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A Comparison of PM1o Exposure Characteristics of Swine Farmers by
Body Parts using Direct-reading Instrument

Sojung Sin + Hyocher Kim" + Kyung-ran Kim « Mintae Seo + Sooin Park + Kyungmin Kim + Kyungsu Kim

National Institute of Agricultural Sciences, RDA, Korea

ABSTRACT

Objectives: The purpose of this study was to evaluate the personal exposure to PMig by body parts for the
development of dust monitoring wearable device for swine farmers.

Methods: Tasks were classified by using motion pictures taken by action cameras attached to swine farmers.
Concentrations of PM1o were measured by attaching direct-reading instruments at the head, neck and waist of
worker. Differences of PM1 exposure between body parts were analyzed with linear regression.

Results: We identified three tasks(vaccination, moving pigs, and manure treatment). PMp concentration
during vaccination was the highest among the tasks, and the body part showing the highest concentration of
PMio was the waist regardless of task. In all tasks, the closer distance between the body parts, the higher
were the R-squared values(vaccination 0.4221, moving pigs 0.6990, and manure treatment 0.2164).

Conclusions: We presumed that PMig concentrations were affected by the parts of the body in which they
were measured. In order to develop swine farmer’'s wearable device for monitoring dust concentration in air,
the determination of the positions of monitoring sensor to ensure accurate measurement is essential.
Considering the results of this study, wearable sensor should be positioned at the waist.
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=9 Halxoz ke 5t YrHTakai et al., 1998;
Chang et al., 2001). £3] f7|&4 & 23td Y54
(Endotoxin)= A WY AARRS A=FAIA LA
S-S do7H(Kim et al, 2013; Wunschel &
Poole, 2016) =AHe] Bl 37] Fof EAfsk= 24
of €A &2kl 7hedl AdAt € =HA9 =F7 A~
PFS Fol H4Al, 7|BAY 5 9 74| dgkS 78
A1 43 A QtHDonham et al.,, 1989; Olson
& Bark, 1996; Bottcher, 2001). ©]°l, 83} u|=o]
AMe SAREARS] f7183 5455, AFgH4,
TRES 52 U EAQI APPeE 1A of
3 tiHagmar et al., 1990; Von & Donham,
1999; Donham et al., 2010).

=AtlA ¥ekE WsAE EZPRE AR
(Particulate matter, PM)= F& 2.5~10 mm YA 2
719] HAJo]A wHAEFo] WO m(Takai et al., 1998)
FH WYY AR, 9, AR 528 I#A o
(Cambra-lépez et al., 2011; Xu et al., 2016). 1&
U @4 =AF W rAERe dEE S 2SS
A= UA] gkom, HxYo] ofd HHol| &3t &
ZHEo] o] AP EAR o] LA AJSHSH
A9l o]FofR| 1l YA 2 AFFolt.

273U 24 TEE Aol wHF2olA= vdeke
2 @ ZA10]] [CT(Information and Communication
Technologies)& A&oto] 94 Aso=2 &3 715
o] BEIHE JdsHA §A - BT & U= FHe=E
FoE= AntER tigt A7 43k Sloh
(Smartfarm). 53] & - &2 A3 2H5o1|
Aol =2 - B, 7 5= AXTEeE Z5HL ICTV &
= 883l 557 S 24Tk AlAE 5ol A
To] &&= It Anurag et al., 2008; Nugroho et
al.,, 2013; Lee et al., 2014). =3+ @A v|=, 42 5
o 7oA ToT(Internet of Thing) 71&S HESH
AojHE MAE olgsto] 2Rt E %k njet 2+
PR &2 HRE gt AlAHY] i 9 A4S XSt
1 tHFukatsu & Nanseki, 2009; Patil et al., 2015;
Mishra et al., 2017).

2 A= F=RPA Qo E Al ] At
Aol dgtoZ AAELAE PMyy &3S H7F © H]
wsto] ojHE Al A 74 LS T 7%
AgE AlFstaAt gt

flo i

www. kiha.kr

Il oHed & S

1. Aoy

HAge] EAZ Qo & Aol MEEr 9%
o B9 Atk v Aslon AR AR
+ 9 15,0005% 2 EAFE) HIs) £ & 1m’Y]
W2 ASEEE 7T AR FEE FEAE A
Aol gglo]l BF 7|A1A A As 7] AlAH | 9
3 Q=AY AHRE 7129 EEAEN= 2] Gel
3 AEE o] HoloH, AR H g AR #
ol7b HAadtEE A5 Fol AAHoSlt B A=
<9 Yo g =9 AAZE <99 JE JEeH
HSEARE 232E 9 Z2tAE, AEA R ETtAE
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sto] 71&2 AT & A &Rl @ FESII
2Hdo] whet WAshs 2GARe] PMy eEF2 71
THNA vAHAE 57| s AMEE Sidepak
personal aerosol monitor(AM520, TSI, USA) AH]&
g-goto] 24319 HSong et al., 2018; Kowalska et
al.,, 2019; Zakaria et al., 2019). S4& 9Js AFgH
A =4 AH|o] 274 9] E U= Table 13 2t
AR AAREAE PMyp kST AolE FotH7]
s, 2AAS AAFEAHEE 7 7|H-E ekl
57471719 EAl= widol Adstaer 571 9 £
S AGA] Y, &, 58 & 330 YAeteSE
SIth(Figure 1). 32 2GR ZHFAl7tol| et

