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Abstract

Efforts for developing the domestic horse industry in South Korea are evident through the
various national policies. Proper management of stables for ensuring the health of horses
is essential to sustain the growing equine industry. This study aimed to measure the fine
dust emissions in stables based on the type and quantity of bedding used for horses, for
establishing guidelines pertaining to bedding use in stables. The stables accommodated 12
horses. Sawdust, wood shavings, wood pellet, and straw were chosen as treatments. Three
different quantities (approximately 3, 6, and 9 cm in height) were applied for each type.
Fine dust measurements were carried out at three time points, with each measuring period
lasting for approximately three weeks. Measurements included PM2.5 and PM10 fine dust
levels. The initial analysis revealed that, sawdust with 9 cm bedding had the highest dust
levels; approximately 54.6 ug/m? for PM2.5 and 95.3 ug/m’, for PM10. Sawdust bedding at
the highest quantity (9 cm) exhibited significantly higher initial fine dust emissions. These
findings suggest that bedding materials with smaller particle size, such as sawdust and wood
shavings, tend to produce finer dust. Initially, the fine dust emissions decreased in all bedding
types and quantities, possibly due to the increased moisture content of bedding owing to
horse manure production. However, emissions increased subsequently due to ammonia
production.
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A AR A = YAES] A7 0] 10 pm ©f5ke] A 5= Eoh=t 10 pm ©]5ke] A= PM10, 2.5 pm ©]5F2] H A=
PM2.5E FAISHY 22 35 B 9 9ol tfgh w4l o] Sojual Aisto] whe 7] e o & QIgh 2HE 24
of| B2 AlE-EC] o] Zrtstal Qlom thafst el ATk 3= Q). n| A 2| o] F-alAdoll chal trst B
17k QA= 2 vlAIER] Q] 739 A2 AR 2712 Qlo it A 2] Bk Al ko 2 4| Eold 4= Qlo]
55712 Sole & BARIAZE AHBA 2 4314 Sl T} 2 Holka 43S o4 4 Ak el ek 1
2|31 7P dukd o 2 A3 A = o129 2912 oxidative stressZ Q1SH A=A o]t} o] 2gt R4 52
gisto] gh=0] 7492018 ] Z n|AHA| o] AM T 7| 15 pgm’, BT 7152 35 pgm’2 A=
ol 2] ] tf2-& bF=ASkaL QITh(Choi et al., 2020; Lee et al., 2020).
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Materials and Methods
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Results and Discussion

27 AR B Foll W nARA] EEE 2 A8 =013, 6,9 cm)E FHE5H Table 1 - 301 UFEFA AT
12} 2 Alofl 22| t57ke] ]S S E T 3 cm ARG Alofl= strawA] 2] Lol A PM2.5, PM10 BIAIHA| 7} 2}2) oF
32.8,53.1 pgm' O 2 7P =2 S B3, PM2.5, PM10 DJARAA] B sawdust, wood shavings, wood pellet <=
© 2 LERHTE 6 em ARE- Alolli= wood shavings 2] 2] L0l A PM2.5, PM10 B A[HZ|7F Z42F ©F 333, 54.2 pg/m’ 2.2
7MY =2 43S EAL, PM2.5, PM10 B HHA] 25 sawdust, straw, wood pellet®] =2 2 LEFSGTE 9 cm AR A
ofl &= sawdust 2] 2] Lol A PM2.5, PM10 BIAHA] 7} ZF2)E oF 546, 953 pg/m’ O 2 7P =2 H3FS H U, PM2.5,
PM10 B] A Z] X5 wood shavings, straw, wood pellet®] <=2 2 LEFGITE

