems and their operation strategies on the scale of pig farms for
controlling the pollutant and odorous compounds of piggery slurry.

In this design, liquids are treated by the wmultipurpose storage or
bio-filter then recycled for use in flushing. Recycling the treated liquid as
flushing water is very effective in reducing the consumption of water in the
pig production industry. It is possible to apply the processed piggery sturry
to land as liquid fertilizer or irrigation water. The application of treated
liquids to land is an efficient utilization alternative because of the usual
lower costs compared to other treatments and the nutrient benefits derived by
crops from the manure, If permit requirements for the discharge of treated
effluent are strict, Advance wastewater treatment facilities can be added to
conventional wastewater treatment systems, Therefore, Two kinds of advance

wastewater treatment facilities are suggested in this study.

IlI. Contents and scope of the research

The contents and the scope of the study outlines the following:

¢ Development of multipurpose storage and the assessment of its treatment

efficiency,

<> Development of natural evaporation system and the assessment of its



treatment efficiency.

< Development of biofilter and the assessment of its treatment efficiency.

> Suggestion of the optimum operating strategies of wastewater treatment

system and the process of wastewater treatment plant.

¢ Suggestion of selective piggery slurry treatment systems and their operation

strategies on the scale of pig farms

IV. Results and suggestions for easy-access to the outcomes of the study

for fields applications

1. Results of the study
> Development of multipurpose storage and the assessment of its treatment
efficiency.

The multipurpose storage was used as a biological pre-treatment system for
freating piggery slurry, In this study, The multipurpose storage was operated
at different nutrient concentrations, The highest removal efficiencies of BODs
and TSS were obtained by the operating condition of Test 3(TS 16,160ppm) and
CODcr was obtained by the operating condition of Test 2(TS 24,000ppm).The
mul tipurpose storage for the aerobic pre-treatment of piggery slgrry without an
external heat source in which high reaction temperatures(63C-Test 3, 57C-Test
2, 47C-Test 1) were attained,

> Development of natural evaporation system and the assessment of its
treatment efficiency.

Experiment was carried out from June to August(generally regarded as
summer in Korea), with spray type of batch in 2000 and of flow in 2001. As a
result of experiment as batch and flow type, the averaged evaporation rate was
measured into 2,71 and 3.59 £ /ton- m’ * day on clear days and 0.62 and 0.66 £
/ton * of * day on rainy days, respectively, Based on the calculated evaporation

rate as climate condition and spray type, it was proved that the averaged



reduction rate of total input(lt/day) were 15.99% and 3.19% on clear and rainy
days and the evaporation rate of flow type was superior to it of batch by 5%,
approximately, Therefore, it was concluded that the supplementary equipment
such as fan should be operated in rainy days and the flow type be recommended
as spray type to increase the evaporation rate in the natural evaporation
system(NES),

> Development of the biofilter and the assessment of its treatment efficiency,

The biofilter capacity to treat up to 7m/day of piggery slurry was
monitored, The main system is composed of one downflow aerated biofilter and
two aerobic treatment storages connected in series,

The aerated biofilter connected to two aerobic treatment storages was able
to remove about 75-80% of Biochemical Oxygen Demand(BODs), 59-69% of Chemical
Oxygen Demand(CODcr), 80% of Suspended Solids(SS), 39% of Total Nitrogen, and
75-79% of Total Phosphorus.

{> Suggestion of the optimum operating strategies of wastewater treatment
system and the process of wastewater treatment plant,
» Pre-treatment(ATAD)

The pre-treatment system was operated at different temperatures for the
mesophilic condition(33 - 38°C) and the thermophilic condition(43 - 52°C). Over
a period of 2 months, The efficiency of the treatment is compared. The
experiment was performed in a CSTR and all samples were obtained from effluents
in the settling basin, In this study, the overall removal efficiency of the
contaminants was higher in the mesophilic operation in comparison with the
thermophilic operation.

These removal percentages at each conditions are as follows., At the
mesophilic conditions, the removal efficiencies were BOD 93%, C(ODcr 78%,
TP89%, TKN 65% and TS 71%, but at the thermophilic conditions were BOD 73%,
CODcr 58%, TP 53%, TKN 50% and TS 67%. These results indicate that the
mesophilic condition has better bacteria settling characteristics than the

thermophilic condition.



P Advanced wastewater treatment(Photocatalytic Reaction System)

High COD concentration and the color of the clarified effluent of piggery
wastewater cause the problems for recycle or discharge of treated wastewater.
Heterogeneous photocatalytic treatment was applied for complete oxidation and
decolorization of the effluent which contains a large amount of
non-biodegradable organics (NBOs). CODcr, BOD, TOC and color removal were
analyzed with processes to evaluate its performance and investigate its optimum
condition for higher efficiency. The UV/Ti0z/H:0, slurry reactor was operated in
batch manner. The highest removal efficiency was obtained at the condition of
pH 2, Ti0y 1.0wt% and H:0; 300mg/l.. However the least-cost operation was
observed at the condition of pH 4, Ti0; 0.6wt% and H0; 300mg/L. The
photocatalytic oxidation rate of NBOs in the biologically-treated piggery
slurry followed the pseudo-first order kinetic curve, It showed the removal
efficiency of color was much higher than that of CODcr and TOC of NBOs., Color
removal efficiency reached 99% after three hours since the reaction began. The
CODcr and TOC concentration decreased with the exponential increase of the
irradiation time and the BODs/CODcr ratio., The photocatalytic system can be
referred to as one of potential systems to treated piggery wastewater for
reuse, However further study for practical application to field should be

pursued in near future,

P Advanced wastewater treatment(FElectroflotation process)

After pretreatment, The electroflotation process was used. This system was
known to very useful because of its low operating cost, production of micro
Ha(ey bubbles during electrolysis and flocculation by Al(OH)3e). Therefore, its
system was applied to remove their non-biodegradable substances and nutrients
(N, P) in a biologically treated piggery slurry.

The overall goal of this phase III research was to test the feasibility of
electroflotation process to purify biologically treated piggery slurry and its
reaction characteristics,

The experiment of electroflotation treatment was performed in a Lab, scale
reactor(10L) and its HRT was 120min. The electroflotation reactor was a
specially designed CSTR type reactor and its process didn't need a settling
basin for separating flocs.

Current density varied from 52 - 74A/n’> and as the current density was



high, the pollutants removal efficiencies were good. At 74A/m’, the removal
efficiencies were CODcr 84, 1%(252.3mg/L), TN 81,3%(21.0mg/l) and TP
92.1%(8.6mg/L), As the current density was high and the HRT was long, the
removal efficiency was high, but temperature and pH rose from 18C to 45°C and
from 6.8 to 9.5, respectively.

Consequently, operating strategies of electroflotation system are
considered to improve the removal efficiency of the pollutants on livestock
farms. These operating strategies are considered to be a short HRT so as not to
rise the Temp. and pH of electroflotation reactor. Optimum operating factors
should be studied to improve satisfactory removal efficiency.

To summarize, this study shows a very economical and stable method for
acting on high-strength organic wastewaters like piggery slurry pre-treated
with mesophilic aerobic digestion process and electroflotation system applied
to remove non- biodegradable organism and nutrients like N, P from biologically
treated piggery slurry, These combined treatment systems are very useful as

high-strenth wastewater treatment processes,

¢ Suggestion of selective piggery slurry treatment systems and their operation
strategies on the scale of pig farms

The purpose of this study is to develop the selective piggery slurry
treatment systems and their operation strategies on the scale of pig farms for
controlling the pollutant and odorous compounds of piggery slurry.

In this study, the selective piggery slurry treatment systems are divided
into two groups according to the farm size. This study suggested the piggery
slurry treatment systems for small sized, medium and large sized pig farms.
Following these suggestions, liquids are treated by the multipurpose storage or
bio-filter then recycled for use in flushing. Recycling the treated liquid as
flushing water is very effective to reduce the consumption of water in the pig
production industry. It is possible to apply the processed piggery slurry to
land as liquid fertilizer or irrigation water. The application of treated

liquids to land is an efficient utilization alternative because of usual lower



costs compared to other treatments and the nutrient benefits derived by crops
from the manure, If permit requirements for the discharge of the treated
effluent are strict, advance wastewater treatment facilities can be added to
conventional wastewater treatment systems. Therefore, Two kinds of advance

wastewater treatment facilities are suggested in this study.

2. Suggestions for easy-access to the outcomes of the study for fields

applications

> Assess the applicability of field-scale and request to make an effort to
adopt the developed systems as a standard treatment systems in agreement with

the Livestock Cooperative,

& Try to export the biofilter and multipurpose storage systems to many

countries(USA, Taiwan, European countries, etc)

> Try to publish and present the results of the study in the academic society

and symposium for educational purposes,
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A 43 A2 E I3H
1. =&deY 84

= gl AR Aol A& Table 2-10f uebd upgl o Test 12
BODs 55,913ppm, CODcr 118,518ppm, TS 46,400ppnl. 2 -FUEE7F 7} A LERY
o, 3¢} v E Test 32 BODs 8,350ppm, CODcr 76, 160ppm, TS 16,160ppno 2 7}
A WA Ueldtch ZF AJge] 7] pie 7.24~7.68% FA4 S Rgon, 2Rl 24~

21CE &7] LEHL] 3~5TAE WA &3=Uom, ORPL F4E3IE 4 25, A
FHEl 59 oAy 27 el ME AolstA UEIEE o 4 Art
{Table 2-1> A|8e] 353 =A
{tnit : mgsl)
Item'’ I 1 v ] ] orp |Temp. '
TSS | VSS | BODs | CODer | TS pH
Test | () V) LTy

1 39,200 13,450 55,913 |118,518|46,400| 65.86 | 7.68 | -401 | 24

2 23,200 | 5,800 {15,750 | 65,844 (24,000| 66.22 | 7.24 | -208 | 27

3 12,500 8,700 | 8,350 | 76,160 |16,160| 58.77 | 7.35 | -365 | 27

Y All measured data are based on average values,

2. B3 F2e ZAAE &% 4 pH W}

2 ‘:Ja‘ T ﬁl‘- A X F 7}78 “CE%ZM! L}E}L}L R hﬂi et
2 F oo o)A ULFTIA A3FAHuo] oyl RE x| AvloL} TAME
BEAA el H7E T+ e SR A el ¥ 4 Utk <3Y 2602 89

Eof wE njAdES] Ao o8 Wz U L= ASHINATIE Liehd e
th o] A& YPolMe] HE HY FFHR Qo] Ao, Ay njgEe] A
wojlof oIt Atzidol o3 Moo WHEE 1dMoE 27| 2EHRC} 7} Testd
12~16CHBE A53dlo] Test 12 37T, Test 2= 43T, Test 32 39CE vlepuic
E3, Ha x| =WsZ|AA] Test 12 8U(63T)o] 28 Zof wisl Test 28} 3
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& 3Y(57C, 47C)o] A48Frt 0|9} Zo| Test 12 BODs 55, 913mg/L, TS
46, 400mg/LE ) Eo] o)) AlH 4= = RI7]EF0] M e EL3E, &
7] LEZSED(AT)7L AuH g WA Ueldon, Haer: =gt 9] AA
VERE 212 Test 29} 3o Hja] WEald E3e ABELS iy $RshL o] &
71¢]  ®E37Fedt f71EY EdGErE d"ojx]z] wigelrh. o] k3] BODs
8,350mg/L, TS 16,160mg/LE FU%E7t 718 W2 Test 32 Test 1RT} ZH7]of wpE
2E4SEIN AT)7) vEeltoL}, E3j7Medt f71EFe] QA8 HoBRR &3
e ALSFHIHAT)E ZIHiY $ g Ao 2 eyt 28U, (OH-60F REo|
BODs 15, 750mg/L, TS 24,000mg/Le] Test 2= Test I, Test 3HC} X7] &% Aedz}
(AT)7} 6T, 4TEE A Uelden, Hid2x R 94| 348 7)o wE
2245 ggo] f71E E3ldl dolA AHeAtE ©EAH 4 gl o] A By
AFZe AAN oM AFRE AAA Qi EHAHLoz AojozH T 4%
4 o] WES HAHAAY] wiolzl & 4 Aok, 12E KR A F)
Be, 7%, g2 whd 3 g8 yhgRoM AFAH el o] Fa4] AAHL
olet. thAl wal, a2Z7lgdAadtAele] glojA n|FEL] Atdtde] o3 LG A
IHAT) = 28 7Hedt R71E88% 4 2 EAY ] ulE 342 Aolel v
2] AA ol wel LEASE}(AT)] 3L nX= AS & = dch

o] Ayol & Aerator?] AH|7MEo] 23t LEAFS0] AUS HOE FigdEo] A
g oldof AMelollA B Wil AerationtrE L ZHE, o) 3BTIHAY 2EA
o] HHEYOn o]yt FoE E ui, 55T} LEATAIN(AT) n|BES
Ao 23t at3tedel] 23 Z o8 i),

85

s Tast 1
~0x-o. Test 2

60 A
—ap— Test3

55

501 '.:.. ..". AT

Temp .(C}

6 1 2z 3 4 & 6 7 8 9 10 1
Day
O 2-6> B AF2S ZAY L=t
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B3R EE FRE LLUAEN o8 §712e Hajels BHAM ¥ o, 3
4 qede) pholA SAEolof BTh T, HYHRZE TROME Ystrpitgol A
o] Qojuix] glo} ubH o Az} BAGA of/HE piASHEAS Urhlx 9o
2% pHE WEE Hojtt Wart gk BYARRNE AYHOE phEES 8.00]
o] eralzlel g UERAE, T&AQ Fo1gelel nletd pHiRo] 8.5~9.58 %4
B3 gl SUEEol BE Bie] 27 pii 7.24~7.680| B8 HES) pHEA glo]
sdstgom, whgo] Aol wel ph <Y 273 Pol A% Asston], ¥
FH0oE orusteldel pH 8.7~9.815 Uehch ol pHel 44 $712 U 3
aglo] uEe] Hgol o) BalHoH /o] Aol HEE
ZE=
<23 2-6>F <R 2-TolA LRt ket ol AMzlzizh Hob mlAEe Al
of 2ls) SEAIEEIS} pHe] Aol SEeAA Uelton, old LualsE
Balrbset f71EAe) $5183 vaste Ao, uldBe o5 Fartsdt 47
AP

ol FuALE WS+ F njYEL] AEsle] A Adnide] Hdwo] L1}

E A ¢ 5 Al oA Huld oM E {I1E E37 %‘%Q—“ﬁ——% o
"a}?—-_fﬁl“"i ABH = A3 go] A7t Fd2 Hstol we} ph7} Fashs e
2 ko] 2slo] Hrjy ez g ¥ PEH grie Ao OIBHQ 7 3l

t}.

0o

9.5

90

PpH

8.5 -

8.0 -

7.5 T T Ll T " T T T L L
5

<3d 2-7> pH HE}
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3. Y ARz 2xisE o uld B} CODer AAXE

O® 2-83 (I¥ 2-De 2374 48labY F 2T o] 23 BOD:2}
CODer?] AAHEEE vehd Zojcl, §ls ko) utel & 2|77 39 5¢ 04
=9 AR s FHS L5 ’-’5‘3'11 tEo] Z7|o E8i7lsit R7lEE0] #3
Hi geg HojFil glom w3l Aals|zte] 7dEe} o Arpsid el AALES]
& B g A= wds } °l7*° 2710] & EAFEle] 7188 Ee] nAE
AdEtabgel o3l 22 Ext2 FagI Falol AtagFo] 23t 7jHe| &0l &
ulgolel AR Y™, Couillard 5(1989)3} Gariépy 5(1989), 28]l Couillard$}
Zhu(1993)2 =At3ollA 1ot HI/ES 456~58TolA He|stgdeu, 243 22
FBRC} 7]-o]-§Eo] 100) o)A &rlil H1g wl glch, BODs2} CODerd] #AXE
< szl ntel & Aol Roli it} A7M & F U R 237443
3 F BOD:Y] AAZE glojN L degAiErie fYEE E&e Uy 2
Feddol wet o & Rol& Helths Rolu}. Test 18] AAXLLE 60xPEE £
s7sd fr71Ede] ofd HReta dlom, 45~63Ce 12og 9Y H¢t FAHel
£ &85, TS Testol H]3] W2 AAELS BArk 2, Test 1B} R4
AT 2 Test 28} Test 32 ZtZ} 94%, 10058 =] A|AEEE HYrh uwlepA,
BODs AAZES FhEAF]7] 3l WA TAEeE st dEHY LB ELY
S 23St Zlo] Mugolol & Aoz AlgXr) Duke B(1981)2 35~52TColA
A - 24 7SS Ao, 1 HT $&49 35Co|A BODs A A7 13
Tha Hastct,

H}r > ﬂil

100

e i Sl

80 -

60 4

20 4

Hemoval efficiency of BODs(%4)

Day

{71%)-8> BOD; A|ALE
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9} w2 <3y 2-9>of vileldt uhe} o] CODer HAXEEE tlE HaHT}
SEASEI A 2 4ug nXE 2T urehdrh BOD; AALEo] 100%0] 7}
718 Test 32] CODcr A|AFEL 44wl A|L}A] ko), Test 12} Test 2 2}z
70%, 81%2] AAXLEE VERWTE H3E Test 13 2& 279 LS TUR ¢ldlo
2~34 Alojo] FAFE CODerd] #3|7F YoiktoL}, Test 3& Z7lofl 237t A A3
dojytom, 590 ALt of LEAFFANE C0Dcre] whE 37 doids & + ol
=3

0|9} ol e Hof upe} BODs2} CODcre] AARES o2 Hao] 2|3 Ao
& Holx glon}, A&IVGLAINE {71848 AA $571 27] wfFol n]@Eof ¢
3 AA T RI1EC] A viel E3F °‘ug T & Zlojt} watA,
AEEE] Helo oM RLIINAFAIERE ol R AT, R HY AL 1y
ok A 2fA| 7&3 548 dhe Aol 7H ﬁﬁﬁ}c} ghet %E}

100

—8— Testl
i Tast 2

80 ~ —ag— Test3 RS-

60

20 -

Removal effiency of CODcr(%9)

(1% 2-95 CO0Dcr A|AEE

4, B AF2Y et uld 1559} VsS M A RS

<A 2-1003 (2 2-11>& 32374 A3 F 2eAtsate] 2 TSS
9} VSSe AAREE Vet Hojth o] A2 BOD:gt CODcre] HAXRZI vhiriA e
27l e Asd el 22 4dn| A B (Thermophile)?] A2 st £ HAHA
& Holn glenl}, 5‘2 o] F MAB] AAEUClH Oy 2-10>¢] el At ol
T5Se] AAHES AT} 2 27] TSS 39,200mg/1.2] Test 12} 23, 200mg.t.
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o] Test 20f Hi3] AP eR {eliel LEArS T YL 27| TSS 12, 500me/L
A Test 32] HAHEC] UEs) A ueldg & 4 oot wheld, 1858 AAEE
< BOD:2] HAXET vV 2 LA AETHE FUEsel wel & Xolg B
gom, o|AE nAEHE [N A Erpd, Test 1, 29 Zo| oy &
ZIEAL] BAlE Q% n24ujBe ¥4 Fou, nAEe AP 0] o Fo)x|
A oo} Aol Y] wfEo] thE BE AAZLGRC WA Vet Bog e
Ch. Dougherty®} McNary(1958)of &]3ld, mdEe] $APNL 43CHU ¥ & &

zAslAE WA olFolAlu, oA Fa4e Fad dYe mATR BIg
a} alct,
100
?3 80 A B
% i
= !
s /
E, 60 o ;:f
-
: -
T
E 204
&
]
0 1"
<% 2-10> TSS HAKS
<A 2-11>0] Ueht niel o] VS8 AAFEELS TIE M4SNl LE4F I}

HAZEA o 2 4FE PS¢ = ok Test 2= Hel 7125 23 B}
dol oL}, Test 12 Z7]0] &2 AALES Holul, oola AF3 utt go]
il 248 iy #ista gleng 59 OI—r 21171:%-01 A A Yol & Rof
F3L gleh. Toff ub3] Test 32 ZJjole Ye AAEEE Ry, Huex =y
AR 2271 45TolFR] F2H 0T sl %~6‘34 rto] TSS gl VSSe) A|A
BEo| 247 3B~Tan, 3M~T2 FAA gold AL ¥ nyEL FAFYOR
AtEHCE, ZEFA o2 TSS W VSSe AAFES 27} Test 12 47%, 70%, Test 2%=
52%, 93%, Test 3& 83%, 8l%g K.t}
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100

P
S o)
E N
o
® g
)
£
R
g
i
8 20 r,j—"r —a— Test ]
S y; o Test2
' _
p —y— Test3
¥
0 T 1 R T
t] 1 z 3 4 5 ] 7 ] 8 10 i
Day

<@l 2-11> VSS Al AE S
5. ORP Z¥ &4

< 2-12>% §4¢l% %o m}E ORP(Oxidation-Reduction Potential)®
LERH Zoltl, Test ® 27] ORPE -401, -208, -365mVE FASgorn] 53]
ORP= FYol i3 e@F3ata Z7)%, &, 4y 5o o AdxjSel o) o
¥ wEeT)

(3% 2-6>0]A Ho] Test 1% 8UZH, Test 28} 32 33U &2 =4
g uehlen, A 775 2EE 20~39T71E A5EE Ryoy 7oA
F 2% 2-8>2} <O 2-9o vehd ni9} Zo| Testujr} EAdsa 2} W
=, GEHY B3 HAEE, Eai7tsd fEHW 5o o8 datse] ulz} son,
o 57~95%, CODcri= 8~62%%3 = AAAES Letdlon, ol wiE 2] eyl
HAol A ORPE HUiF R 27| ERYNCL dAHog Adlg|:= AS wolu}
ol R HAE 1 Ae| J|zHz¢l Aerationel] 213t n]dE ] fI B tigt A A
&, 223l nAEY] dgaed KIEAE ol £33 93 n|AE gl ol3zrtg
(Catabolism)o] dejiim, A7 A AEH ATPE o] &3lo] MEEYS H4dsts] 9
3 &532t&(Anabolism) 3t ABJVAE WE 4 vl & ORPEHA ko] 27 A
17t ABE v A2 O 72HEet nldEo] ZEE AlAS o AHx[582
B olg3ty 7|AE 93] AHAA DEA BEARS AEA YR Haists o3
2hgo] sl dojdrh= AL oushy E3h 1 P A lerationof &]3t Y}

ol
%
Jo
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¥ W2 g AR #EAd dart BAEnks A& Yndtt 2ela, 0" 9
Aol o3l AH ATPE o] &3t mAES i COLl NOs ot 22 FUd4E
LES BAANAOEHN 2le] AEEES B85t F4st: 328l B4 tl
UH o dojyiti= RS Ynjtich ofd U FYEE Uste] ORP FHH S
Z7ol dAHe AsEls Yol UelUA He ez Azmdrh. 3 F
Aerationo] 23] FFH Abdo] g o]&go] HA woppomy (I7 2-83 <
a3y 2-0ze] RIIEHY &= MAS] isigded, RPEPZS FUEE B
& UEehfo] #F Test HME -189.8, -90.4, 45mVE &A= glc},

100

Test 1 o
0 4 wevrmnee Tast 2 -
—— Test3 -~
-100
B
é—’ 200 A
o
-300 A
.400 -
500 r T ' S M
0 1 2z 3 4 & 8 7 8 8§ 1w 1
Day

<1%) 2-12> ORP ¥ ¥}

o

eactor initial feed
Hydrolysis ‘shift’

Digestion ‘recavery’

Oxygen demand {variable)

LT RRERRE oo
. v

w
Dot

Oxygen

supply (constant)

RRYELRELEN]

SNENEUNUNIIEE TN BNy w

Time (Day)

I3 213 BUATRIN BAEFS A8 B2 G
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ol q AR AXY peBRLBHAME 2lo] nAB os) we
NA7} AMEES BAEEHA] dojuA Brl 1eng, 1L ANEY
Aol Halgatel WAl AHAE A FFFE Aol FRITKIY 213,

6. 2= A5 Aol wE FYY ndE AR

a2 2 Lele] 71E Bl k] oS E B2 A e Ho
gt 2l Elste] Ew] - A2 "G, FFpA e oR AR Azlste 44
24 5& WA glon), dFE Y wigelu AR REAA AYES BE
B -4 - 3l ed 5o 2d JeiAL BE B o}duE 7L ode A
olt}, wielA, B #YA <l Eu|3t U Hn3tE 2efichd, Falitt Bdg uAdE
8] Apd2 oy, njEd 5 MAAFQA A4 {FY SAANE WS A47 ol F
oj2 3 Qlvt. 2 FHeAN BAFRoME= L3 7E4aHnRe] dejuid, of
AL 2712 FAT nYEL] FIE FE sty 2EATA2AI e woH,
Jof whel 222 £¢]71(55T, 34U o]4) sl ZEF f3f HHUAd ndE W 4F
Aotg B84 A7) o] 713 & AHolel stAlch o] AHolMe 1Y &Y
ZF N7} B Test 13 o|R5lo] WA nAAE F E coli W Salwonella®] APHH
#E Aw Rkt

Table 2-2> E=/d5f o] wtE BHS w¥E Apdy

Item Temp. Pathogens
Time(day) (C) P | £ coi I{CFU/aL.) Salmoned Ja(CFU/aL)
| Rawslury | 24 | 7.87 | 3.84a0' | 1710
L | x| sas | adomet | 260007
" 5 | 57 | 894 | Losao' | A
8 e | 92 | N

* ND : Not Detected

27 By 2EE 24C, pH 7.8701¢lon, WA uAE F Lcoili:
3.84x10"(CFU/mL), Salmonellai 1,71x10"(CFU/nL) & =A% 0w, (Table 2-2>of U}
Bl Az} Zo] &%) 13TAHE Agst Hel7|2t 14rlol= E coil®t Salmonellar}
242t Aot Ag R oA Uty oR n|gEY 9, 4HTHEI AR F
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2xolng, o Folo Mod AR AN, Hely|t 5dsles 25U} 5
7CAA AdEstgdom, pH 94] 8,948 Holdcrh 1 JIzt B¢ 2% Wl pHel AsE
HE et WA nAE £ Fceoile 1x10'28 AMHEINE Uehjgod,
Salmonella®] 73-%-+= A& WAE|R] ottt Salmonellal= 55T XA 24| 7t AbF
S B AEEER EJAFRe 123744 AIPFoR A7t 5dx] &4A
APEEE Ao AEAN vetyth, %3, 8dA FHILE =Y AlHolM & E coil
7} fAAPEE = AXE B o244, BUAFRE 1237]48 AHelo &t 7}
STeE Ml B9, HEY d2idA e W e Mt e §le Re® g
¥t

2. Ra, C. 5, Lo, K. V. and Mavinic, D. S. 1998. Real-time control of two-stage
sequencing batch reactor system for the treatment of animal wastewater.
Environmental Technology. 19:343-356

3. Phae, C. G. and Sim, H. 5. 1999. Treatment of human manure by thermophilic
Aerobic degestion system wusing thermophilic bacteria. ] Korean Solid Wastes
Engineering Society Vol.16, No.5, 526-527

4. Kambhu, K., and ]. F. Andrews, Aerobic Thermophilic Process for the Biological
Treatment of Wastes-Simulation Studics, 1969, ]. Water Pollut. Control Fed., 41:R127

5. US. EPA. Environmental Regulations and Technology. 1990. Autothermal
Thermophilic ~ Aerobic ~ Digestion  of  Municipal = Wastewater  Sludge.
EPA/62510-90/007. Cincinnati, OH;U.S. EPA Center for Environmental Research

Information. September.