ABHAT 1204 PMyy & 2451 212t

Table 1. Range and resolution of direct reading instrument
for Sidepak

Range Resolution

0.001-100 0.001

PMso(mg/m?)
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Measurement of PMjp using direct-reading
instrument

Figure 1.
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24 g AU F2 AR AHEAA o]5o]
How AAAL ol §dtel BRE A4 F 7120 B
WG 42 eIl 2). 43 R9SE
9F 24~54] Aolo] AHYor WARe] 2l
274 Azbo] 7H A9la HAEe], BiXe] £0w 1
obfch WlAIEe] Al £ Ro]4 olzolzon
HLSARE 19, AEARE 29] 122 o] A=
HlAe) A9, HASS B FHOE Bof 199 &
Gk MAIE Bolsleln REAS] BE. A 19

o) HAE EAG BAE ol T HAHolA Fu
Y AYAL WAL Folsk whalolgie. BBl

22 291 122 AYHPYN F2 K9] =5 71 o]
5 Wojo] Fo} A HABo|® BT HieA
3 AL 1~29 AL AR Sl

A R BB AYATE 2 EgelA A
of el e F guAeon gusig

2 AARAE PMyp 5= HAE
= YEroH, 371 tiAt 29
AAREHE iﬁ‘%o 2ol TAQel EF olE9]
PMiyp leE&o] 7FY ko & me £og oy
THTable 3).

Y AAFEoN A 7 2FA7Ee] Afo] W FA ZAo
A 2 AARE v 3= Table 33 gt} &%

Table 2. Classification of task used an action camera in pig house and measured time

Task Measurement time(min) Description of task
Vaccination 100.9 Injection of vaccine
Moving pigs 62.03 Transfer pigs to other pig room and move pig at shipment

Manure treatment 11.88

Removal of manure

Table 3. Concentration of PMyg in body parts of each task

Task Head(ug/m?) Neck(ug/m?) Waist(ug/m?) o-value”
Total 57.94+38.22 64.60+46.33 65.88+58.82 (0.0
Vaccination 62.64+43.33 70.93+53.38 71.63+60.48 ( 0.01
Moving pigs 54.09£30.13 58.54+34.29 60.39+56.96 € 0.01
Manure treatment 38.16112.41 42.52+15.36 45.74+45.45 ¢ 0.01
p-value? ( 0.0 ( 0.01 ( 0.01
Data are represented as Mean * Standard Deviation
Vp-value: Comparison of body parts in the same task (One-way ANOVA)
2 p-value: Comparison of tasks on the same body part (One-way ANOVA)
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Figure 2. Variation of PM1g concentration on time based among the tasks
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Figure 3. Comparison of R? between body parts(Head-Neck, Neck-Waist, Head-Waist) by tasks
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-5, 5-5g], H-5|29 AAF
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2o W He, &, g9 A PMo =EF
M= Figure 29+ 2o} &Y AJ-oNA 3717 542
49 PMyp wE= HFE sfFolA 7P =%eH, Z+
ZrAd 5le] £919] PMy == HAlFo] &Y 5
~912 wg/m’, HAZo] &Y 7~966 ug/m’, A
2 2~794 ug/m’eE UERyTh TS 557 ¥
30 cm °oJHi]l & F29l9] PM;y s WAIFA
2 6~739ug/m’, HAEC] &Y 19~433 ug/m’, &
A2 ZY 20~158 ug/m*OZ YERGTE

7y Ao 2 AT PM; =& vln A}
+ Figure 33 2t} 37H4] t2dS b AA1AQL
AAFEATE vl A3, WE-Eo] AAYAS(R*=0.4811)
7 7P =ken, E-5E(R°=0.4056), © -5
(R°=0.2013)2 AIAFATE A7t @45 23A7
oot WARY, HAEo], EAy AL #-
2ol AAARR*=0.4221, R*=0.6690, R*=0.2164)7}
7V =A Yers

V.1 #

I - H o g2 EAIA A= PMy =&l
st dF= 325 AP 9tk Oh et al.(2008)2
NG HSE=ARIA PMoS] HATS S 23,
0.12 mg/m’e BEE HItt Viegas et al.
(2013)= 7709 EAMIA JA77] E 2R sk E
SAYS o, ZE oA PMie 1.913~5.289
mg/m*Y =& FEOE 7MY w2 A IRl
Xu et al.(2016)= AZEZ PM,9 58 43 2
3}, & 0.96+0.63 mg/m’, A& 0.34+0.14 mg/m*]
LE5LE Bustt I8y iFEES] V& dis
= AGAIREY PM)o TEN gRlstR o, =A%}
o] 7iQleEo] tigt ¥ A= AAUTH
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Figure 4. Vaccination in pig room
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