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Aerodynamic Approaches for Estimation of
Waste Disease Spread in Pig Farm through Airbome Contaminants
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ABSTRACT

Pig chronic wasting disease, including porcine reproductive and respiratory syndrome (PRRS) and postweaning multisystemic wasting
syndrome (PMWS), have made a continuous economic damage in pig farms. Airborne spread of livestock viruses are an important
spread factor which is difficult to analyze due to invisible airflow and limitation of measurement. The objective of this study is to
analyze airborne disease spread between buildings in the experimental pig farm by means of field experiment and computational fluid
dynamics (CFD). The field experiments were conducted to capture airborne virus using air sampler and teflon filter along multi points
in the experimental pig farm. The samples were tested in terms of virus detection resulting in positive reaction for PRRS and PCV-2
viruses, which can be a firm evidence of airborne virus spread. The CFD simulation model was developed by considering complex
topography, wind conditions, building arrangement, and ventilation systems and was used to analyze airborne virus spread according
to different wind conditions. The CFD computed result showed a possibility of airborne virus spread via livestock aerosol from infected
pig house to neighboring pig houses according to wind directions. The CFD simulation technique is expected to provide significant
data for estimating and making a counterplan against airborne disease spread.
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Fig, 1 Satellite picture for experimental pig farm in Anseong:
two fattening pig houses have operated by natural
ventilation system while two piglet houses have
operated by forced ventilation system.
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Fig. 2 Example images for experimental setups; (a) & (b) installation of air samplers on the naturally ventilated fattening
houses, (¢) in the forced ventilated weaner house, (d) weather station on the roof, and (e) satellite image for the

pig farm
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Fig, 3 Flow chart for CFD modeling including weather data and topographical configuration
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Table 1 Inlet conditions for CFD simulation

Values

Conditions
Number of Mesh
Mesh design

about 1.87 million
Hex for buildings & Tetra for the others
1 km diameter & 1 km height

Dimension for Computational Domain

Boundary Velocity inlet & Pressure outlet

Wind Velocity 2m/s

Wind Directions 8 directions (E, N, NE, NW, S, SE, SW, W)
Xeefnc;yhzi Ssn in forced ventilated 357 ms

Density of Aerosol 1,200 kg/m’
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Fig, 4 Sampling points for virus detection using air sampler
with teflon filters
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Table 2 PRRS and PCV2 virus test result using RT-PCR
(Real Time Polymerase Chain Reaction)

) PRRS PCV2
Experiments
P1| P2| P3| P4| P5| P6| P7| P8| P1| P2| P3| P4| P5| P6| P7| P8
aAbxp.1l | -|-|-|-|-|-|-|-1©O|-|]-]0|0| -] -
bExp.2 | -|O| O -|O|O| -| -|0O]©|O|0O|O|O| -| -
OEp.3 | -|-|-|-|-]-|-]-1©/0 -|0|©00O|-]0
oBp.d | -|-|-]-]-]-]-]-]e|e]-]-]o]|9]-]-

3% © denotes positive reaction for virus detection.
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b) Experiment 2 (Sep. 170
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Fig, 5 PCV-2 Virus test results by four experiments using aerosol filter connected by air samplers: The prevailing wind
were averaged by using recorded wind directions every minutes during the experiments

Journal of the Korean Society of Agricultural Engineers, 56(1), 2014. 1

45



F=rgo] angAy st BAS 9% @ mUEE 2 37158 24
A3 3 (10¥ 90| A= B FFFE AZAZILS Zo] EAYAYRYNA AlFdl= FAAEE HIFCR o]
n] $450] Bato] 0.6 /s AT O Higho] A &SIt vt AUTOCADE ARgsto]l Iadh s S0 gy £4 9
o2 HARATL PRRS Blo2|Ae AEEA gator & 67] A HAJsk¢ith. SKETCHUPL 22H9] Ao vy Fados
HollA PCV2 Hiolg A7} HEE|QIT. F3Haks wet Hs= HH 329 A @& Fig. 72 2o FA4slL, o F Fig. 8% &
A} 19] EAFZQ] P7. PROJAI HlolgAvl AEE|] oke uiE o] RHINOCEROSE AREsle] 7F Eate] 91x|9}F 217 | kme
Hl&EAF 13} 25 533 P4, P5, P6oIA vlolg|art AEEel  AA AR G9S wdsiol 3Ake) iEAgS The 4 sl

ok EAL] 7zl W kAt 7].1:/\-1_9‘ kst 2= 919}

A3 4 (109 3007 AL $ FEFE BEE AYR

SUR FEPE oz AuS Susild A4 1o Aot

FUT ANS Aok 89 Feol FAD AF 13 1092] 5

U AF 29 Ak BAFS MOR 5 oM Fe

Aol it 37] 3 e AFS LEL B 59 8

2R 0 F40 12 §5H0] Fa0U4S & 4 gk
2. WASH S B M7 U o4

2 dolMe GIS A3 A= 3 A7) dlolHE o8

g 33 37] et Bdl V]2 AAE skl Fig. 63

Fig, 6 Numerical contour map around research farm

Fig. 7 Three dimensional surface using triangular 1rregu1ar
network

46

SAE High gL Hlgko @ GAMBIT 2 T-GRIDE ARgato]
AL AR F o8 Rolg 7L 3490l BEoR BE
o 2% A4 2dg WA 24 AGINE Grading

