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Analysis of Dust Concentration in Dairy Farm according to Sampling Location and Working Activities
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Abstract

Organic dust generated inside livestock facilities includes toxic organic matters such as bacteria and endotoxin. Dust can cause respiratory disease for
worker and livestock, and consequently, degradation of welfare and productivity. Influence of dust on livestock workers has been studied since the 1970s.
However, exposure limit for cattle farmer has not been established, unlike exposure limit for pig and poultry farmer. Furthermore, study on air quality
inside livestock facility, especially inside dairy farm has been rarely conducted in Korea. In this study, dust concentration of TSP, PM10, inhalable and
respirable dust has been monitored in the commercial dairy house according to location and working activities. Bedding material inside the stall was one
of the major sources of dust. The amount of dust was related to water content level of the bedding material. Dust concentration was relatively high in
leeward location, and the highest concentration was measured during TMR mixing process. The maximum value of inhalable dust concentration was 29.1
times higher than the reference value as fine particles drop to the TMR mixer. Dust generated by TMR mixing was presumed to decrease by adjusting

moisture and drop height of feed.
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v} ik (Berger et al., 2005; D’Ann et al., 2014; Béhlandt et
al., 2016). Razote et al. (2004; 2006), Baddock et al. (2011),
Guoetal. (2011)& 49 ¥ t]H (hoof action)o]] 2] 5} 2HAY
Shz 22 S v A o] S/l whet A5kt A
AZXZ Q5] hpu|7h & QAR HIE A= 4:0] o]
ofaff thFo] wxlo] WA | wjszofl S-AF W E71eHE o &
A Al B o] 5443 71H50] /S LEsljofeit

S FAPD ] FEAF A} 278 A A AR
Al A = =X A A gt A A=A A W 24
T B Y /ol iRt A7t o] Foj Aok & F oA
o] ek e U A o] B 2 of Tt A= =
AF(Yoo etal., 2003; Kwon et al., 2013; 2016) 2 AA} (Shin
et al., 2004; Choi et al., 2006; Kwon et al., 2014; Jo et al.,
2015)% thaFo2 A v} glovt $ALS o & o
T vER Aotk ofof & Atoll A= = thaEA Q1
AR AR e = BX1 2 B7F 3 2AekaL
Ak skeick 1A 9 A Fejoll wheh 7 241 sl o
T RUE S Ao, 2H Mo g B4 Al

shair.
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o] A7) 29l B2l muEg-S A8k (Fig. 1).
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(b) Frontal view

Fig. 1 Aerial and frontal view of experimental dairy cattle farm
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(Inhalable dust)2 A}ﬂ—J 5 A A 2o & S 2
A7 = Flof| M2tEl= 211E 354 +% (Respirable dust)

o 88 oja} HE Sol7hx] WREE BAL olujg)
(Cambra-Lopez et al., 2010). LA 212 0~100 um 2]
7 H$IE 7HA1AL 100 pm @] 17504 47]%= F9fel thsl
50% 57| JAEe Holw, 54 #1412 0~10 um 9] ¢

7 WS 7HA 2 Hat A7 4 umoj| th5}o] w3z 01]/\1 50% 3
74%2 1 .9]c} Cambra-Lopez etal. (2010)= YA £719]
$-TSPL}, &5/ £%12] 7¢-PM4LPM5} 71 917 H ¢

QHQWMMWLN g ul glek
Table 1-& 7} ARS A Yol A] 12 thAto] = 59l A

BRI} EEH B 518 5 ES Lehich T4 E 8 o
A Aol e A RA ol w2 Ak 71 ot

= 73 B 9] 58 =Zo] AA|E o] QloL) SAfe] Ao
A A7} e IRk A olck
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TSP 9 PM109] Z3J& $I5}o] PTFE #18|9] Ll (SKC
Inc., Eighty Four, PA, USA)E o|-&-3Itt s HE =TSP
EL 9I5t0] 35 Eal A 7 A Eol, PMI0 L 913}
& PEM (Personal Environmental Monitor, SKC Inc.)o]| 4}
Y= STk PEM 7171 9] 22 272 10 um 2, 3 )74 o]}
o] QJx47} PEM 7]7] W15 PTFE REjo] gtk 36 714
E " PEM 7|7]= 3719 &Y Yetair-sampler (AirChek
XR5000, SKC Inc.) H3zof 443}t TSP 2 PM10 271
o] 5= A 2 FHo] SJ8l LB 2t e A
3 g A= 94 1% 3 7% 0.01 mg Q) Ax}A1E (Ohaus
Discovery balance DVG214C, Ohaus Co.)& ©|-83}o] A=F
2 Axjslsict

