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Characteristics for Pig Carcasses Burial Treatment of
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Abstract

Contaminated livestock disposal method includes burial method using soil. But the slow rate of decay process of
carcasses has caused various problems. In this study, 4 pig carcasses (80~90 kg/pig) were buried in livestock
compost as a cover material to improve carcasses decaying rate. The result of experiment showed the temperature
of the carcass layer remained 40°C or higher even when the outside temperature dropped below zero. After the
experiment, it was confirmed that carcasses in the compost burial was decomposed substantially than the carcasses
from soil burial. The moisture content of the compost burial was 40~65%. The pH was affected by ammonia
produced by decaying carcasses and the pH level was increased from pH 8.7~8.9 at the beginning of the
experiment to 9.3~9.7 at the end of the experiment. The residues of typical odor components in the compost layer
were decreased after volatilized and due to decaying carcasses strong odor was observed. The odor intensity
evaluation by measured odor substances and olfactory evaluation showed overall favorable correlation, and among
the measured odor substances the reduced sulfur compounds (RSC) were found to be dominantly contributing to
malodorous substances of decaying carcasses. The above results proved rapid decay rates due to the thermal effects
of livestock compost.
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A AAReR oy su 7o) tokat FEHEH
9 A7 A GAES (Office International des
Epizooties, OIE)o]| R % 71 W A7), Zrdd
759 F 9 E R 59 #¥ HJEE OIE ¥
A5 &3 LA 5 U (OIE, 2017). 3 EZF OIE
o 7l € Sldz oA I AE st glon,
2016\ 30] AlZ H o7, FA|9OoR &9 HA] F
e P RE R EE RERSEE A
&2 7H54] A e WE (TPl e,

F s, W), &7 A4, dEHY 9 Hugks &
Aew, 1 9 F714d &8} gAY Tk 5o ek
3t A2 Wyo] ok (Gwyther er al., 2011). =71E $-
AA e S 2o o 9 iy Aol whao]
2 8H4A a8 s 2AHL, T oo FH A2
Ao Rt A28, AGFUEY Wtk 948 F
o] 43FL k(Yoo et al., 2012).
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HEAES AFEE Y oo e Y AL
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and Kim, 2013; Ko and Seol, 2013; Hong and Ha, 2012;
Kim, 2011). 714 AP] Helo] o2 vj2219] 8484
L 22 A F3 Ruvt 2 2dE 71 AT
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9 EZolg A & & & UthH(Gwyther er al.,
2011; MAF BioSecurity Authority, 2005). BjEX] & o]
7 5de] ATAH] A% HEAE THH HA] A

S SR A3, Fufzh go] WYHA] P AR

AFLS AT AHE R QTH(KBS, 2016). = AL

Hafl&=o] £ UeRE BufE 7H453 vt d

Ao BE3 YA3Y H7HE & - Aok 299 B¢

TH 24 0|99 dY FFol EASHA ghom, A

3] A7He) A9 wiE AR A YHIFE 2451 B
=]