6. Metcalf and Eddy. Wastewater Engineering : Treatment - Disposal and Reuse,
3/e. 1991. McGRAW-HILL International Editions. 841-842

7. Ricard D. K., Larry D. B. Mortality patterns of indicator organisms during
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aerobic digestion, 1983, JWPCF, V.55, 76-80

8. Peter B., Simon F. M., Brian N. D. and John C. I', Microbial population and
sludge characteristics in thermophilic acrobic scwage sludge digestion. Appl. 1990,
Microbiol. Biotechnol. V.33, 725-730

9. L, Yun. Suk, S, Hyun. Jun, Study on Autohcated Aerobic Digestion of Waste
Sludge. 1988, ]. Korean Solid Wastes Engineering Sociely Vol.10, No.3, 71-80

10. Suriicii G. A., Chian E. 5. K. and Engelbrecht R. S, Aerobic Thermophilic
Treatment of high strength wastewaters. . Wat. Pollut. Control Fed. 48, 669-679

11. Timothy M. Lapara and James E. Alleman, Thermophilic Aerobic Biological
Wastewater Treatment, 1999, Wat. Res. Vol. 33, No. 4, 895-908

12. American Public Health Association (A. P. H. A), 1998. Standard Methods for
the Examination of Water and Wastewater. 20th Ed. Washington, DC.

13. Messenger ]. R., de Villiers H. A. and Ekama G. A. 1990. Oxygen utilization as
a control parameter for the aerobic stage in dual digestion. Wat. Sci. Technol.
22(12), 217-227.

14. Ginnivan M. J.,, Woods ]. L. and O’Callaghan J. R. 1981. Thermophilic aecrobic
treatment of pig slurry. | Agric. Eng. Res. 26, 455-466.
15. Couillard D., Gariépy S. and Tran F. T. 1989. Slaughterhouse effluent treatment
by thermophilic aerobic process. Wat. Res. 23, 573-579.
16. Gariépy S., Tragi R. D., Couillard D. and Tran F. 1989. Thermophilic process
for protein recovery as an alternative to slaughterhouse wastewater treatment.

Biological Wastes 29, 93-105.

17. Couillard D. and Zhu S. 1993. Thermophilic aerobic process for the treatment
of slaughterhouse effluents with protein recovery. Lnviron. Pollut. 79. 121-126

18. Duke M. L, Templeton M. E, Eckenfelder W. W. and Stowe J. C. 1981
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High-tempcrature effects on the activated sludge. In Proceeding of the 35th Purdue
Industrial Waste Conference, West Lafayette, Indiana, ed. J. M. Bell, Ann Arbor Science
Publishers, Ann Arbor, MI, US.A

19. Dougherty M. H. and McNary R. R. 1958. Elevated temperature effect on citrus
waste activated sludge. Sewage Indust. Wastes 30, 1263-1265

20. Beaudet R., Gagnon C. Bisaillon J. G. and Ishaque M. 1990. Microbiological

aspects of aerobic thermophilic treatment of swine waste. Appl. Environ. Microbiol,
56, 971-976
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H 3 & Au|F= A" Jjd 2 HeElgg HIt
A 1 A, dujAZ AJAE(Biofilter)dA T =z

£ ?i—?—ﬂ\*i—‘e dd 10~1588 EExE Hely¢ FHog 15m £kl
Biofilter(2¥ 3-1)& A - A2rstaict, & dAFolla] 7yt AlARS ofafZof A
e AR -4?& HUHLS H 43815 oz2fe] £ E A3 $l3 Fyow
Az NG N 5 UEF AU £ AAHS AaiFe] HHH |§IE
o] 373 ARINE FEY 4 UEE CompressorE o]-€3Ft Aeration Fx]Z Luls}
A givh AzuUe] AXEE EFke ol FFALE FuiEste o}AL S
HA 5171 213 H2 02 Biofilterd] HAIE 5~55 “UjollA A-SEFA 2AY £ Qe
& 3tk BiofilterE ©] &30 23 Helgo] BR3: 2AEAS 3714 =7
ol PEAE 5 AU=E Biofilter s} o] Z7| 3|7} FulH 45m §ake] AHF 2
& AAstodc)

< 3-1> gulA| R A8l Biofilter)2] AlAE
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A 2 A, YuAR AL A2ag Bt
L Biofilter 24 ¥4 AFZ FBA AuAZA2Y Helag B}

hAdEsd 4 e

O Biofilter® ol83 E&del #718 2 @84 AARE B7}
O o=x}(Rice hull) <=8 H7}
O Biofilter?] WdAte] B 7}

o AEy

O Biofilter Operating Strategy

- ® U $ ] 2
A Rgy | Tton(10m ) T
B N 1A B _ Tton/day

E‘i’_(;—"-ﬂ‘ﬂ ) i w5min/2days
B Aeration 1 - 500 mJZiay
~m~-——§%~%—§-_— T 15hr on/Shr off
e ~ 90min on/day ]

emrARE | _24hr on

G Mk 134
chAg A

1) Biofilter W AHg|4¢ 2EM3}

?19] 4]l Heating& s}#|¢katgols B73813 Biofilter UFY 2E: £AY
& AA #71& Hr} 10~25T &A vetkth o3t @482 oSl #31
Al wWAEE Fadel 23 Zog wiekdHc], o]eizloe] & FolA Jhej|
glol= Biofilter UH2] EE 40To|do® A8 = girte A &
S HE3] EY AP AR AR ML AHed S RolEria

718 WAl UAEE AEHEZ o&F oy

e &
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X

L3 glo

717] Wi J}i Z 3sighEiT), Biofilterol AFH {IIES FAEE o
AFHag E15te] oYt FIFF e FHHA AR
tl. 01316* YR 3ty FUY Hrs °31Jv}7ﬂ o 2x] 2] £l oz Fo
SIAE M of2y olxj&d T4£LE F7Hch olgl¥t 7132 Biofilter?] 7]
%7 WAdol] HAH 4% A Biofiltert] 714 njdE 44S A3}
22 ox)&] AEsEL fAsiA AslEs Pde] vehA "ok oy d4
ZAE gksldd], 2 AF0A IS A|AHE 0[S510 EE=E oY FP
Aol +ge 122 HZIF HEY UQZ ALZEICH
Biofilterd AA AW AHa14(S2, $3)8 22 (A Lels
AR Bt ¢ 10T FE &A Vel 8F Biofitler?| 2E8XES
H 42|38 AP AHE|4o 2 & 40~50T 0|M22 Bo 82 20| s
metz| o, 0|83t M8 REE ZR ERxU HRE YHY 0jdE AlFRY
CHE = S 2R o4EIT
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(I 3-2> ZAd 2= Wt

2) Biofilter 2 A]g]4=2] SS¥i &}

2 04%'-011 ol-2¥ E&£ 29 SSE 14,200ppn FEE HubHel Egeefof ulst
of tha W £=FS FAYC) SS 14, 200ppme] YFE AFA el E o3}
of LyRegt Az 17 3-ol Vel uie} o] of 10%2] SS A AEE HAdch &
A2 A| Al TR AR HEAA E5YelE AA stz A guiAlz AAR
& PAER Sl LZolul Pump?] ZHFE HESHA FAIY = olof A&F e
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S 33*13]*]*‘&“4 “ﬁ!*l% “‘?— *IEI 1*%1_3 qA] - 3'43 14 W g E’JL_P
o, ob&a AjAlavle] A AE W Uy FAEAE SOy 4 din

Atz E o}

154 2Zel71E o] &3ty e ESeeE guRA 2% (Biofilte
Agt Az} AR e] AX HF 80%2] SS A ALS Horh dYaFo] xt
© ERgol AAFE ule} o] FshAA oxlo] HAElA HE delo] 9ty
€ 7IEl RLEEHE] AMASE Ao ek}, grg BajArla SS
A&S %Cﬂﬂﬁ}ﬂ HAside FYH A2 x4 FFA7HContact time) 3} H&
R’ (Contact area)& Hi3¥ £ gl S8 &AL A28 745
Zol Wasiria *}E-‘dt}.

r)ol

@ o
2
wr xo du o f

1
1

10

A

{2y 3-4> F¥ sse] Wiy

3) Biofilter W A 2]4~2] BOD; W &}

2 ool o] 8™ 429 BODs= o} 4,000ppnlE UNFAQl =& elo] u]sle]
st &8 Hodch ¥, Hrp Axpaq 7I AEE #3317 Y3 FY=EE
o FFE 4ur¥e E&8E8] BODE(15,000~40, 000ppn) 0.8 2 A

Qickil Er} Al aEIE HXI“W BODs®] AHA &2 SS& Hls:gh &4l
11%5 fAI5t5ch. AR 7 2ke] AA BOD:S] HALS 75~8l% £&& fF=|stach
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(27l 3-5> ZAAE BODs2} W3}

4) Biofilter W *]g]4~2] CODcr HE}
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¢ 3-6> AAE C0Dere) 3}

CODcr<2 26, 800ppm] =&2l2|E M LAEe|7IE o]&ste Fe %S el
3k A3} ssuf BODsof) WISt B 4=EQl o 4%2) CODer AAEE RIAch Al27 7}
T F U)o} 5Uxe] BODs A A o] 78~81%% 3] A UEl&ol® S5t
CODer A A &2 59~69%2 WA LIEhE A oGl E3Eo] Sl AEH i
3lg EHol ot} A WEHI e Ao shddc)
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5) Biofilter B X g]4=¢] T-N ¥}

(2 3-7> AAE TN W

E ATl o] 8" E&dle]e] T-NS 3,300ppnsEE& FA82 glglon, s
RAE AW T-NE BF 1% AALS oot

AujA R Aa®l 275770 F T-N AAZLE B 39% 88 FASHcL o
AFol] Z2E Qe &84 EHo] oo £3E 0 oo P wEEI o
ol S2(Biofilter A2]4)e] T-NAALS A¥RI|of vha YA uUeiylicl, A|zto]
ZBAsIRAA T-NAAE] F718he BFE Bole ZE& 529} 83 AFZ oM F7&
A& o AR Qslo] A4 HFEC] ALKEE T Atstatge] o8 izt

(Nitrification)E]7] wf&E¢l Ho g FictHe},

6) Biofilter W Aa|4-2] T-pP w3}

£ A7l olg™ E&HelY T-pE BlopmtEE FAGHL Aglen, ndie)
HAE ARWA T-Pe ThE LEERL] w50 vlste] AAS(34%)o] A Lejst
r;]. o]g{a]— aq/w% 57__% 01] T-P )A o] u}o] z‘s:ll-og‘o.] oloui '1933.?_3]7]5“3 o]

F

&8 aFelA] AR A el - AAEE ofol THE & uiste] wuA
713t Ao *}EHC}

T-P AAEL S30A 76~79% & ARSIzt A|2ho] ZapstaA HAa 2
St BgE B ]U‘r ojgi gt ®AFE xFo] JAHA |7 Eol Y3l oJaFe F=
& AR FUH U442} ofxf7te] Contact timeX} Contact area?t FEol&E7| ufFo]
UEILE o2 ALEHL}
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<L§ 3-8 ZAE T-Pe] W

2. BEYAFEY Biofilters AAT YulAlz AJA8]e] A& B}

b AEHA W Y X%

7 X

23 HEX Biofilte:

<% 3-9> Flow diagram for pig slurry treatment system

=&Y E Aelgol o] BAaXH B vz RS A% w4l AA
HES wolV] $8ted MEisatn F&&4 o BEAXE HyAFRe THAR
# SBF(Simplified Bio-Filter)& A2} dx]siairt. <17l 3-9>9} o] ASrfst,
HF4&EZD o dydckEA oM HABH B4 E Helstr] fl3te] ] aedte
7] @ AlRH 15m¢] B§AH2e 483 2mel Pilot-Scale?] SBFE 4% o] g

Ak

J

—38-



th SBFE 1xbd =l ZUet ujAz Alavle] AR E%“M
A - A2 Pilot-Scale® A48 AETA7)= P
£37), Aerator® LA E|o] gt}

P =] AlEA
= A7 =

<% 3-10> SBF2] AlAte

A W A

. ®3+= HRT(Hydraulic Retention Time)& IL&3le] Eitxjimzel
SBF(Simplified Bio-Filter)2] QAIA2]E B3] S71522 HALZLES 2] #}s}7)
Hgolvh M-S 1T FHL oju] 9ol AFgt w2l o] HEgAF2 W SBFY 2
AR Ol*roiﬁﬁ}. SUAFERAAM E&ee]E 10ton FUAA AHF 64 BY 2
4 HAAES WFAA A AZ F HRTE 34, 5‘?—.4 T4 A3t AL 33}
Gt w3, HTE ned HUAFme MeltD sirol RAAA dAAIE o3
rl, EHykx|H-Zoli= 5x]7F Aeration-On / 1*]71} Aeration-0ffZ 7ty ZNAOF
93lo] 10md/hrE F23tg o1, SBFofA|i= 305 Aeration-On / 30% Aeration-Off
B FY3tsict.
Aol pH, ORP, & Zgslglon], APA o4& BOD;, CODer, TS, VSS
alstolct, Eulwogl 7B 07 Standard Methods (APHA, 1998)ol 2]#3}o
F3stglct
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1) B3z Aelag B}

100 _1'2 98% 97%
. 50D,
] cobear
80 o
72w
6% =
i 58% 53% 58%
60 : 53%
[ 52%

40 -

20 17% i' 17%

The efficiency of removal (%), except VS .

<27 3-11> BgAF2e HRTo o} & A&

(% 3-11>-& HRT(Hydraulic Retention Time)E 3¢, 5Y, 74T MA3Id 2
o] wb2 TS, BODs, CODerd] HHAATE W VS ZbAMEE vepd T&lojtt. HRT 3
o] #$, TS 17%, BOD; 46%, CODcr 17% A AF &S LEIWOM, VS 58%8 HAM 5
th  CODer AAFEo] 1742 ¥ AP EH] W2 AAREI} tjEe] YA Hris
dom, oA T3}t 4% FIIER oA FaEA] 2 Aefoln, CODcre] HAKR
5 23t dEE o] EalER] W& ALE AgZbHh HRT 542t 74 7
TS 7}7} 53%, 58%, BODs 98%, 97%, CODcr 68%, 72%% LIE}tOom, VS 53%, 52%
2 FAFdrt. (3 3-110ef Lepd A3p o] HRT 54 7L 958 AJ3ste &
< AARES Vehdlen, o oR Kol EA3E F BOD; AAREE FILIIY
A3 F 22n|E(Thermophile)e] =2H&oll 2l3jA <t sis|o] 7xglong
B}t Y3 3378 43F8] JEE & £ AE AEYH et AL E
3, BODs HARZEO] wobA 4T CODerd HARE oA Aeste 28 ¢ 4 ach
HRT 748 79, HRT 549 58 AAREN vlagt 3PS Raon, oY 4
T %ol HRT 58 she o] Ay HAeox 4zt
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2) Biofilter QAA2] AHelgS& Hrt

99%

90%

75%

52%

The efficiency of removal(%), except VS (%

{13 3-12> SBFof| 2J8t A AZE W VS A3}

<% 3-12>%= SBF(Simplified Bio-Filter)o] 23} TS, BODs, CODcr®] 8 ¥-#|A
EE& 9 VS ZAarsE vepd Jglolrt. o] AELE A2I LA L] b3 v
AolA HRTE 34, 5¢, 72 dA st HPS L 4§ ol &3l SBF&E
ol &3to] HytAFze Ae|ag AAAIY d3, TSE vH[ET tfFE2] Y&EEol
glojA] M9 &2 A AEE Kol rl. HRT 3¢9 TS A AEEL] -9, SBFo &3
A A3t Azl By 3xolrt YAFH HAoT EAME9om, BOD:2t CODer Al 30%
AL AHARESE] FAES o 4 glvh, HRT 543 79 Zb2} TS 64%, 75%, BOD5 98%,
99%, CODcr 82%, 90%% LIEIWEO.M, BOD5S] HAEEL EHZ LR A2 WHiko] ¢glo
U}, 200~300ppm A% ZAEE AL Holi glrh. v}, TS} vjEo] CoDerd)
AAZLE] E PAE Kol Qe o]AL ohnt WHEIEGEH AP EH] AA
H ZOE (0Der?] &2 AL Hole ZoZ oAZT} VS Zr4s ZH2 55%,
536, 5242 wAE|Qlct. A=A LR, SBFE o] &3l ciye HEEZERS AAY
o gy thE g MAREE BAZE AR Vel

-J
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%’3“57}94 7HEk TEle A F #Helolul, fa] uel Fakel M4 e
sf B 432 AgertE A% Aldsde]l AlSshH gkflt AlARY Ae|ag A
27} %-&3}‘3} ol& FHI7| ¢l3td FHECIE & Fk Azl Bt HAZ A
2 7lg3 R QHgHololo} 3t, FHAH L FAFE FrlolA Tl JHgsiol
s, ofYa] njg, FQIEL u|-§ T ¥AHE LAY + AEF Y FHoloo}
s, IS8k A EE 3 UAEE AdHE MM A 3H, FH = F
& FHaAJslodop Frh, 2HER o] BE JEE TEAIIIE S ERA T AlAFe
Bl #HARZOE 2pdZ A AE(Natural Evaporation System, \ES)©e 2 <¢lAlx]ln gl
th gt LeE LE8FATE AW NHERE BANLE YT £ el
FAB st A WRS TAHINES UK A2 AR B doiy
FUE B J1EERe sl ddAd Aeprog A3 dfga s AR

oltth.

A 2 A olEF A

e el tEEkx, 53] GEERY ARIE 2l A AAFUANAES
21 E o] 8F HeAlARCR JEELE AR FWE FEN = F
2 dEoMTt o]FojHu]l, FUEE o] &Y KEE A2 BEY MRS
Al &El(Kozi, 1989), TittAl Zwuulte o] &3t FH#H HAMMELA] A8 (Seishy, 1994
5ol tiEFQl Z-folrt, thyt FwWHEYOR QY o] XAS Fol df%
2+ ME7)(sprinkler)E o] £3] A2 #EM(irrigation)f Eo 2 9] %—°t,¢
ARG Fol 7ldste] T A7) vt AEINGE F) Egow Abxgh §
o] oFollA ozl Aol catch cang HXx|ste] 2HAE F3l =53 &Y

W EXE SUE FEH EHBoE A4 437 dded, & &4y
A Atxere] 2%~40%(Yazar, 1984: Kincaid 1996: Kincaid et al., 1996), 0. 5%~
20% (Kohl et al., 1987) A2 A A5t ¢lon Kincaidgh Longley(1989 ot
ER 7142 d0lel stets FuUg sl &4l £EH Hels 2~3%ol njx]x
Egiria stglct o)lgldt St fAre] felo g A7) nozzle sizet o nlE
AEEE 5 4% H9l(Edling, 1985), AMT4£E (B0, solvent)o] &3fx|o] gl
EY(/3, solute)d AE BE ‘3-; #atolE  (Ranz and Marshall, 1952

U glo - -10



Charlesworth and Marshall, 1960; El Golli et al., 1974: Leong, 1981: Messing et
al., 1993: Jayanthi, 1993 Yu, 1995), 1|3l 3]—,— 7| 28] W3 Tarjuelo et
1., 2000; Yazar, 1984) &-o] ¢t} Yazar(1984)= EAA AHATE B3| sprinklerd
T3t SUANE vhE2} #ol FA STt

E = 0-389e(0.18\'1)(es_ea)0.7 (1)

E: U3 A% &4 &3 (%),
WV E&(n/s)

' neperian logarithm base

(es—ea) @ 571948 Ato](kPa)

o] 71 A,

o]

Murray(1967)%= 21(1)8] 71U} (esea) B 21(2)9} Lol FA3}sisict
(es-ea) = es(1-H/100) = 0.611 exp (17.27T./237.3+T.)(1-H/100) (2)

A7NA, e, e EsHEII, th71S] A F7]%H(KPa)
R MERIES
B Al (s)

£ Campbell (1995)2 (es-e.) & W (wet-bulb depression, T.-T.)®] T8
Al3)Z} o] ERAbstIch & P& o7l H(kPa)E& UElCE

(es-ea) = 0.00066 (1+0,00115T,)(Ta-Ty) P (3)

AMEZIE B¢ 5o #lAKe] 3¢ S4% dFol 24& £ 1= A7 dest

U}“" HEERE U E U B AUHE FEY dFE dEolAAY B

2 sl sivh 1 F iR Z9ut viRbA FUY o8] TR S

A ARl 2T o]ty REY FUALHSE & 4 glew, oo w3t 7AH
A8 ehaat el
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(1% 4-1> The evaporation system operated in Japan

O™ 4-1-(ae #zf 92 TEIAA 249 2 civhA] 29t o] fubale)
SUA LRI O R ZAlo] Al FulaA g ’27‘]5}.:- Elgolldz| o} Eolyx] g o
St ko8 FUE R Yotk AMeAAde Aie $£48) 59 B
H2E31] glei ] HIE 3% FRER &F26le] 138 712 A8, 2,322
ko FUFTOR AFIHAT. k=04 FuAE FUQ 2,352 TR 1 A4
= F7)& A3 e, xo4E FHu %!“}Ol]’*i—rﬁi At = —"’-31LH€|71P e, o3
FollA eforolldx|el Zubul alo]E B3 Al Fol o3 w50l 2 S Ga}is
Wajolth o3t WAE Zubde) o3l %‘-‘Q“"# up 7] 2 %%%aﬂol 7] §-of
wtel FFE won, ALH3 FupHol Fusdo] AHshltis o] o ZEec)
FAL] FARAL M, HAY FUe F @HL 9’ (LEYReT 7 39 )
A, 10522 3 292 B8 ARHIL 7L 2usde HA) B w0 FHata,
NE W 3.2ke/m’ - A FE, ALHols 2 6kg/m’ - ¥ AEQ 2ubg e Uehyslc)
(Seishu, 1994).