ZA AT B Sl thE T2 E nAHA] EAYR A3E Fig. 1, 200 UERUITE 2E 24 (63F 24711 9]
2 n) A A] 2R B 3 cm ARE- Alo]l sawdustx] 2]7Eoll A PM2.5, PMI10 BIAH A7} ZE2F ©F 154.9, 253.1
pg/m' S 2 7P =2 S H 31, wood shavings, straw, wood pellet®] 40 &2 LFEFGTE 6 cm AFE- A]ofl= sawdust
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2] 2] Lol A PM2.5, PM10 BIA|H 2|7} 212} 144.5, 234.4 pg/m’, 18] 11 wood shavings %] 2] 50l 4] PM2.5, PM10 1
AR 7} 242} 1443, 235.1 pg/m’ .2 7 =2 73S H A3, straw?t wood pelleto] 1 Th2-2 2 LEFGTE 9 cm
AFE Aol sawdustx] 2] ol A PM2.5, PM10 BRI 7} 22} 1822, 307.9 pg/m’ S 2 71 A UEREAL, wood
shavings, straw, wood pellet®] <=2 2 LEFSTH

o|2|gt A3 FalA], obAF Uil A 24 F-57 5 sawdust®} shaving”} wood pellet 2 straw©l] B3l T2 o2
T2 AAHA|E SN 4= Q= Ao E 4= QU 55] AREo] 7 BE 9 em A 2|5 EHH sawdustA]
2] tol| A Z7]9] n| MR 7F oE & 2|75l vls] ATiA o2 =4 Yehd AS & 4= At AAF2] 27171 wood
pellet -2 straw5-0l| B3l AT o2 71 2 sawdust?l wood shavings #] 2] Lol 4] o] AH 2|7} Bro] ¥hAish

Table 1. Fine dust (PM2.5, PM10) emissions in 3 cm treatment over 18 days based on types of beddings.

Fine dust emission (ug/m’)
Treatments
Day 1 Day 4 Day 8 Day 11 Day 15 Day 18
PM2.5  Sawdust 309+71 323+6.0 16.0+4.8 25.7+4.1 354+57 13.7+13a
Wood shavings 295+7.1 280+82 134+26 260+3.1 351+63 102+0.6b
Wood pellet 289+82 26.7+7.0 11.9+2.0 23.6+22 347+58 9.8+0.4b
Straw 328+73 30.6+8.0 103+ 1.7 226+23 344+59 10.8+£0.5ab
PM10 Sawdust 499+11.0 539+94 28.1+89 419+70 56.0+£92 233+79a
Wood shavings 486+11.2 451+132 204=+2.7 432+52 562+10.2 170+ 1.1b
Wood pellet 463+13.0 433+11.0 19.7+3.6 384+37 545+93 16.1£0.6b
Straw 53.1+11.6 485+12.8 163+29 372437 528+103 17.8+0.7ab

a, b: Means in a row with different letters are significantly different (p <0.05).

Table 2. Fine dust (PM2.5, PM10) emissions in 6 cm treatments over 18 days based on types of beddings.

Fine dust emission (ug/m’)
Treatments
Day 1 Day 4 Day 8 Day 11 Day 15 Day 18
PM25  Sawdust 314+74 276+7.6 11.6+22 260+25 365+54 11.5+0.5a
Wood shavings 333485 27.5+8.1 108+ 1.7 265+47 359+58 10.2+0.6ab
Wood pellet 279+77 253+6.8 11.0+1.5 23.1+32 343453 9.0+£0.5b
Straw 30.5+6.0 31.8+10.2 114+1.7 23.6+2.7 33.8+59 9.9+0.6ab
PM10 Sawdust 509+11.5 4474122 19.6+39 415+44 584+88 193+1.0a
Wood shavings 542+134 443+129 17.8+2.6 443+82 57.6+9.2 17.0+1.0ab
Wood pellet 443+119 40.7+10.7 177424 380+55 54.6+85 14.8+0.8b
Straw 495+92 450+ 124 187+28 38.7+43 532495 16.1+1.0ab

a, b: Means in a row with different letters are significantly different (p < 0.05).

Table 3. Fine dust (PM2.5, PM10) emissions in 9 cm treatments over 18 days based on types of beddings.