(A& 5HE Al TAEhE 129 24 HYdo
gk At - AFe] A5FE-E 7| tsA| Tk (Sherman
and Larkin, 2005), 0|23t A4 3]9] 7l Haojof T
At HAYEL S Halste ARA EaE A
A 7171 = stk (Gwyther et al., 2011).
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Fig. 1. Pilot test structure of burial method for pig car-
casses treatment.
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2T AIA (TSL-101 Temperature Data Logger, Korea)
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HREA 2RE FY FHPRAWINEL E4
3 Bl Baelzs Wrlel 227}
A F AL FES AT 187HA] o
HAEEE BASATHE ). ALY B9 71E AF
AQl BB BAYE o &3 7H= AMA| EH]EE A
AL (Akdeniz et al., 2007)o| A A B 7)7F E<9F
AEHA g= Aoz Buste] SAHFHA AQst
%t
stz B71SABEUS ol 8T M4
(Dilution to Threshold ratio, D/T ratio)S AFQ3}= HF
Holrh Al&e] fFHe W33 1HHA 3 (Lung Sampl-
ing) FHO 2 NET A4 (99.999%)F 33] o4} A
3t Tedlar 10 L Bag (TOP Trading Eng., Korea)ol] 1L/
min®] §F22 5~1087F A &S A5+ Bage]
A2 B BB AR QLTS B
% F5AE EHIAE ol 8okl A £
A3 N2E BAHoR Fdste] HNRE Aze
F 5%90) B3 agol s WAle) AH) olRE A
2 Wrlelolch. H% saulee] e 5o By
fozne 73 zhzte] s\4ul4 (T 1000004
7HA B7h & AW - g A U gE9
71818 H 2 2 AEEFE tHKMOE, 2014).
2}315HE (Reduced Sulfur Compound, RSC)9] A|&
© 54F AE Aot FLT HHez I EA
GC (Shimadzu-17A, Japan)-FPD (Flame Photometric
Detector, Shimadzu-17A, Japan)©l| #€]o] E3} (Peltier
Trap)2 ARESH AR AL&%=AA] (SPIS-TD 3000,
Donam Instrument Inc., Korea) A|A€S &-83}9 ).
ol TD (Thermal Desorber) Wof Carbopack B2} Sili-
ca gel& 1.5:2.59] Ruu|&2 &35 CT (Cold Trap)©|
A —15°Ce] 270 AL et AL B3 A
S2 AAS 915 AR FATO B4 SRANGA
(Moisture dryer model-100, Donam instrument Inc.,
Korea)& AXx5to] $8S 9F 95% o]AF A|A & TD
(Thermal Desorber) W52 A|82E §UsIHETh CTo
2 FIRtEE 250°Co] Ao A gAFste] GCEJ
CP-SIL 5 CB column (Film thickness: 5 um, Diameter :
0.32 mm, Length: 60 m, Agilent, USA)E Z]-&3}o] 3}
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Table 1. List of analyzed compounds parameters.
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- . oTV* MDL® Repeatability
Odor grou Compound Abbreviation Chemical formula ..
£romp P (Ppb)  (pb)  (RSD".in%)

A Nitrogenous Ammonia NH; NH; 100 52 3.70
- htrogeno Trimethylamine TMA (CH):N 01  90E-02 351
Hydrogen sulfide H,S H,S 0.5 2.7E-03 3.82
B. Reduced Sulfur ~ Methyl mercaptan CH,SH CH,SH 0.1 2.6E-03 5.11
Compound (RSC) Dimethyl sulfide DMS (CH,),S 0.1 3.2E-03 3.27
Dimethyl disulfide DMDS (CH,),S, 0.3 2.6E-03 4.5
Acetaldehyde AA CH,CHO 2 0.52 0.78
Propionaldehyde PA CH,CH,CHO 2 0.34 1.95

D. Aldeh
- ‘i‘;nﬁ‘:"’ Butyraldehyde BA CH,CH,CH,CHO 03 0.55 224
P ) Isovaleraldehyde IVA (CH,;),CHCH,CHO 0.7 0.63 3.02
Valeraldehyde VA CH, (CH,);CHO 0.2 0.51 4.05
Styrene Sty CH,CH=CH, 30 4.1E-02 2.56
Toluene Tol CH,CH; 900 5.2E-02 1.05
Sovlone | MP-Xylene m.p-Xyl (CH,),CH, 41/58°  7.5E-02 255
B. Volatile organic ¥ 0-Xylene 0-Xyl (CH,),CH, 380 8.7E-02 1.87
compounds (VOCs)  Methyl ethyl ketone MEK CH,COC,H; 440 2.0E-02 435
Methyl isobutyl ketone MIBK CH;COCH,CH (CHs), 200 8.2E-02 4.17
Butyl acetate BuAc CH;CO,C,H; 8 7.8E-02 461
Isobutyl alcohol i-BuAl (CH,;),CHCH,OH 10 4.0E-02 3.87

