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Secular Trend in Indoor Dust Levels with a Comparison of Indoor and

Exhaust Outlet Dust Levels in Swine Confinement Buildings

HyoungAh Kim*, ChangYul Kim**, Ravi Gautam**, SuJeong Yang**, Manju Acharya**,
JiHoon Jo**, Anju Maharjan**, SoJung Sin**, EunSeob Song**, YoonBum Lee***,
Hyocher Kim**** Kyung-ran Kim**** Kyung-suk Lee**** and Yong Heo**'

*Department of Preventive Medicine, College of Medicine, The Catholic University
**Department of Occupational Health, Daegu Catholic University
***Department of Toxicity Assessment, Daegu Catholic University

****National Institute of Agricultural Sciences, Rural Development Administration

ABSTRACT

Objectives: This study was performed to evaluate the secular changes in indoor airborne dust or endotoxin levels
in the dust from swine confinement buildings. Indoor levels were compared with the level at the exhaust outlet
in order to examine the contribution potential of indoor dust to nearby ambient air dust.

Methods: Comparisons were made on inhalable and respirable dust levels reported in 2002, 2012, and 2017
from 14, 10, and 36 swine fattening confinement buildings in Korea, respectively. This data was produced by
the same research group. Levels of endotoxin adsorbed into inhalable or respirable dust were also compared.
Samples of inhalable or respirable dust were collected indoors and at exhaust outlets from 17 swine fattening
confinement buildings in 2019, and dust levels were compared between the indoor and the outlet.

Results: The outlet inhalable dust level (0.111 mg/m®) was approximately 19% of that from indoors, and the
respirable dust level (0.033 mg/m®) was approximately 74% of that from indoors. The outlet respirable dust
levels were lower than the airborne fine dust levels in the towns where those farms are located. No significant
difference was observed in the inhalable dust levels among the years examined, but the respirable dust level in
2017 (0.143 mg/m?) was significantly lower than in 2002 (0.328 mg/m?). The level of endotoxin in inhalable dust
was significantly higher in 2017 (722 EU/m®) than in both 2002 (75 EU/m’) and 2012 (171 EU/m?).

Conclusion: Even though no apparent contribution from swine farm indoor dust to nearby ambient air dust was
observed in terms of amount, a certain control strategy to reduce the production of airborne dust and endotoxin
from swine farms is merited.

Key words: Airborne endotoxin, indoor or exhaust out dust level, inhalable and respirable particulate
matter, swine confinement buildings

TCorresponding author: Dept. Occupational Health, College of Bio and Medical Sciences, Deagu Catholic University,
Gyeongsan-si, Gyeongbuk, Korea, Tel: +82-53-850-3737, E-mail:yheo@cu.ac.kr
Received: 11 October 2019, Revised: 12 November 2019, Accepted: 13 November 2019