Fine dust emission (ug/m’)
Treatments
Day 1 Day 4 Day 8 Day 11 Day 15 Day 18
PM25  Sawdust 54.6+8.7 35.6+6.5 193+7.0 264+15 345+6.1 11.9+0.7a
Wood shavings 342+78 284+7.7 11.1£19 272452 33.6+5.6 9.4+04b
Wood pellet 30.0£8.8 263+7.1 10.8+1.7 217+1.8 337457 85+0.5b
Straw 31.3+£55 275+7.7 119+1.8 239+28 346+58 10.3+0.5ab
PM10 Sawdust 953+15.7 604+103 343+134 439+22 54.7+9.9 192+14a
‘Wood shavings 555+12.1 46.5+122 180+3.0 456+9.1 53.6+9.0 15.4+0.7ab
‘Wood pellet 48.0+142 429+11.5 174+238 356+28 529492 13.8+0.8b
Straw 51.6+84 440+124 19.6+3.1 394+47 55.0+93 17.2+0.9ab

a, b: Means in a row with different letters are significantly different (p <0.05).
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710 2 AFEH ) Hinds (1999)0]] W2 JAke] 2]20] 2.5, 10, 100 um¥ 742 t7] = M- £%2712F0.2, 3.0, 100
mm/sE UEL= 2102 HASHA 7] A7|7F 2545 SAF U] WA|Zo] o go] Ay %}71] Hoka shick
Gustafsson (1999)0] X113 Hof] mh2 ™ =) 2] ZAtol| A TZ] o] Y7} 4245 2] 9] o] 52 fl3iA] o e &
719] E50] glojof 5tar, 7] AJAdof| ofsl| A|A7t & = A] k=t shict 121 58 :4 2ol oJshiA]
A &2 Q1 FAX| 7} HAYSHH A} mRAL ol 2|71 Al 28R 4= QAL o] 22 AAF7E AF2 sawdust} shaving©i|A]

3cm

Cumulative fine dust emission (ugim. PM2.5)

T T T T T T
1 4 8 1 15 18
Day

—&— Sawdust — -8 — Wood shavings & Wood pellet — +— - Straw

6 cm

Cumulative fine dust emission (ug/m, PM2.5)

T T T T T T
1 4 8 1 15 18
Day

—&— Sawdust — -8 - Wood shavings 4 - Wood pellet —+—- Straw|

9cm

Cumulative fine dust emission (pg/nd, PM2.5)

T T T T T T
1 4 8 11 15 18
Day

‘—0— Sawdust — % - Wood shavings & - Wood pellet —+—- Straw‘

Fig. 1. Cumulative fine dust (PM2.5) emissions in (A) 3 cm, (B) 6 cm, and (C) 9 cm treatments over 18 days
based on types of beddings.
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T ZF W27} EASiTh A & 4> QI THPedersen and Takai, 1999). T8t van Harn 5(2012)0]] 2™ SA| AR A] wood
shavings, wheat straw, rapeseed straw, silage maize 5= 221 0 2 A8-510] 84S AF8-51%1S ] wood shavings %] ]
ol A PM2.5 BIAHAIZF A 24 A] 1.5 pg/m’ 0 2 YR ohE X 2] t50] H]ol oA 7] deh= B 3E B3
ol B a1 vE Qlof, B Aol A wood shavings*] 2] 712 -2 n] Al 2] EHAeka} v =3t AutE 16T o]
25t AIES v &2 At 3717 gt 0 2 22 sawdust S wood shavingsE- THAF| A 22 O &2 AFG A
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L 1
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0

Day

—&— Sawdust — -8 - Wood shavings & Wood pellet —+— - Straw|

6cm

250 300

150 200
1 L

100
1

Cumulative fine dust emission (pg/m, PM10)
50
L

0

Day

—&— Sawdust — -8 - Wood shavings -~ & Wood pellet —+— - Straw|

9cm

150 200 250 300

100

Cumulative fine dust emission (pug/nd, PM10)
50
L

—
=
=
T

1 4 8 11 15 18
Day

‘—0— Sawdust — -# - Wood shavings & - Wood pellet —+—- Straw‘

Fig. 2. Cumulative fine dust (PM10) emissions in (A) 3 cm, (B) 6 cm, and (C) 9 cm treatments over 18 days
based on types of beddings.
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Z7] v|A| HA] 2Agol] f-olslloFd B o7t S Ao = ALRH]

