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Summary

I. Title
O A study on environmentally friendly management of FMD & Al related catastrophic

mortality burial sites

II. Objectives & Necessity of Research
1. Research objectives
O In order to construct the management system for burial sites of livestock mortality,
this study aims to develop an applicable composting technique after the excavation of
livestock mortality from burial sites, manage leachate from burial sites and build the

management manual of an observation well.

2. Research necessity

O Scientific and reasonable instructions are required to manage burial sites in which
contamination of subterranean water and odorous civil affairs may occur near around
the mortality burial sites as well as develop the environmentally friendly treatment
methods for mortality excavated.

O The monitering well management manual including how to decide the location and

optimized number of monitoring wells is needed to detect the leachate leakage easilly.

Il. Contents & Ranges of Research & Development

O Collecting the basal documents and establishing operating parameters through
literature review

O Developing an environmental friendly technique to compost mortality excavated from
burial sites

O Evaluating the physicochemical safety of the end-product from the mortality
composting and suggesting its practical use

O Estimating the possibility of residual FMD virus at burial sites

O Suggesting the manual for the livestock burial site management and the monitoring well

O Suggesting the Improvement plan to the Policy proposal of burial sites

IV. Results
O When soils and leachate from burial sites were examined for the pathogenic viruses,

no sign of survival was detected in all sites tested.



O After 8 months of composting process, pig carcasses were completely composted and
the only remains can be found were bones and hairs. The average composting
efficiency was evaluated as 85% and nearly 100% when bone weight was excluded
from the calculation.

O As result of a literature review, the key operational conditions for livestock mortality
composting were converged into 4 parameters; 1) carbon to nitrogen ratio, 2) oxygen
level, 3) moisture content, and 4) temperature. The selection of bulking material was
very important and governed above four parameters.

O The composting system was designed with natural aeration and bulking materials
were characterized and evaluated with consideration of cost effective methods. When
matured compost and sawdust was applied as bulking material, leachate was not
released from compost pile and the extra control of moisture content was not needed
at all after the initial setup of moisture content in the compost pile.

O It was desirable to mix the bulking material with livestock manure for a high
temperature of over 55°C with respect to biological stability and cover the composting
pile with the matured compost for preventing bad odor during the mortality
composting.

O The end-product, matured compost, produced from this study was met with the
suggested criteria and evaluated as a high quality fertilizer.

O The domestic and foreign regulations for monitoring well, the domestic burial site
location characteristics, field investigations were conducted. The optimized monitering
well installation guideline was suggested by using the groundwater modeling. As the
result, "The Livestock burial site monitoring well installation guideline” was
suggested.

O The research results can be used for the livestock burial site management and the
reflected management guideline will be very useful to maintain the groundwater

environment around the burial sites.

V. Accomplishment of the Research and Future Plan

O Can be utilize as reference information to improve current guideline to handle livestock
carcasses in case of FMD outbreak (2011).
O  Provide a proper guideline for the excavation of burial sites and propose a new
policies for legal support.
- Built a countermeasures as a preparation for the occurrence of environmentally

critical situations and subsequent civil complaints.



The scientifically reliable instruction of mortality composting presumably prevents trial
and error, which results in effective budget execution.

The results can be used for revising the monitoring well installation manual

considering the circumstances around the burial sites, economic and technical factors.
The results may be dedicated to resolve the environment problems by the leachate

leakage of the burial site.

Propose a renewed FMD action guideline which includes a manual for composting of

livestock cacasses excavated from burial sites and installation standards for monitoring

wells in burial sites.
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o Fulfills regulations
o Creates positive public perception

o Reduces disease transmission

o Promotes environmental sustainability
o Produces beneficial by—product

0 Economical & Practical

(331531 Joah et al, http://poultrywaste.okstate.edu/files/BAE174926200n-Farm%s20Mortality.pdf)

O <E 12>% A BEE A&F Aoz WE o, W A4y %a, BAHNo A
S7h5eta f8 8 RAES] Aako] sbseka FAHely] Eg dgHolofol Frh.

<3 13> #Hmst RA o] FH &

Benefits of composting Drawbacks of composting

o Excellent soil conditioner

o Saleable product ] )
_ o Time and money involved
o Improves manure handling ) )
o Land required for operations
o Improves land application
] ) o Possibility of odors
o Lowers risk of pollution and ) _ )
) ) o Weather interferes with composting
nuisance complaints

o Pathogen destruction

: Rynk, R. 1992. On—-farm Composting Handbook.)
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2) AEE N3 o] 4H e 27

<& 14> AFEME H3 =24

Condition" Reasonable range Preferred range
Carbon to nitrogen ratio 20:1 - 401 25:1 - 30:1
Water content 40 - 65% 50 - 60%
Oxygen concentration 5% 5-15 %

1/8 - 1/2 inch

0.32 - 1.27cm) Depends on the material

Particle size (diameter)

oH 55 - 9.0 6.5 - 80
; t 10 - 150°F 130 - 140°F
emperature (43 - 59C) (51-557)

U These conditions are for rapid composting. Conditions outside these ranges can also
yield successful composting.