*OTV: Odor threshold value: Refer to KMOE (2007)
"MDL: method detection limit

‘RSD: Relative Standard Deviation

‘m-xylene =41 ppb, p-xylene =58 ppb

TEL stk HFH ez AE RS2 180°C
9] FPDOf|A] A&o] o] Fo{Ft}.
FEYOH(NH,)E= 2709 dHA 0.5% ok
S0mLE Wiro] g1 PR AA% T WA e} A
ZE] §9HE &3 50L (10 L/min X 5 min)e] A/ &
FFAA FU F47F B BAREHL 10mLE £
Foto] Q=g E oz (AIZE S A} T E
Al&E= UV (160A, Shimadzu, Japan)E ARE-5}9] 640
nm BRI FHEE SHete] R A4ellnt.
E gy g olnl (Trimethylamine, TMA)2 AHgd o] 1}%]
£ SPME (Solid Phase Microextraction, 65 um, Supel-
co.USA) 402 A28 53 T 243ttt ol
3l Y58 AE AEZ0](Glass microfiber: 47 mm,
Whatman, UK)E A oJ3x] A &]ste] 50L(10L/
minx5min)¢] A2 7kA9 FAS gEatgch A
H fiberE 74 20mLo) 71EH & 3mLE vlo|
of Y3 NaOH 50% 2 mLE Z29¢j5te] wul 3 §24]
# fibero] S - =ZAATH BAHL GC (2010Plus,
Shimadzu, Japan)Q] FTLollA 220°CE 387F &

25l

)

Zk5lo] olnl®z E Ao 890]3t Column Stabilwax-DB
(Film thickness: 1 um, Diameter: 0.32 mm, Length: 30
m, Restec, USA)E A-&35tgth 1811 200°Ce] &&=
ZAs A TMASE =2 AZo] 7153 NPD
(Nitrogen Phosphorous Detector) 2 A& 245} t}.
2tg|3}o| =E5H+= DNPH (2 4-dinitrophenylhydrazine)
cartridge (S10, Supelco, USA)E ©]835}9] Personal Air
Sampler (Gilian, USA)& 1L/min®.& 1087+ £ 10L
2 At A2 A 0xe] G AA] ot
of 24-DNPH 7hE2]%] JTHo] K7k (A 2l &
Z 238 (Waters, US.A)S Fﬁ,%o]—ﬁt}. DNPHZ
S=A3 A7 gy sto|l= R FUEL Acetonitriledt
254575259 Roju2 273 §oog gk
2 H|=ZA4 Column?l ZORBAX Eclipse xdb-C18 (Par-
ticle size: 5 um, Diameter: 4.6 mm, Length: 250 mm,
Agilent, USA)S A-835to] Ea|stgict. o]3o HPLC/
UV (YL9100, Younglin, Korea)ol| ] 360 nm&] 2}-#Fo

2 gesto| =R R ES Sekr

o4 VOCs2 A2 A= Tedlar 10 Lbage]l 33
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3t & B8 HXI (MP-X30KN, Sibata)S ARE-3}o]
% 1L (100 mL/min X 10 min)2] A]|&E Tenax-TA &2+
A| (Supelco, USA) 200 mgo] X% &&# (Perkin
elmer, Supelco)o]] 2 S =8ttt 181 o5& &
g$2E A 7] (TD)2F GC (GC 6890N, Shimadzu, Japan)-
MS (Mass Spectrometer; GC 5973N, Shimadzu, Japan)
b ARE BN AAgoR BNsign dua By
2 Carbopack B&} Carbopack CE 1:19] Hun|2 &
33F CTE 0|93}, —30°CoA AL =319} =
29 ABE T 320°C9] MeolH AEHS G
3, GC W< DB-1 Column (Film thickness: 0.25 pum,
Diameter: 0.25 mm, length: 60 m, Agilent, USA)S.2
SR 2ol fmstel 9% BAsar