=232

sto] Axa] 48 Zolt= BAlo] FRA M AAE HFEAA
ARSI Sk S8 B Gl BgRES o
2 AP P ol wlslel BYY B ozt o AT
dPgAIGel7] t Fig. 99} 2o] o] EFR Gl g
A AAS WEE sl o 2ust
7% o] B e A 99

o=

52 AR} 42A AAsSIE ARt 9%
o= Fjof F3ol| ufb HRE G2

Fig. 8 Area division by computational domain and pig houses

Fig. 9 Mesh design near pig houses as a module for overall
domain

=55 otel=wd A56d AT, 2014



A;‘-"

o

=

2 dato] 7h5eteR sigith

3.

ol
>

MR

Jo
mjo

sot /5% 2

Fig. 102 Aol delel & 870 59 9 gl
#2249 2 miso] F400 Hste] CFD ABeold B4 2
B el A0 AEAP} vloletse] el Hol qlekn
Igalo] AEAH s dolelg] Bhakg BAsH,
A A9 BEE BE7) glow YRR ENEo] Sixs)
3, ol Wlte] Astel ZABIAOR el 37174
zoz sl 122 7T gtk

ABold B4 23 A% 0 oE ALY vl gl
739 Ago] WS F102 THgR AARIA AR o)
o B/ 4 = gk Al Aol Hals) G0 g
Stk o] Qlsto] AHEAL 2HS] fio] HolA v 7R B
stol Lotz o] wh2 Azke] SHitslo] 57 2Rz W&
A g o) Q1] Aol o oz g e
Kol o8lel ok 9ol Uolek. Wl $F o £F Adol

whgo] £9J5l A9 u/ e BAlo] AR o 3]

o A fUslo] AEAS B Wolrk v ol B4t

Journal of the Korean Society of Agricultural Engineers, 56(1), 2014. 1

7 3 ~ v} - i ..'-“.\.. oz o | £ L
Fig. 10 Aerosol concentration from weaner house according to wind directions

el

z 2

2

14

=

=

w

O ES

3 &

[8) £

2F

> g :

5|

— Lo

w Bt REFE £EEy FREE

o Iﬂ Salo ©5S5 | ooog Soof

E N NW S sSwW w

mFattening 1 5% 0% 0% 0% 0% 0%
OFattening2 6% 0% 0% 0% 0% 0% 0%
@ Fattening 3  20% 13% 16% 0% 0% 0% 0%
= Sow 50% @ 0% 8% 0%  48%  38% 27% @ 24%

WIND DIRECTIONS
Fig, 11 Influx rate of the contaminant according to pig
houses following the wind direction

S3toll ofstel 7| oA vhEEl: Hlolelse] AR 9
F515 542 AR AP AR dehith mEAL 7} ot
gatolo] ofakg slo] U} 2O BakEE AL v o))
wfge] @geld HlolelAs ZAIsH: P3, P4 Aoz ol
Bort AZEA oke A skl A% 20} Zo] FE]
FE Aol ABE Aolo] YA BYS 1 A
of W7ol UhE Sl Hlelel Tt L SRR HgAL 19t 2
Zom olE A7 wor AW 37} o] AFo] 2E
A9 AHEAA WA wlolelAt Hiehe ueh 54 yoE
W&o} Hlg Aol ol gl Ao Lehgtt

Fig. 112 ZAB714) AEAll ek Zatelolz (o)
olelz d vlolelart FatE BAS EO] FEE 100 %2
MBS T Ao QI EAER S5 Holexo)
W HES % /M) ] hsle] BAT A Ui A
olct. AHEAle} vl o] Qs mEARY] A% ) 59 %7H]

47



BUHY 2 3185 14

vlolel o] RS W 5 BEAGS Aosut A GBS
W A0 PR ol BEA Qi Helelo] B ofg
£50| Hlojej2o] 3 o] Frie O] 25 LEA)
91%] ofFo] Wagh Ao ek, AEAY Yol Qi 1
ofgls HI%A) 39] 4% HE, HEE FEIN B2 163 79
GRS W ANE WY om, AEA] AZe] g 250 1
S} 17 20 49 553 5] tislo] B 12.0 %9 175 %

—r‘

L 2 s FEglAe] an o] 37] o= S
Aot AUSS Zelsbr] $lst 7123719t HE A
goto] FAt oo2ES 2Rsto] tjsd A A2 PRRS,
PCV-2 ol HAE $305}al, 0|2 HARGA Y AlEd o]
e MRS MRS B EAR] Hlx e} ﬂﬂ?aoﬂ wet 3
AEE oS met SAlE= vlolg Al FEEXE #A5t

oS Fote] Heo] AelAl PRRS ® PCV-2 wt
oAt HEEglen, oz 3] FoR wAd Any Y
9 A a2 HeA Ao A 4= Qltis ZA B2 AL
89 4 Atk 53] 5 el 9] AERF P4 A ThE @
BRARG I 2 = Lo, o s d=dAE
Aol glojAl sl A4 g ek A

Argol| Fofet HzAle} olgAEARE A Es] wiRlske Aol &

EhiA
1
o
of
_o‘L
Q2

e 9 fo

ook

el fle

N

= iﬁ

mek ey

SN

FE

i

o

.