—~

Fa-¢: Rynk, R. 1992. On—farm Composting Handbook.)

O <X 14>+ gv|3}t =71 2 AAHAES el ZAo=H FHH|sle] mE s ¢stthd, CN
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SRl Ba B0 Aol BhE ZFo| ule) Huls Hao] ol

O Byt gAY F BWe Azsum AgR vy Ragel £3 SR oHd F
T7F &oldll 2oz o]&o] Jhsstal 7hA o] A Har] wiEol] Eu|ste] £ FAAR
AGE otk ERe Axsh FEGFO ¥/l MEel ARSI HaFTe e BA
st Extelo] Agalor AT 4% otHel we FRGHoz <a) HulE wE o oE
S2o Buy ojggo] 97 fEe nyBL Bear o3 Aols Bas

<E 15> BAA ¥H AHH CNu|, FEs= 395 25

) ) Moisture
Material C:N Ratio %) Structure Notes
(¢]
Cattle Cone B - High moisture content.
Manure 13-20:1 6787 Poor — Uniform, small particle size.
Horse Con- B - High moisture content.
Manure 257301 25715 Poor — Uniform, small particle size.
Wheat - Best when chopped and mixed with
Straw 100-150:1 10-14 Very Good denser materials. Needs moisture.
- Highly degradable source of carbon.
Corn - Good particle size.
. 38-43:1 65-68 Good - Poor structure when wet.
Silage
- Strong odor.
oo B - Best when chopped and mixed
Hay 15-32:1 8-10 Very Good with denser materials.
- Maintains structure when wet but
Sawdust 100-250:1 - Very Good difficult to keep moist in dry climates.
- Low odor.
- Absorbent.
- Excellent base under primary compost
Wood Comn- - materials to improve aeration.
Chips 100-250:1 Good - Large pieces do not absorb liquid or
odors.
Finished - Low available nutrients.
20-40:1 - Good - Good as absorbent base or biofilter
Compost cover

(F3F¢: Rynk, R. 1992. On-farm Composting Handbook.)
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<3 16> oA Fujg Al A&

o Bark

o Cardboard

o Cattle manure

o Crop residues

o Fertilizer and urea

o Finished compost

o Fish processing wastes
o Food processing wastes
o Fruit and vegetable wastes
o Grass clippings

o Horse manure

o Leaves

o Lime

o Wood ash

o Wood chips

o Newspaper

o Livestock manure

o Paper mill sludge

o Peat moss

o Poultry manure

o Sawdust and shavings

o Seaweed and other aquatic plants
o Septage and sewage sludge

o Slaughterhouse and meat packing wastes
o Spoiled hay and silage

o0 Straw

0 Swine manure

(FaF4: Rynk, R. 1992. On-farm Composting Handbook.)
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‘ - 1
Cap layer 60 cm (24 in.) over entite mm\ :
Caruss layor 20-25 cm (a-m in)~ . 18 : 6 1t
/ 10-15 ¢m (4-6 in.) subslra(e laynrs belween carcasses rim:t?n{mm]
Carcass layor m 25 cm m-m in ’ - E
/ 10-15 cm (4-6 in,) substrate Iayars between carcasses :
(r:nssuwrzn—zs:mt&-luml e _— S
Carbon source: sawdust, straw, lllter etc. :
v 20—30 cm (8-12in. ) substrate base layer ]
' |.‘. ...................................... 3“‘3.8"1(10_‘2 h) ....................................... pl )
b, o ) A
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(ot

3% Dans et al, http,//www.thepoultrysite.conyarticles/1121/windrow-composting—of -poultry—carcasses)

@)

@)

A\

—  Tomparature at centre of compost pile \
— Ambiant temparature
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=

<19 45> Time versus temperature graph of a compost

windrow. The pile was turned at Day 13.
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I 5
© @Hel HAe F H wHEsto] AbAjel BAAE &3
@ #HEFe] HHl= AgTEE LA 10cm F

AstAt. Aol o] &' AbAl, A
R dHo &2 HA Y B EH5FS VIToR it AEA fRe] dd9E ER
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HE% AR
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<R 47> EAAY AFEHB)E A ~H]

O HAA F57 @ Hu], =+5H], B4, SA@A] 3ukE)

A 2] AR 9] kg) AHAL + o 7] (kg)
1 = v 234
2 =% + HH(50 1 50) 20.0
50 + 04
3 it 4.7
4 4A 3.6
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O wAFE H A=y 7