COFE 4-1-(b)>e B2 Y8 BEAM £9 29 24T ojgutale] Zupax
E“°§ -2 Lol A RIS E o] 83l SUHL S AHILAF) L AlHule 4

BHE #iste] FUAE o] 83 Walolth. of Ajavle st 2ol widMEe] A
(5 In}& A 47 2EYE HALSs1 A2l 3% 15 %= AU W9 4o

Ao, Hol FHYE +22 thfo] 23 thy] Fo2 s sejolrh. ol
T AJLRE ARl delUalE o] &ste] Holl F4E fie] Zus fuels
ol Q= HAaduaaglof vgA ol Hoh 2 ALY H‘Mﬂ*i T
= ST Hol AyEe FtE FE3| fuwta] Bb] whfol nlud 2tal "o‘
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ol HE& 4 ol AlAdlojel & 4 ol Msge ALHolE 10k’ - 4 B=
B o]EH(6,7,89)0 1/5 &0, oy ALY FUY Aot vETELE AR
317 918 AA AeALHE 3hes AME Uslsle] efdS ol gstalen, 2|
4% FAE AR5t Fisdol 2P E F7HE A7t Slch(Nakasaki, 1986).

ol g oo drAAES nHH & o JEER AE BHLE ¥ AAFY
A AEe] 8- ZAHOE dofdt Fufe FabgA ol glo A xd] & ntEt 7|7}
Q= ANEERAE Alagor 2 sz el uld FU Hijo] vzt AFH<l
AL7E AGsia LR FATE Fas71 Ao HdEQ EERE WA
SAY 4 At H7HA AAFUA LY 844 o] FHE Aot

wekd B APl BEeeld Hely BAS st AddUAE o] 8T A4
A AEE A AFEH, oFH gz de) wE KeEd U H AxEE

o mAlL @are Basiuxt stark,

ot

A 34 Axy 74 R ATy

PR ER

Agt] s8] £l 6nx10ne] WHE 713 vldsheAE HAT F Fig,
29} Zo] AldFZubrAwlS st J|2¥o R KeHE ol @ FUA
1.5 A8 9A Zo] A¥AA AAZUE FEY ¢ UEF HEPAE P39}
gdom, 3 ME $Fol= F 718 U7|M(85ni/nin)E, HE FFHole wi71%(T5
mi/min)& AXdte] FyA o] AR KU SE7 £ Gl AFAINES
AAE ] glout, ~H Ade 2 Adojuxuig o]&¥ FUEE Fto 2
& F97) ulEel EEA] ¢hairh AlEyle ALY FHo] AXFo] & roller
of 28] AF HE-LFE st Kzt 2l FF ARFHES dAFHNeH,
o] wj&4E uivte] YA CT £ 100 mm X Zlo] 80mm ditchE eI T Qhof
HHE AL F AiolE o]FHo] FYEA RIIEH hole 5me] YA E Hrh 2
glof] A2 GAZNE uieto2RE oF Som FEY ¥Vl HESF IFIIGL
o, o UdFole FUAFZY FEANFZE A, °l&H §FE 744
1.7% (122.3mX224.30x62m), 1.5% (122,6mXx214.5mx62n)& AFY F U=E A
3] ik,
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{1%} 4-2> Sketch of the natural evaporation system for pig slurry

{Interior) {Exterior>

(1% 4-3> Photograph of the sun-dry system
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2. A1y

A EA 2" 284 AEE AR e KEy e $udsE 195 ¢
3] 200042} 2001 d=2] 3}E7|(6~8%) 7THest AHE st AlA®]
vl HAE 15enB = oF 450kg( AT 7)) Y53 oy n|AE LHA
Hdaztel o8] FUAEE oA sHdvh A WHERE dESgpo] 23S o
FoEd, 2000320l drlEo] 71 2 AZTiel F 12A4] ~1A]o] K& el &
olgf 1,58 AarS AXSH= batch Felg HES AP o, 2001d =0 F¢ B
Zof timerE AX|3te] 3 9AIFE] oF bA|ZFA] A Ztuict 28 Bt A} 58%-
FADAE Ze flow FelZ AL +3P31 F AX {FH LY SUEES v2s]
-E— o] "’:1:1'~ 28& ubpdet o|EXo 8 E 28 BU AXEHE Yol it 01682

PE= F F 1L4E0] AEF o] F [UY 1.580] ZAPBIEE HAs%Le
’é of o]-8d Keeelrt e HBE AR 14 Aeedds Esta §
& X8I 9o AIEA] nozzleo] FEHOFE w3l UYLER Q3] AA F
5 ¥ 0.8~1.38 HHE FEFoldrt. FUAES wol7] ¢ A
a&Fol AAH F Y wiErI vi[HE 2EIA] de did AFE VR
of W& &5t oF AdAAUAIS B3 SUHE Ked ¥& C
L 2E& %E side curtaing A|AtollA] 30cm Z|Ugt ZZA S0l A
T35kt

offl ¥
T o
A
ol
)
o,

{Table 4-1> Experimental design

Conditions| Period ) Total Forced
Spray time ,
Treatment (year/month) amount of spray| ventilation
Batch type 2000/6~8 | one time 1.5 ton not adjusted
) 1.44 ton
Flow type 2001/6~8 |nine times (not not adjusted
consistent)

7t 71489 FH

IR 4-4yo] UEhdt ubs) o] LEst AUSES A FUAZNAY U v}
A2 Ao  sensord Wi AL data acqulsltlon systemgl  hybrid
recorder(Esterline, ANGUS)oll gAsle] &Fstoln, EHE 57 (GANOMAX, Model
No. 1006)& %3} 2=} AuigEe SFAFEN FUT ol AHeAM FEsidL
o Qlx}ke ol alA|(Turbus, Model No. : PCM-03F)E o] &3}o] AJAE LjE 320}
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A Follx AT} Batch typed] #H-§ 2Zot AMugEi $hH AFEE L g AT
B¢ NEY BEug, FEN AT 108 AR SR & e FAUE ol
¢ Al F SAE

EX2 MAsCh Flow typed] Z-¢ &4 A7|E 3 94, &F 14],
A o] 31F A 0 EAT e BIAE 2 9 tjFA R B =d, a0 &
]2 batch types} B3l

2m

Q25 HUEE. B BHIH

{3% 4-4> Measurement site of the exterior climate factor(temperature,

relative humidity, air velocity) in the natural evaporation system

Al
a

Zugke] F3E WA BEéeE AR A5 €AoY €& xolE
gr}. o]= ek A2l M X (the law of mass conservation)of] ZAH3 ZoF
T3t ol M dBAZE Fof "AL 5%
H & + ddch Ax ATl YAz H+§
< QoA E oyl & MAsle HAE o 5g FE 22ste] FTHAESA YA

ARAA AR AT FAFF2] 2ol E Aitole]
2 & FUAZA LR TS dA 8

o8-8}
I

-

=
B

]

1

=
bk

e ox of

t
5
|

o
M,
o
0{“’
o nd
A
5
=N
o
[¢]
=]
X
.
-
(o]
0
=
%
o
¢
2
it
i
‘
[-04
=N
).1_1

A2 FEBLE S

Mewp = [Min + Mhb] - [Mout + Mapl
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(Input) (Output) _ |[(esud 3¢E)

Min + Mbb Mput + Mab Mevn
AZIA, Mewp : AR ZHUAIABI(NES)S] —FH W, L/day
Min = ZIA E&ee] A3, L/day
M @ A A AR &KE, L/day
M : ThE & B&3 ] AR AR &7, L/day
Man © AFSE F Z7RKS] 4KkE, L/day
th. BAAE

SAS('96 version) packageE o3l KLl Uy}l EI|NKQA(LE,
S5, F5, A e ARABAE S HEY(multiple linear regression) W
HE 53l F83teich

A 44 Ao 2d

Fido|Eof iyt 2 H

c

T FHoltt £ I s AN FHAA FIFLE —3’—-’:“-5]““
AL B M EE2E E018E FXAIEL] HolH Eo] o=k udE
shm, e Fol 4 wAe fUoRE BY &E, 7374]?01]14,] H}"f:M
=, FAoluz], F715ed Arigs 9 FUE Fo d¥E werk wWA &Y
B2t word BRI Al Agfzt HolAa, Fel Wy dojulx|e] o]
EolE7) wiEeltth, uwetd 2EI 5&F FUYLS Uokdlrh FAZY BUHRK

fo B ot

2 #2e AAEs 03“ %‘% REoofuzh Brigzrt $E Ay U8 wYstEE
e U Wae A4S YTk webd f&ol whad Fuwke] FrIRich
THE 474 HZIﬂOl °i°1 Blfoludzlof &gt dgol olFld B4, +A 2
£ gealdle o ﬂtﬁ elofolluixlo] ofgt it 28 Yed ZHFI%E

£ F7] whie] ~"ﬁ FE £357] FHol fEsle 98 3l mitA EYE
Ay =7t 45 %‘%‘“—c}% %7}3}711 ok E3 Fe Agee 459 vt
o Faeol oloal mlf T84T g gtk 2717} ZIFIIY TS $E
Frgol E1E7 wlEelrt. weld He 3718 AUEETt YEsH s u
gl dojdrl mix|mte s Fusre] e mA= fdow FubdHolr) ol Rl
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W WAL pHe] grjet Aol od, 7 F47t Wyl wiEelty, 18R
] Ch
&

kg F45] sl oo Haegel ofdodl 2yt Afojo
= o = gk T @RelA ThdstA dehs Al

RE
ZZ¢ gelde HeE AAzter Aelsle FUsE FHSE o2 48 Yol of
ucth E3t 7t el APUAE sk gio] YRS SYUAOT AEH e
B3t
upeta] FA A 28t S o] R3l= Flo] AFHY Ao uighHu} Fut
aAro] 313 E-AAY o]E2 PrandtlF} Schmidt®] Z3tZol9} Taylor?] ol E g7y
Gol 2jaf H ¥t 3718 qf izl & i o] duirlog gajg 4 ol
=3
‘;' =u VK. uq (D)
A7, q @ HE, %
t o AIZE R
u @ BE S, wR

3 o Erof e frgo] Fustol dBE ujd Buk ojye} Fubel ofars
ojAE F715E 42 WEE e Fude uhaa g}
Eh: 7*77 p (03 QI)(Z‘Z uil) (5)
(In zz/zl)

oA7IA, p 1 FVWUE, kg/m
z: &% o}, cm

8 A& o] g3l FuLE F5

luld © € Mass Transfer Theoryoll
F*

g o] EMo] Ttdtirlell Ftete] Aylstnz W spF 2ol Weshy, & %oy
A Hgshrlols WAL ek 2y BAdY] oyt o] EAle AlHME &6

) Al AEs JUESL Be YA AgH B4R sls wew o
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ANA Hi= 2wwe] o] 23 X329, Ha= ofE axoAe] AAl 27
o, f(v)x ulgte] 3h4¢l wind factor2A] YWHH O 8 f(vj=atbv(adlb: AH4)E X
ABtal W2 no] 0.5} 1ato] ] 2|E M f(v) ~v'Y E4EE FAYTH

2. oFE V1R ©E Kedle] SUF vl

AR 1 2A(EE, Aas, S, A9 wziel A (Batch type &
flow type)ofl wiE oI5 (6-84) ®iist Ml Keeel $U%T ¥ 2 7158
St AHadAE g3t 2l

7} ##i(Clear days)

Aggelo] wE Kew e U va

6% 25¢4E 84 31d7A] F 3H(2000, 2001d)ef ZAA A ’E—-l?:}’ 23,
sefo] whE E&ele] U FAH wHE JHI"H 45 HR)E ’:—JEL‘?-“*
batch HE|ETl= flow FejE AgFSFUrA8E 289 wr v‘?—ii'@_“)] tiNE
S AL E etk

---©-- Batch tybe
5 ) ) . ] —&— Flow type

Amount of
evaporation 3
(£/ton-m -day)

O O U U U [ [,
6/25 ®/30 75 70 7S 720 725 7/30 84 8/9 ®/14 8/19 824 8/29
Date

<22l 4-5) Change of evaporation rate on swine slurry as spray type(Batch &

Flow) on clear days in summer(June to August)

ol H&elel lton ARE VEQE FuarE 4T A 2Z batch #3 A g
F-2] 7 ok 137.49( A3 vl A (o) FAIA] 2,71 4 /of - day), flow -?r A
2|2 4% Hak 182,32 ¢ (A upel A (nf) FAIA] 3.59/nf - day)o| FUES
e Zlo g EAE|o] HifA] AZWALE flow FElE ARAFHALAR(NES ) S &
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e

W& A% batch FEIETE of 0.9¢ FE FUST PHAASLS & & ok

J.
J

2) Axgejo] whE o J1daddzt Keelel SUF JHdA
<T¥ 4-6>of UERd upst Zo] of §F EHiA] HERElo] wpE A% 1gacl

(R, AFE, £, drsh BKeelel FUzkate] 433AE ANy batch
551\5“9»‘ 7“ e L% (.3706, AtisH5m= 0,0015, 5% 0.1885, alxl2k 0,2694F LIEpG
e, flow HEfe] A L5 0.3007, Ath&E 0.2221, &4 0.2699, &lApab 0.0074
2 EAgc OIL ’ﬂ’g F4E(p<0.05)0f nlds]E FA2 FAA FHY 4g
Helol = SiYEA] ofoLt ¢f7he] AP S 3 Y3ts Ao2 o Azt La&FHA
g o] R Fuladol QS nxE U 71| R 7deglEe] 217 Ey A Holy
WAL AL 3 Aol ofrfel, HF HHAHOE FAlo) LI wiolet A4
Hr}
8
5 q B
O o a
o) ot Q@ [Sie T -
4 o 39 o Qo .-
Amount of R? = 0.3007 _{2;98_?990- 895 ﬁ
evaporation 3 e ] O’QV‘
(2/ton: w -day) ) o *‘x . .
™
1 © Re = 03706 e 6*..
O - - . e—— - - 1 — -
20 25 30 35 42
Temperature(C)
e Batchlype 0o Flowlype ----- Mg (Flow type} M & (Batch typed
6 .
5 O
d)
(o et ey The oy ©
Amount of 9 C.DOS ...f‘? e O - .-&-&e_ ... q 8
evaporation 3 . oo 8 o . g - @o
{(#/ton-m' -day) K . .o.o . o
5 =000 ® e oo 0 o}
[ o ® o c o)
1 L P .' ' °
O - . -
40 45 50 55 &0 65 7u I ) ey 4
Relative Humidity (C)
® Batchtype 0© Flowtype ----- Mat (Flow type) M3 (Batch typed
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5 - N . N T N T b - - . 7 7
o o o %, g °© o R =02609
4 C 0 g Qo 8 Q __g._ gﬁﬂg---.ﬂ CoTT
. ) e
Amount of O & ¢ __&8 T '.8 o % RP=o01885
evaporaion 3| | g..-*m57 T ) 80 Lo '; L - - —
(2/ton-m -day) L .’ s ° e ' e °
5 R 0T e8  ge .
o o
o o] ) ' .
i T ee * TT® e
O R OO U Il RO S— Y 1 H AL
0.056 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
Wind speed(m/sec)
e Baichtype O Flowtype ----- ME (Flowtype) -— - A& (Batch type)
6
5 R - — — - — —_
OO O & ,
4 S - ) 0,800 -
Y _ e} 0 @, .a el
Amount of - R=0074 .l So Fo0 E@o&ffoo """"" Q-.. '.-‘
\ 0 o Gop °% :
avaporation 3 - - e -0 - - - f — ®—
(£/ton-m day) Co ®© "o o ®
» o o ewe®®® .
®» ° o R = 0.2694 e® @ G
) T e 20y e —
O | E 1. - L U S e i
4 6 8 10 12 14 18 8
Solar energy (MJ/m)
e Batchtype © Flowtype ----- M3 (Flowtype) - - @ (Batch type)

{1%] 4-6> Correlation of climate condition(Temperature, relative humidity,
wind speed,and solar energy) and evaporation rate on swine slurry as spray

type(Batch & Flow) on clear days in summer(June to August)

AE F8E U 7R AL Fus A% 719EE AT KEY batch el

A 2e>dAlEhELASE, flow HEf] A LEXESAUSE>YAE HL
2 RApEle] ¥ Al BF Hﬂﬁﬂ L2} Zuby wstef] 71 E A4S & 9L
AFE I, e B, dalyg, AUEER EAE A ol AdFH Al
wl U Re] 2% Abgo] AMEEH SRR JAH 2] FH#(phase conversion)E
49 718908 AEY7] wjEolal AAREY, FULE 7R3

2 &5 REL AAHE BN e Hlde] o R &
A wlEolel zhHel, B4 HE o]EFHoE 259 YR U



& B BMAIE 3o PR A, AjAsle] Szt AggA 57
oz <z AA A2H UERE FYEHE T4l 0.50/sec 03tE FHFH O o FUH
Apde] njd® Aog wchhEch YiHHOR & MUgET FUIALE

oo QAEs gon}, & AAgle] HLR o[Fef xxtEo] glof HAt
SAARY B o g8l 23t EaldE s Aa"] el FEEe AUyt
2] 2 RE FEHA g $F U NG eRY ARE HHs| /AAA FI o
Bol A&t Suzte] F(-)9 d#gol vlad A vehd A2 £PHTH

N

1}, W#A(Rainy days)

1) Axgejo] olE Keez S vl

' - Batch type

-—8— Flow type
0.8

Amount of 06
evaporation
(2/t0n'm' day) 0.4 _

0.2

0 Lgfl_,fA < d RS B! JE W SR - U WA

&25 6/30 7/5 70 715 W22 7/ 730 B4 &9 814 813 o4 B2
Date

<13 4-7> Change of evaporation rate on swine slurry as spray type(Batch &
Flow) on rainy days in summer(June to August)

<3 4-7ol] Vel viet o] AIRIAS patch FElE AE T 20004 6
o 25958 84 31UVA] H47 5 o] 7| FE ‘éol % 129, flov Hefs H¥Y
o] APH 2001 o= F 104 E HEF L 53] 4 10m o] & 715 5
2 79 204FE 8YW 10 Afolof AFE Ao ’S*“}%"T o] 71ztell HAEAHUSE
o 4 glrh. AT Yejo] wlE K&z U FAA Wi gAE AEE 2 A
o]7} o R og Urlurh lton AR 7]&A] batch 8 Az 7o A$ W 3168
(AT upet AR () B|ALA] 0.62L/nf - day), flow 7% A7 B3¢ BT
32.23 ¢ (AX vpe HAYH(nf) FBANA0.64 £/ - day)®] FHES 7| FEE Feg &
MEo] FIA] flow Hel2 AFUA280E &= Zo] batch Fejrcoh ¢ 0.2
2 AT 2 Mg BNE Uehd ZoE AU, 48 7R AAFUALE
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(NES)E RSPH 2 Aol Hn|yt e ey

2) ALLEefo] W 9% ez

L4 Ol
1r
08 [-— — By Q
.
R? = 0,0781 ’.’0 Q-
Amount of 08 [ cowauL ST e el
evapoiation , o]
(¢/tonm' -day) gg | - - R*=0.000e , — -
®
0.2 ...... — —— - -
O b I . o N T —— _.;l
15 20 25 0 35
Temperature(C)
e Batchtype © Flowtype ----- ME (Flow type) - A8 (Batch type)
j -
08 - e B —— -
s T —.._ 9 o
AR
06 |- - L R?,::O'S‘;,gz ,,. o -..'0""'\:__‘?:-.._ Q,,. ,.
Amount of Y : ) - ‘o‘"" .- O e
evaporation o o . 'R'g"; 0.4625
(/ton'm-day) g4 | - - L . - .. b gl
°
0.2 - SR S -
O - — - S e e R R U — =)
80 85 90 95 100
Relative Humidity (C)
® Baichtype O Flowtype -----

Ma (Flowtype) - - M ¥ (Batch type)
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R =08548
0.8 | s o e [
g ee®
Q..---"0" Te e 0
0P T e
Amount of 08 o VPR
evaporation o © R = 0,048
(E/ton'm’ day) 0.4 .
™
0.2
O e e el e+ e ——— — e —— =~ - -
0.05 0.1 0.15 0.2 0.25 03 035
Wind speed(m/sec)
® Baichtype © Flowtype ----- A8 (Flow type) M (Batch typel
1
0.8 - ;? = 0,7533... ©
° ¢ @ 8..---- O ”H;‘;-:O?Zﬁl
Amount of 08 g ________ L
evaporation *3 o
(2/ton-m' -day) g 4 .
L J
0.2
O e O DS UGS WU VU [ e— -
0 0.5 1 1.5 2 25 3
Solar energy (MJ/m*)
e Batchtype o Flowtype ----- A& (Flow type) A% {Batch type)

<% 4-8> Correlation of climate condition{Temperature, relative humidity,
wind speed, and solar energy) and evaporation rate on swine slurry as spray

type(Batch & Flow) on rainy days in summer(June to August)

<2 4-8>0] UEpt v} o] o5 MM AEFelo] mE AR FPR
(22, HuigE, &5 dAR)H Bedel 3B JABAE 4%ED batch
Hefel A9 L% 0.6098, YriEE 0.4625, F< 0.9488, UM 0.75330.% Lejyt
vhd, flow Hele] A-$ % 0.0781, AtiHFE 0.0992, F< 0.8548, A} 0.7361
2 EMErh ol FF RFAFE(p<0.05)0) nlEEE $X2 AR Fde] 41
Helole siPE A ko ol FEe AuUAs YT HeR nbchHr} ol
AH7E YA ol Bl AR} nPTR R Sl %S vl
F 71 edEel 747 SYFe Ay wWeRM 9%s 3 o] ohyet 4

X o

lok
iz
gl
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Z ZAo] 2E87] wfEelet Azt AX {F¥E W 7] J14edd] LS
7192 E AW R batch FEfY B¢ FHUANDHXLEIYUNEE, flow Bl
SHUAEDATIFEIL R IH2E ZAMES 7 AHeld BF iz 4 2
A oisle] Jbg 2 A4%e ¥ fdow gFEgrt oY EMAdEe 3y

-if} B F 2002 2x2 BMY Bl 4H Adsks dzHe A
= oH] ok ¢ A AA¥ LR {ysis bigke] fgo] FHse AR
7% @‘%’oﬂ Hedle] g JRUHE Ari3os woivhs H3p A d<47 104
(batch), 12Q(flow) ¥ioll H=| oot BA2 Mg ¥ A} sjHo] ﬂaﬂ*ool Ao
g 208 Atgdrt

3. 9154 By U BHd3 oY 2%

7h NAAZRA (R, WH) 2 AER3H(batch, flow)ol uld E&ee]l $Us v
ol Algolx M= BHIM( 6%**8%)%“01] Smm o] 4}e] 4L VY 2 A
Astglon o 71zt Fols AEuA o] batch Hef2 HAHo] WY 2000 2ol F
129, flow Feh2 ARPH 2000 Y Eo]E 3 10¥0] AFHYLE A¥2F ¥ AEH
ol W Keele U vlaie ul i BF 3U batch Fejo] FF
2.71 4 /ut + day, flow Hele] A9 3.59 4 /nf - day® ZAIE| Qo Wik B 34
2+ batch RER 0.62 4 /nf - day, flow el 0.64 £ /nf - dayE VIEILL, BEee e 4
X3k 1ton 7| & o] BHAS] A9 oF 15.99%, M 3.19% = ZyEE Aoz &
AEgct wi2pd 53 o]l A9 UL &M 6E Eld] vd] A2y F
g2 Uehdt EAAE Bosty] g8 eiEs] d w7y et 32 U ZEA
& YT HRA A0 EAE ool & Zlojz} uetHTE AXEF{H wE Kedl?
Zwhar v)a SHolAe flow FEfe] Axwbajo] batch FelRch EHiRsol= 4.48%,
Mmool = 0.05% =9 FUg A% Az vehd o8 FAFde, & vt
23} 2ol dNE 4 Ak AAFuA AR YA AR E FUAYS AXA K
&8 $EUAL thy] Fo $57] PelE A8 E Ao A2™ F Kede
Elalyl wiet of2gl %A EdolA tly] Fo= FaEE AR EY 5 drh
At Al A e F7|7F 23Es g difo] ARELE £F dxje] HEE
A} %} (phase conversion)of &8 $£F7|E 7|EHE HAo|1, Fxle FAAA
B33 o AEo] 3 Kedelrt $HIA e FUES BshA U= A
U A AR R R oo ogkz) YA Bt ofy] FAAEAYAAM dojnke b
dabol o3t AR A AWHCh Batch FelY B 3T F AL MR =&
OF 124014 1A] Alolof 1.5tond] E&ejelE ol AEHUAT FAAA 2A]|
S+EH 858 (vater capacity)& 223 Umz] ox] flo]l Kedlert ole ¥

n‘.