Oft

<

do

9‘144

£

o

jg

N

%

B

Il:l

m

j_g‘,

oy &
g
>~ };
s Ooi'
o &
>
Of
)
N
rE
1o
o
=
)
oflt
e
o
é
et
N
1>
&
D)

eAfElo] = AEe %*é% i 6}04 kA
A s AAste] thofet Fakl wE vloj Al
S SiAskiTh 1 A AREARIA viEE = HiolE
%‘?«*J [o125e, FF weth TYE=Y 29 %9
SEA] G ol 371 5 At 74
o}, iﬁ%oﬂ% o o S W S5 23 o
5ol g s Blolglirt QI EA BlAl=
Rz Rkl tigk A7t ﬂ&o}uﬁ OIE EEHE FAlA A2

oo o |y d
immmlmrﬂt;
i -

ro o oo &
© 3o U oo ©
l-(‘

B ol TN 7Y A9 8 3871

= =270

o (THAHE KMIPA 2012-1204)2] 219o]l 2Jaf 4=3=]91
Y

REFERENCES

10.

Brockmeier, S. L., P. G. Halbur, and E. L. Thaeker.
2002. Polymicrobial Diseases. Forcine respiratory disease
complex, eds. K. A. Brogden and J. M. Guthmiller,
231-258. Washington, DC: ASM Press.

Gloster, J., C. Doel, S. Gubbins, and D. J. Paton. 2008.
Foot-and-mouth disease: Measurements of aerosol
emission from pigs as a function of virus strain and
initial dose. The Veterinary Journal 177 374-380.
Huh, D. and B. J. Woo. 2008. Impact of Swine Wasting
Disease on Farm Income. Jowrnal of Rural Development
77-88.

Kristensen C, S,, A. Botner, H. Takai, J. P. Nielsen and
S. E. Jorsal, 2004, Experimental airborne transmission
of PRRS virus. Veterinary Microbiology 99: 197-202.
Krumkamp R., H. P. Duerr, R. Reintjes, A. Ahmad, A.
Kassen, and M. Eichner. 2009. Impact of public health
interventions in controlling the spread of SARS: 6.
Modelling of intervention scenarios. International Journal
of Hygiene and Environmental Health 212(1): 67-75.
Mayer. D., J. Reiczigel, and F. Rubel. 2008. A Lagrangian
particle model to predict the airborne spread of foot-
and—-mouth disease virus. Atmospheric Environment
42: 466-479.

Park, S. I, B. H., Hyun, C. G., Park, S. H. Kim, and
J. B. Kim, 2012, An investigation of real conditions of
pig disease in hog farms all the country. 53-64, KPPA,
Seocho, Seoul: Korea Pork Producers Association.
Robertson, I. B. 1992. New pig disease update
“Epidemiology of PRRS". Pig Veterinary Journal 29:
186-187.

Seo, I. H., I. B. Lee, O. K. Moon, S. W. Hong, H. S.
Hwang, J. P. Bitog, K. S. Kwon, and K. Y. Kim. 2011.
Aerodynamic approaches for the prediction of spread
the HPAI (high pathogenic avian influenza) on aerosol.
Journal of the Korean Society of Agricultural Engineers
53(1): 29-36.

Song, S. H., I. B. Lee, K. S. Kwon, T. H. Ha, P. J.
Bitog, S. W. Hong, I. H. Seo, O. K. Moon, Y. J. Kim,
and E. J. Choi (2012). Analysis of the disease spread
in a livestock building using tracer gas experiment.

asotel=ad AS6d AL, 2014



AYgt - olQlE - E27 - dAEA

Journal of the Korean Society of Agricultural Engineers 13. Tsukamoto, K., T. Imada, N. Tanimura, M. Okamatsu,

54(3): 37-45. M. Mase, T. Mizuhara, D. Swayne, and S. Yamaguchi.
11. Spekreijse, D., A. Bouma, G. Koch, and J. A. Stegeman. 2007. Impact of different husbandry conditions on contact

2011. Airborne transmission of a highly pathogenic and airborne transmission of HB5N1 highly pathogenic

avian influenza virus strain H5N1 between groups of avian influenza virus to chickens. Summarized from Avian

chickens quantified in an experimental setting. Veterinary Diseases 51(1): 129-32.

Microbiology 152: 88-95. 14. Weber, T. P. and N. L. Stilianakis. 2008. Inactivation
12. Stark K.D.C. 1999. The Role of Infectious Aerosols of influenza a viruses in the environment and modes

in Disease Transmission in Pigs. The Veterinary Journal of transmission: a critical review. Journal of Infection

158 164-181. 57(5): 361-73.

Journal of the Korean Society of Agricultural Engineers, 56(1), 2014. 1 49