AL A g AEY F7]

FEAA 271 AE TS, VS, pH, TKN, NH,-N, NO-x AE %7

A& SA TOC, OP, NH4—N, Nox -+ 13

Lr T 20+ +4

e % T 23]

o1 wraler DMDS (Dimethyl disulfide) = 13

DMTS(Dimethyl trisulfide), Pyrimidine
B} AR s, &35
A 5

B (WHCY |, guAda

'Bulk density, *Water holding capacity

O ot A= ST

- 22 e AR " AR S T

o A Ao AlE 7He 3 Flux ChamberE <19 52>9} Zo] A%}

- Abol= : 0.30m(width)x0.30m(length)x0.40m(height), 36L THH = : 0,090t

« A olad™

o ARl AF fans AASte]l A W ¥V HAALS FA

o ATt} wlETR) E9kEO] SE] QPEEE Al AR 208) ©]F out lineol] HIEY WS

AZdste] A8 A
- ofH A Wy
« AFHF oFFH ML GC/MSDE A& o #4 231 <F 17>3% ¢

<9 52> AW ARl
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<3 17> GC/MSD &2 z%7

GC/MSD

JEOL, JMS-Q1050GC

Column

HP-5 (30x0.32mm, 0.254m)

Carrier gas

He, 1.0 mL/min

Inlet

o Injection : SPME (SPME fiber: CAR/PDMS 75/m)
o Absorption: 35C, 75min

o Desorption: 250C, 2min

o Mode : Split 5:1

o Temperature : 250 C

Oven

Temp(min) : 50C (10min)-5C,/min-200C (10min)

Detector

o Mode : MSD

o Ion source : EI, 70 eV

o Ion source temperature : 250C
o Scan range : 307300 m/z

o Solvent delay time : 0 m
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<HE 18> FAA %7] Ay A & Eu|AdAe] vl
TKN® NO-x
Materials MCY (%) VS?(9%) pH C:N ratio?
mg/kg
Before 51.4+0.9 37.7+0.3 85 9,797.6+178.7 13.3+0.1 22.8
Compost
After 64.2+0.0 22.5%6.1 8.6 2,353.7£5.5 12,186.1+48.4 15.3£0.7 13.6
Swine feces Before 58.1+0.6 32.0£04 8.0 1,527.3£5.8 10,237.4£171.5 14.4+0.6 18.1
+
Compost After 65.2+0.4 21.9+£104 8.8 3,544.0£60.8 13,067.1£494.6 10.2+0.3 119
Before 7.2+0.1 92.2£0.0 5.0 1,349.2+0.1 13.3+0.0 5119
Sawdust
After 60.0+0.5 39.6+0.2 .7 1,501.8+4.6 4597.2+123.6 14.3+0.1 46.2
Before 9.0+0.1 78.7£0.0 7.0 3,795.6£0.1 17.2+0.3 75.4
Rice husks
After 49.8+0.9 43.3+0.7 8.9 1,899.3+17.9 3,038.0£60.5 13.8+0.7 65.1

'All wet basis of MC, Moisture content, “Volatile solids, *Total Kjeldahl nitrogen, “Carbon to nitrogen ratio.



o -5- XME‘r A, = Eu], 5 % A9 VS ;}%‘:—8— 7}y 775, 764, 99.3, 86.5%
ollem C/NHl= 2h2} 23, 18, 512, 75 sF<=olth. pHe 442 B Z7]9F Hlasto] <
shHA 86-89 ol or frrlwel %o Ee 2 Wik gldh

O TRKN2 Z7|o] Hlaf Az FsstAerl ol Absol mAdEd o) Fajgl] upeh ol
Hol] olm-Ato g7 R|E ¥ ammonification ¥HS-o] ol&] Yoty AAEHA7] wfE
o e mEAHE ASS AAT FAA T NHy-NO| s B Z7]o vl
B A TollA 2A FssAt

(2) AEF 24 2 54

<E 19> HAE4 ST
Amount NH,-N TOCs PO NO-x
Materials Days
ml  ml/kgx* mg/L (mg/kg*)
Compost - 0 0 - - - -
2107.7 346.7
Swine feces 382
15 99 18 +1119 +11.7 +237.6 N.D.
+ compost (0.70)
(38.65) : (6.35)
Sawdust - 0 0 - - - -
233.1 273.4 986.2
Rice husks 8 44 8.2 £51.2 £27.3 +306.3 N.D.
1.91) (2.22) (8.04)

% A% A717HA0)ES AES WA,

* Mortality kg
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(3) % W3}

Motsture(%)