>

e fio :{m ¥
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gol FHEgon, ol s Fajel] 23t Fudde] EHHAL A ARXE FE
H ez 2"t hE flow Fel2] F9 1A B0 23 Asin 588 &
Falel]l ¥ Fwygde] dojd # Sl AR FUAZH Aol FojAle 27
w&of batch FeRr} &2 FULE vehd 2oz Algsn, Hajo] ot FUL
RpETHE FRlo] &3 FUFI oH Aol FHEH A UA| AR glojMEe U
2 Hl&E& MRSt ool FHEHACE 2EE 2000 E2f 2001 dE feihe} o
4 71F200 fAitie A& edd AdFUA LR 84 EEYY K
2] AE= FE Aol A%l Pefo flow YAlo] Hyfste| et A zdrt. E3F 2t
FUAAR A dojils FUELY HIFUES B3RS W7 flsiHEs FAAAN
FEH 2ot thy] & Aojo] ulE dHd ® W FAAA] FHH FE£GG 0]
BEL] f71E £ A% U olo wE FAE YAV AEE AT BRYgAdF #
F A= ojop T Zlolzp Pt

{Table 4-2) Change of evaporation amount and rate as climate factors and spray

type

Climate factors
Spray | weather (averaged) AE.” ERY”

type |condition| Temp. YIRHY WS | S.EY (£/ton- nt +day) (9%)
(t) (%) |{m/sec)|(MJ/nf) I
Batch | Clear 32.9 | 63.6 | 0.26 | 14.37 2.7 1375
(2000)] Rainy | 26.2 | 90.7 | 0.22 | 1.06 0.62 3.17
Floy | Clear | 31.8 | 65.6 | 0.24 | 11.27 3.59 1823
("2001)) Rainy | 27.3 | 91.2 | 0.18 | 1.66 0. 64 3.2

ref) 1) Temperature, 2) Relative humidity, 3) Wind speed, 4) Solar energy,

5) Amount of evaporation, 6) Evaporation rate
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B Batch type
l Ffow type

15F

Evaporation

ate(%

Weather condition

<1% 4-9> Evaporation rate on swine slurry as weather condition and spray type

Ll RHESUAARS B8 =) o] e SUY A

200042} 2001 F o] HAA EHif(64~8%)o] YH Al FUALARE o]
% Kewle] B3 U & 7I$4) batch el Atxwtalo] 2,714 /ton -
nf + day, flow el AEwtrle] A9 3,594 /ton + nf « dayE UEPH o8 HAF]
orh dE Auld FAME Y righA FUA] AR (Seishu, 1994)0] AR AFoA K
¥ EHEH 83 3.240 /ton - nf + dayd] ZweFal v GLA] batch e ARulalog
TEH FULE oo njAA] Bt flow FEjY AEWA LR AAFUAAR
&A= 0.48/ton - of - day BE FFH FUEAS el dFEHAL o
v FUA LR FEjHris felet A& uly e gz AL Xolof 7S A
o2 F3HY, /4244 gERETE fE vl RAFEA AR FHIMeE0l
=5 ol3¥# "ort qrh E3 AAFUA AR HdA W AFY U8 &8 T
ate] edtE ol Kege SUAAE A FAY JusiAEe o Acia

g 4

th AAFUAI LR E&of ubE HAF 3]

Aol M8 AAFUALEE fan AN AR SHE 627 T 8Frhe
7Hg st Q%= AYange A e Ut 98 UY dYad VS o
9 20,3189 0.8 AtEHCE ol HEIM A K& SURS ¥IE A8 dA
H uigleh wis1 Aol FutEvlely, &2 712 W YA Aol o8 UAE
= AdefUAE FE3| &Y + U] wiEel A&st: KeeeE ABEAE 719
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g o A "k whebd of 10,0008 Zhge] & ulgeo] Hofxlel F Aejul g
A 1S Y e 4R AAF oldg =RY 4 dloer]e}t AL

T 2y 9 ZAY EME TU A5H milet Ml Alds Uy £

‘ub.

7t od 2Yg B8 (3AFUS 33

FUPe & vA = AXEA FUF7Y 2x, AuUgE 283 45 4
ElEAtd (Ut A8 RUES 2USHY el =AYLE AAstuxl sty
th 2x &F%, 4YE7Y 42 AE dddy ¥z esldon 23 &
Y Ege e 18 7SR dHsidel. 3uUst A&g 8 Euddyo =
Z %t Dalton®] o] &3 Fwr]& thg3} gt}

En = (0.0178+0.0152V) X (Hs-Ha) (5)

Daltons] Zualel sjaf 3 @izt Adoly UM 23 PHg vang o
Aimen we Aozt Ueht 483 AW S&stwat stk H(E3E7)
e 2 AN #3H LEE 7D A1(6)& ol&3le) AAsG O, H(UHZ
A% A(6)e2RE 128 Hel A”N Z3H AugEs Az ATl 2
s Faigc),

1n(He )=A1/T+Az+AsT+A{T+AsT +AgT*+A In(T) (6)

A7|AM, Hy @ EEF7|¢L, mo Hg
T &%, Kelvin
At A4 Constant

¢ = Hu/H, (7)
oq71A, ¢ @ AR
Hﬁ ' ):—:).Zﬂ%7]°)J: mm}lg
He @ X3}27)¢), moHg
B AgelM &EFE ZUHE, £/ton - nf - day)2t F&(V, mrsec), 1] At

9 W W HRETE FANNNE B3 ()Y 24 ash bE Eolo] A4 (batch
& flow) 2t 71F2A (M & TS 1 UE AP S 43} span
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{Table 4-3) Estimation of evaporation rate on swine slurry as the mathematical

model
Spray weather ' l - Lo
. Estimated equatwn as the mathematicai model
type condition
Clear = (0. 0025+0. 0068V) x(HW“—H:’)
Batch
Rainy E = (0.0006+0.0019V) X (H,-Ha)
- Clear E = (0.0037+0,0075V) X (Hs-Ha)
W
° Rainy E = (0.0005+0, 002V) X (Hy-Ha)

ref) 1) E : evaporation rate( £ /ton » nf » day), 2) H, : saturated vapor pressure(mmtg)

3) Ha : practical vapor pressure(mmHg)

Daltono]] 2|3t o] @Az} AR Al Ay Ae)A Fwake] xo]7} A7E o]FEE:
E A2 Ago] A¥FRE(full scale)® MA U &5 U7 wfie] o7A &
3t T}E Wolgele] ko] g o} AlwHTL

Ll BAY E£4E& B AU 3

B AR (2E, AUSGE, F<&, 4 ¥ wE Kade U™
218 AHPAE 24517 9s) AE4(batch & flow)zh 7| FERA(RH & Bl
o2 Ay AE AR EIHEM (nulti-linear regression)& F3 Ar&E3tA
tl.

{Table 4-4> Estimation of evaporation rate on swine slurry as the statistical

analysis
Spray weather ‘ . Lo .
. Estimated equation as the statistical analysis
type condition ,
Batch Clear Y'=0, 089%,%’-0002%;"' +0. 327X3"+0, 117X,"!
atc
Rainy Y=0, 016X;-0, 001X2+0, 181X3+0. 054X,
£l Clear Y=0. 092X,-~0001X,+0. 413X3+0. 204X,
ow
Rainy Y=0, 014X;-0, 001X2+0. 221X3+0, 069Xy

ref) 1) Y evaporation rate( £ /ton + nf - day), 2) ¥ temperature('C), 3) X: relative humidity(%)
4) X3¢ wind speed(m/sec), 5) X4¢ solar energy(MJ/m')

(Table 4-4>o]| A A A|Sh= njie} Zro] AtEwWrA](batch & flow)ol] W& 7|4=4
(EH & M) d Bede 2uzdol AT MARY #HS AET /gl de A
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o8 EMmigon, 7t sjgade ulE B&Eeel Uy ARUAE AuFes
AFol3ith, Batch HENQ) 29, gl AUSEE AYsias vpE gl
B, &% dxEh F éao"i')r&l Auad S o |23t AE Jehll ek (p<0.01
ﬁwﬂ%oﬂt F4, dabgo] Zukakzle] A ZWolAM FAUZ LS

(p<0.05) X9} AlFEs Fo31x] £ 208 Eo= vt whH flow Hejo] A
9, EHRES) EAA EMZAE batch el A FdNon, WKl Bl
Boll= £, 2571 Suakaie] 43 SdHold fods el S ¥(p0.05) ¢
ALz} **tﬂuit EAZCE f23ix] Eo]l dFE et ol& A¥ dolHukg
AR T AYALE olHqT Ayt EEEHA H A o8 Jx] FHolA #54¥
o=, $4 sy Yy i AAFULE Y B npArRE AYe
o] £ AldFZuAARI0] IoiE AA wrloll Y ALY + U= HU¥ AR AF
Ha7] o] v 714 YJEANAALAS AL o}E He, F HY F oivd + o
L AAFuA AR StEglojAte] LR Wl flojelER] AlAwe] ¥ T #
Aol Fztad Wy Eéele] U e o Ax ALy ool AR
t}. B3 g2l A< batch He)2 Ago] +0H 2000d £ 12, flow Held
2001 Aol 10¥0] U8 TaEo] EiiR 2ol Hdojyos AE Az FAF
22 FHEx ¢lo} Ariolx] X3t ¥ A A} ueixten, ol ciyt BAH
BEAS M E U2 do] 2 d(Ff) Aol Hego{o} & Folrl,

,-lr

o
2 > rlo i

&

1. #Ed. 1994, Fol&AH &R FAeAeYdii. sol&UEZAL

2. Campbell Scientific. 1995. CR10X measurement and control module, Instruction

manual, Campbell Scientific, Leicester, UK,

3. Charlesworth, D, H,, Marshall, W, R., Jr, 1960, Evaporation from drops
containing dissolved solids, AlchE, J, 6:9-23,

4. Edling, R. 1985. Kinetic energy, evaporation and wind drift of droplets from
low pressure irrigation nozzles, trans. ASAE. 28:1543-1550.

5. El Golli, S., Bricard, J., turpin, P, Y,, treiner, C. 1974, The evaporation
of saline droplets, J. Aerosol Sci, 12:417-435.

.-62_



6. Jayanthi, G, V., Zhang, S. C., Messing, G. L. 1993. Modeling of solid
particle formation during solution aeroscl thermolysis. Aerosol, Sci, technol,
19: 478-490.

7. Kincaid, D. C., Longley, C. 1989. A water droplet evaporation and
temperature model, trans, ASAE, 32:457-463.

8. Kincaid, D. C., Solomon, K. H,, Oliphant, J, C. 1996, Drop size distribution
for irrigation sprinklers, trans, ASAE. 39:839-845,

9. Kincaid, D. C. 1996. Spraydrop kinetic energy from irrigation sprinklers,
trans, ASAE, 39:847-853. |

10. Kohl, K. D., Kolh, R, A., de Boer, D, W, 1987, Measurement of low pressure
sprinkler evaporation loss, trans. ASAE. 30:1071-1074.

11. Kozi. 1989. Environmental Control in Greenhouse by an Air to Air Type Heat

Pump. HA]4d20(1).

12. Leong, K. H. 1981, Morphology of aerosol particles generated from the
evaporation of solution drops. J. Aerosol Sci. 12:417-435.

13. Littell, R. C., Schlotzhauer, S. D. 1996. SAS system for Elementary
Statistical Analysis. SAS Institute Inc.

14, Messing, G, L., Zhang, S. C., Jayanthi, G. V. 1993. Ceramic powder
synthesis by spray pyrolysis, J., Am. Chem. Soc. 76:2707-2726.

15, Murray, J. 1967. On the computation of saturated vapour pressure, J. Appl.
Meteo. 6:203-204.

16. Ranz, W, E., Marshall, W. R., Jr. 1952, Evaporation from drops : Part [
and Part II. Chem, Engr. Progress. 48:141-146, 173-180.

17. Seishu, 1994. Solar drying system for agricultural waste sludge, ¥YA|Ad
25(1)

18. Tarjuelo, J, M., Ortega. J, F., Montero, J., de Juan, J. A, 2000. Modeling

evaporation and drift losses in irrigation with medium size impact sprinklers

...63..



under semi-arid conditions, Agr. Water Mngt, 43:263-284.
19. Yazar, A, 1984. Evaporation and drift losses from sprinkler irrigation

under various operating conditions, Agr. Water Mngt. 8:439-449.

20, Yu, H, 1995, Modeling the changes in aerosol droplets of pure liquids and

solutions due to evaporation. tamkang J. 34:157-183.

- 64 -



A5 & sMeEALE S8 BHR Y 2HNE E&
A 1A A AR AEA, AAZ
L AE

1A S A Al4ge] AL 7|& Biofilter A ARLE o]&3lo] {718 &
stE A g &SR YL ol Edle] dUdR L e RUE Ao} of
wje] Z FAE A LAUAE =&3t24 sigict s, Fals]4o] @&
TRE o] BT A4 I A EE MAE AT Bz, Fiaazd HAzA 20
SlolME & dAF A AREL] "aXgo] de AoE Ueldth F, Bl WA
He /tSEx AEYA Aelo] glo] BDY AL sedtAyl, D UEA 9
N, P& FFAF MUl ol O AN S 2och =3 a%EY 1E5Ex
§ HEHFHoE At +828 FEIN/] AW AN J)ao ohsf Bot W
A7 EEojol T WedE A 3A FHlo),

utehd 2AUE Ao e 7IEExe] BEINY A Zr)zel Fataze]
2% mafol ois] Ags] Rokh EI, I W A7t HuF ATAD
(Autothermal thermophilic aerobic digestion)ZLA 2] A& & 74L& B3I X4hy
0] AN FHoEY HLuer o Exg ZAHOET AOPs(Advanced oxidation
process) 7| & ¢l UV/Ti0x/H:0, FA 3} A7) ¥-4HElectroflotation)E &k 4o] AR
AA 2 & It U RSl uiste] @ Rkt olydt n=AIMAE Jg
2 A A5 TAol] QA= AR, AR WA Eav4 Aele] Ui wg
54 d4E JI2AEE E8H 4 9o Almgol

7t A=y Al £A%

12 E F712 23 MSS P27 st A¥eA F7z2 A ZFeud
5500mg/L, FH7|2 BoA By 4800mg/LE $Aslo] F7|RojlA U3l Foaming
Azt W BODS 2 AHETAS €& 4 AT, & 23U YoM
dn| % B/EAI} Zooglea ramigera, Voticella campanula 3} Z-& flocE Aol &&
& Tt HASEY 9L #olE 4 gl
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<33 5-1> SNU - ASP A]lAH] 7|z ZHo|QE(x400)

2 AT 2 ol YL v} Cairns(1974)0] 2% A7 2 HAFd + 2l
t}. Cairns(1974)0] &I3}H Zn* 2] %7} 10mg/L, Cu’'s% 7.5mg/Le] E%ola 34
 AEY A Voticella campanula 8] AJE&L2 0x2 FBI|ZoA¢] o] FF&of 2
¢ 542 e & Aeg Busin gich

{Table 5-1> Zn® B Cu¥oj tjgt Voticella campanula (3A]ZF A &)

A . AEE
Ohr 3hr (%)
Zn" (mg/L) ) o
control 414 560 100
1. 0 450 479 100
1.35 293 257 87.7
1.8 969 562 58
2.4 357 91 25.5
3.2 577 96 16.6
5.6 288 19 6.6
10 180 o 0 -
Cu“ (mg/L) - S
control 316 393 100
1.0 237 118 79.3
1.8 791 401 50.7
2.4 715 295 41.3
3.2 475 151 31.8
5.6 693 108 15.6
7.5 428 0 0
10 ) 118 o 0

(Cairns, 1974)
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300
250
200 |
150
100 ¢

50

conc. of HMs{(mg/L

Fe Cu Zn
Date

214 m oM 22| OBiofiter

<2#l 5-2> 2 HeEeAd Favled S Wt

2P E 7= 2001 7HRE 2001 9ol AA <of 2/id ke MEE 433}
gich, ¥ A fYEE S 448 24 PHLE <Y 5-olAq Uehe
HAAY Biofilter?] AAg] AAHEE AXHE Fe 110.2mg/L, Cu 19,8mg/L, Zn
13.5mg/LE2 493] B2 w24 FFS TS Urhls 2L 2 eyt ol F
49 fYS ARH A6 JdEE AR, B3, Fed 5X2 7§ Biofilter
A|AEE AAHME 552 Hago] 39% W AARXLE Rl=d o= Biofilter
A AE 2] FAloy UAEE Aog wtuiHch olgA AXH HFERE F
MaZE AX Frzz fdFHEY & AT 5 SRy 35S LS S5
£ A 2} 712 A, BojA Fe, Cu, In7} uh$ £2 $ELE A&H At

-

O 90.0 J R
gf 80.0 | e
dmoi

8 60.0 |

.“
5 200 g T

10.0 ¢
0.0: | ' . ol i T T

7/10 717 7/24 73 87 8/14 8 8/28 94
Date

Aerat

—+—Feg w Cu -+ Zn

<2 5-3> F7|2 A9 AE/ME FFS T& W
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712 A%} B ¢ <2y 5-3, <AF 5-4H9 T2 FFEoT Ueiyton],
= Z7]|Z A8 A$ Fe 69.9mg/L, Cu 18.8mg/L, Zn 31.4mg/L, J{7|Z Bi- Fe
63.1mg/L, Cu 15.6mg/L, Zn 26.5mg/LE ©] $&& o= oo Kol ¢ x|
oz ALY ALw vighArh

100.0
80.0 |
®
3 600
)
c E 400 | e e
'g 8 kv V \“N*,," \>"»_‘\A‘7 B A
§ S 20.0 o Hwe ™ - :t - .
0.0

11 1/2 1/3 1/4 1/5 1/6 1/7 178 1/9
Date

—~—Fe » Cu & Zn

<3¥ 5-4> F7]x B2 AE/IE 25 v Wy

53], ALAAE ¢l E7RM AAtEH(nitrification)”} 35| x|
ojolgtrt, B}R|gt, o] st FFHEL smolA HaE n|ABFo] ¥ A wiEE uf
+ 2 AsjaRE vUehle ZeE2 Yelyct o]yt FF&o] HabsiFe] Aatshat
SA oA AsjEdE= oy AFAEN gs] REuXdch (Skinner and Walker
(1961). YZA(Ni) W AZ(Cr)2 0.25 mgsl, FE{Cu)= 0.1 - 0.5mg/LE B AXY
t}. Beckman(1972)& LA} o}A% 57} 7z} 3, Omg/Lol o= ZAt3tol 100% 1)
E F+= 202 R} glrl, £ Loveless W Painter(1968)= &7} 0.1
mg/Lo| Aol A AAtak-go] $hH3] FAHE B olch

gty 2R Aol Zh vhgxe] A HAWSTE
Ml B4E& 23y AEL 8 MdA FHE Fach F, =
Z28 A&HOE A 4 dE= AMES FHY AAle wiHre cop s
o|x} M (color) ¢ M WEMAE EHY Az, AEYH AHelAES 2=
N, P gddFe] 4 #4& a3 37 ¢l8] LFAE7)£(A0Ps:  Advanced
Oxidation Processes) 7|&& 323 Hojr}

#3171 Hrhs F4t

=
~i -

242 Q.3
FTESS v R

Ll AEE F3e A4

IR Aol Mz <27 5-552F o] FAWTE Boifilter A|AKIE o] §3)
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12 ARt ohE, Fatszel 728 AXN AL A F FREY oA 4
njAelH eHELS l;af-’ﬂr(r’:tdsorptlon AHelstel BRI FAE AYsiglon, 2

Helggofl wls) 7] Fxpu|go] rtolol A AlRg FHY MU Hag Fcl
MR
Influent v _ ] Clarifier g
— ?:;r(age f;goifc m m —"’Eq::a;z?m——i st——’Nc

RAS WAS

17 5-5) 1XPA R A 2] AJARS JdE

upata] 23} AE AFolM Al A& 29E AAlSlL, 2t F2 33
M2l EE&E full scale X9} Lab. scale BA & o]-&3] Ayistgion, oujs] Whg
HHYz2AE& =&

The <3¥ 5-6>% 23hd= AToA Al2o] HAste FAolct o FHL 7|
& Biofilter A|A®NS o]%aﬂ ZA4E YEYH T A Y S UEE sh= AX

2l F3E AMstdct. I A2 AL £ T W oo 1A% ATAD FF o]
ilstes dAsiglen, Fiatazre Zrzxe H¥Yo] gl ?‘L} RFgZof A olfA
T QB E siort. 5o, FAtARe) 7R $492 2R W& Z(Fixed reactor)
o] &go] ol YR Y 4 9lE wHgR(Alternate reactor)i, Z} vkg-ZoA
URA| T Fated} F7171 Moty A= Yrom L1 ¢ = HhgRe &
& &3] YA (Denitrification)3} AAME}(Nitrification)?7} E&3Z 0T AYPE 4
g TAE ALY |
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27 gellling basin

~LATAD Reactor . .
L ' ] Ist sotlting basin

Chemigal

Fffluent

T WAS
Oxic — Anoxic tank RAS \ “

3 565 Eibw4 AUE 9% ABUF BY NeA Ay

olgA A" e 23 AHRM nAFe FEE AAFA HUH A
22 Aol 8t AlPs 7|&E ol &3] A Aol fE FER 3 9rh

o &adwlg A2l B Aeaad AES ot 33 Y 2AYA £F

2 HoM (a¥ 5-6>4 AAH B AHAARe] F8 FF iyt &
FTeEIt @ HFLHUA =FS 93] ATADE A} Y AHe|F el tiste AR
A& phase I - 11 - IIE o] ¥3todch

©® phase I : ATAD F3& o83 F4tsi49 HAe &F7)
@ phase I : #FFn] x| A= (photocatalytic system)?] &
@ phase I : A7 4 X A¥(electroflotation system)2] A&

A seAE AT S
it

F3Ho IR ATREE Fus4e HRH
e A2 H A W A2l AUl T Rl
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) 2 A ATAD ZHE o] &3 S4v]4 AAz] AE&FV}
1. A&

HI 2EEY FIES BT v 2 SHA A 9%l FAERE &S
238 9 HAE Mo ote] AAT MAEE e B4 Hel BH(NAD:
Autothermol Thermophilic Aerobic Digestion)o] 7jlEle] w2 37} 3y Fof 4l
t}, o] ATAD A|A¥]2 EH|¥(compost)FH 2 T A=A flirAel Al2%e] A
sto] Arjdog P 53 Alaxlolgtn & 4 & Zeo|vh. (Lapara and Alleman,
1998) o] 24 A2 Al ARl thdh dE 19505 NE AR o, &
2 55 H5E AEYH T X HPoA WErY =N FHH B
Al $ei5] WAF L) (Lapara and Alleman, 1998) Rozich and Colvin(1997)&
ATADOJof LE felgo] Az & R7ERSHY gE%E B FIEAS ¥rE
#4Aeol ul-e Ayt FAolela B 9lon, ol B Filtwlgy A4
Mol uf-2 A2l AA e Ad(pre-treatment facility)E H7}¥ o] Zt},

HZ o] T LXY BEHE M2 3 X 9 Fivledd 2
L AEE #7214 vl QB (stabilization) st AA] w49t A 12 w7}
sl = At gt wo] S-&EI 9ttt B3], 24 uPEY oL WE /7]
B B FEY £ on, §71E AR YAHE 50T - 60T &2 23
d-& ¥ u] P E (pathogenic microbes)3}t FzAote] AMHINE d& 4 UoH,
Al Zholl 7} E ko)A UAEE of#Aof(odor control)Zt 7Hedte NFERE W
B2 Agste s7tolA mie f-83te, WAl A2glolet & 4= glrh ShA| R,
ATADZ A& o83t Fatslfe] Aelof glo] AEHH AFHE o1 AN XL
2o AL fAs AL T H o] FFL thd (Table 5-2>8f T2 fdsfor ¢ &
1A EAEE =St ot &, 124 njAEY 52 844 g #Ed w2
sz oA HYd nAE APEEY 5o FHl e i, ndE AA
ol 23 a4 Asle] E4AE #a Yk ofyy nAE FIERLpoor
settling characteristics): Eikelboom and van Buijsen(1983) %2} wio]AM UiE}
U RAY At 2§ 27 (oxygen limiting conditon)2} 87|14 Z Aol A A&
g A BH&HAY floco] sIAE = Defloculationo] AT X 5181G0T
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{Table 5-2> Characteristics of ATAD systems

Advantages | Dlsadvantages
1 high blodegr‘adatlonirégé_ S [:] poor ‘bacterial flocculation
Autothermol | [] suit for high-stength wastewater characteristics
aerobic [] the abiliy to inactivate (0 foaming problems
theromphilic pathogenic microorganisms [ low dissolved oxygen concentration
digestion | [] low sludge yields [] the cost of aerating thermophilic
characteristics | reactor

wielA ATAD F4& Halwi4e JEYHH Aes -"rl*‘ﬂ AAgPom Ay
AL ATADER S AR Azl4e 121 AN £ANAE s HAE o4
£ floc"*’*éﬂl F571 of-e Hashy olo thyt A7t écﬂ&‘mi 9 R 3}t
= o AE Baid g o83 wgR LERA U wE Ao e
.“_7]/\4 n:]])*‘?- PREA L 4= o= ATAD FEY HHE it BESla, \TAD £
2] Fruj whdel nAE MAFTE BEFE MUt AR FiulsAe A A0 dH
2] AR 2AARE m&sle=d O F371 ol

2, A7 F874

3 B
sh s7tol £Ao] golsta, A oln, iialii%ﬂ HRHY AR TS HE
2 82 gk QiHos gFel A% 12 BY 4£%FYe) YELS F2 84

g9 QRS ¥ EHA B4 —:—21151_ M4 ol dE Abgolut ofEAe) sh
A FAHoIH, HEHY A&RIAEE FHoz UHESTHEPA, 1995). =)
29 2& 374 339 1980FERTH A7/ AWHo] goul, WM Held
tjeto g 3738 BololA] whe 37t A Fof gitt. FAH BAAAL Zabg4
ol BE T ATAG oY Melol nl% AU WAUE BFT ATAD
TS S8 FAvl Mol iyt A= vjs =& AFery. 53], ATDF
He] A 2 dRes AAEL ik ged PALY Y BEAM A7E Fy
B¢ obA AR AFe] ook wrehA & dFolMe 2 B MaiA] UAgE
t ¢A FAEE 2o @ AMAE AAjsiaat iy, 3 oo gz LMz
A& =&staat goh ol A7 U FEVFE YHAeste ST

fr e o mlo
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Y Gt ExAE v HIAE 4 glon, Rr} A gE, AA
g AMaegNY T 8 T 3E Aolth wekd & gz 224 13 3
Az fA FTAEE /NS AT WgE 2=, pH 5L RPY 3ol ot o
FE ATDBAOIA 13 NelE Mel+g o 442 AHgslel Azisks dA B
B2 BE Yol M & =& & & Y& ALE vt

3. o2
7h. #71ES 3ot e

&AM u|AE(thermophilic microorganism)®] o= duta oz 1y 5-7>3
o] oF 45C - 63T HHlolA HAISHE n|BES HW3ARE, Brek(1986)& 31273
MAAES ME 55-60CoIHe B SR 2ASA WASHE wABole Hustn
3Lt

&4 : Richard L. Pressley and James Eloff, 2000, 2nd Generation Autothermal
Thermophilic Aerobic Digestion: Conceptual Issues and Process Advancements,, www,
thermal process. com

2R 57> nAE A8Lxo] WE ol 4B WYY

r-lu:
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013‘]‘ 32 njBE] AEsA} AE tiaddol Hal xMshA ciy 4
e A ok n|FR AdefelAl, 1o A de] iy J13E ok (i
5-8)2. 8 ’énéﬁ 4 vk &, 7 EAFRE TPHE f7IE2 n4EY TheEshd
93] glucose U fructose®} T2 ThEal 72 & 713 /71U E A¥Eol ndge
3 (synthesis) 3t Ad3foll ARHCTE AbA0} A Ajxnts R Frlsdse o
F-i oUzr] tfitE F3lo] AtRE|o] FAMER} (0, HOE PG5, Unas HEE
AE Y4 "ch

|

s -
Critical growth

Respiration

0,

{%! 5-8)> Aerobic digestion steps of organic solids

olmf nlFE2 XF(respiration)3P2 UdFo waAgozA {rgde 1t
Blof o3t} AH oY dFe w2 oua] HUYEAU ATP Hels §Hduhgof
Hoiste] nAEE FHA71E AT dhF-29 oyl d24 Fejo wW&Hcl
ARFERE {71249 FFEHA 4 u udES ARl &Y {7EFS chA
APEA]F| 0 o] A& L F-F(Endogenous respiration)o]g} 3T}, o}g} o] i%ﬂ’g%
S5t G7lEdY AYE LA =Hi FAlo] Atar AnEa do] WAt
ZEEY 374 43 AP o7 ukgo] ot B aAPolAnt MAEE %
HHES(Overall reaction) @24 olefe] Ao 8 veld 4 Qic)
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organicsolids + 0, -

olel R714 313

& 9 olyer wEE Fio 2 74

7
& Bajs) A
=
.