54 2 354 B9 == Aerosol spectrometer
(Model 1.109; GRIMM Aerosol Technik GmbH & Co.)&
ol §:5te] A1 ARl T AAIZF 242 AAISeck 3%
717)& A W H2E o] 85t 7] T 24l M W
2 FYstaL o)A 3dE F8l 2 YA 210w 2N

Table 1 Occupational exposure limit of inhalable and respirable
dust for livestock farmer and livestock (unit: mg/m°)

Inhalable dust | Respirable dust
Pig farmer
(Donham & Reynolds, 1995; 25 0.23
Reynolds et al,, 1996)
Poultry farmer
2.4 1
(Donham et al,, 2000) : 0.16
Livestock (CIGR, 1994) 3.7 0.23

?%‘E%’&Xé?"&ﬁk S A=+0.001 mg o] S |
9]=0.001~100 mg/m’o|t}. 4 62 7424 9] *‘/\] F=A o]

7kssh Ho 151 = lﬂx 2] 7F=of] A%k

3H7 Blgeof| w2 SAE AN W 270 A oF4 e 9l
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HOBO A4 (UX100-003, Onset Computer Co., Bourne, MA,
USA)E o|-&sto] S5 let o F 33k 55, YARE 44
o oyt 712, ol S T S 74 AR 2HE o]
7ro] 714 (WatchDog 2700, Spectrum Tech, Inc., Aurora,
ILm USA)Z o]-&5}3th
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AR Bt TF7] ol LSt HIH e 2R 15 m i
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Fig. 2 Location of regional dust and environmental condition
monitoring
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S (2 7V 2 10970 9 AV B4 ATel AL AAstol A AR AXSIT 2 Rl
we} 27t B4E 9 Bo1E RS Ageigom 7 Hol o] TSP € PMI109] 7 W48 Fig. 3 (b)9} 2e,
=TSP} PM10 EH-E ¢3tair-sampler setE 1 7]% A x| 5} TUA U T84 EXlo st =42 Aerosol spectrometer
9, 54 59 Hmel g 70 3} AP At B olgstol Aeixtel B £7] olE mefste] wiero.

& 570 Al ishe] 8AIZE AIRE 23 & A AISHAT (Fig.
3(a). F7H 2 24 T 2 2 W TMR Hifglo] {18y
= 2413t sty W 271 A1, TMR 7171 Q1 270

z}-.O
254

(a) Measuring at aisle (b) Measuring at milking room

(c) Measuring during TMR mixing process

Fig. 3 Measuring of (a) TSP, PM10, inhalable and respirable dust
at aisle, (b) TSP and PM10 at milking room, (c) inhalable
and respirable dust during TMR mixing process

FHE 1.5m FgolofA] AAEH o m TMR g, 23,
g S 2 A Aol mhE A A
A} 31} 53] TMR Hljele] 79 Ak =9 w4,
R AT H7A S A2 AR sl
oA HAtE = 37 =
MEL 51057 FESIQGom ME 7HAL 622

ANZ O
1=

AR =) A] ¢kSk7] wol] 2 Aol A= Donham & Reynolds
(1995)7} AIAT g oFE A1 ZHJ7ke] 5] 7]} petah 270
©] )81 27| (Table 1) A18lo] 24 Bz 913
EERER LTS

O £ 8 & A2 S-S 9l5le] HOBO ALK S 414
Fgol 2704 AAsEoH Holele 52 1F o 7%
shaick 48 54 Q12 AT o] 7to] 71 4ThE Axlste] F
o F4 0w S QAR 340 Sol dhet o 714 A
22 SRS 3 5ol AS L AR IS AE
Hslo] A7FEAIE R (KS F2502)3} Malvern Mastersizer
(MS3000, Malvern Instrument Ltd., UK)E E35}o] ZF Al&
o] B U7 APISITLTMR g} A .02 B 2
A t5=ote] P st sk

ol ks

1. TSP ¥ PM10 sk ZLIEE A}

21t

o
Table 2 A8 f-2AF 9] $9 29k TMR wf7]