Maisture{)
100 100
%1 w i w
60 ¢ &
L] &
@ s F R BN NHED 2 5 8 211N
CL| ¥ LY
Mokature('s) Molsturel®)
100 100
] - [-'\J
40 40
¢ 5 8 N v e BAR 7 5 AN BB a H N IR
Lo Compaosting time{dnya) %Y

<18 53> H% W3}

$E W8E e Ao, Pl Eaue] Qi 5%, A, o] 4
ol gapolvh AT A b2 AT wls) FEIF e olfi PRl £ ol

2 1
Sl SRl e Wt ol $A9 FIEe| AN FRS WIA Eeu A
%

B0

= = gt
------ Swing MPEnUrE = LompDst

&0 L bt l s

— —piust

Rice husks

o = = fumbient Tempersture

=30

<18 54> 2% W3}

_78_



R

H] L gk

=

=

De o A

ke,

SRl

.

-

O <19 54>

Np T T o] of i o il
< o W Howo . o
< .
= = T w N
x 0 N Ho Ao oo R B
B N R Ao % % 7
o N S N o 5 i)
i T X = 0 T ™ MA_U
—_— 0 ‘W ) —_— —
= S R TR3
il SE T wHT = B3
\El ~ ,DlL .Og —_— ‘gl ‘Hﬂ OE
N Oy = B Mrm o < o o
— —~ ~ ToH i~ _—
= B ™ o B oS =
Z W = o - 1ﬂ_p7|| ) P o R W
© ° o o W o= oo ' o
~ @ T By 8 Taw "
N o ~ ° —

* sk 43=zg BID I
® RN S O < wim -
0 o < = N ’ 3

bax wEmZ HEE 4
i CSRCINTY o W = ks
N B . U S
i\ o o HT_ ‘.ﬁ_mo H_E ,HA.I ‘El Lt — g
LL .Ul HT HT_ ,_ﬂwu . l W — B T
Fe g gglsd TEroz
o T2 W Sy WwrEETE
s Moo N e S o @ EON r
N AT AN . 3 ud 70
_ZT o _ZT. ) ~a % ~ e
o T oo oL = = 1) o TH e
PE Tl gEes =02
) _ -~ ! &
FOrLE SefT o ouMsdg g
TR Eed Ox®T dag §
¥ e Mwwr ot &
I S = of ™ = & - 3
o IS w2 T of u W ~
N o owm<eZ omy g
i e 2" oS E M om ok N
o o) o o

7 olg

1.

<
=

&t

15

o
H

<

o

w24 o

=
R

_79_



(5) oy

/day oMM e EgaM ogm g

08

O DMDS #A4& AEESAs g A Qo] Hulst 24 A9E W wEE
o] DMDS7} #Asty & AFoA s BE A FolA ASEs dEet #AIgle] Ht
o vg v WAL Rt ot AZHY guE HEHow 9% Hulm ¢
A7 WEoz ATl X 4=ERIE o]l dH e HES @HHe Ao vwud
Th<3E 20>,

<3t 20> &¥7] %= DMDS % (%1 : ppb)
Materials 5 day 12 day 19 day 26 day 33 day AVG
Compost 0.281 N.D N.D 1.069 N.D 0.675

Swine feces ) g N.D 2,229 N.D 0.358 5.837

+ compost
Sawdust 1.329 0.242 8.097 2.746 11.782 4.839

Rice husks 0.663 0.689 10.458 2.615 3.029 3.491

_80_



<

30ppb, 71EFA 92> 9pphbo 2 L&A Uth<

21>,

Ay A
it

O o AAEA 22T Al MY S &

b WAIRE 1Al A

-
R

A pEwch e volA A

oV

o
K

14
Ho

Nl
4
s
:Aﬂ

o

14
Ho
)

R

¢

~

;02

oF

el

X0

Hr

=2 DMDS7} ©]

o ==
TE =2 33

o

=Evs o

T9stel A

9

o

il

21> o3 AAEA 22F F ©

<3t

(ppm)
THdA S

==
jL

0.03

5871

0.003

CH3SSCH3

Dimethyl
disulfide

ol gsimd

NO

5)

i A

9|

(6) A 2=Hl

22>,

=
it

A7} whrp<

o}
o)

T

A%

SERIEI PR

KeXuRbI]
R

Z

A A

-
.

A

A5 Eulpet ol

23A]

1
1.