FEL 3714

w3floll thiE g

byproducts + CO, + H,0 +NH,;

Lozl o3l Aulg

1+ Energy

EAE FYSIA mletyri=

=3t} o

HE¥Y gelx o} Zol f7] AP ES v BRI B ZU)E &
e BE ASFOTE HI) 5% 772852 5% (Biogegradable volatile
solids)& 7|F2%E 3l O}EH%‘ o] etstA 12 Ao FHEATHL F, {7
AP E AA $E2F Ul r& 22 vtk A& o 4 9k
r= —KT):C
{Table 5-3) *ggtr By ﬂﬂ oﬂ &%) Agxqg
Author kmd of croorgamsms = Product Heat v
ther 1 obstiate | kJ/kgVS kJ/kg Carbon | kJ/kg b
Popel and .
Ohrmacht [1] Vasted sludge| Mixed Culture 26300 52900
Glucose E. Coli - 52300 19800 *
Glucose B. Subtilis - 48800 18300 *
Molasses B. Subtilis - 48700 18300 *
Cooney and |Soybean waste B. Subtilis - 47800 17900 *
Wang[2] Glucose C. Intemedia - 40600 15200 *
Molasses C. Intemedia - 46800 17500 *
Glucose A. Niger - 29900 11000 *
Molasseg_T A, Niger - 37400 14000«
. 35500
Wright[5] Glucose - - _ 50200 14700
Cummings and | Dairy cow , ) ) 14700
Jewll[3] vaste Mixed Cul ture ~17000
Could and
Drnevich[4] o - 2;300 I i
Surucu[6] Glucose Mixed Culture 21067 -
) *  product heat per used 0; lkg
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o 31 7)) P29 oA balance

ALBIHE BFRe ‘ﬂ%i-‘ﬁ EF 0!‘%‘711 %EIB} Lol wajeleng

A2 B8 A3ZEol A2 EB(Energy Balance)®] Yo% WHGRojA WAEE= o
BE THY S Fof oJBHoR AFY £ g RNew 71535“?}

Offgas Surace
A "A

- Effluent Wastewater

RO » Atmosphere radiation

Influent Wastewater ———-3»
(e » Surface convection

~P Tank wall convection/conduction

Air input

<% 5-9> Energy balance on a thermophilic aerobic wastewater reactor

HE-g2olH 9 of iz} =242 Tl Zr (o] &4, 1987: Naito Masaaki, 2000)

WAEY = 2Hg
Es + Ea + Er = Et + Ev
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Symbol Definition Calculation

5o RE 1B E s o ol A

. Agse oA B oG (i

Ea 3719 H4) - R0l sl AciE]: ofuiz] Qa - pa-Cpa - (Tai-Typ)

Et a2 ¥E Foj YV AdEe oy Kwd « Ar + (Tao-Te)

Ev =2 Fdoll gt oA &4e Qa+ pa- Ah-Cpa-[(Xa, Ta) - Yo)]
Er 7hEEe] Efel s Al ARAY Ao ere (Ca, Ta) * Vi

o714, 24 Aa2l Bew oy

Q Fr 7 i) Te g7 E(K)

0w bRy AT (kg/m’) dhv &8 Fdr4E(k]/mol)

pa  FUE7Y WRkkg/m’)  dhs F7189 AESH q3o] 2% A4 LI/ mol)
Kwd 989A5:K)/m +hr-K) r v s AA4E(1/hr)

Ar ghg2 2HE(md) Ca  #& 7IKixd Fe7bsd 77)71%8%E $Emg/L)

Cow 7FEEx HE0d/ke - K Xi g7 F9E7I0el doss
Twi  7FHEEw #2EK) Xo 87 fFE87IUle ddgs

Tai 719 FAE=EK Vr -2 A A (m?)

EBoll M NHEZE =& wol7] AsiME oA &S 7 #4 7IRE
=U FUF71E A AU R E BAAE AHEsle o REsAU R¢ B1E
T UHE Eolob Tt BE A4y slsiMe 3712 23 S=6 thgt 24

ol &7-rl WERo| FUNHE FIFY Fio] HERE TN A duivtdE F
7heteAl 1le F2% qolth, Eo| U] F9 SRR FuE| AL 39
dol "asty o2 vk e doluxE Zasty] wieltl, ArgE: A2
712 ARG +Ee dAge® Fomu THFE(Xs)E Fo FUd(4hv)E
42, 48kJ/mol B 7H8 & uwf olAZIAel Alel A A} clausius-clapeyron 4]0 2 HE]
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ofzl2t ol

Jo
Fr
o
=

1.013exp(13.7— 42 48 )
X, =0.622—
_ 42 48
1+1.013exp(13.7 pT )

2 AollA RS ZIAAEA 8.314 X 10-3 kI/mol -K Q1 k& Ztom, ol ¢ is
© 2 XA Y FI7t LR XYL wje] 52 E Uehdtl

th 32 3714 g2 Lrdste mE Mol wE

AR AL R 32 FI|A A3FAo Toshs o ABL 50T - 60CojAMe 2%
oA #3Fe BXE s, o]l52] v|FEA 4K (specific growth rate): T}E (Table
5-4>8} o] X7} 20C - 58CTE F7gdel ulel 4 0.6 - ) 10.1day ' & %A
F7Ve AL Holk 2o H3 ¥ grh

<{Table 5-4> Comparison of biokinetic constants at mesophilic and therm;hlllc temperature

Waste ! Moo i kd Ref .
(C) (day") (mgTSS/mgCOD) (day") - _

Municipal - 3.75 0.67° 0.07 Lawrenceve and McCar ty{1970}
Industrial 33 0.6 0.30 0.08 Campbel!l and Rocheleau (1976)
MUnicipal 20 3.0 0.60 0.06  Tchobanglous and Burton(1991)
Industrial 25 0.6 0.31° 0.03 Kim et al.(1997)

Glucse 58 5.2 0.34 0.48 Siriicii et al. (1976)
Industrial 53 3.4 0.60° 0.52 Jackson (1983)
Industrial 45 5.8 0.35 0.52 Couilard and Zhu({1989)
Industrial 52 6.0 0.30 0.32 Couilard et al (1989)
Industrial 58 10.1 0.32 - 078 Couilard et af . (1989)

) Alternative units : “mgVSS/mgBOD5, ‘mgVSS/mgCOD, ‘mglTSS/mgBODS
o] £M(1987)53 &5 Wile] W& {718 BIy4n A4
= 2

AollAl =7} 20T - 65CE F71U45 o duljold F7ist:
Tk whehal, ATAD REE71of M8 & Frto] ulE B u] g4

™
5
-
e

e
Mz 32
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3 e HuAoR F7HE o 4 9dov), ol ATADE oA ui&E = A
< Rz 2o HlgHoR AslEe WE A7 AEo] Hadu}

Rufolfs and Amberg(1953)+ §1vhZ2M(board mill )#lj<=H 2le] tfste] &2

of 28L& Wy A% 23t BOD AAESE glol A mesophilic Aol ula] ‘47& 21
PlEEe] W2 Zor Rasta gl o] Aol o, 7] fU1EL] &L 5
0Tl 3o B&S RAAN W& n|FERAF ol 23 2|5 BD Ho A
f90% 2L3H= AoT HE AT} Duke, et al. (1981)8] Aol =] Akddw]
& o83 =& 3BT - 52CE HIE o AYPI A2} 35CoA BD AALE
o] 7}& 9$sltial WE O m, Visvavanathan and Nhien(1995)= o2 ZAH 7}
Ast4E olgs] L8 30C - 50CE HIHE Fu AN A 59 Zle) wa}
FR RG] AAYTIL YHEsIc} EZE MxNary et al, (1956)= ZHd5A #H+E
ol-83 229 WHE R-41T7H] WHE Fo APE sialon, HEE A&
2xe WRg WSl A8l EMY A3} BT LmelH A WA
23t Wi FA L oA ZIviy WHESIT ¢ o, Carpenter et al, (1968)5

7] LE7} 7T &HA] HATEY ARE Aelago] #4sH Ag #HI
ot AEHoR 919 BE A d3Adof ostd HEx oA 11‘7]% | A
HLLS thermophilic AMejoA njQ S4slznl, &ajx] JAEafo] 23 wEs
turbidity A7} WAd¥TE A& ¢ 4 sk weld a& Fr] AEHH A
(thermophilic aerobic biological treatments)o ctj3t 1Azl c}33} 72 dulzel
B8 4% Aol d 4 dlth

O 2E= oMo =2 422

O =2 MEsisof s HSx= Aol H2 Do 5%

[] poor bacterial settlingOf st &N SNH LY

e F8E AP o], UF,L 2 HESS FARY 2

2] Z&o eefalr). Wilén et al. (1999)= FARo|A o] FEe|sx] 4 44
22 flocszt f-2]d welelobee Aejfae Be(turbidity)E &oli W9
Ch= B8lal 9o, Neis and Tiehm(1997) m|4 A el AolA] WHEE 30%2] COD
2} 50-80%2] P 0.1pm ©]%te] gJ=tel o] 7lQlivia Basis glc, I¥ERE 3

e rfo Ao
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n] g ol 2%t |75 3l

Azol M2 A FAELE ATADFH A o}F-g] &2
) s Ert

o] dojitct = Ae|4o 8ol ulg X[F

g}, 7e 37| wtgze] njAEEAY g AU U RHAT

e 2xR 32 7Y UERE RAEVIR e ABAHES 4
“Thermophiles” g} &e|&r}l. H|H fungal% Za)slr] kAt o] &8 HEHUALS X
3 )RR 2 ugE A At ¥ £ vt diHeR a2 I7)E 2EEH
Bolshs n]PEL] Fof izt AFE ofF AMEHAl de{up YAITE Tisher et
al, (1962)& 31.& Z7|A8ZANA thA| Basillus &} Basillus-like 9H& F-2]8}:=
o Azeem, I * Brock and Boylen(1973), Beffea et al.,(1996)%oll 23H
Thermus spp?} 3+7}& Rl ¥ gtl 31224 W (thermophilic actinomycetes )<=
AurE o g oyatolA A xlEtx] Este Ao g FHI glon], afebrd 2L I
w4A 2lo] BslA b= Ao 7E| olrh (LaPara and Alleman, 1998)

A TN AFgRo) Hoshe nAES AU BEsHA E¥l Ho

2
H

P

5}
L p]AEA(nicroflora)®} et Ald, Aatsletezlel, E5¥AY ndE, Y¥sE
(protozoa)5-& EAI3}A] o=t} o3t 7244 nBEES floc- formingo] &7Hs
3t slole ofx] whAut gAR 1 HBAAE oy AEE XU s HeR

RIs5 olch,

@ floc-forming &2 ZAo(e.g., Zooglea ramigera)
@ floc formation® RE3}7] I3 AGd e}ty 212 FA4
@ nHE AL Asisie Az =4

@ inmproper conditions to selectively favor floc formers

rlo

3L 37148 A3E-A (Autothermal thermophilic aerobic digestion process)
o AE whE 1A B3 Sxof os) HFAQ HEEHA FAHo| v Aoy
o] 145 H& AoF KHu¥x alth (Sirici et al,, 1976) oA e] At4 £3)
(oxygen solubility)®] A3t} &2 uwAdEY AA4e3egre olsg #
‘anaerobic’®] FElE o]|TH, & A& Z7] BYAA = o5 B & 'aerobic’
e 2 o] ZGo] o] ATAD RFZ2 8| njE % %51% ol A& &35t = HPCZ
K3t

Mo

oX
‘o

i

rﬁ
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4 AR 2 Py
P AHRA

= AFE o (O 5-103% 22 FHiule HFE F Salu4o HA e
Al Gole 27148 4FFol 2L Wil $YE YUl F4A Apde] A
A o] ‘R AEWEH Fihs AFFL FEELY Axy Aawql
SNU-Biofilter A]ARIE Bl 13t AHelH H4lw|4g A 3l= Alados HAAFE
th o] Ala®e 7], 13 A2 $EHSE 149 10ton HY $ Q&= JRE A
AHgen, 3 332 AXe 2895 ARFZOELRHSENZH>UAZHS/F—
WY AR 2AHE YA, E AgejdE 4 *r"‘]'rr--'g 378 43t (aerobic
digestion tank)E HYPAY|3L, T4 A2 c}L ZAo) 550L Lake] 1x} LAz
& Adxste] 7t 2=od 1%} 1‘7‘12-2 &8 R o3t 48 E ssgn)

3] ©o] TR 71&9) Five E4e "l 12 AAe 33 Qo] 22 - FL
g2 AL B8 12 Az *J%QM He|L&& vla Brstax) s

I

2
2
7]

o .zlm

. — Main experimental process
of this study

e e kes et s e e ke ken s eT1 b e e e noe M f3 om S mm e 3 G m GS Gr i o 6 b G oo b o w3 e e )

Eifluent disposal
into estuaries

<% 5-10> Diagram of piggery wastewater treatment process of Lab, Of

Bio-Environmental and Structural Systems for Livestock in SNUD
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(a) Schematic diagram of piggery wastewater treatment system

(b) Photograph of full scale piggery wastewater treatment system

<218 5-11> Full scale piggery wastewater treatment process of Lab, Of

Bio-Environmental and Structural Systems for Livestock in SNU>
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Modifing system

(a) existing system
(b) modified system

{%] 5-12) The Modified piggery wastewater treatment process of Lab, Of

Bio-Environmental and Structural Systems for Livestock in SNU>
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AAEEE EExs oF 83 - 85l/hr A 4RI UsllH ATAD Whgzo] F4E
o, ATADO|A] A2|H Eit T T2 878 FFHIE o83 13 A= #
Y =5 dAsigiry. EIE ATAD rg2olA UAHE AEY UA gol& 2H
st Wgx AFol AT 2EBAE HAste] APl A 24 AsLUe
sjdstalen, o|FA FEH & 60 - 0] AFFL THEHA A= E dei
< &3 ¥ 4 9]

pH sensor

Temp. sensor

ORP sensor Foam controller *

1st settling tank

.

Foam layer

effluent
r———

Motor-operated V/V
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134 32 371 47 080, F ol 1.209) o 500L $LOE B AYL 9

0
Y
3] YAHo R Ao, 1 $AL ] (Table 5-559 Ztf

<Tab1e 5-5> 0perat1ng parameter of clarifier in thls study

Operating Parameters Value Dimension

HR-T(Hydraul 1c retention Time) 6 hr
Overflow rate(OFR) 0.2 n’/m” - hr
Solids loading 1.0 kg/m’ - hr

Total depth 1.2 m

Clear water zone(CWZ) 0.9 m

“(Table 5-5)2} o] A
™, OFR2} 2 PE Popgre 3
5-6>0l A A A5}

o ARAS o 6HBLE e UA R
0.2w°/m’ - hr2} 1,0kg/n” - hr &8 o] r}& (Table
F7] HelFe 24 AAZ HAA] FLHE= AL, OFR

ﬁiﬁN

R
32,
fr
o
:L
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0.34 -0.68m° /0’ - hr2} 2BE 25}eF 0.98-4 88kg/m” - he R} WA SAdlo] K} of

BA A AL fEstaAt stoch

{Table 5-6) Typical design information for secondary clarifiers

Overflow rate Solids loading
Type of treatment o (m /m -hr) (kg/m2 - hr)
Avg.  Peak  Avg ~ Pek

Settling following air activated-sludge - ) ) :
(excluding extended seration) 0.68-1.36 1.70-2.04 3.91-5.86 9.76

Settling following oxygen ~ - .
rtivatad-sludge 0.68-1.35 1.70-2.04 4.88-6.84 9.76

Settling following extended aeration 0.34-0.68 1,02-1.36 0.98-4.88 6.84
Settling following trickling filtration 0.68-1.02 1.70-2.04 2.93-4.88 7.81

Depth

{m)

3.7-6.1

3.7-6.1
3.7-6.0

3.1-4.6

%A : VWater Pollution Control Federation, 1985, Clarifier Design, Manual of Practice

FD-8

T8 2 o] AJRY 9% HAZo] HLH OFRS ASCE(1998)o Al A48t

oli= 0.68 - 1.19 n*/n’ - h ZHTIE UHA e 0.2 o'/’ - hE £A3tAC)

{Table 5-7)> Preferred overflow rate of secondary clarifiers

(unit : ml/mz-h)

Circular shape Rectangular shape
Flow Range Average Range A»erage
Average 0.68 - 1.19 0.95 0.68-1.19 0.95
Peak 1.7 - 2.72 2.09 1.7 - 2.72 2.1

&2 © ASCE vol.2, 1998, Designh of municipal wastewater treatment plants

"al@%_‘.?_—"—] ERw Ao glo] AAReHE Sejx]e] wtd 9 mirlo] AR5

..86_
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o dE e

AEL 2001 74 2595E 2001 9 147HA] 9ol HAX AAEen, 4
o] ANE7] A o 43 F2 1L F2A WL AT HY H£3IY W HE
HRT, SRTo tf3t ou| Ay $asie, g2 23 W4E =2Ych HEEE 5
3 - Fe4 v AFEY $ANSE EET F 2 AYPE 399 5o AAEHA

ct,

{Table 5-8> The operating parameters of the thermophilic and mesophilic

Continuous flow stirred tank reactor(CFSTR) to treat piggery wastewater.

Operating Parameters Value Dimension
HRT(Hydraulic retention time) 5 days
SRT(Solid retention time) 15 days
MLSS Thermophilic ~ 9000-10000
(Mixed liquor suspended solid) _ Mesophilic 11000-13000 ne/L
Reactor volume 14 m’
Operating volume 10 m’
Foam layer 60 - 70 cm
Input piggery wastewater 2 u’/day

Thermophilic 1.0 - 1.3
Mesophilic 1.6 - 2.0

m’-air/ m* - h

Air input

BOD loading for reactor 4,47 kgBOD/m* -‘day

AHABS Bo) Fe 1M - F&H MIAPL AT LHARHE Table 5-8
of Vel 2z} Zrl B3], ¥ =Y AEL vl A8 $18] HRT9} SRT= 2}
7} 503} 1598 S48t /17g gt w2 AU F &ulA] HAAHES
Ut SVI(Sludge Volume Index)ol ©th¥t AL wadh=] @okdl 2 o]f&
Metcal f & Eddy(1997)7} 2128t ZAE %= MLSS 8] &ox] HHELL %
7t glelA SVIE Hg3rhe AL nrt ¢yl wiZelrt, & dAFolAe Zol
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MLVSS7} 10,000mg/L ojAted 749 SV7} 1000nL.Y uwhot 600nLd wh S\it= Z}Z) 100ml/g
7} 50ml/g 0 2 RE= FAHLRE YHRF] Fusith: AES g g vE

4 ol7] wiigelvh weby 1 o] ubs MLsse] HASAHES et slo] & A

2.2 vkt

FE ol Qo 1A Aoz o 1.0 - L3 aivs ot h, HEA 2
Aofli= oF 1.6 - 2,0 w’-air/ m' « h& G2k delote] 2d S staledl, ol oful
Al A7) FEAS 1.6 m-air/ o' - h o]Aox Iy A I8 F A s
SHHES 4T FHILE ol 40T - 45T ML) ¢ & 1997) M} e 37 !
T LEHAR &4 nAAEe e ASHA L] Fx 7t olefdrt. egh, d
B 7.2 T Aglre] 9ue 20enE 2Ho| HME KH-2o] oty AejE oA 4z
2] 23 By} Fatazo] WatEo] glo] MAHE F3 &AL vt e
2} 712 b 70 ton £ue) Fyjzel Fataz £Rol 4FF 18T - 22CE FAHT
Rol 4 AFRE 1L IV L322 SAEAHN £257t= 23T - 5TER @
3C - 7C Skt B2, 12 U AR A= 25 SAlojele ofdd
FE T E, A FHY & ol o] L& UG 4R AL F7
Zot Fataz ndEL] BPFVIE A o9& TES S0 AAE ¥& + UAS
Zog Ag¥gr}

12} 224 nAEE o Aelaso] oy UES 10 tond] Fed+E g7
¥ 5 B FU1E AN =9 pHe] HHE Sz Husiodrh

-

324 njAEL HA ASZAL 50T - 60TE daja] odzx|uh, B ol
o= HH-SE LAtz AL glo] 7] oF 42T A5 pH 8.22) o abzt
2] HElE 724 Alelo] St Zo g shthsle] kA faistadon, Ay

| .
= 4

B 47.5C, pH 8.52, ORP -304mVE {-x]3} ). ((Table 5-9> %%&)

1

Bt

B 323 s 8§
A2 BUPY nldEe] o 13 FEax AR oy &8 ¥t 2dF, dr
Dyt

o £l glo] £ 1.6 - 2.0 m-air/ o’ - hE &3] ATAD WHZ2188) 374 vl
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=9 AL FHIE AATA] 5 - 6ol AN WERLEE HE 46T
A 36CER Fastelom, plii= 6.8, ORP -20mVe] +Eo8 Zasigrt. $24 o
w2 ARRAL FIH IR stedon, B4 Felelde B 2= 36T, ol
P-4
'ﬂ

8.2, ORP +30mVE FA|3l: 7o g #aAF gt} (<Table 5-9> #=R)

{Table 5-9> The acclimation of microorganism and operation of thermophilic and

mesophilic reactor

Operating conditions

Acclimation Thermophilic state Acclimation Mesophilic sjcyate

Operating 5 14 6 14
days
Avg. & change .5 . . 47.5 46 > 36 36

of Temp. (TC)