Table 2 TSP and PM10 concentration according to the locations in experimental dairy cattle farm (unit: mg/m°)

. Aisle TMR mixing Milking processing

TSP PM10 TSP PM10 TSP PM10
Jun, 23, 2015 0.11£0.01 0.09 0.79%0.26 0.4610.10 0.14£0.04 0.1410.05
Jul, 13, 2015 0.07+0.01 0.07 0.38+0.05 0.05%0.00 0.09 0.09
Aug. 7. 2015 0.13+0.04 0.0£70.06 0.41+£0.25 0.07£0.03 0.07+0.06 0.06+0.07
Aug. 21. 2015 0.02+0,01 - 0.15+0,07 0.05%0.02 0.07+0.07 0.02+0.02
Oct. 5. 2015 0.08+0.04 0.06+0,02 0.18 0.07 0.12+0.00 0.0740.01
Oct. 6. 2015 0.08%0.03 0.07 0.2710.15 0.19 0.2710.03 0.19£0.06
Aug. 19, 2016 0.11£0.01 0.10+0.03 0.50+0.00 0.32+0.06 0.11£0.07 0.09%0,01
Sep. 7. 2016 0.04%0.01 0.04%0.00 0.14£0.08 0.04%0.01 0.11£0.05 0.02+0.02
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A, ZAF UM SR TSP L PMI0 5=l ek 2 9 s =rh B5H Ach (Fig. 4 (2). 2015 109 39815 55
7} gefolch. 9] 7% (Fig. 4 (b)), 45 tH] TSP, PM10 £31 =7} 2
A1 A2 2] TSP W PMI10 %= =7 A3} TMR ufjgt 2+ 7} 2F9.11 ¥l (0.82 mg/m’), 4.008] (0.28 mg/m’) -2 Zo|
A A AT ST DR ARS A T FA L F  BEHACE ol Purdy etal. (2009) § SAE T2 9
E Ao 24 Afo] vlsto] Yo o] Halo] B AgdTold Bae Fgut Axght Breg Afolof] £

E|Qlt} (Table 3). thA F-F-Atell A 4% Bt PMI0 5=
0,08 mgm’ 0% 2 Aqglo] F) chEH e A4
AXF(Kwon et al., 2014) L AX]AEA] AXF(Jo et al. 2015)
of| A A= 4=x]2] ZF2F8.0 %, 10.3 % = 0]040131 H]S-

AFH(Kwon et al., 2013)2] 19.5 %] 3jd3}= 4% o]k Taka1
etal. (1998)0] W= -5 SAAIAE ] 24 l‘E?Zé At} -§-

Aol it 584 BA 5 AN 13.0 %, £A12] 304 %
of BY3H=0.07 mg/m’ 2 Ve Oom, o] st Ak H o

o 7 Aot Akt Aoz FeEQiek o] iRt B
FF AV A I = Al WISt RE 2 71X
7] ool A o2 Ujfo] 119 & o] golsh] Wi
o2 e

A 15 21t Kol AR 7ho] Z T ERE S5
FEH AR B Al 2 ) AF 52402 7
T AT AS ALl iR 20158 6H 45 41
s 7|E0 2 E5F= TSPO| 49 9F3.208) =521 0.46
mg/m E351= PM109] 7 2F2.754H] 4=5=21 0.11 mg/rn

Table 3 Mean TSP and PM10 concentration in Korean livestock
houses (unit: mg/m°)

Livestock house TSP PM10
Dairy cattle farm 0.09%0.05 | 0.08%0.02
Mechanically ventilated broiler house
29+1.02 +
(Kwon et al., 2014) 1.29%1.0: 1.00£0.78
Naturally ventilated broiler house
+0.62 +
(Jo et al., 2015) 1.14£0.62 | 0.78+0.64
Nursery pig house (Kwon et al., 2016) | 1.15+0.48 | 0.63+0.32
Fattening pig house (Kwon et al., 2013)| 0.61£0.28 | 0.41£+0.18
4.00
3.00 Occupational exposure limit of inhalable particulate
’ for animals: 3.7 mg/m?
—l ETSP WPM10