630



xr
TUEE
ﬁoMﬁoﬁLﬂl
@%i%ﬂﬁ.?a
710;05- o
ﬁoM‘.X_.__uEﬁmwoaTMLﬂﬁELowuz
ﬁ.A 1,0 J—
@f%%%%%wym%m@
{ O_L_Zwﬂyn 5@1@7§E1
ﬁ%%nhfmﬂ_mrg;oﬁﬁ%ﬂwﬂﬁcﬂ
r W © _}ql}q
%mmm%ym%g_y%aW%ﬂzﬂﬂw%i :
%ﬁMm%%mwwmoﬁ%@zwe% o
N 1ﬂ7 1H X st = o
@Jvmw@ﬂ@ﬂazy%qiﬂ%w Vﬁmmmﬂ
ﬂ%ﬂ)&%ﬂ@&k%%%f%%ﬁ & @@%Wu " E
x mﬁ.muﬂoﬂ_a,ufmu%@ﬁ " ﬂﬂo ﬂarur_,__uduﬁﬂo%@]
%%@“%%gahgba %%o@i T 7o ﬂayévay
zooarxﬂbcofwutwn%wﬂ_gﬁm wlgelegﬁu%e_awoﬁﬂ
mewE:1oT 5@21}%0%%%% }Tzo_%@Eu%%.
}oﬂkou i@or.J.ﬂLDA D]An_]m,_ﬂ T ,ZTE@ZTJHE ATdu
Y ﬁoo_ﬂnwx% Euwwr.;% ® z@ﬂo;_}x o B =
fmozm«;f uu.ﬂoo___ ,ﬁfﬂawu1 ur«%@ﬂﬁxﬂmwgﬂjw Jéu..ﬁ
o ﬂVEo}1€WHEH d.@hr 70 oi:tﬂlﬂoﬂ.uo ol © wAhl,
I Aouaodo_..;ff R T3 w N T R E_lw.b‘_o <
o %ﬂ@%fl%%@w%%m m%@M@M:&ﬂW# HH%W%%ﬁa
- ,u1m47|1r_u A»u._Ao 54 1;1_ < U ﬂ_ofﬂn:no
Nrn%f} W”ﬁ@iké?@1 _wwA @Eufwl%omuﬂ% ._J._..E%ﬂmaywﬁouw
3, <R mﬂ_.m%]]1u i JmAA,_mquw_uoL EH@ 3 E.ME_EZ_EH -3
h_.,__z oy o = _ATuwxr_a T‘E .VE‘_E_. Hou_u/ui]ﬂ 20 .m___OEdruLo#ew%_E
%ﬁu%gﬁyl ;WMﬂmqqamgs% mWW% ;e @fma
u.maé,%%ﬂzuw@ 704;$n_.u.z1ulm§mmauxﬁﬂb % I qu,l_d,zﬁzl
qwaﬂ%&imﬁwi/ an;gaw@QMHﬁwwv 8l zumwéinw
aaugﬁ,m;A_u/vﬂEEo7umaWwe iiLoTu%_,ﬁL%ﬁoarﬂ = AﬁmmELWEﬁd‘.W
u.::or)qmﬁzo 4 L QLuHTWuWﬂQ% = - mdm:wl
ﬂltﬁn@qwug 1L%m o X cﬁui% ¢@ﬂo$ Y
x Ugyi o }Efng_ H oo D LR u}yo ___ﬁz} o e 3
EEH oidv]imMﬁRﬂﬂnnﬁTﬁ g~ oam xO__omﬂWuAl mm,__qu 1&0&
- ooﬂLHﬁJgdﬂ oﬂn]o\)w_mbn_hEm_ﬂAﬂL ToH = 1ri 2Aﬁﬂ1rxLﬂJ.
oF meoﬂommxwosmou1 T N o L_ﬂﬂLE |1H¢ﬁom€}m
A%HHT_LE} aLL/ﬂlaﬂlﬂﬂﬂ?MH E:lll ﬂﬂ]r E*Mﬂo ‘_1r70
;oL qu uLAmEEzTW(QT%ﬂﬂmWo I,Vz oTZ thz_.oT@Z.E )
in&fﬂui1,i _EEL Em@ Ho%_wau nl_mﬂ xﬂ_ﬁﬂ._ﬂm N “__J.JI ﬁoﬂlﬂl_n:
z.wmﬂ:wﬁo%ﬂiﬁh@&mz;ﬁx]ﬂ% ufwmxﬂmoi _ﬁilﬁuxkﬂu
o} o_nmﬂ_'xLATMﬂWIZWB ELMH.MWA/FEE WE_XE._A,_EO iy LH._._MJM&_A/..,NLE%AH
ﬂLwiﬂﬁﬂoL7A@ﬁ1wq%oTxﬁ,aoLlonﬁﬁzoﬂ %oﬂz_.@yoiarm.ﬁq MM1%§WJ
quVﬁun_tanwE,:@ﬁlumﬁoL27]_AT.1rﬂ.L um_':_maw.oi ommﬁo Oéxoua
72?W&Hﬂlxﬂvwmﬂ‘:oodﬂoo,ﬂL@ﬂL‘MOHT.ﬂo Heﬂﬁﬂﬂr‘_mmﬂA‘mﬂMﬂAdim‘nr ZMM_EH,@IE
of A #o_vfﬂﬂ = < #EV%Q@@oLL Ee Nlmom] ,L_LJ_.ME i mﬂu.éuo R
@@1@@@%%@@;%%@@%@@ Wﬂwwﬁga%%ﬁm%%yﬂy ®
%%%%uémaawiﬂa%zgﬁ @%quw@“ﬂﬁ} T 5 o
fo o X,_w.o o X HoE.soﬂulu] [ = A,_ua]d|2m7ﬂ1reaump1o "
#mau_.e?}ﬂ = % = o xﬁdu.muu: oy T ﬂ]ﬁo%]rd.ﬂo]]7wkj|
,.,.__L _UL)E HEEIW.LOLflr] ,_J.ﬁ‘.r _.Ejro p g EOZU ._«o_u,M,Ll
o1§ﬂ“k£ 1P®mA€0MioN|®7EE AW ﬂ&vﬂuﬁ HimowrﬂLdA
éufu.%gfl.eom._wrﬁ}uuuzﬂﬂwrﬁqm%@zﬂu@ ;W.&ﬂa@%
qﬁﬂméw.%mqﬂﬂm%wqﬁmm%qgiummwzaﬁu
hER u}%%liwzﬁﬂm Ee@%mw¢}w3%@g
ﬂloﬂleﬂLXJmOexﬁd_motw%HH r7ﬂoH7AdﬂHom1Lrio#,m.oz
Eﬂﬁ_ mﬂgumﬂLmL;»kﬁxle ﬂ11rL moxoinwy)r
o.»ﬁ._ﬁﬂ_uﬂ.‘-fjlH,.ﬂEO.ﬁﬁOinOno,ALmﬂWll\ﬁl\:r H70B
: LhVﬂ%ﬂﬁ amuéoip@wigao
uh%w_m Eﬂw T o ouay_.,dMoL ey %
v;]ﬁco%oéq77f_oiﬂ17ﬂxtz
o @L}ﬂLmMﬂﬁ%xLﬁl? ﬂ@rhhﬁﬂdﬂ
M o—uﬁo Muhurmumoﬂﬁ%zle%ﬁﬂ
ﬁ%%zcaﬁgummzﬁomlﬁ
%ﬁ&@ﬂ%aﬁ%%ﬂﬁ%ﬁ@w
ovmmcoWWoweMmuEﬂlz?
@ﬂwWﬁ%%mywn
u$gkﬁyﬂﬁw
muw\wemwww&
J X,_O‘OI
s
X