Avg, & change N B - =S -
ORP(aV) 410 --> -380 304 310 --> -20 +30

Avg. & change

6.82 --> 8.2 8.52 8.54 --> 7.6 8.2
pH(-)

ch E4y

2 A A zto] e BE £ Datag 1x} AR A5Y9L 4§ Holoh
pilot scale?] A AX]2] monitoringS ¢I5[A= ATAD ¥1-&Ro] &% sensor2} ORP
sensorg A sto] Ht§7]8 LALENE A3 e, pH meteri= ATAD Wi-g22of &
23717 ol 9] 1R} HAR| FAsle] ML fbol& w2 HWHE FF 3L
EF, F 1 - 23 pH ¥ ORP meter®] 7 AMHAMe| RFslal U= pH - ORP
electrode& o|-&3] A /38A314c}.
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{Table 5-10> Experimental equipment and methode

Analysis apparatus
o & Model
items methode
~ Sen Tix 41
pH pH electrode '
(WTW, Germerny)
HI 3230
ORP ORP electrode
(HANNA, Porutucal)
BOD; BOD probe YSI 5905(YSI, USA)
CODcr Standard Methode 5220C APHA, 1998
TS Standard Methode 2540 B,G APHA, 1999
VS Standard Methode 2540 E,G APHA, 1999
TN Kjeldahl protein/ Kjecltec auto 1035
nitrogen analyzer (Tecator AB, Swenden)
TP ICP emission spectrometer ICP-1000IV(Shimadzu, Japan)
761 Compact IC Metrohm
Tons Ion chromatograph onee
(Metrohom, Swiss)
HMs ICP emission spectrometer

5. A¥dy 9 ai

7h o s B4

2 Ayl o]&H Ufe ASuista FHUEERA Y=

!(;P—lOOOIV@hima’dzu, Japan)

A AFLANE Fol LA A& AY Y42 Agednt, 1 42

{Table 5-11>3} o] BOD 22,350mg/L, TS 3.9%, VS 2.3%8 {7|& dako] nje &3,

TKN 3, 652mg/L, TP 1,925mg/L8 S UAF v v} sl 9ot
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{Table 5-11> Characteristics of the separated piggery wastewater in SNU farm

. (unit Vmg/L)
Pollutants analysis - . Rengeofconc.  ~  <Avg. Value =
pH 6.5 - 7.2 6.8

BODs 16167 - 24732 22,350

CODcr 46852 - 54621 50, 877

TS(total solid) 33610 - 44717 39,007
VS(Volatile solid) 16805 - 30423 23,230
TKN(total kjeldhal nitrogen) 2365 - 4572 3,652
TP(total phosphorous) 1328 - 2087 1,925
Cu(cupper) ’ 10.6 - 82.4 35.0

Zn(zinc) 11,0 - 92.9 47.3
Fe(ferrous) . 50.3 - 228.8 128.9

FE ARA J1UH F2% 5= A4S Fe 128.9mg/LE J1R A UElgL
W, ZInZt Cut= 217} 47 3me/L, 35mg/LE Uil olEj¥ F2<4 B2 HEHF
AelAl F712 n|dEY] EEAS W W3R ASEA, AU g E FFl A
HAe QQoe® 2Lt Hog W3 FHigr) (Dilet et al. 1991: Poon and
Bhayani, 1971: Cairns, 1974)

U Agds 2 2d

AR F2 A 25 HF 25T - 27C(LA 1A 7]&)0] AR, uh-g-2=e)
g F24 AR 4 &8 HIlE AYY Ao]E Bl F244 - 124
B4, A7kg- BOD/ n’ - day® ZF5t, £ZTL 184

0 - 1.30%air/ n*-h, 24 LA E 1.6 - 2.0n°-air/ m
LAY o BRE 23 &% 52ToA 2A 40T
ol AoF Uelyton, 224 Ao 34T - 38T HEE Ryr}
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55 g e e e — o S —
L Thermophilic state o N Mesophilic state
- Q 0 '
50  Acclimation - o) Yo Acclimation
2Ne) 5 O PRe
45 - J [SRNe v
_Qo' O —&— ambient Temp.(C)
40 -‘ --<» Reactor Temp. ( C)!
: ¢ e '
o 07 % o |
07D .
O v OO L |

¢

Temperature(C)
(4%
o,

Date

(o
o
o
H
rE
i

<Y 5-15> 124 - F24 AHF

2) A% 7]7hd pH L ORP ¥}

2 Agzge| 48] pH WH3te ¢ 124
om, 384 A AL BT pH 824708
4ol H2E Bk 374 43 MY pH FIHe
NHy' o]& Z7}o] 2siA WAE M (Tripathi and Allen, 1998), ©]
NHyp 8] 3718 Zefstes 208 uigtdct, ORPHESto] glojrs 124
¥ -304mve) & fAFAen, T4 LHZRAME +30mi 2

= +2
SAEYL Hol: HoE

2 B
o = 4 3R

ok

utetytet,
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100 10

—e— ORP
—&— pH
0 A Thermophilic state 9
Acclimation colimatién Mesophilic state
-100 -
S 8
£ -~
& -200 g
o [=}
O -7
A
-300 A
- 6
-400 4
'500'1]!1|||Ill!llilrl#"!—r‘l—"f-r“l"_rii'rllllfllllf5
mmhmmorwwmemmtwmo«—wmemconoomo\—-mnemmwoomo-c-‘-
NONNANNNO T BB oh 688 B T T T T e NN ANNNOO S
R R R RO DO Bl S T S S S P TP DS PODBR DB
Date

28 516> e - F&Y APEWS pH % 0RP2] 3t

3) 2o¥dle] wiE 12} FAR AEY 245 v
7}) BOD AjA H-&

fFdslle] BODEEE H 22,261 9mg/LE LEIGS
2ol A 2] & nAE ARMEAE BT 13} AARe &8jx] AAEY o

3
12} AAZ AMsole] BOD: 6499 4mg/LE ¢F 70.8% He|EL L Rl 24
zZ

o
=t

o

3

-2 A0 A= Visvavanathan and Nhien(1995), MxNary et al,(1956)%-2] A¥A
oF Al AzE dglon, 2 AHage fwl4 BODZ} 22437, log/LY uwf 1x} 3
Az Ao =g 1700, 4mg/l o 92.4%8) %S ATAEE Rl ol 2&
4 zR0Ae) AeEg Bk 284 vAEY AR sol ) moks 13
WAz AAE F7hol Arka AW

- 93 -



30000 e T T
1 Acclimation  Thermophilic state Acclimato ' Mesophilic state
Eagaaded plkibefiedotsacheto A .,i

~ J=

25000 -

20000 -
;:m‘ SRT = 15days
515000 ] HRT = 10days
3]
5 ——— BOD of feeding wiw
(&)

—&— BOD of freated ww
10000 -

5000 -

0 B A O O I A N N R S R B N B 'F‘*I_'I—Y_TJT TTr YT T

1T
VORODNO—rNATNORFO - NNTNO~ODONMINO~DRC
EQQQQQEBEBBBEEBEZ:*22:"::*QEﬁNQQEQﬂ“ﬂQ6
te et =P B D 0B oD 00 6 03 6 60 65 05 63 03 03 00 00 00 D B D B D
Date

<2 517> g2 SxWilol] mE 13 FAZ F&52 BD =M

4 SAzANAML SLAFHEE B 27 5¢ F¢te] ndE &%
6 - 74 B 1a AR 5] BOD H=7t vi¢ wA et

& £ olglch ole 24 n|¥Eol 1 A&RTo &gt X3t
ot} Ao 2 vIttE|nd(Tripathi and Allen, 1998), A|Ztell =|dofl wha} 12} &
HzeMe HALe s Ao 43 7= AL AHY & et o8y 1
24 AR AY 7] dFY BEY 1A A2 F245Y +3 ApHEALL KN
< AT BE 2HE FHYHolM YA AL

L}) CODcr A AXE

CODcre] HARE ET BOD AAREI nfArAE 34C - BTCY F&48 &3
zZ0)eAe] 1x BAZ Ae|E 80| 76.7%, 40T - 52T LA SMRAL AL

44, 7%8] Me|E &S Kyl
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Date

E3), 224 AZAA BOD AAZE] 92.4%(1,700. 4mg/L)Q] ¥HH, CODcr
L 76.7% (11,665.2 mg/L)E H|ZA W2 HALFSL Hied, o AAE i+
oftiare] s Edo] ¢FEo] ek A& 45 4 Th

=]

Tt}) TS/VS HAEE

189 A% 12 BIAR A9 AAREE 4 &Y 27 N1
(22,572, 4mg/L), %24 27U 69.3%(12,586, Tng/L) 2 W23 W2 AFEE HYch
VS AARL QoM F&/azdAe 7 HIEE
42.8%(11,926. 8mg/L) 8] AALEE BYr)

flo

78. 2%(5, 579, 9mg/L) 2}
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Date

(R 5-19) WS Z LEdslo] ulE 13} BAZ $&5Y TSNS FEM}

TS8) A E g 224 £ 7% 69.3%2 vy W AMA &S 2oed

ol ol TFH EHRT niAY siltdEE
vater zone)o] 0.9nE U yto}, AAH 0T uFE A|FAlZto] FHY sloT
ol B, F&4 ARNAY 1a FAHA FER

AL floc

| oJ3t Zlog HAMAL] Chi(clear

FAENE FEY 5 Qo) HEESE Iz ¥+ AT
B3], AAz2 F&4 158 A 34 224 12,586, Tog/Le] w2 EEU

& RoATh 1SS %= 3,500 - 4,000mg/LE AE A} el ol KR
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E Aol e T 43H3AY] B jEERoA B2 NHygot HAdd
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89.7%(195.6mg/L) 2 &2 AALE HYubd, 324 AR
51, 6%(740,5mg/L) & B3 W2 A A&S Bl

3500 e

Acclimdfion Achimatio
= " T T T e
3000 - Thermophilic state Mesophilic state
¢ TP
2500 A —— TP {raw wiw)
- N AP AN
o 2000 ¢
ETTT %
] ]
5 1500 - \
o \
\
1000 A L
A 0\
& »
¥ 0400 e
500 - »
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0 T 1T T r 7T rvrovr1 17151716 T7171 T 1T 1T ¥y rrrr1r 11 1y 171 177
WO ~NNISWNO oomo«-mmcmor—mQOeremmsmmgt—r
NN M TR TR B o8 o o8 o 78 rerrrererr e NNNNANNNNNNOM S
RRRR R R PRORR 0D e S P PP BODIIDBDDDDDBDBDBD
Date

(2§ 5-21> RI§ZE 2oHdte] wtE 1a HAX FE42 TP 3
H}) HMs HAEE

FE5Y AA E& dodME 124 FHo)A Fe 35.5%(85.5mg/L), Cu

40.4%(18.4mg/L), Zn 20.0%(32.4mg/L)2] He|A LS Hoc) kA, 224 2Hof4

Fe 78.8%(32.5mg/L), Cu 50.0%(10.5mg/L), Zn 66.1%(16.5mg/L)2] He A& Ho|
Aoz eyl

i e
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100

e

=|f i )
Thermophilic state Acclimation Mesophilic state

Y

60 - N
OOQOOQ a—- Cu
50 X ;

40 -

HMs conc.(mg/L)

30 A

<3d 5-22) wh-g2 L3l nlE 1x} AR /K24 s s2HE

dutAo R AL o FIEL FEUH AFHY sAVYA AU A
2 oodojx QA]gk(Baghy and Sherrard 1981), Dilet et al. (1991), Poon and
Bhayani(1971)2] ¢1-R.510] &3P Cu 15mg/L, Zn 90mg/L, Cr 2lmg/Le] X o)At
A m]gEe] W& oXZ}(threshold)E Zr=r}z Rustgi), =3 Cairns(1974)
o] 23 Zn w%J} 10mg/L, Cu %5 7.5mg/LY BEojA 3X7 HEY AHL
Voticella campanula 2| BEEL 2 JF71R0 MY FFHo] 4§ 54L& wg &
ROZ Wil gich

oJAE HA BT oML FEFE sEr nASY AL APHA J¥UL
Z#sts e EJﬁ}:’- A, & A9 F24 LARANANY FEFE F42
o ol - & =% 7} Fe 153.5mg/L, Cu 36.8mg/L, Zn 48.7mg/LYlo]%
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6. 8o

E dpoas 224 - 224 g7 & B3 1A HARAAM wiEHE 2
HE HEF &3t 2 gy xR0 wlE A& AHAAE S HIlsta,
714 43583 (Aerobic digestion)& o] FAW|+Y HA | A|ARORL o] &7}
58S BIbstaict

ofef¢] (Table 5-12>¢F <2§ 5-2oflA vehd Ade 24 Werld $84 - &
oA AT F I A EE 1&4 HARM 2AE FeT o H5HY v
E £33 glolth. AAHoE WEIE T2 (Avg. 47.5T)F B¢ Eoh &%
(Avg. 36C)25 AL o 13} Az PAERE e, FAAEL 571
L 1A Az AFY0E fEEE QEEAY $5E WA ARt o 4
2} Neis and Tiehm(1997)2] H3-& syt &, Neis and Tiehm(1997)-2 ® 4
Aej o)A WFE= 30%2] CcoDLt 50-80%2] P= 0.1:m o]¢e] dxte] sl 7|d¥H )
3 Basigch 2YER AAZRA Y S| FAETS ATADZHOIA ofFe] 2
o] g 3t {718 3l AEo] dojkirt slx Aol £ e AEHA F
3 2= Aoy B ApAz Jelurl uield, £ %7 £ 83 F(mesophilic
aerobic digestion)?] &Ails]o] HAe] FH o2 of&etE Ao, HEH
olglal gLt

(Table 5-120 1&A - 224 ¥Ig7] £ & B3 1x HAF 2HEA AARLE

Input Conc, Qutput Conc. Removal Efficiency
(mg/L) {(mg/L) (%)

Thermophilic Mesophilic Thermophilic Mesophilic Thermophilic MESO_Ehl lis ic

BOD 22261.9  22437.1 6499 4 1700, 4 70. 8 924
CODcr. 51650.0 50103.1 23109.2 11665.2 447 76.7
TKN 3745.6 3213.5 1996, 2 1057.5 44.9 65.5
TP 1575.9 1896. 4 740.5 195.6 51.6 89.7
- T8 37044.1  40970.4 22572.4  12586.7 39.1 69.3
Vs 20839.1  25620.3 11926.8 5579.9 42.8 78.2
Fe 132.5 153.5 85.5 32.5 35.5 78.8
Cu 30.9 36.8 18.4 10.5 40. 4 50.0
Zn 40.5 48.7 32.4 16.5 20,0 66.1
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A 3 A FEn] A]A¥(photocatalytic system)2] Z-&
1.4 &

FA4SE &l L (ASP: activated sludge process)® o]-&3lo] F3}
AeY AS 24 WAz AEATL 0 A 294G UL Aok HYEUEE )%
Aoz gade B ANH thd(tannin), FUab(humic acid), ¥ FAHA
(humate) & REUF o T F3)5l7] o8& F7/]1EE (non biodegradable organics:
NBOs) 2 FAE0] gl Zow A gy B AR FUELEL WHSY
CODZhE Eol: YAEWEA But ohje YnjH ok B USRS 23 &
AES] P& 43317 4% A Jlede dagol HEStR Q)

& FAIAHHumic acid), 7194 3%1E(organochlorine compounds), VOCs
(volatile organic compounds)®} ZH& WE3|A |78 AHAE 9510 LEAME Ag
714 (A0OPs: advanced dxidation processes)o] th¥t A-F7 Fws] 235l 9ty
Ligrin $(1993)"2 A0P7|&olobdE W34 F71BS s4AeE AT 72y
S, A, 84" FH, 9ARY(RO: reverse osmosis)Fd Z|le& AT wy
83 Jlecolelx sigich. AP Jle F 5S], olAlElE|EME(Ti0:) FFuliet
W(ultra-violet)3¢d, AHEIR ZA|Q H0.8 o8t UV/Ti0/H0; AL 23} QA7
W A Hold $sitin magel ook Y o Axn) r)&e HlyEe B
22 HEY 4 Yk VAR o= om, Gratzel F(1991)”0] Naturex]o] 7}
A& o183 = AU FeE vlelvlald #EE (ruthenium bipyridyl complexes)&
WESPAA B F7hS(surface sensitization) WHEAo] chyt A7t BAE L
otk ¥RFF 7|22 TioRT} YA 5 (BTHEE © quantum yield efficiency)o]
of-g- §-4& KiNbii7, RbiNbeOir2} 2 QBA F4 HYE(nicbate layered
compounds )3} 4 &e}o]E &En) (zeolite photocatalyst)?] Awt,” &) Hsintg
< ZfMdst7l 3 wiex ¥de Pt, Pd TE 24H5%EF (metalization on
semiconductor),? MA}-FZ(FFH.: electron hole, h')%re] |2 &£EE 27 9
g Ti/Fe 33YEZ} T Hol2% ¥ (transition metal doping), TiO; #EA] b
€71 (slurry reactor)olld WS E Tikd4 EAE 3)Ast7] 13 FEujg o] &
3 Ti0, 23 s VO Ry S8 ¢euSY Heise YAE A
o2 HMgHch

Fuf WhEE o]BAHLoE 4% {VES $43] HMfk(mineralization)dlo] A
HEol AslA] e AoR oA glov}, Glaze 5(1993)Ve) oshE TCE
(trichloroethylene), PCE (perchloroethylene)?] &nj E3)A] EAIY wkgo] 2]
M ofFE Ao} Fai3k o2t HCl Bo2 A3}« BSE|R]qt, A A" TCEQ] 4%

L= A=z} Wh&3d}o] DCAAD (dechloroacetaldehyde)®} DCAA (dichloroacetic
acid)2 AIA3ln, PCE] ¢} 15% AXL= TCAA (thrichloroacetic acid),
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3}

#

DCAA(dichloroacetic acid) & TS Hado] 7y d4AA YPER HUHH
th wetd oly¥ d43gtEe] FHujA Ay FHEA KEY FaAES] A
31 & 4 Q&= wheto] AAjE]ojof @ Zlolr}

SEuy Atdley 2yt %"6’%’5:_14 u’—rﬁﬂ"" F71E Ao iy A4+ ‘EZH -
A7} 7'1"’35]'7 Qx| m R E B4 fU/ES ¢RI ARE AN UYL
zA8] 4 AABA él:,‘:la"i LHEE] 28 W7]§ ol of gt *&&UH A 2%
Ag3l do) w2 §71E AAES 2 24 Sl ot A1 J§ =2 Aot
ZUe] #-¢ wrEwde] tiyt AL JAs$, AxAH$, ofygA HEF 5 ¥E
w40 FEn] A]ARS &g Atelzt ARG WHEEl fU1ES TR sk ol
= Zabdo] oy e HRsle] B oo ooje uf¢ Artay @ 4 qlch ®
3 S, CODer, 7|} B/9H W FF4 o] 250] thy ERE st wpol &)
NAES AL A HogN I EEEE HY 5 A& Aeg JrfHrt
mjebd £ o7k 23 AEHY Mg A ZbFE i oR FEn) A28 A
2] WA S8 Eajel MeAgAo] iyt wEgEAL 2 AALE Fuizs 4
3t Mg HAZAL E&st=d 2 FYo] glon, EY Hibwwet o] sl
LEL oy EHE wgo] oizt #$Fo) Al2g AEA] BGAIge] mE
BODs/CODcr H.& monitoring 317 $1¥e|ch

2. 484 9 Wy

7}, 341-27](Photoreactor)?] Hel W A

e hJ
o t&

T}
A3
P}

il

P&n)] AXLE= Rayonet photochemical reactor (Southern New England
Ultraviolet Co, Model RPR-100)& o]&3}eir}). o] Az Fg. 1.3 o] iy ¥
o] 8% W lamp 16717} 422 F¥slo} glon, 1 3t¥els BIME dAjste
71 22 LEF 45+3CE s FAsHA shach

Gloss simniass sleal

qard  artzQ
suppor tor  reactor

Retrgeiaied
path cHoyuated

N et
s o e
eyt < P wui | Fan ;-lep
a) Plane view b) Front view

<% 5-24> Experimental set-up for photocatalysis of the clarified effluent of
piggery wastewater
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7] ES] quartzit-g7lE 2] o] 45mm, FA 2um, o] 195mm¥ =) 2}s}
oler, Purg7] F%ol quartz ¥HE-7]1] Fitel 7Hedled MAsign, #E B
S7leke] Azle oA 90 mmE FAsHct. FEHo) Atgo] Yoy s FF
# Ti0; Y& o-&8% EE] REE7|(slurry reactor)®] HE2& ¢]8) A7]|o] g

7] 5ol fAE=E stgom, FHu) ihgA U % AR FUg 1
Sl&) WG AMEstEch WAE Zo] 175mm, 2F  14mm,  lamp ¥HUE
UV-C(254nm}, UV-A(360nm)¢] UV black-light 8% lamp {(Sankyo Denki)& A}&3}o], Y
I f71EY BEEE Ay

uh Ay

3o ¥h-2-(photocatalysis) A8 F|FA o2 ARG Ly AE&E 200mL
2 3i3ich. BRE HPolA @ikgrlo] FUH ARE 4 Tin®t FYUIA wmagnetic
stirrer& AME-Slo] 30 ‘Eré% FRt & FulEglon, Twl & W] Xajo] o3t A
HoAg Zo|7] ¢3l aluminum foilg o]-&3le] HlE Autgr Ael® AFsigich
Ti0p9} H:0:8] 7} A= 2u|¥ 200nL2] ABE pHZA T TiE H7sla, 24
INEE ARSPEA W08 FHUlgnl =3 2E AgolAe] Dok XIAElR 835}
gdor, BEujureo] URIH A8 3,000 rpmo] A 158 €A Rk F AARB
T dFFHoE FAH3Th. £ dFoMe 27 AZRAE YR A3 o, %
APE B3 dojd ALY ZAES oy AYel &3t WAooz AHE +Yst
Arct.

oh Aot @ Eauhy

B Al¥o] AMEE Ti0y= Degussajt P-25 (specific BET surface area 50m’/g,
A7 0nm)AFES ARSI AR pH 2 & 131 NaGHel HiS0.& AHE-313le
™, pH meteri= MK-250(ARS, Japan)E AH&sigch. Falwle S35 57189 3
k. A BHAe 10PS- 1000Vl (Shimazu, Japan)E AMg-sjelom, o|&4d BAL 761
CAMPACT IC(Metrohm, Swiss)& o]-&3st4it}. x]7}cﬁ'§§ A E Al7e] T} HE=
22} TOC analyzer DC-180 (Rosemount, USA)2} DR-4000U (Hach, Germany)E o]-&8}o]
22Xl o, CODcr} BODs:= 2}zl APHA standard method, 5220C (closed reflux,
titrimetic method)®} 5210Bof uwhe} HEAs}aict,

el Aty A =e 54
T Aol A AEE *1%1'~H¢} FEERA WAE e Sdvry Y

A FATEE AN HF HA2 fEeE AHEstelen, 2 442 Table 1. 2}
Hr}.,
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{Table 5-13)> Characteristics of clarified effluent of piggery wastewater

(unit : mg/L, except pH)

Consti tuents Clamf1edwi£1;‘laﬁr{;rcl)f Piggery
oH 7.8 (6.8 ~ 8.2)
color 2,532ADMI (1,823 ~ 2,653)
BODs 47 ( 25 ~ 63)
CODcr 934 (652 ~ 1209)
SS 348 (200 ~ 450)
™ 171 (106 ~ 210)
NO2-N 135.9 (33.8~221.5)
NO3-N 346.2 (96.32 ~ 539.5)
TP 160 (142 ~ 172)
POs° 393.5 (344.4 ~ 442.6)
Cl 371 (335 ~ 419)
Na 487 (367 ~ 580)
Mg 210 (157 ~ 232)
K 1,894 (1,685 ~ 2,155)
Mn 0.4 (0.1 ~ 0.9)
Ca - 64 (44 ~ 97)
Al 0.7 (0.3 ~ 1.8)
Fe 3.0 (1.4 ~ 7.3)
Cu 4.0 (2.4 ~ 8.3)
In 5.0 (1.1 ~ 11.8)

1) All measured data are based on average values.