RE 2 A S5 A2 TEollA rIAHA] G 3xF 24 A7EA] Aasttrt S7tohe A B
T} 3 cm AR Alo]] 3k B4 A VZA F5H PM2.5 D] AH X EHAYEFS sawdust, wood shavings, wood pellet, Straw
7} 247} 16.0, 134, 11.9, 10.3 pg/m’7HA] 248, PMI10 B AR A] 2HAZRS 212} 281,204, 19.7, 163 pg/m’ 2.2
ZHASIRATE 1 o] & 5} BA] Alof| Z4Z] S5 pM2.5 1] ATH 2] 2HAY ‘%k% awdust, wood shavings, wood pellet, straw
7} 27} 35.4,35.1, 34.7, 34.4 ng/m7HA] Z7151A 3L, PM10 B A A] EAIERL ZH2) 56,0, 56.2, 54.5, 52.8 pg/m’ .2
S715AT. 6 cm AFS- Alol] 33} A1 A] 244 F7HE PM2.5 BIAHA] B s
straw”F ZH2}F 11.6, 10.8, 11.0, 11.4 pg/m’7HA] 7H45FR A1, PM10 B A A] @AYk Zk2) 19,6, 17.8, 17.7, 18.7 pg/m’
O 2 ZhASHIT 1 o] % 52k B4 Ao 2 S5 HH pM2.5 0| A R] EMIRF sawdust, wood shavings, wood pellet,
straw7]' Z}7} 36.5, 35.9, 34.3, 33.8 ug/m 7HA] S7F5FI AL, PM10 0| MTHR] AR 7H2) 58 4, 57.6, 54.6, 53.2 pg/m’

2 Z71eFAtE 9 cm ARE Alo]] 33k B4 Al PM2.5 Z A S5 0| A|H A H“\c‘;]%k% awdust, wood shavings, wood
pellet, straw”} ZH2F 2F 193, 11.1, 10.8, 11.9 pg/m’7FA] ZHA5F L, PM10 B AR A] 2hAEke 7k7k 34 3, 18.0, 174,
19.6 pg/m’ O 2 ZrASIRITE 1 o] % 52} B4 Alof] pM2.5 242 7 n|A|HR] EHAYEFS sawdust, wood shavings,
wood pellet, straw”} ZFZ} OF 35.5, 33.6, 33.7, 34.6 pg/m7FA| Z715F4 L, PM10 B A] EHAY2RL 212} 54.7, 53,6,
52.9,55.0 pg/m’ 2.2 Z7F5H3ct.

awdust, wood shavings, wood pellet,

3xF 24 A7ER] B AR 2] g RRo] ek e Bl A2 o] BTt YA A vide] 2 50| 41
tzko] ol x| A] x| MY Zhaol JRFS & A0 2 ALRET) Hinz (1999) A x| wiA] BAYS A8t
LV 22 WL 459 7bsls 71011, 285 keQ] A 710l 54 LO] B2 55151902 ) 92042 W] WFAYo] 7+
A% B 13k Miller?} Berry (2005)01] EE} H AR HIER] =23t eFo] STt WA WAy 7HsAdo) 7
4%kl o] Zhasttha sledch 40 S ERHE9] Rl SVl uheh HA] Y 7HsAd ol S5t

Al Yolzlthal B 15491t} Fleming —(2008 2009)01] L R e 2]#%4% PM10 B|AH
A7} go] =Sl = o] HA| et o] ok M2 22 fEelEe] W uiZel wiAl
Ao] Bk Al7ko] Aol we} 7HE R wo] Etor sBatao] Z7kstel WA WAleo] Atk sioirt
(Fleming et al., 2008, 2009).

323 o] F HE AR B SRE0IA nIAHA] @A thA] S7bshe FRE Bl 1A el &
7Fet 212 7he 9] S7tol thE Ry ot EAo] JRFe & Aoz AL HTh 0131 ol w2 i ofe]

3% PM2.5R| AR A] o) A 24 28tk Aldo] SREZEA] A|UrA 7HEE o] gato = 27l o) 23R
o] S7Fstal ofof whz} m| AR A] EAdzo] £ ‘*S}E}ﬂ 71 A40] Fall = R Yo7k AL o] Zio] mIAR ]
o] M4A| 2 2F-g-she 5 HIAHA] HAEF STt S & A 2= AFEE Th(Behera and Sharma, 2010; Garlipp et
al,, 2011; Shon et al., 2012; Yang et al., 2020; Kim et al., 2022).
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