, EHT R A

_81_



Bl - T -
€8l -2 <27 T8 +81(-2 L2

<d 56> HH]|, =2+ HHl T A & ARA

=

Fob AT = ZeE A ol ARAZE dojelA) 2tz 9lof FAF AbAlel FAbA Rk

H
¥ Fulge] HATTIY 57>, BT Fikah B WAz Al WAk W,

ATE RYolel A e WAlZE gEl Al ok b k(e H A A,

- =

@)

oo g oim

O wuat GATE BS, &8

} 30C
7F AP A Fe Aow gk

_82_



<E 22> A9 A F o

Materials GH(FZto] 7= HAERE F)
Compost ARA A2 WA+ B> ()
Swine feces+
EHl WAl (F)
compost
Sawdust =5 dAN(F)
Rice husks ARAl AL WAl + Ry ol WA ()

(1) Ev) 373

€ TKN &2Fo] 1,349 mg/LolA 4597 mg/LE Z7}stal C/NH| a&ko]
511014 4602 ZHad A2 C/Nu|7F Add o=z 245 a1 e Aoz dddr,

(8) Al=¥l &4 & 4% 2 BFE(WHC)S W3}

Materials Bulk density'(kg/m®) WHC*(g.water/g.dry sample)
Compost 821.0+13.6 7.1+0.4
Swine feces+
657.6+10.8 5.4+0.3
compost
Sawdust 1,081.8+1.5 4.4+0.1
Rice husks 1,295.1+4.5 3.3£0.5

lg 2= 2142 (Water holding capacity)

_]Z

O <% 23>& 8453 HS42(WHC, Water holding capacity)e] 23S yeldl Aoz &
& Hul+ExT7F 6576 kg/m’ez 7bE vrekow Hul 821 kg/m’, Hu 1,081.8

0{
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O Ag =4

Sawdust : Swine feces ratio Mortality Moisture (%)
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AA ¥

[e)
'Bulk density,




NH,-N TKN? NO-x

Materials MC(%) VS2(%) pH

mg/kg
Compost 48.0+1.0 38614 74 287.8+0.9 10,237.4+171.5 15.1£0.2
Swine meat 72.7£0.4 26.2£0.4 5.7 31.6+£0.3 38,874.7+297.4 16.4+0.1
20 : 80 71.4+0.2 27.3+0.2 71 2,141.4£39.1 6,913.7£85.0 13.3+0.1
40 : 60 69.1+0.5 30.1£0.5 7.2 914.0+11.2 3,524.4+24.8 13.5+0.1
Sawdust
. Swine feces

70 30 70.7£0.4 28.7+0.3 6.8 184.9+0.6 1,877.8+40.2 13.6+0.1
100 : O 69.1£0.9 30.6+£0.9 6.1 32.310.5 1,0135%1.8 13.7£0.1

'All wet basis of MC, Moisture content, “Volatile solids, “Total Kjeldahl nitrogen

_87_



<3 25> Al=El S A ¢ FHu|AdA

S\)Sv?rfgd?esctés MCY (%) VS2(%) pH = T o C:N ratio® Bugi c/lengsity
ratio mg/kg g/m’)
20:80 36395  552:12 78 iyl s 147415 1 575.3£9.7
40:60 453+49 55310 76 4810 T 155+1.0 14 610.3+11.4
70:30 51.3t45  505:L1 7.2 04094 228029 165+2.8 12 671.4+205
100:0 543+15 52806 7.1 0,231 115029 16.0+3.0 %5 812.6+2.6

'All wet basis of MC, Moisture content, *Volatile solids, *Total Kjeldahl nitrogen, “Carbon to nitrogen ratio.
O =9 Hlgo] =& A FolA @& HF=E 445 NHeN, TKN(mg/kg) o] &40 2 golx= 1S & & AU
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(6) AF=E3l&(%, DM basis)

H] & 40:603 100:0 1%)

<E 26> AFA AEdHold A7 13RI AFSEE&(%) Bl

Simulation 1

Simulation I

. Sawdust:
Materials Average swine feces ratio Average
Compost 25.3£2.02 20:80 61.7£1.7%
Swine feces
25.8+1.2% 40:60 62.9+4.7%
+ compost
Sawdust 135+35° 70:30 60.2+5.4%
Rice husks 14.5+4.8" 100:0 57.7£4.6%

* Means In the same column with the same superscript are

at 5% level of significance.

* Data are presented as mean = SD
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4

A 5o 845 3 BFH(WHC)

9]

(8) Al2=Hl

W

=K

Nfo
"

olo

es
\V

Sawdust:
swine feces ratio

WHC*(g.water/g.dry sample)

Bulk density'(kg/m®)

3.2+0.1
3.2+0.2
3.0+04
3.20.1

1,029.0£9.7

20:80
40:60

994.0+11.4

932.9+20.5

70:30
100:0

791.7+2.6

la 42 2w 2 (Water holding capacity)
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3Fal 3.2 g.water/g.dry sample©|t}.