B IE AR AR 92 HeaAs
(OTV)E yehl 1, 2K 2 (Quality Assurance, QA)
of 3t W AZE3%HA (Method Detection Limit, MDL)
o A4 et AddS Uetle A EEHA (Rel-
ative Standard Deviation, RSD)S UE}¥th MDLZHE
73] ¥bE BA3}e] AFESE Zho]lw, RSDE 0.78~5.11
%2 U AFFHAIY 715 10%ET 2A F7tE
o] 3t AFAL B FTHKMOE, 2014). A4 Hj
=242 setaly] 93] 4717t 5o ojRojzonz
A3 Azl B4 Hol obA AT vhe} ol B4
71719 A& #ej7t o] FoZ AEolA EAS 35t
et

|

3. Znt H{ 1 ¥

N- rx

3.1 ZAEH S

2 52AFHTA R TAFALE @ AR
(2016.6.25. 715) 00l WEH H]ES’J 5
Hl2o} RALEHRE TRET
97110 HuENREA S8 S AL Eo A%
90| Y Huo} okt 22e B e}
&5 Ik Nam et al. (2010)= sHFSE ol 5W
AR e 2FAAR A5 38170 QAL H
oF 10008 & 28 £5o] B2 Hu] $39 42 24
& SR uh YTHE 2). B AT AHLE 24
W (ER, AR, 94, BY 52 Feae B o)
At B7] LAA SHEHAE HR AF AG7)B
o oFjste] EAF 2t Hu] TAFALY FuY
FAL MEsE Ao BrhEYTHE 2.

Heh B Aol gioh ge HabE] 5 71
ggHoz ol o|gHL 9t S AR
B2 A8t Ee 2472 B2 0|29 pH,
$AYE, F2E, SRR S B At(E 3). &
et Euje) Az Aog HHo) £1 02 il
Aeigen, 238E NAAYE o) gsto] HF
4 F [1-(3Ads s YU 100] A2
olgalol AT $REGHL 48 HTE
A o) Fast A2l Ax g FAu H

°l°ll [os

rir
|

Table 2. Types and contents of domestic livestock manure compost for standards.

; Nam et al.(2010) This study
Item Standard*
Poultry (n=82) Swine (n=33) Cattle (n=06) Mix (n=260) Mix (n=3)
Organic matter (OM) (%) 30< 39.1 40.7 39.6 399 45.1
OM/N® none 25.1 31.2 27.6 274 29.1
NaCl (%) <20 0.52 045 0.61 0.51 047
H,O (%) <55 37.0 42.1 41.6 39.1 36.5
As <45 0.73 0.83 0.82 0.98 0.84
Cd <5 0.36 043 0.57 042 0.31
Hg <2 0.04 0.02 - 0.06 0.006
Heavy metal Pb <130 12.63 9.10 8.53 8.32 2.29
(mg/kg) Cr <200 10.46 10.95 15.34 11.65 2.68
Cu <360 57.39 117.0 55.35 77.74 150.29
Ni <45 6.22 6.34 7.98 792 342
Zn <900 217.44 346.34 20991 23443 341.44

“Establishment and designation of compost organic fertilizer process specification - notification No. 2016-26 of rural development administration.

"Organic matter/nitrogen ratio.
‘Data was below the detection limit.
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Table 3. Physical properties of cover material.

