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Note: [, II, IIl represent the three housing sections of the barn; P1~P17 represent PM concentration sampling points (A ); The unit of data in figure is millimetre.
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Fig.1 The experimental dairy barn and layout of particulate matter concentration sampling points
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Fig.2 The change of daily average total suspended particulate (TSP) and PM, s concentrations under varied sampling interval in
October and December
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H 39 B 1) e R T 3252 RAEIA B /3 8 2h (FkZE) Ml 1 h
(&%), 1 PM, s MR ATH: 2 RAPERIBG 2038 3 h (FK
Z) fll1h (&%),

#1 METFERHERET TSP # PM,; A¥iRESHEEMHE
irZE (E,) £ 5% M 10% SEE AR &t
Table 1 The proportion of relative error ( £, ) between daily
averaged TSP and PM, 5 concentrations under varied sampling
interval and true value in autumn within the range of 5% and 10%

%
TAERI E<5% E<1%

Sampling interval TSP PM, 5 TSP PM, 5
30 min 98.9 100.0 100.0 100.0

lh 83.1 95.8 97.2 100.0

2h 67.6 84.5 90.1 97.2

3h 50.7 69.0 84.5 95.8

6h 35.2 423 64.8 74.6

12h 22.5 16.9 36.6 43.7

R2 ZBEFRERHEFET TSP 71 PM,; HIRESEMEM E,
7E 5% 1 10% SEE MR L
Table 2 The proportion ofE, between daily averaged TSP and
PM, 5 concentrations under varied sampling interval and true value
in winter within the range of 5% and 10%

%
SKFEA] B E<5% E<1%

Sampling interval TSP PM, TSP PM,;
30 min 87.6 100.0 98.9 100.0

1h 80.9 76.4 93.3 100.0

2h 59.5 60.6 84.2 96.6

3h 41.6 50.1 76.4 85.4

6h 31.5 33.7 48.3 79.8

12h 10.1 13.5 24.7 55.1

B 5e, FKZE TSP Al PM, s H 348 I 5 K AT 5 52 Kk
mBE KT 42, FTESHBFEEKFENLTRXHTA
A BEERE iE 0%, Kl T & /MR A B m,
BAAEET. g ERE 2T, BEriEREs
TR A & BRI 5 B, 543 TSP 5 PM, s iR E AR {L
HNF R, K FEANRERAR, NEREENERE, 4
FIET . KA T RHPIRES, AEXT SR I (K
AR SR P A B A 52 3 A 4 B AR R ) B 38 B
SEEIZY, ik, MR TS, 4ZF TSP 5 PM,; HYY
AR FEE P MO0 5 2 B /N PR R T B

FWR, FKZE TSP (1) H 299 5 B K AT 5252 KA (8] B 71N
T PM,s, 32X 32 B2 R R0 2 5 Bk 2= 22 Bt i) 2 JF i X
WLBEAT B, 6 i 1) < A XL — 7 THI 2 0 3 240 S0k 420
B EANFE YRR R, FEIKE N PM, s IR ER, A
— 5 TH XGE 2 B 55 R A 728 B R S5 8500 UL ik B2 %
2, A PM, s W B . X TSP, R
EAL T30 5 ik e BRI 9 TSP B, (B4 T b
PRANR B b7 i XL W Rl BORl S Bk 47
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T BRI R B A Re % (R AR 2R 255 N TSP H 333k
FERAER IR I . R — AR RIS, 44 TSP HY

(B ISR AL B /N T PMys, 33 8] 42228 BH 21 558 1 42 4 it
Xof i PR RORLA) B RE AR o
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(10, 15+ 20, 30 min A1 1 h) AKX (05:00-23:00) 5
B IA] (23:00—05:00) TSP 1 PM, 5 /NI S48 4 J& 5 ELAH
FRIRE R R ZE1E 5% F10% YEFE A S EE . 72 5% AHXT R
RV N, BZEE R TSP A PM, s /NN A ) 5K
AJ 2 52 K RE 8] B 43 5104 20 A1 30 min, %8 TSP F1 PM, 5
AN R T 8% RRE RG99 30 ming AR
FUACI ) TSP A PM, 5 AN 3406 19 85K 7] 432 52 SRR o
)79 15 F1 30 min.