) En
viron
He.
altl
hSci 201
9:
5 45(
6):
. 630
_637

htt

p:

/hwww.kseh
.org/



632 ZE0} ZEA - Ravi Galam - 247 - Manju Adaya- TXIE - Ay Mehajan- MAF - S24 012 - 2 &

[
N
o
i
o
N
H>
a
00

rL
)
1% M
Mo
o 4 4
]
o
rlo
b
-
e
=
>
s
N
>
o
2

2 B2 9 LS +F 24

21 ¥ 2 B F UL SF B O
WS Al AR AR AS =wol A3
P14eslo] QIERMY T3 R B el il ok
s Thet 2 574 HEL A48

7k 57l A
D HISEALIA 6AIZE B9F A STl
2 2/3 28 AN &
F XFsAY. &4 £ 37mm polyvinyl
chloride (PVC) membrane filter (SKC, Eighty Four,
PA, USA)E 3¢t JHHIEZH A=A 1.7 L/min
507 XA, TFFEZLE PVC membrane
filterS aluminum cyclone (SKC)oll &=2FA1A 2.5 L/
min 502 IS 2t XF7e AdAEe
557 YIAE ATt E=AF v CERE 15m
Ax Folol A HTE AP AAE(Qunitix 125D,
Sartorius, Germany)2 AFEslY FA|E L 3
23 AR E Axg H FHE 3WH dHE A
Haakg AFIATE 20199 AR <R 23
HZE 98t AFT A=A & 130 573, A
T gt A a0 F HSEARIA $1614
A=)

23 T FYW Ppon ¥

ox, 2
M

N,

lo

ol ¢
N Rl or

q%

[ )

2
tilo

g Qe vl gl 9
3 TR 21718 DEAIA 2ZEA
7 ZHE 2990 7930 FYEHATH

7t T HsE e
Lysate (LAL) Kinetic QCL Al&H2
7] E(Lonza, Walkersville, MD, USA)E A-&-31o] &
233} 49 o] 5 0.05% Tween 20 (Sigma, Saint
Louis, MO, USAY’} g% pyrogen free LAL water
3mLel ¥ 500 pm =2 1AI7F AT 2
Hl2 Y4lRele (3,000 rpm, 10%) JEAE A
FalAct 7t 45dE 96-well microplated]] 42
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Table 1. Description on husbandry environmental factors related with dust production in the swine confinement buildings

Factors (unit) 2012 2017 2019 P-value

Stocking density (m*/head) 0.45+£0.49 1.35+0.78 1.56+1.03 0.001*
Indoor working hours (hours/week) 33.0+19.0 46.2421.1 38.9+22.6
Ventilation mode

Forced 1 19 17

Natural 9 17 0
Feeding style

Ad libitium 7 36 17

Restricted 3 0 0

Data: mean+SD for stocking density and indoor working hours, and frequencies for ventilation mode and feeding style.

*Significantly lower at 2012 than 2017 and 2019.
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Fig. 1.

Levels of airborne dust or endotoxin in the dust from indoor of swine confinement buildings at the year of 2002,

2012, and 2017. Data are expressed as mean+SE. One asterisk indicates significantly lower than the respirable dust
level at 2002. Concerning on the endotoxin level, triple asterisk indicates significantly higher than the endotoxin
level in inhalable dust at both 2002 and 2012, and double asterisk indicates significantly lower than the endotoxin

level in respirable dust at both 2002 and 2017.
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Table 2. Comparison of inhalable and respirable dusts (mean+SD) between indoor and outside of swine confinement

buildings*

Dust level (mg/m®) Inside barn Outside barn %'
Inhalable dust (mg/m®) 0.650+0.312 0.111+0.116* 18.9+17.4
Respirable dust (mg/m’) 0.049+0.026 0.033£0.023 73.5+48.8

"Rates(%) were calculated through dividing the outside dust level by the inside dust level followed by multiplication of 100 at

each individual swine confinement building.

iSignificantly lower than the inhalable dust in inside barn.

*Levels of dust were evaluated at 17 swine farms, 2019.

Table 3. Korean regulatory standards on dust level in ambient or indoor air

Total dust Particulate matter<10 um

Framework act on environmental policy (ME)*

Indoor air quality control act (ME)

<100 pg/m’
<200 pg/m’

Threshold limit values for chemical substances and physical agents (MOEL)* 10 mg/m’

*ME: Ministry of Environment. The level for 24 hour average in the air.

"The level at business facility.

iMOEL: Ministry of Employment and Labor. The level applied to particulates not otherwise regulated.
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