]

=
=

70:30 A&+

ke
T

(WHC)

28> En|3} Ao AlgEE B 2

<R

Bulk density!(kg/m?) WHC?(g.water/g.dry sample)

Cover Materials

3.210.4
2.2+0.2
0.5+0.0
3.0+0.0
3.4£0.1

99.8+3.7

542.2+20.2

Wood shavings

Turkey litter

891.1+31.2

Soil compost blend

627.4+27.7

Beef manure

241.3+3.6

Sawdust

lg a2 2w 42 (Water holding capacity)

: Ahn et al, 2008, Optimum moisture levels for biodegradation of mortality

composting envelopes materials)

Hujst Aol ARGE = FAA 127FA 9 Q
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- o = %71
ENE TR A=Y
VA4 2710 TS, VS, pH, TKN, NH,~N, NOx-N A x7]
25 T 20% 7+H4A
otz /7} 2~ NHs, SOzy N-O 29 7+4
, AEEaE, £4F _
g3 54 o N -52 K zg 3
B2 (WHCY) |, 434
'Bulk density, *Water holding capacity

O oHH W b AR WA

DAY Ay
- NH;, NOy, SO Z4& 54 7hs 574

71(Gray WolfAF¢] TOXIC GA TG-501
Hl2 9l A X|sle] A3

-1 0

probe) & ©]&3te] W&
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FAA Eu], =i 2 F9e VS & 747 423, 98 2 89.2%0| o 20:80K. o
A HIE O] =2 40:60 Aol 15% 4 = =Sk

@)

C/Nvl= Hv], =2 3 5yl 242 21, 4 5 204 ol w8y =&

20:80, 40:60 Bl& = EFF AgFolA= 242 10, 182 40:60 Aol A o =3t

<E 29> FAA 7] 4%
_ 1 ) NH;-N TKN®  NO-x C/N
Materials MC' (%) VS(%) pH
mg/kg ratio®
456 42.3 631.1 11,067.8 16.1
Compost 7.3 21
+0.8 +0.5 +3.4 +295 +0.8
‘ 83.9 9.8 4634.2 13,808.9 14.8
Swine feces 75 4
+0.5 +0.9 +2.5 +41.3 +0.3
9.6 89.2 5.8 3,315.3 14.2
Sawdust 5.0 204
+0.1 +0.5 +0.4 +6.7 +0.5
SawdfustiSwine 69.8 25.4 4,471.6 14,176 17.4
eces 75 10
= 20:80 +0.1 +0.6 +17.6 +311.0 +0.8
SawdlystZSWine 534 415 29477 13,224 16.2
eces 77 18
— 40:60 +0.3 +0.1 +9.9 +261.0 +0.3

'All wet basis of MC, Moisture content, “Volatile solids, *Total Kjeldahl nitrogen,

‘Carbon to nitrogen ratio.
(2) HA=EF

O Hulgt 5 F FHUlHY 3o Ade w4 Ay W 2 FHH 9

2215}
=
60% A== YEsta ¢ AT BE AET DA g2 Ao dddn



(3) ==

O

Armbslent — 2i0:30 infernal 20:80 external 4060 Internal - - 40:60 external

k]

Temparature(™C)
E

/

Days

<38 77> exws)

2

B A elA 5UA 51T, 9%E A 4TE ek
1007E 709 7T A R, el A wE ext FAA AsE 7193
B 1309 7 25 Ael fAEE 1BLARE Hat FaEs ARAAE
27 10T SasaT,

40:60 A elgroll M= 24 APAIWE, ARAl el B S0C7HA Adesklal Hale =
= AR, 9 B 6 A 59Ttk 404FH 130 A= ARAL W, 9l
oM EF =7 bkt shadsth 131YH-H

I FRY Hurl FREs AR S AW el fAE AL AR 9=
5C7HA sAstAth. AbAl Wi, 9ol digh 2% ol gilen] A 4

Bl 2697bA] B55Celd ez 4 A

5 = 1
AEo] HIEHE Ao Hudle B AFALE To] fXH o] HATe AEE
o g e MR n AR AbE 27le] g4E o Azwn
T AYT EF 50T o) SEE ALFAN 4060 A TN L2t 2F O
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2
o

2 C/NHIZE Stol g grake]l Am A Fhake] gudom
bRyl Aske] HulolA ohH7t wAs Wz wa Gl
oW MAE BEL AT AFEA w9 i) @ H ol

doetA e 23 vEbdval dE A A itk (Morse, 2001).