#HE HAAZ &40 2% BODJF HF 47 wg/l, CODcrE B 934 mg/LE UElL
o, K, Na, Mgl Z& F71d7e AR HIHAHCA 7|gH ez #53 =
Cu, Zn, Fe 52| 234 w27} A el

3.3 4 24
7t AA E&ol n)x pHe ¥3

pH7L 3G R71ES] AAZE A= P

lo

ZA}S }7] A3t Z27] Tio,

—a

B8k 0.3wts, H:0; 400ppm, UVEFH 254nm, SB8+27] 5% 45+3T, quart Hb
$719 D0 == EHYEIE /AT ohS, AR pHE 2, 4, 7, 1IE W3 A7}
WA 3 3E-EALE Bt
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Initial Gone,
? N CODot = 882 ma/L
N b TOC = 274 mg/L
8 T~ ._Color = 1882 ADMI
™ %\\-— v =
5 y
8
o8 4
L] -
a 9
& | g
EA 1 €
32
& 2
b4 8 1
2] &
21 &
004
o 10 12 — - pH11
0.0 :
2 3
1.6
Y 4
i T e e e e e e 2
5]
E . “\
Al .
N x
s € 2
E4} B
Q e 4
4 L
%’ —————e
2 “0.0
2 4 6 8 10
nitlal pH
0.0 S T '
0 1 2 3
~1.0
10 ¢ ‘.'\.1
£ 8
o
E S
8 8
R \ \u 'é 4
5 NN 22 .
[
8-6 \Lm \v—m Lgg b
5 —3 — 2 4 [ 8 10 J
@
N
E.4
[}
4
2
0.0

Irradiation Time(hr)

<713y 5-26> (0Dcr, TOC and color degradation of the clarified piggery
wastewater by the UV/Ti0;/H:0, photocatalized system

<Y 5-25)0)4] & 4= 9i%o] pHy} We&4E WEIA 7B Bi&erl 2
7bslg e, §7182 72t4AE pseudo-first order decay HAHWE|E WYt B3|,
CODcr= pH7t 271848 wre& Tk k (hr')l A3 # (linearly) 08 7hA 9O

B
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o, TOCL M=o Ay, A2AMN = WEFEE k(hr')Fte] & A, dze]d 2
Aol Yol Sy (Sigmoid curve) ¥HMFEHAE Boch webd £ Ag Z2 pHot
H$E4E WgERE 3A FUBE ALE Urhdon, ZFAEE 28y ey
& AAE #18 g3 A pHE 4¢4E& & 4 At

{Table 5-14> Pseudo-first order rate constant k(hr ') at different pH at 400ppm
of Hy02 and 0.3wt% of Ti0;

-1 pH
khr™) 2 4 1 S
CODcr 0. 3809 0.3089 0.2345 ~ 0.0871
TOC 0.3101 | 0.2406 | 0.0686 | 0.0439
color 0. 9901 0.8346 0. 3555 0.1708

pHgke] wHElo] w2 HEg4 F—‘F k (he')2] ol theel dyeiLola 1 o)
E g 4 vk Fox E(1993)Y& H&n] uhga) nkg B ulely pH7} w71 E
HARE HAlE d32 TIEA Jepdria Basige. wdE4 BE abEx
AoH INBYE AARL] & AL P oza] zAdM S AL A v
23 pHell Qe x| o= AS 9% 4 sz EF"c) vl Ls& +% 24
B3 AAREO] F7BHe o)+ A(1)3} ol 4t ZolA Tin2] FHo| TioH,
o L& (+)A3E W BE £Zo 2astes (-)HslY] &2 [IES] A(2)8 Lol
Ti0 EH ] A7 A §FHhol 3] Fasln, FHH EJES FF(hw)e 7y at
3}ed(+3.1V vs. NHE)of 2]3) COz, HOE A3}« BEafsich® 2% 235 poulisos}
Kositzi (1998)'¥%= pHr} yold<4=2 50nv/pH A TR A Zo] 23t Abgjado] At
K33 up glch

TiV-OH + H = Ti%-0H'p ~=~mmmr oo e oo (1)
TiOz2(h'ws) + Compounds.ss, — Ti0Oz + oxidized products ~---—---~~----ouev (2)

ARz Ao G BA ATl $& o]f= I OH- 2] scavengerE
HH"?" :—i}" 3{'-8—6]--‘-‘:— %’%J ] (HCQH ). \__’ﬂ'o]i(coliz )-"} é% ‘ttj“ IE}'/‘ Ad !:l”] 0531
B g zzy 2= ot} Buxton 5(1988)2 ZERA o] 23} Elato] o] OH - 7} mhL

whE A hgRchn Badtn glem, I MRASE by =8.5710° mol s L

kcor =3.9%10% mol "ls! Bm slry. BlA|wE ol@g Tjvta AMRel e
pH<5.6 of A AL E2|3}R] ¢lol S pH ZZo)A OH - 2] scavenger 22 243}
¥4 e 20% 235n, £ UL FIVAES BA0) VS N F Talol
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2Eo] 99% o)A AAEE ROE uetyith :
Ao AENESLS pHYl &2 A 270N E AUFe® W oHol&d F
$u](VB:valence band)2] FE3 W-g3lA oH - AYHER {IE AALET 571
gt REe] AvHY, & Ayel ALE HEHE AUF AL Fivgy B¢
otzte] RAoME AAZEE] o¥ WA VEIEE o 4 gt 3 olfEE 3%
oA (-)AFE magls &2 JGEIHH F71E55(disolved non-biodegradable
organics)o] A ZANA (+)AFIE W Tio¥EH T, TIHE F/1EE] &
22| 7 Asige) o3 EEE Reg uwiEw I ukgr1Ee 4)(1)3} Pt
At e RAqME olF (-)AHE uwE & JdEHAE 718 TiRER
Faubgo] obs) F&u] Fro]A 2 Abshikgo] fuEA] R317] W22 o5t

L}, Ti0, &njgro] §718 AAFE ol njx= A3

)

Ti0; Fulzkzt GEAE 718 AALEHN] LJHAAE £330 I3iA 27
AHNZAL W-254 no¥}A}, pH 4, H:0: 400ppm, #¥H7] LJH-&% 45+3C, quart Rt
2712 D0 w5 X3S 82§ oS Ti0 Hnjake 0.0, 0.3, 0.6, 1.0 wixE
HEIA T A G B AAuNSSEe ke AAE RBsAch. 53
pHZt2] Aol glojd= 918 M¥olA dojF ¥hg-#3 pHk e F&3igich Fig 3.
ol RHXo] Ti0, FYaFol F7igte] wjet CODerzt TOCY WHE4 kgtol A3
(exponentially growth) 22 Z7lslg.em, Ti0; FY&o] 0.8 wtx o|itoA= A9
Wty gledch. 2y ME AlA wEE A K HIH=E Tio, Y43 {7l
E xjojE Heleow, Ti0, BY 0.2wtx ool Folake] Frte] whE wkgd4
7t wziao]l A vehtA] ¢ US4 F Asch webd Favse] ¢l
A RIE AAE AT 2 Ti02 FYIL2 0.6 ~ 0.8wtx Helo ASE & 4 9)
ot

T Tt

- -

o -
o

T
@

s CODecr
A TOC
v color

of TOC and CODcr
'S

Initial concentration
CODcr = 834mg/l

) TOC = 325mgil

i Color = 2014 ADMI

Pseudo first order rate constant i (hr'1)
N

Pseudo first order rate constant k (hr )
of color

(=]
o
o
o

0.0 2 4 K 8
TiO, Dosage (wt%)

(18 5-26> Effect of TiO; dosage on reaction rate k(hr™)

-
o

- 111 -



A FHdE ttE2s Tio FUF2} igAse] 43 TA= F&u) 2He {3
Tt B4 A (availability of active sites)2} Uve] Ti0, HEeley F3L8 Awg 4
ot wetd TigFd &l F71deS ¥E(turbidity)7} F715IER (v Algle] 2]
3 B2 Agles A4Sl v oA E (specific catalytic activity)7} Zhaspa]ul
FaEro] Zlshd wHS-ER A2 718 W4Tt 76l AgS o 4 odrp P

Th H0p A7} GESY fI1E AAEE viAe 9

Bahnemann 5(1997)®'2  Ti0, Hwo| =2ldg MMsHA HEA  Awn)
(CB:conduction band)ellA &= ZHZ}(e'w)7t, VBOJA= H-Z(h'we] BEE el Tio, ¥
of trapping ¥, Fxel FFLE FAAo] ¢& A 200nstof AY
(recombination)o] dojutA Hripx sielct. DyEE F&Hojo] Mg a &S H74|7)
71 18l 4= trapping® HAE $£8Y 4 9= scavenger7} HriF oz dUasiA H
t}.®® Boonstra®} Mutadsorb(1975)7 i= 0,7} Ti0, ¥Ho) wlE A Zxtziclty dhelct

0; + electron(e’) — 0 +/ 0fF + —m=mmemmmmmocwamaos e Y
A7IA, ko : 1.9%X10"L/mol - sec

ol2{ T WhE Aol AT BHuY WFof A& P/t ETF RI1EY HA XL
Z718che dArh wiEgem®™ ) Guptao) Tanaka (1995)7'%= W&ojutg g ol &
3t PCES] A AMFEAA D07t £&4F R71E B3lgo] 820, B2 0 FEold o
2313152 Ado] dAHcy Bustgnh H&um) uhSolA 0= HALE scavenged}
Avk, BAH Feje] 0 ¢ E 07 - 3 H0.2] ubgol oJste] oH - & MAdSt 72
2lol # Wang3} Hong(1999) *”'2 2-chlorobiphenyl 2] U&pjE o] &8t Esjofs 0,
2P 2 AR 7F e 2] (aromatic ring)E Z7f=(cleavage) $83% AU gt}
stalch upebd £ M¥oMe TG f71E AARZ nHE HO, 271%Y%F
T R3E ool ¢5te] AERAE W-254 nuuld, pH 4, Ti0, 0.6wts, Burg7)

0, 300, 400, 500ppmo.= WIA|FIHN 2PFH] HARE W WS kihr 3
}

MEhg RStk o Tio, FUFe Aol ol #1e] Aol Pojzl W
H3 Tioz $YFE HEspt.
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é.a \ - -6
o

°

=

-]

8.2 1 . - 4
= Initial concentration

5 ¢ CODcr -CODer = 1025mgiL.

A TJOC - TOGC = 375mg/l.
11 Color -Color=2410ADMI

a

o
Pseudo first order rate constant (hr )
of Color

Pseudeo first order rate constant (hr )

0.0 Y T T T
a 100 200 300 400

Input Ha09 (mglL)

§s=

<3 5-27> Effect of initial H,0; concentration on the reaction rate k(hr')

275004 et 4= oglk%o] CoDerzt TOCR] Z-§, Whg/d4: k(hr)Zhe HO,
9 o] wz} Z7}3}r}s}, 250~300ppm 9ol A EHEES EOIEV} X238 2+
&8s AoR L]-E]-,,h:} 2u ME A QlejM= 400ppm°ﬂ*1 Hhg-A4: kihr™)
Zrol 71 & 2o g Jelyrh 53|, H0; 300ppmg FUHL B¢ HEHA /IE
of F3f 5= 3571 & Oppmofl W3} CODcr2] 7-% 1.33wf, TOC 1.38%)], &&=
1.4 H Z71%he Ay o 4 el

Zuj] *}i}“}%ﬂ] ool H0:8] T4 trapping® AR scavenger® 2}-&38]
%Mcﬂl 2] (5), (6)2F o] /0,78 vhg, OH- & A3l LHEAY G
Z7MA 9= %ﬁlf{} &g M ET K= I AATL A Az &%)
718 AEA7IE, el A uhgstol A(4)eh o] 2mold) OH- & AE3hi=
gl :
Bekbdlet & (1996)*& humic acide] E3lolA 1X10°M H0, $A] H&HTr}
1.6 ~1, 89 Z7}3tcla B.ast v} 9lch,

[lI[ﬂl fr

HoOp + ho = 20H ¢ oo oo o e e e (4)
TiOx(e ) + Ho0z — OH + OH ¢ m=m e e e e (5)
HoOz + 02 — OH + OH * #0g = —mom e m oo o s e e e e e e e e (6)

?5?21“} A7 5-27>0l A8} o] 4t} HRAQ H0FYH] F/AYTE whgAt
< k(hr)Zkol AF®A F715iA] Y ‘%—l“é ‘34_011*% &2 wgf
*l H&0] 7‘*‘6}‘“ ol-f-= tha A(7), (8)= AwWd 4+ ol (7

8)* % OH- & quenching¥ 4 Q&= cavenger‘lﬂ%‘—— st7] wiiEol Hi0:8] B4 &
iﬂalv:'lgA %"5‘ of weld AHela&g F7HE 4 Ak AP sErt S23A H
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;\qoll:l' 33),35)
HoQp + OH+ — Ha0 + HOp » ~~——==-=-=—=-=--==mmmmmmmro oo mm o oo oo oo (7}
HOp « + OH+s — Ho0 + 0p ———-——~--—-——-—--m-ommmmsmsmm o mm o m o m oo (8)

o UV Klko] Wgdme] nAE 9%

71&2] W ApolA RAZLE(RHEWE )] ule} vREEHET Fotsta e A
o8 RBI3R olch. 9% w3t Herrmann, J. (1995)% 2 ca. 25mb/cm’ ©]Are]
radiant fluxojAd s S-S % k7 BHHEE radiant flux(Q )20)) u]w 3Tt bl
t} &, 25mW/cn’?] radiant flux oj&tolrl: e /b *E%QTEJI- P&En) vrexyrt o
w2 A Enj, 28 s e/h'e] A (recombination)o] FItEje] e Lol ot
%e ok
e +h > N#+E -------mmmmmmmm oo oo (9)

o] 7] A, N : neutral center

E : energy(light ho ">ho or heat)

ulebd 2 A o) Fo|g Wl vhE HEAS ket 071 vlEISte M dA
3t ®Th B Apo|xe) Faka} CODer, TOCE ¥H-E KX kote] JuAdE U3
3}¢lom, Herrmann, J.(1995)% o MedZolA et @29} kihr')7} vld A
of A=RE dolr7] g3 27 AR pHE 42 A% ThE UV-254nm, TiG; 0.6
wi%, H,0, 400ppm, SWL7] UE&X 45+3C, DOE XAl DA AT Aefol A
ABE 48siedrt. Fig. 5% F23t CODer, TOCH] g A4 ko] HB4EE. Fig.
62 @'*2} k(hr)2}e] AAE viebdch

Initlal concentration U
- CODcr = 982mg/L
41 - TOC = 384mg/L -
- Color=2355ADMI
A TOC
1 Cator

® CODcr

Reaction rate constants k(he"'}
e »

[} 50 100 150 200 250 300 350 400 450
Light Intensity(mWicm®)

<3% 5-28> Effect of light intensity on the degradation rate of CODcr, TOC, and
Color
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Initia) concentration
8] -CODor=952mgiL
- TOC = 354mg/L

- Color=2355ADMI

4  GoDer
41 * TOC
0 Color

Reaction rate constants k{hr-1)

0.0 o=

10 1 15
(Radiant flux) 2 mwrem?

<% 5-29> Relation of @"? and reaction rate of CODcr and TOC at high light
intensity level

E AFoA] ol 8H radiant flux(P)= 232.2, 348.2, 464.3nV/cn’Z HISE T
44 k(hr')2t radiant flux(®)e] |AL Fig. 58 Zo] %3 (hyperbola) FElE
Boom, AlZHOF Herrmann, J,(1995)26)7} o133t 25mW/cm’o]5}8] radiant flux
Heloj Aol whe4r Abg K(he ' )Zh2 H3e] F7lo] ulel vy 3 og 71817 8t
L HEAAY RIS A Tl nXE F3S ot L Ao: AR =
& radiant flux(@)V’e} WHS&T A4 khr')ote] TAS) AoiME A A}
CODcr B3j4rx2] H9- Fig. 63 o] radiant flux(0)V*7} 271548 Ngss A
4 khe)7b  dgFPoz sl HHBAE BYOmW, o= D'Oliveisa et
al, (1990)'92] A zfel ZE 25mW/cm’ o) Ate] radiant fluxollA radiant flux
()7} 271845 g4 E A4 khe?)7l H¥F o Zrsts uldlnAe) L
Be& Rl siAgk T0C EalgEol] goiMe ditzie dal x+3 F7 B¥ye
Kol Zog uelylcl, ol dylgo® TOCEES CODeris =2 BAZE HE uls)
ol AAo] Qorg B radiant flux(@)’2} NMEEE A4 k(he')2ke] AHUA
of thst APHN AL H5 |78 23 e FE uiwtEn, et MBI LS
Z7tA2 B T0Ce W& E Ab4 K(hr')9) W3 S} radiant flux(@ )29} uig)
A FAE Y Fos wghHc],
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nf, UV Bl utE ZAlvl4=2] BODs/CODcre] 3t

g f71ES gk Eaehs 4] FEuf AJAR A& A HhgA] o
ohE A 2422l BOD; FEH = nfg Fasicl oju] g A3 fLely
A xHhumic acid)?] #81E 13 YEuf A28 3 &4 WA THof nle}
BODs/CODcr H]7} Z7hghchs 7t B® up otk % oj 27 4B}z o R
3317 oy LEA EZRE0] FHu)] hgof ol HHH oH-, 0 -, HO, - 2}
22 AtglEe] FAL Wol 2EA} ©AR |7t FolH AHF AR 5391
oln|st, ofgA WAH AFEAEL u]FZo| A ol Eaig 4 A Eof
A el42] BObss =& F7MA 7t £5% 4 vk

E Ao E= 910 AHEZYY dojd A 2AESE 7808 27 H¥Hz
- pH 4, Ti0; 0.6 wt%, H0; 300ppm, MHE7) ¥-2% 45+3°C, quartz ¥Hg7] IO
5 E3AE] §R]-S ZL3I vl g Alzte] wlE BODs =W IE monitoring
st

o
=

1200
s_ s CODcr
1000 ; a) CODer Ml BOD,
q - UV-B{254am)
§ —— UV-A(380nm}
~ 800 b : 3 m_ 500,
- K 3 %
=} : : - BOD,
%— coo |l i B T
S &
8 " g b
12__5 400 B .
& 80 d )
x El EX %
o I i i
o o zi‘ 4 H‘ i b)Bs\?_:;(z “
40 :i-‘- 4\' ‘ ] = —— UVAA[380n
0 3

-l
- N

Irradiation Timet{hr

{13 5-30> Photocatalytic degradation of the non biodegradable organics as a

function of irradiation time and wavelength

2 dFo] o] 8H il 24 HHR {E+2 79 BODse= 40.5mg/L, CODer
1,132 mg/LE WhEsid f71E°] o §RH vl4EA AlZto] ulE BOD:2] s%H i}
= Fig. 73} ) Fig, 7004 & 4 %ol ob% 254nn3} 360nm 25 whE-x]ito] %)
A CODerd) B2 Zashs WhH BOD:Y vE&E HAHOR Friste 28s B
odcth, 3} Fig. 8 oflA] LFE}Y! BODs/CODere] ¥ls & mpatt] RS A]zto] 2| lof o}
2t AL3A Foteke AES Box|nt 254nm vp ol A 360nmE o] &3 Al uu}
BODs/CODer] ®j7} AA F7lshe ZA2R Ueludrh oj& 7128 MAgay" " of 4
BHa¥ RAY Zibw4 24 AR GEPpole ARy Y f71E50 ¢4
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o] 3FE& HoFs Fojn, wleld vh§AIZE of 44 sto] BODs/CODere] WHEE
monitoringsfof & Ao T wighHAT)

e
5

Initial concentration

[

A1 BOD,=40.5mgl A
8 CODer = 1132mgiL - -~

8 —e— 254 nm —

M-10 1 —— 360nm

05 4

Irradiation Time(hr)

<% 5-31> Change of BODs/CODcr with the irradiation time

120 |

15 Initial concentration
- BODS = 40.5mg/L
CODcr = 1132mgiL

N 254 nm
A 360nm

BOD/CODer

05 -

0 20 40 60 80
CODcr elimination(%)

<% 5-32> Change of BOD/CODcr ratio with CODer elimination
<Y 5-32>0 A CODerd] AAZE(%)o] wE Halwlf 24 AR F&52
BODs/CODcr Wl& 2 upatol utat Uehfsich <13 5-32>04 & 4 3l&%o] 3
AR} 254nmubAro Al CODere] H8jo] whE BOD;/CODer H|&o] ¥ IA ZF7}8)
o8 Uetgon, F miA EF 2430 E BODy/CODer 2} H|Z} 7tk A&
dglch. o= AEHHOE He|H FAE¢ Ao u|yEC] YA BIY -
sl BAo] ofgy TyE o] 9&E& or|dith

o
ifS

i 4 sy
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2.0}

a4 o ARZ f240 Wby BA 2R B MEAAS 0
a0l 2% 38 Rt BER% A o BBEAE CAv A
S71 W/ Ti0y/H:0, FEfA whE7) (slurry reactor) S ©] 8%} batch typeS T §
’t‘l@}‘}iﬂ. FEn] FIEEE o &F HE3Y RU1E AAREE pH 2, Ti0: 1.0
wt%, H0; 300ppmofl A | &-2u] 82 &1 01] X pH 4, Ti0; 0. 6 wt%, Hy0; 300ppmoi] A1
23} Folrh Cober, TOC, MEAA HHEZ Hil Oéx} Z(pseudo-first order
reation rate)BElE Rt} Hal W& Eab k(he')o) 0101**]‘: color»C0hcr >
T0C +2.% Uelgten, 53] colorts HHEAIZ 3*]7} F 99%2] &2 HARES &
att., WZEAIA] 7t WS CODcrsE4+= @l U x}8E-3(pseudo-first order reaction)
o7 7tAsH= vty o) ohE BODr/CDDcr'": Aoz FE o 4 el &
AT Azt AENH T NuE FAeE HEA DA FHuf AAvls HE
stol Qol2) Helel AT Wbl clsiel Heh 2R AR ABEolol 2 7
o= AzH

Ook;f,
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Ao Fiule FFA e golu FERH QFETA, b 48 H4ist
oMo Filsla Helof chyl oy wig WA SFol k. Xexe] {IEMN 9
GARE G3 Halugo] HEIA Az|(biological treatment):= o]H], 1 A AE]
He] Z& AE Aok et 53|, Fakwle Aela] sl B F Azl
UHE AEYH JEs)4 E2&(non-biodegradable substance)o] w}hE -2 COD %%2} 95%
ojabe] Lo AAE! Az|F Lo Bt FAL(TN: Total Nitrogen) 60mg/L )5},
4 Q(TP: Total Phosphorous) 8mg/L ©]3}2] Falwla FFA e H Y75 £ANE
£ wF7] P& AL FueE AHedte EE AEC] Wwie 3FH dad
Zolth.

(Table 5-15) Guideline of effluent water quality for public livestock wastewater
treatment plant (has applied from Jan, -1999)

Items
~BOD CODmn SS  MPN TN TP
(mg/l) (mg/t) (mg/l) (ea/mL) (mg/L) (mgiL)
Livestock wastewater below below below below below below
public treatment facility 30 50 50 3,000 60 8

€3 BAE. 1999, [24 - Bk B 44 Ao B HE)

{Table 5-16> Guideline of effluent water quality for piggery wastewater
treatment facility of pig farm (has applied from Jan, -2000)

(unit : mg/L)
. _ classification
region items e
o permnttﬁegfqrrimj ~ declared farm 7
BOD below 50 ~  below 150
special region SS S0 150
P g N 260 -
w58 -
. BOD below 150 below 350
general region SS 150 350
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£ (Table 5-16>0]4 9} Zo] #{rl/al F2 Faerte] ¢ 2001d ®A)
FATL g, Wi} Qo oyt YR FATE] Fivig FEA 2Bl
H] FA 27} okslAet, o2 Q3] A AL o] o] &3 YL, &
AL e Az RoF BaAFZ JrHA £, 1996). EF A FFY A
A

5
cons) &

9l Bof tjat dokdR 72 A3 AN YOR ol FilsrloztAl Hujd A
tolojal 11 iAol AlFE AAgolct.

EE AMel 2001d Be] opg B B Sode HHE 93 20019 74
2y A ¢ HE4E S8 RASE PEA] Ao T oFEE ] AP
3 gtk witd MESY Aag AL ol HESAE EU N -
9]

A4 ZFA RN E ANH 0 E polymerE o &3t §HHEA T (coagulation
and settling process) 2&€38}3 glr}. skx|qt olgl%t ALEA SFAHAE o] & A
7 AaE L9 gust arteld, W Hx7 £85 3 e ARl Hibs
Ztel N AAF o AR 4 gle AAlARL A, Kol AJFE Aot

B oozl AEYY g A A5 L@FsEE Hast £A o
WRsle Z2g ERE st glon, olF ¢ A A vy F 2 gulet
Ax|u) HollA ] AAAdo] ¢lom(Donini et al., 1994), 22| 7L FOGs(Fats,
Oils and Greases)Z 3-88F o] W dF7F ARFA  AJFY
(electroflotation) A]AEIE o] &3le] HH &L Hrls] Rz} gl

2. 9472 F24

E&9] Qx}8 Foldhs L3 (flocculation), 2A(precipitation), 4(flotation)
TAL R S TAHoNA AHEE R gt R A aEe] @ X2 e
Aoz o] FolA ALHE SHAA AL thue] FHAE FUSIEE 4y &
2 pajul7l gl B gHo| ZitkFeh uwhatd, #HITole - vFA B 22HA
3 #2455 Ay 9T AA e, &Y B 23 LHEF W 4
& AOPs(Advanced Oxidation Processes)E¢] 7iwto] & ZFof it} ol& AOPs 7|&
2 A7)% A (electroflotation) 7] &S & - Mx|u[go] AP}, FHE FAHEAS
2317 wj R 2 v 77 J¥PFe AUrt.

oJura 0 ¢ A 7]-¢% (electrocoagulation) FEL <IHII-1DoA RAFE v}
o} o] W& U9l UAE AAY £ U= ALE dyA] glon, Poon(1997)2] Aol 2
sh A7) B AN coagulation + flotation)BAE o3l Ni, Zn, Pb, Cu, (nEY %<& A
olof mj$ &2 AL Mol Ao® WuFEI gich
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Particle Removal By Electropure’s Electroflocculation

ot {1140 hown

B

Di.mmions.'m
Laog scale

[~ Mol Vot
-~

Apgraumuie
Bretiede Sien

Rampen
Peocsss

4 sont 4 B Disc amwr, Xhis s bees prupaed by Eloctapue fosed upon the bast infoseatfon avasduble fo it The
{l:;r:%??:[ 'li":ﬁ‘:"{“"’&‘&“"\"':" 38l 90 Cotkapts v dogree of polluilon an mknﬂ_\r o Nu UanIv, ke grveR kap e ATy of v it
s il show AR R ot b el as w gairke ooy, nos e ol ot apessunomadl laotoptie Will o o arrant e ghove, uad) sxh
(v o 3w ale wRime has et eealniad BY un igpored EReotropus ovalpatr.