Cover materials

Item
Compost(n=3) Soil(n=3)
pH 8.54 6.15
Bulk density (g/mL) 0.233 1431
Porosity (%) 64.2 47.1
Water holding capacity (v/v, %) 1,1232 349

2E7] 9=F ¥t Run|2 yeyich Aol A
235 EH|9 %7] pHE 854, £HYUELE 0233 g/mL,
FIE 642%, 2EHGE 1,1232%2 BrEg o,
Ay Ao] jEX] EFL pH 6.05, £FUE 1.431¢/
mL, 33& 47.1%, TEEFHLS 349%= F71E )
53], HH|9 sREfo] B Hls| oF 324
A B7AE O] AA B A WiEH= JAETE S
P e S8R 98-S FoeEN Atk o Hold
° 2 g

it

e

=
3T

L ol

3.2 2 3 AtH| H3|

AZHg o] whE wiE A Wi 2& W3kE g¢lst
HH(E 2). iz APEQ] EF A9 8 AR
Wit EESO 2= H3} ¢f7] 2% Wk fAt
T AFEE Hol, 7] =7 AR Rafjo] Bagt
8 deo= woEnh ] X9 Fe, Ay 27
97l 2=7F —6°CY wf Hu] 2A| 9] HGFdof s
A QB =7} 49.8°C, BEAHL 504°CE2 HH|
o o%t A%t dAY ATE Ko AL Gt} o]F ¢
7] &&= Aol o A& o= jEA] | 2&=7} 5
st o BH|SE 57U, A WRE 769 Zell ThA|
2E7} sl oF 2709 Aol A R HES
257t JAEE @Al vt Ad F= A7I0
€ 7] 2&7F —5°Co= B8t AR YR 2=
42°C old& frAISHETh &= AL AF #
o] Rufjzh-go] Ellsiylo] et =7t A5 Aem
wotEh ol2et 2= W3t oS WEA] WH AL
A FojA7] =g A £ Qe AqE & 5+ 3
ot 24 WY 22 25 Fuf 13 gEo] ¥
Ato] At @ BRI} Fa% FF dAYLe=
(Imbeah, 1998; Stentiford, 1996), 7|9 &< Huj &

S FAS= AL Bd Ao vrE st £A4)
o Hpo]# 29 - 50°ColA F43] BB} Hof
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Fig. 2. Average temperatures of ambient air, soil cover

layer, compost cover layer, inside carcasses
according to burial methods.

56°CollAl 302 A2 Al AFEst= Aoz dA At
(Dimopoullos, 1960; Bachrach et al., 1957).

Y 33 go] Ay F& F jEAE shyel 54
AA o] B FEE SISt Ede s wjEet v
B9 A (A BES RAR Qste] G2 P
o HA] A ¥FE Hol Rz ol IHFHA] 2
Aoz gRIFGI. Hulz mjE3t A B)= A3
o7 B wjEx|of v Fuj7} go] xzPE o] =X
AYL T S Goiw, WMot L P R A,
A& 59 AREZ] A olT A FH
o Wshe Eule] Rf 21 Extel oJat AHH 2

g 4A) &t 71E dF-E Tl oshd 7t
T A& DAFS 270 ool & viEE= A
© 2 FA3}3 It (MAF BioSecurity Authority, 2005;
Munro, 2001). 2 €177]7F Sk E]u] ] 52 e

A Holt Ao= et 7E W24 WEEH
SdE Ane wuEt 4 F Y 37 S8
Y W OF 40~65%9 SEOZA, FTAHAIZ
AR>S P $H) > A G AR 60em 9
2EZ) 208 ¥ ettt shae] Hl3) 38 A4

B S8 AL Huldo] ot AAS AR

o
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Fig. 3. Appearances of pig carcasses after experiment end : (A) soil burial method, (B) compost burial method.
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Fig. 4. Changes in the moisture content and pH from different sampling point of compost layer with pig carcasses: (A)

moisture content, (B) pH.