O 20:80 Aol e= C/NHZF 102 nAER o3 F7]&E Bl 22 A7F] 40:60 A
2] 7-(C/NH] 18)ol] nvlafjA] A& o2 ZAojx(Hong, 1999) Al=o] & Had Aoz
derdct

p)

(4) =¥l A4, §45 2 By

rlo

O pHE F A7 BEF Z7|BG Fsste] 80787 FEolier #f71=9 &%
[

20:80 A 2] 7= 254004 70776% = 40:60 A gl 415004 72779% % S 7FsE T

O mEaE A= AAT FAA T NH-NO| g 23 57 AgolA] 5 A
ofefell 4 7HE wokom™ AAl 20cm ¢, A &9, W 9 Hy] £o2 yEhyth

=]

<3 30> Al el 5 E A

B 3 _ Bulking 5
| NH,N TKN®° NO-x GuINE e
Material MC! VS? I C/N*
s (%) (%) P ratio g
3 water;
mg/kg kg/m ¢ dry
matter
. 268 720 5817 149179 693 9133 47
O L6 36 80 i1959 19275 418 299 i69 404
Sawdus g 467 703 o 9101 133156 1445 oo 9630 34
t 1156 +58 Ol 14978 35278 +1217 1O 62 404
Swine o 606 758 g 46183 130754 575 o0 L0823 26
g;;;oz i87 31 S0 135099 142396 4537 : i8A +02
) Total 1199
) 481 701 6033 12,0322 9785 3.0
MIXWC 4118 457 80 090 18095 AT 168 g5 g2
209 718 3434 129950 750 10013 45
O Yo 16 87 igo7 2780 =682 21O il 02
Sawdus g 306 718 o, 10867 148168 1686 o, LOAT7 34
L w30 21 S0 Y7606 15036 +1ss2 1S 1390 402
Swine o 629 787 g, 19162 127564 1063 oo 1093 24
feces - 10 56 OS2 :13635 35209 £1498 12 1124 +02
' Total = 437 757 g4 7914 136645 %gi 175 L0936 32
mnétur +31 20 © +52.8 +548.4 : ~ +11.6 +0.1

'All wet basis of MC, Moisture content, “Volatile solids, *Total Kjeldahl nitrogen
“Carbon to nitrogen ratio, "Water holding capacity.

2D Top material; @ 20 cm above mortalities; @ Right under mortalities
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<3F 31> 7b/obH A (¢ : ppm)

T NH;3 SO, N2O
ave. 05+1.1 0 0
max. 49> 0.4) 0.1
min 0 0 0
<E 32> oFFH AAEHY 54 (24 F=IATY)
o . HArA S | &3] -8 7] &= (ppm)
1 SFAl WAl EA]
A R RS ECEEEETEE
Ammonia FE A2+
L Y NH 0.1 Ao A 1 2
6) Al=8 A & =24 54

7h) AR AlY 2=

B oews) 107130 AAaAe W 2

) 8
B wEe Astel Pak @ 8 4 SAseri<ay 78>,

O A AA MR go] FgF mio] RalHA 9 Fe) vz AT AAle] )
© gl # Aow mgou S A muel & gEolst wol AT AAe] W
=7

s A7) 9152 ol o} siA Abal wE A wlAus AR ok gb

{1

< 78> Al aEle] At
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Wk Sobow Seld 4 Qlglrh UARY AR B3 S50l HulE dolw & oW ¥
A S 2080 AL TE AAE B8 ARG FRFFo] Fob wolE
Fxot #ol golom, @@ A Fhoz AT wE FA: gt

>
Ay
M
o
o

(7)

O ARF &S 20:80, 40:60 A& ol A 22+ 725, 87.7%
Sl &ol 20:80 Al el MlE ET<E 33> 1 ol
C/Nu|7} gulstel] Agtaira @efzl 2001 o 7M7)
EE 40:60 Aol 2m=7F 55T o]dew T
FAFAA AREERE FAAe] EFHER FAY-40E

= 40:60 2] el A

60 JE7t M3

FEOE 4060 HE T AL

27]

wolebar AzbE
@ dol wgste] AZHME

Ao

Sawdust:Swine feces

Sawdust:Swine feces

T
= 20:80 = 40:60
Degradation rate(%) 725+2.9 87.7+2.9
- = — == ﬁ* — F o R
f ! 5 i
[ F7] || (i
S — =3 :tf-v_ 1= ¢ “_ |

<Y 79> A AEle] AbA| W
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cm A o8 7 15m, =°] 0cme] YEFFoz A=zt

]
S F0R NS £Rxd B HuE Eded sem 65 0% Holed
A

(3) Aezxx

O BAAE] FH : Hu

O A+ : 147 3ukE

O FAA e 70%

O FAAS 52057 (AN =" 129kg)

O WY : AdE7 ¥

O A7k 1 2012. 07. 21 ~ 2013. 02. 28 (219%)