200
Occupational exposure limit of inhalable particulate

for pig farmer: 2.5 mg/m?
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=
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& 8 chee) ol s ool Rt s
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2015109 9] - 25 1A] o] A7 F-AH R A 5
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O] 315 Ut Aol A Al e ek 22 24 Al 557
of faligh &g oll 24 E FHEo] == Aolet =4 4= At

20159 69 AE F 7P 2 B2 st HEE XS
TMR 7]7] QI5L0 & TSP=0.79 mg/m PM10+=0.46 mg/m’
947‘25@‘00%]&54"*}14% S72) tu] 22} 5.644),
3.29u) o] ik ghH, Z}%AME—TSP PM10 31 5%
°] 4%0.14 mg/m’, 0.14 mg/m’ 2 A& 0 & ko zho| 3t

4.00
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o
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[
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Fig. 4 Examples of TSP and PM10 concentration according to location
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Fig. 5 Examples of inhalable and respirable dust concentration according to location

Table 4 Inhalable and respirable dust concetration according to location in experimental dairy cattle farm (unit: mg/m°)

. Middle passage Windward location Leeward location
Inh, Res. Res. Inh, Res.
Jun, 23, 2015 0.08+0,01 0.05%0.00 0.06%0,01 0.05%0.00 2.7411 51 0.05+0.01
Jul, 13, 2015 0.00%0.00 0.00£0.00 0.02+0.00 0.02+0.00 0.26+0.02 0.07+0.00
Aug. 7. 2015 0.07+0.00 0.06%0.00 0.09%0.02 0.06%0.00 0.17+0.03 0.03+0.00
Aug. 21, 2015 0.06+0.01 0.01£0.00 0.01+0.00 0.01+0.00 0.61£0.08 0.04+0.00
Oct. 5. 2015 0.24%0.05 0.04+0.00 0.06%0.01 0.03%0.00 1,23+0.12 0.01+0.00
Oct. 6. 2015 0.24%0.04 0.03%0.00 0.04£0.00 0.03%0.00 1.66%0.12 0.03+0.00
Aug. 19. 2016 0.15+0.04 0.09+0.00 0.09+0.00 0.08%0.00 0.5610.25 0.11£0.03
Sep. 7. 2016 0.1410.03 0.09£0.00 0.08%0.00 0.08%0.00 1.2010.74 0.06+0.02
Sep. 8. 2016 0.171£0.04 0.07+0.00 0.10£0.01 0.07£0.00 0.43%0.27 0.07+0.00

* |nh, = Inhalable dust; Res. = Respirable dust
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Table 5 Composition and median diameter (dso) of TMR of experimental dairy cattle farm

No. Type Information dso (mm)

#1 Rice straw Dried rice straw 277 *

#2 Additives Silicate / Sodium / Probiotics 0.06 / 0.06 / 0.38
#3 Corn Feed components 6.58

#4 Mixture of rice straw, corn and beans Feed materials for mature dairy cattle -

#5 Cotton seed hull pellet Feed components 3423 **

* Mean length of randomly sampled fragment of rice straws
** Mean length of randomly sampled pellets
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mixing process
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Table 6 Inhalable and respirable dust concentration according to
feed materials during TMR mixing process and working
activities (unit: mg/m°)

Working Inhalable dust Respirable dust
activities Mean Max Mean Max
#2 loading 2842112 78.78 3.08+2.83 | 10.59
#1 feed 21112 364 0.15+0.08 | 0.25
#2 feed 32.516.0 39.83 5231145 | 7.33
#3 feed 1.310.2 1.97 0.20£0.03 | 0.26
#4 feed 13116 6.21 0.07£0.06 0.3
#5 feed 0.910.4 1.61 0.07+0.01 | 0.09
TMR feeding 0.8+0.4 1.44 0.03%0.01 0.04
Floor clearing 4.0%2.0 8.12 0.31£0.19 0.73
Milking 0.2%0.1 0.35 0.06+£0.00 | 0.07
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