< Tndieiatrs proce & aal complets 18 the eape

{23 5-33> Particle removal by membrane filter system or electorflotation

£ a3 $30] Bolsti 1uLe Aest 7hssitts & 7H HAFAY

& Habs2] 2A) ARZ &0l b $RE GRS R1EAA % AEH

o] TAE d mHAH N, PAAE $isl &3l Holrh 53], & d+= &

A} wrg7)(CSTR) ) A 2he B3 AKUHE ISt WHE7] A Zo] glojM 7|22}
& AHgstaLa}p gl

A e

p ¥ g

=

fu

3. o] &%

7 AARAE I AT 13

A 7|82} A (electroflotation process)2 7|3 (electrofliotation)zt &
Al (electroflocculation)?] FQojojth(Koren and Syversen, 1995). &, H7|%-

7183
AgAe 7wl WESL Qs A3} Yol A7) Rl (electrolysis)Al EFolA A
Y 47128} GFolq WYL BHIRE S oot Tl ¥ + 9l

th &, @3l MAEE FHol&E A LAELY S ¥, ol¥A &
AY flocd S3ola dAlshes mle|aB(p) wSIY SA7|EE 0|83l A

(flotation) Al 71 0 24 @71 8alol ALLE UAE Jhe T 4 A& njge Ay

T2 e
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b

ot AR O R M7|FEs] AR oM (+)Fo] JF(-)Fol vl3] A A3d
glojo} dl=ul], Balmer and Foulds(1985 )%3 Fe, Cu, 7Zn, =2|(brass), 7‘%§(stée1)
Al 5 o8 EAE IUeR ARgste] 2 AES Ul £ A3 2FE §FEEI
HAG&o| aFet 1oz wyEst v} o), ¥hH, Koren and Syvesen(1995)v‘= OF(+)
Fo8 M £ AFEHLE Fe B Al L 37} o] & £E&%H: SHolela B
15kl gl %,7}ﬂiﬁiﬂ3ﬂ0]Edlniﬂd%ECMmewmwy§7}
AR E Sl U ¥ A e b AT A3 ol
gla] BE  #7]EsiA dAEE Me(OH); +3HE-E diao] A8 /7] - #7132} &
& =T, ditdor *171*-45}1*] UFulE ﬁ;'r(electrodeH Gzt el A
YA AR RS W &S AE R ok} Ftl

(Anode)

Al(s) -=-m-mmmmn S I (1)
ALY (aq) + 3H0 ~-ommmmmmm- > AL(OH)3 + 3H'  —=-m- oo s (2)
(Cathode)

Mechanism 1

2H0 + 287 wmemmmemeee > Hog) + 20H (aq) ==-=---===mmmmm o mmm e oo (3)
Mechanism 2

M + 2 - D Bag) e e (4)

JAY RF()8) WRlE AFA A} wkgo] Uoluh ABH AL(OH)E E
.‘m AP 1 AYFREE BAY oln4al floco] Y, BHY floce &F

Jol Al WA E Hypol] &5 H-AdE2](flotation separation)¥ T},
‘Q‘”’ﬁl"ﬁ AZISH AR ol o] A4 HAIFoA WAE = &FreD
AR = (current density: A/m’)e] TAE Faraday?l ol 2slAl v 4 (5)8
ol A Hrl.
here,

w : aluminium dissolving (g-Al/cm®)

: current density(A/cn’)
! time(sec)

: molecular weight of AI(M = 27)

N OE o o

! number of electrones involved in the oxidation/reduction
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reaction(z=13)
F : Faraday’s constant(96, 500)

upehd, §&5E dFuE o2 v FFEE ARUS jof vldstA 3o
2 ARY =M W1-g7] HRTE 2454 Hct

L}, AL(OH)3ol &3t G7]E &A(coagulation)2} & & (flocculation)

FAalwlle] Esid 882 colloidd Y2 T A7} ol Zpopal B]Fo]
E3 A 7] wido] # JleleiA % ¢ ¥d¥o] wQERXE Qo} iy <A
HElzlo] 9o, ¥ (-)o LS AHdlylg At 2o HE yhihg dod o&
HAsL7] ofgcl & ERol=A YAH:s zeta potential(H7]H HbU¥), vander
waals(A7]3 ¢19), 2o i AJGEgy oz PP o} whelM colloidq]
ZHE SA-AI7] SlEiAE Yt 3EEE F¥AIIE ol E7huditt. FREA
g colloid#te] FERASHT SH30|BE AFHE A7 7] B &3]
(+)8 wle 4, F &Fow(Al”) 5o EA& A8stAl "ol gHEe 18 A
715t St EHB(FA £0.5nV o) st wbd¥E ¢lelA] coulomb (I,
Vander waals Ql&of 2J8}o] A28 floc(primary floc)o] VAR A ==, o] %
€& &2 A& (coagulation)o] et ¥cl,

Fie oS Shyae. neutraizabon P &

{o¢ codous Y )
3 ® '::» " (CoaquiaLon) /{/I; Pt

- y ‘) 1: A R
:’M}};@ 80 Susnended paricies i % -

0—-'\..’%9?-’!' D ' f'
A . Mgfé”’ { U
B ¥ Sy Sontte suoastences ' "/"*9 :

Y \» ! ._l"
- @ §-% ' | Ui
< G R ’
I '9 @‘.‘ O

Sragng ;Soccuation)

o, 3, ur
. "’T

» A -

p .
2. |

F‘M Irydroxids

E: )

o
®

e

<38 5-34> Flocculation mechanism model of Aluminium

3 ARG 23] FAE nAHF flocd YAIAY] @ B w7} Aluts] £718)
A Z 78] gAtEe] My oz e Alejo|ng, sidel 2l¥t BT} ZchHH floc?]
o] "Wasdicl o] A2E 2L (flocculation)olglil s, $HL Y=l¥He 23
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m

Slol] hsle] witiEls RFASIE A GE(FV 44 5)E HAYSEN FREH W
UEE AaAA (SIS dete] B{Edon) E20lE xRl 5& AR AYAE= 7
|8 wilich,

r£1

Negasively
chimged pacticly

Stipping plane

Distance friom surface

<%l 5-35) An electrical double layer exists around each particle

A2 ARE-2e 4dH sl 2ste], 5ol EAshe FAshs

o HeziE de “}‘@Jv}ﬂl Heh 3 A3 g A B2
714 % & T743HA ﬂtﬂ Hats2 LH—‘?‘—OIW 2
4

|
Ztple] WhdEg UepfA E3, o] Alo|& Zeta Aflein Ly 4 i et
SAZEE dA A F39 2ol FEAFIE Aol A¥EFE oA o}l 2R o]
£85E= R 77 AL Y 82 Ao] Aol 2 ER SHAZHNE=
AlYolU} Fe¥' 59] #3lEo] BH3E I gl AHolch ofe¥ Witz Hede] 2zt B
of FestH odze|re} whgslo] Al(OH); Ed= Fe(0H):d Ao 3o do
wich,
S8 o @42 7laAg (powder-bridge)oltt. EAL FHAE EAME
W 7Y F871& A Qo] o] o] tiHYAtel A Aste] Jxle} qlAtzte] stal
F v AE&oR Pyt ZA Hl.
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t}h, HAH(flotation)o] &1 ¥ 53 A A 4 bubbles 7)ol u}Z F&

7130l 4% d=pe HHF-E FAH(flotation)o] 2t Eel-g-=u] o]dt
Ao gz0] olzx1E Eelsled o)$ Z3PFo|c), (Mulbarger & Huffman, 1970).
H-44-Z 3 (flotation process)-Z 1904oll FFobe] MF(HEE) IqPolM WA AHE
7] Alztetglen, AMr|Edl(electrolysis) x| o] wfol] Yol F4HE Helst
7] $1% 71 E(gas bubbles)& 57| 3t AMZog AHEF[ At ol2gt /[aE o]
|3 FAFHE ol A UGN UAS = s TR ojMdate] Hel, AE
of £¥H dH He| 5 chdet FopollA #EEIL glchKoren and Syersion, 1995:
Edzwald, 1995).

TS gutdog o] A el whel EFsh, abzlelelgt Bapy
(Dispersed Air Flotation)3} £&Z7]1%4H (DAF :Dissolved air flotation)z} #
7|B-ArH (Electrolytic flotation = Electroflotation, EF)Q® U}Y-o]2cHHyde et
al, 1977: Burns et, al, 1997), Ab7]ol]l &J& HAPHE f=xpofl 23 wnto|ut 4%
AE o]&gth o] W& ANt WAEE VXV ImAEE v2A A7) of i
FTgo| Yot weld APYAEAE Foqste 78] AJE FHAsia Qlale] ®
HAAAS A#sl AEE AsAFlE A9 dFEolrl. ol#dt B4PHE foam
flotationo|2t 3l7|= shH, FES Felol Yol AMBHA|RE Ao ARY
A FoE Q3 Algo] ofYrl.

|EF7] FAHES autelu} Aol &3tA] ¢hn Ao HEHE Fog
oA Z1RE UBA A o1&t LR 712 AZE 10~100mBER v ¢ 2
th o] wf Ao ¢t WHE F& W
-7 (pressure flotation) 2.2 Lhg 4 glvh, AxlE o7y slolA] Bofl olgl
IHE Zdgto gy UAAIE S Ustn, AxAdFolM HFEY
g dz] AHch o WHoRE Ul 17]3 o4t e £ glo] w2
o] 712E ¥€& F fithe @] drh JRRPEAE B 171¢ oo g 71gtstod
FLE JIAE &A1 B chA] cfyIte g wEgo g pEtH J|A| 7 uhgE

WYoR deAele] dE AMEHTL olgg i whdelME dEEon
Floco] 7]|X& FHAHA FA7E= 2oz 7xe] Hijo] S3g4E A oletar
o 4 ot 7|27 BAE] 3@ 22 oL AR Aol © WAt olu A4
88 B 7122 Fto] ot}

HA71F8HE B A7E8E B3 UdAHE £ 4ARE o] gst= W
Heg &do] osta, Ago] ul¢ Hrh= Ao glo] oto g de| AgH 4 9
w Wyolth o]FA WAL vhehAR] gas bubbles?] A& 22 - 50 mT UFE
ol FPHrhe vzt JIaE HAY 4 don, 1y A dFUs, 43

3

N

Mr X o2 Jo
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27 & Ay z2A o3 gelAchKetkar et, al,, 1991). it oz A7E3
A Al 7)3te] Ay B34 (separation process)ol A wi¢ F23F HgeoiTh
Reay and Ratcliff(1973)% ¢1F-oJA polystyrene ¢]z}2] Hit&r= 1 §Ix}e] A7)
o} 71X sizeol Qlriz WESIGIT) o] o] FtH UdF T VX LRoM B &
T Dharticie®}t Dhuweol] H]BISIH &, AR1e] A7 7} S48, 7|15 A7) Holg
"—ft%’"i Pasol zz1ith= Zolth o3t B4 & uf 22 - 50 me] 1A
2 uhsls AUEARALS AVl LAE AL(OH)s HE A
flocs :% BAA7E o glolA mif- JapEolel & 4+ & Holrh
B3], Ao WARE 7Y AVl AT FAF & JE HF
M ¥e], AFYUE, polarisation potential, 7|E7} wle A3} Fo
3] 42 wi=th(Khosla et al. 1991). ©mlAl 7|Z& €7 $13l 2AFHA UAAY
ZA8l7] oEe 24k pH, 2%, &8 5, AH8E FAFEL Fol girh Khosla
(1991}, Glembotskiy et al,(1966) 5-& AFUEE Z7iA el ulg}l njM7]
g 98 £ oviz wwslgrt. E3! Glembotskiy et. al.,(1966)= EZ|Xe] A
e ex7t 2718 wret SR stglon, b3 22 J]REE pH 7H-2oliA i
Aglrlal Baska ot B3], Khosla et. al., (1991) 52 7+ 3¢l A7jEsi= 7}
3 M7 2 YA T d2Foletn Rusta glem, 1 w9 pulse cycle A
7He 30ms H9o] glon, MBI T 2 - 0.54/m° Helo] lria tgch oA ¢
& mlM7|EY A7 AR BN dirH ARFUENA 0mBEHRS #HY
o uwf, ojRr} L 10 -15mo[ 3t m|M/|EE & 4 Urhl Bishal gith
whebd, A7 RA4FAL] AN oy nA /2 & IuHsta, I
A& compact®HA FAsHTl QLo ol& $1% wd At AH oF Y Aot

o, N
e
1
#
I
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4. AERA 9wy
7}y, AEF A

B odoe o2 <27l 5-36>3 o] Lab. scale?] CSTR #zr|4-A ¥EZ-IJ{FFR:
Electroflotation Reactor)& H|2}slod M-S s8]

Feed pump
Scum fayer
Biologically treated Livestock wiw
H- . bobbies
e o Diode DC-ampere DC-voltage
meter meter

AC voltage (_,.) YT A5 e
converter Aluminum

electrodes

4 Reactor of EF

{-)

{1% 5-36> A schematic diagram of electroflotation process

53] & dyolde 7129 batch #Heje] w79k @el CFSTR¥E el EFRE
AT, & HEE7] vellA dEsie] 3 (flocculation)of 2%t ¥pubga poal
(flotation)oll 2]%t flocs®] E=|A HA §hgo] FAlo] dojd = gl= ubgrje] A
2hg A|E%te] wtel EFRE o] 83t A& & w3t ZEs] ®alr) Lab, scale EFRS
T &% 4L, 718 10LE s A& JoidE ¢zl <gl 5-3D9f (a)sh 2
o] WREL Hug TA 33, W78 Fotoll floc3} bubbleo] whE AFHEE
F2sb7] 213 e Ax|te] HI|EsjA] LR = FE54IE(Me(0H)s) 7 =2
7139] o] BEE I Y 4 UEF MAFch
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TR . W
| Elgctroflotalon §
: Reactor

H

el I ; i ’
Ampare/Voltage
_ Displayer Aluminum
: R Electrode

(a) specific photograph of Lab, scale electroflotation reactor

(b) overall process of Lab. scale electroflotation system

<1§] 5-37> Photograph of Lab, scale electroflotation process to treat biologically
treated piggery wastewater

AR FFLARE <2¥ 5-36>2t <27 5-37>Fo] 220V AFAHYUY &
¥ voltage ZAHo] 7Hsq 2Kw £8F2] AC voltage converteré} o] A ABH AC
voltageE dioded AME-8}o] DC voltage® H#slo] A H{ AL EFRe| EE5itt,

Tl (Table 5-17>&= & phase Il A %o Al-8-F EFP (EFP: electroflotation
process) 3] W 7]to] tj3t Mdgolc}.

{Table 5-17> Equipment composition of EFP

items Capacity Comment
Reactor 10L material : Acryl plastic
AC voltage oK convert AC 220V to the various AC voltages
converter (from OV to 240V)
Diode 30A Alternating current convert to direct current
bC vzlitsapg::;’ginpere 280'\('/7;(@9 A DC voltage/ampere display
Electrode - material : Aluminum(purity 99%)
Max. flow rate

Feeding pump supply piggery wiw to the EF reactor

230mL/min
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AL A& g 2E o&s] 3=t 7] ¥hg2o) 10LY tap vaterd ¥
N T, FUEZE ARSE] 43T RS Aoz FshdAM, Hel4E 20min
P Aty 1w LEEAE M3l A7hd Sy E sl 2 o
T 12} ou]dE =} 23 KUY O e F3Etelc)

12} U] d o= HEH Voltageo] whE 2 HEA Hi g Hrslo, 2
A7 FA W7 E o] HF SAZRAG E&3134} ou| oz £t 4
uk-8-Z HRTE 120min(Q=83mlL/min)C.E LAY T}, AC converter?] voltageE 10V,
15V, 20VE 24-3le] O F9& A £ U= HY Ade =&3lact. £ EFRf
AHEH AEL Zo] 40cm, F 4om, FA 0.2cne] YFolE S & 4] AHRIIE O
o, 2 Zxuke) ZO 3 0cnE FlYct B3], Iui 7 EZEY dyy o
A7t At F, Fuke] Ao F24H ARIEL ZIEIA HEd, olgA HFY
ZFol FUishd 1ntg dFnjgel £&3 $4730 Uao] yol 1 XKL
FthstA Hrh(Koren and Syversen, 1995). & AHe H$ clE AFA52 Aol
ujsl ez F Fute AgoE Fub ZAE 2mE ¥ F$ AFo AC
converter?] HU|-&3& Xl HAAS BHo| Ao AL 93] IUNAL 3en@

sto] AH-E +3shct

N

(Table 5-18> Operating conditions of electroflotation system

Operating condition Varied range/Value Unit
Current density 52 - 74 Amé
Electrode gab 3 cm
Electrode size 440

cm
(WxL)

Electrode thickness 2 mm
Reactor volume 10 L
Flowrate of w/w 80 - 85 mL/min

HRT 120  min

AR Azt ST Y2 AZ7S Hefo] W8] BAdof of3) ¥kl 7to|
AUA §EH dFuE ol 2 HAH floco] 31 A Ao o) vrg o &
EE AFTol F715ts A4S 2ok AA, 20V I AP S YL o X7 2.5 -
3.0AZ Kol Zo] WkFAIZt 50min Fojl= oF 8 - AR Z7}st= FAS HAch o)
gtA & oM DC VoltageE 10V, 15V, 20VE Z7lA)7|WA ARG $88s19 7.
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27] ¥hg7] HRTE 231 we] AFHL AFANA ¢lo] 1 YoE ARLEE A
Arsieich. &, 10VE A3 & ﬂﬂ]w/klﬂ 120min ¥¢] AF2Fe oF 6.7AF Hglo
o, 15V 8.04, 20VolX: 9.5A% vjelule), 12]sle] ARHUEE 52 - T4A/m’E W
sEle A& & 4 ek

o]t ofu] APL B3] U AEL 10L EFROJA HRT 120min ¢ wj AFAUE
74A/m2<>l A M 2 AEEES Ushie A& ¢ 4 Adrh

Ao M= o] ou]AFHA VS HF AL HIFLE £ AHE T8
"fuﬂH AF-SA| Zho] whE 2 HEA AAREG st AT ALE AABHACL

th #A4uy

AN AP S Bolo] EEH AARY XA FAUAAE FHEslo FHES 493}
orh, A¥-L F 1608 F¢t AxEgen, vl 208 7FoR ARE A3 4Tl
JAR I T I Al /4852 C0her, SS, TN, TP, color, Heavy metals
2 olg ¥EL Filwe A4S £ /&S 23t YELE AVRAHAE o
&3] 0|59 A EEE H/I8IGT]. thE (Table 5-19>& & A¥o] A4-H ] gl
At olct. '

<Tab1e 5-19> Expemmental equipments and methode

_ Analysis . apparatus o '
ly e & : Madel/Ref
items v methode, . A

pH pH meter HANA 8480
CODecr Standard Methode 5220C APHA, 1998
SS Standard Methode 2540D APHA, 1998
TN UV adsorption methode APHA, 1998

TP ICP emission spectrometer ICP-10001V(Shimadzu, Japan)

ADMI Tristimulus Filter .
color DR-4000U(HACH, Germany)
Method
HMs ICP emission spectrometer ICP-10001V(Shimadzu, Japan)
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5. Ay i 2%

7h th si4e) B

= Ao AMEEH Haes AU B4 AERgel dXEe] s 4EYY &
Al A AJage] HF YR T oue 542 b (Table 5-2002F Zt) w4
o] Aol & 4 AR AEUH R AH Fitvlee] S tREY EFE )
B ER3IL 9o] & CDE HuUshy, oy HEIMAE RIIEES UMY MES
+staL ok (7 A et. al., 2001)

{Table 5-20> Characteristic of biologically treated piggery wastewater
(unit : mg/L except color : ADMI )

Pollutants analysis Mean value Range
CcoDer 1254 1100 - 1325
BODs 34 25 - 42
TN 132 85 - 125
TP 108 89 - 112
SS 95 80 - 106
Color 2254 1980 - 2352
Al 0.2 02-04
Cu 2.0 05-35
Fe 1.9 08 -23

53], N, TP, SSex9 ZF AR Ui £2 712N 60ng/L, TP
8mg/L, SS: S0mg/L)E& s ABolAnt, F340 AP Auyoes orf
4L Hyon, 53], (ud P 2.0mg/LY HEE ’#a"ﬂ =4E& 94 7HsAol
U FELE YElRiT

LAY 4y

1) ARd=d o 298 AAES
AFYUEY F7hof whE 2d B8 AARLL v oE Frst= RoE
Ebutth &7] ouddeld ez a2 dFHA 2NN g AFURE
52, 62, 74A/n’02 WHEHA QAR HeZLL BMY A} TP AAALR] 7}
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F St A0g Jehyr) 53|, AFUEE MAN'E FSAAE W, TPY AL
92.1%, TN 81.3%, CODcr 84.1%8] &2 Ae|XL &S Hotl (KTable 5-21>FR)

95

—o— CODcr removal E(%)

-0+ TN removal E(%) ~
90 4 —w— TP removal E(%) ///

Removal efficiency(%)

65 T T T
55 60 65 70

Current density(A/m?)

{1% 5-38)> Variation of removal efficiency on the current density

ShA Rl 2 Aol AREE 1§19 SS AAZLEo] Yo} ArfFE c0D EF AA
of SolME &Y WY A EL-E @A) Rt ol S5 AHE A2e T 0
S71olM IR Fdoll AR flocAE A% U7l HAY nFoR, ¥F Ai
& AL S8 7] AZo] FET AETL glojof ¥ A0 Hwldrh

<Table 5-21> Removal efficiency of pollutants concentration on the current density

Current Density Removal efficiency (%)
(A/m?) CODcr TN TP
52 72.0 70.1 76.0
62 78.2 75.2 83.5
74 84.1 81.3 92.1
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2) WHgAI o) o E eEEE AARE

600 - — - e e s — 50
g onsieadyswe T steady sate :i
2 500 ] g
5 o 40
_O- R -~
&) e
§ 400 | —e— CODer 2
x - Color o 30 ©
(0] N 73]
S —a— TN Ve 2
F 300 % SS s f °
5 - ® TP : =
(o] o
Q E
L
<
[0))
£ 100 -
Q
| o
[o]
O o
0 """" "l. T T s e S s 0
0 20 40 60 80 100 120 140 160

RXN Time(min)

<22% 5-39> Variation of CODcr, color, TN, SS and TP concentration on the reaction time

FUE 740/0°0) A 83ul/ning] FHOFE WS Fodle] HbgA Y MUK
& —1-4-']75}%1:]' 27] FAd4e BEAE C0ber 1,254mg, TN 132mg/L, TP 108mg/L,
SS 95mg/L, Color 2254 ADMIE ESA §7] 53} njye|s TN, TP Z&S st &
e Z0% uEldom, HRT 120min Fo] QEEA AA HEol oir= TP A A E0
92.1%(8.6mg/L) 7}% w2 H|&E& AA|sIglen, C0Ccr 84.1%(252.3mg/L), TN
81.3%(21.0mg/L), color77.3%(511.0 ADMI), SS 54,0%(43,7mg/L)8] A AR &S B 4ch
AEH oz E ARG FHE& 213 CSTR g7 Zlvle&E olste] HelR
£& HoEd, ol WAH A7 AHE A Ax] ZEA3tet WbE7] 3l
floc IA #HAfo] 208 2o 2 utiEn, ol ¢O.Z CSTR Feho| A7 P4 vHE7)
7ol glo] are{E|ojop & Algtolrt.
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3) WIgA| Zke] whE pH/2Ee] ¥}

45 - 10
A  Temp.
® pH
40 -
-9
£ 37 oy 2942(1-0.984%
o 24.0591
g y=17.6038 + FpYET —
- 301 + exp|- X204 18 X
5 ! P [ 18.3657 ] a
13
(1]
e 25-
-7
20
15 T T T T T 6
0 20 40 60 80 100 120 140 160

RXN time{min)

{7} 5-40> Increase of pH and reactor temperature during electrochemical

treatment of biologically treated piggery wastewater
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{17} 5-41> Variation of HMs concentration on the reaction time
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