(1) FAA =71 A7 A 5 =Hn8d%
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O <3 35> HuE Y& FAARE AFEH FHuH9t AMEEME 3o ANS Ay
FEA FReE A 456014 3752 Haslon, ASHNSE f8 275
B gES 0% FFoz 2AI}PSINE FHEts RG]  HAguT e
Aoz bttt o= HH|3F HAAN 2= o] s o]FojH ] W A
o=z Hudn FHuE A, Fo 3wAudEE NH-N, TKN, NOx-NZ= H| /&)1
A 75 Aa BE A e Ed ole HuE 3y F AAVE Bad B
A7) Loz gt
<3 35> FAA 7] A A 3 Fu) e v
Moisture Volatile Total
. . . TKN* NHsN NOx-N TP  C/N
T content Solid - Sold PH (/L) (me/L) (me/L) (mg/L)  ratio
45.6 42.3 544 73 11,0678 681.1 16.1 901.3
Before 21.2
+0.8 +0.5 +04 +0.8 295 +34 +0.8 +4.8
375 72.9 625 77 144531 10103 7132 42353
After 16.7
+2.0 +2.9 +0.3  +0.2 +491  £11.0  +20.1  +487
* TKN, Total kjeldahl nitrogen
2) 2%
O <% 83> 7l AES didoes HIEg =29 AlagoMe] &xwmsts el

agow, Huls 29 &
%ot 55°C o] 4bo] HAH 3

2R AAE FadE A2 G 5 9A

L]
—+ Amtéend — poultey
1]
T e Son
- e
¢ w .
—
i .y ﬂ\_’_/\k
T ~,
E o n .,..l".l‘ﬂ.|
F ";h,---\".h) Lo \-H\\'
'“':-' "'.ni-l' g 1 A"
e
ORI T,
o ' 4 ‘J‘h;‘." = L
1 n 4 51 Bl 101 121 I“‘"ql!j st [
¥ "Il..h .,.F'.-' W
" Days U

<18 83> &% W3}
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Degradation rate
(%)
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EER R

3.3+0.6
52+0.2

904.0+17.8
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(2) FAA =71 A Hulst A Al § =] 4R

<3 38> FARA 7] AN

NH,-N TKN? NO-x  C:N*
mg/kg ratio
Sawdust 10.2+0.1 885+0.0 6.0  21.1+04 462.7+4.6  3.4+0.0 106

Materials MCY%) VS(%) pH

Compost 34.310.7 44.3+19 86  6057£5.5  550.7+6.1  12.0+0.0 45

Swine feces 69.5+0.3 24.7+0.3 7.2 1,790.0£10.0 1,910.7+31.1 25.3+0.5 7

Sawdust:Swin
e feces=20:80

'All wet basis of MC, Moisture content, “Volatile solids, *Total Kjeldahl nitrogen,

‘Carbon to nitrogen ratio.

57.310.1 37105 7.0 1,500.0£10.0 1,753.3+6.1 23.6+0.1 12

<FE 39> A= A F e A

NH,-N TKN? NO-x  CN¢
mg/kg ratio
Compost  37.3+2.7 37.3+x2.8 89 4,363.5+25,5 10,147.1+82.8 23.2+0.3 20

Materials MCY (%) VS%(%) pH

Mortality 19.0£1.4 66.3+1.8 89 2558.8+9.9 12,716.4+409.2 54.7+0.4 29
Mortality

+ Compost

26.8+1.0 50.0+25 87 2813.6+20.8 10,335.5£100.5 34.0+0.5 27

'All wet basis of MC, Moisture content, “Volatile solids, *Total Kjeldahl nitrogen,

‘Carbon to nitrogen ratio.

0:80 E&=¢ %7] CN# ]7} 1201]7\1 Elvjg} & 20729= sk o=
H S

O MEAHAN A T PRe] FRFFo] 190%E FaH A0E woh Hu
Hul el o] olstu Hulsel ofs) AlSol ¢4 RaAE AoE waHn

O <E 40> FEAFY VETATFAY X A7l de HuE uud Ao, &
w WE 71E W9 el & 9] WEE Abgshzd A
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<R A4> FAA 27 B

NH,~N TKN? NO-x C/N*

Materials MCY %) VS%%) pH )
mg/kg mg/kg ratio

Compost 50.9+£15 30.7£0.7 85 907.6143.4 10,847.7£302.9  896.1+3.4 15.7

Swine feces 72.6£1.7 20.5+0.6 80 5899.5+49.2 11,508.3£866.8  42.4+0.2 9.9

Sawdust 29.0£0.2 694403 57 0.11+0.1 1,454.4+93.0 3.5+0.2 265.3

Sawdust+
) 63.5+05 31.2+04 7.2 5681.7+30.3 11,424.1+3194  46.4+2.0 15.2
Swine feces

Swine 3
Mortality 325+1.4 64.2+1.3 6.8 11,3366+123.0 27,606.4£1949  6.0+0.3

'All wet basis of MC, Moisture content, “Volatile solids, *Total Kjeldahl nitrogen,

“Carbon to nitrogen ratio.
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