E57F 7137 g2 Aoz Ardt A F
& 5 mjEXE o] AR sheE Eeld A3 HE
o EA 575 Aoz #AE 4 STt ol E
H] 9] Fojd ;EE T} Budo] ot A& A
Z 9 4R 7|5 avtE geEh uEhA AR A
ZE % A gy BEA of& A A& HiE]
et A BIE 7dE £ 5 Ao

1% 4B)] pHE oF 60 ©]d Al7]of pH 9.37}4]
et o]F 904 ol AZIZHA] Ha F A 7t
sto] pH 9.771%] 53ttt ARt o2 745 ARl
A 2 E HE] pHE oF 6~8 J=2 HARN T

a7 A 33 A A2 &

Aol 7PhE A F|71dE Wk (Yuan er al.,
2013; Bao et al., 2010; Gao et al., 2010). EJ¥] U] pHS]
Ao Fula FtY] 714 Aart BalEof wA
He GrEYold Aol o3t FFFo] Atk AHAY] &
Wao] g7t2 E A5} B3 (Decarboxylation Reaction)
of ol WHE dEE F= olitEtead] Eaf
oA &9 pHE AsAl7le AR HiuFHY
Sl th(Schotsmans et al., 2012; Bao et al., 2010; Dent et
al..2004). FT} SFEE 2| 0] S8 B pHE 57
4oz foulth(p<005) AHolg meom, F4o 7
7he AEe AHA FFS W) i) g A
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o] pH7} 7P Skt 2|3 shtol] wlsf pHYL 22
- FEE A BEeaigol A wiEEE Ry oket
Eu] QmoA wiEE gEUol 7k JFE <l
AZ1.0] pH (r=0.76, p<0.05)7} © £A4 vehd A
o2 AR F L}

3.4 Azt Zoof| 2 AFSH HHEEY

WA AR e F EAbE] BEEI AASA
A 159 (D-15°] A& FHEZDS S5t 340

A (D-340)7HA] & 203] 547 2SS & 49} 5o Y
Bl A1 St WiEA Y Fa ofF WS
A 27 2A, ARe EEAR B8 SAtEY
A uEE obzish, BAE AL RajsiRA wze
= ohzjol}.

49 271(D-15)9) AFEAE F2 Hulo) BF of
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Fig. 6. Changes of D/T ratio measured from cover layer and pig carcasses layer depending on compost burial method.

Table 6. Result of correlation coefficients of each odorous compounds measured from compost burial method accord-

ing to elapsed time.

(A) up to 92 days (n=10)

NH, H,S CH,SH DMS DMDS TMA AA PA BA IVA  MEK BuAc
H,S .100 1
CH,SH .8907% 385 1
DMS .886%* 395 1.000%* 1
DMDS 909 336 996%* 9953 1
TMA -017 —-.704% =361 -.369 -.317 1
AA .946%* 232 981%* 978 990%#* —213 1
PA 93 1%* 189 962%* 959 971%*% —.124 9903 1
BA 912%%  —034 845%:% 8393 868 091 92353k 9547 1
IVA 274 —454 —.146 —.150 —.124 597 -.010 -.001 178 1
MEK 475 204 .669* 672% 655%  —.605 611 537 356 —.266 1
BuAc  —481 .108 —461 —454 —497 —-410 -.536 —-.618 —-.668%* 004 -—.032 1
iBuAl 460 682% 734% 738% 703%  —.835%* 637 570 368 —414  729% 030
*p<0.05 (2-tailed), **p <0.05 (2-tailed)
(B) after 92 days (n=10)
NH, H.S CH,SH DMS DMDS TMA AA PA BA IVA  MEK BuAc
H,S 026 1
CH,SH -—.004 927%#% 1
DMS -.019 740% 884 1
DMDS —.193 032 359 552 1
TMA -072 355 353 397 437 1
AA 619 =315 -.318 -.351 —-.158 =270 1
PA 625  —425 —464 — 466 -316 —.406 967+ 1
BA 477 =099 -.050 -019 —-.101 —.639% —.108 000 1
IVA -376  —.133 037 078 492 351 —.111 —.196 012 1
MEK -.179 442 254 257 —-.034 824k — 286 —-.341 —403 103 1
BuAc —.637* 249 .103 214 —-208 —.024 -.521 — 456 428 —241 383 1
iBuAl —-.107 101 002 316 021 486 —-.182 -.139 -.107 -.018 .703* 558
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