B, 1R 5% MR ZEREEE N, KFHER TSP
WL B K AT 32 32 KRR B /N T Ta], &2 H R S5
W TSP % 2 1Y) i K AT 32 52 SR A [ o A I £ JiR 81 T A2 PR
NMEFEBERIBZBOR, & WA RIT R KL AR 5%
KM, BT KR SRR B me,  FK R 18]
TSP i FEARAL L AR BEIN-~F- A2, [T AT LA 24 48 AR
(VR o 2 2= 1 JOMUBRCIE 250 5% PR UKL, 8 AR X 25 P R A
BN, R RIA) f RORLA) /N s 25 0 34 FEE AR SR A T ol £
FF—3
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Table 3 The proportion of E, between hourly averaged TSP and
PM, 5 concentrations under varied sampling interval and true value

in autumn daytime and nighttime within the range of 5% and 10%
%

B e R E,<5% E=<10%

Time period Sampling interval TSP PM, TSP PM,

10 min 91.4 98.3 98.7 99.8

EEN 15 min 80.2 94.7 94.2 99.2

Daytime 20 min 70.1 88.7 90.7 97.5

(05:00-23:00) 30 min 552 78.5 80.9 93.0

1h 31.7 51.1 59.3 75.6

10 min 95.5 99.1 99.1 100

— " 15 min 88.3 96.7 95.1 97.4
[f] Nighttime .

(23:00-05:00) 20 m%n 80.0 93.9 93.8 96.7

30 min 68.1 86.2 88.7 95.5

1h 44.0 63.1 70.8 85.9

Ho, MECTHISME, KEZFET TSP /M E{E ) i
RS2 R (B RGN T PMys IOV &2, i —2P
R S PRLURLA BRI B 5 s B AR UKL SE IR 2, 5
FEHAEACRFE A R . BR T 2 BIPABLH S Mt R e, A4
PR DR B A D O 2 5 BUE R
R WA . 100 S R B A M E sl 2 FBUE &N
TSP IREERI Ty o DRI, RO ) Bl 14 8 1 IS AR A A [ A
R B RTRL A 22 S A e
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®4 EFENERFERTEXSRKIE TSP # PM, s NEHRE
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Table 4 The proportion of E, between hourly averaged TSP and

PM, s concentrations under varied sampling interval and true value

in winter daytime and nighttime within the range of 5% and 10%

%

IR STRER E=5% E=1%
Time period Sampling interval TSP~ PM, TSP PM,;
10 min 825 997 944 100.0
Bx 15 min 6.1 974 871 997
Daytime 20 min 625 94 834 994
(05:00-23:00) 30 min 503 SL1 743 958
1h 34 553 574 810
10 min 815 998 943  100.0
o 15 min 703 988 890 998
%‘;_Jogl%‘;‘fggf 20 min 63.6 957 838 996
00705: 30 min 545 857 755 984
Ih 374 634 578 857

K 3 R TRKEEAFEERFEERE N (10, 151 20+ 30 min
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K CE 3 R, 3 350 B 0 {5 RN 2 (94 52 00 4 2k o
KA TR B 3 KB (1 2 R 2R R . bk, SRR T 2
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Fig.3 The global and local variations of hourly mean TSP and PM, s concentrations under varied sampling interval in autumn
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Optimization of sampling intervals for particulate matter concentration
monitoring in a large naturally ventilated dairy barn

LU Yujian'?, FANG Zhiwei', LI Yongzhen'?, LIANG Chao'??, SHI Zhengxiang®*®, WANG Chaoyuan'*>*

(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China; 2. Key Laboratory of
Agricultural Engineering in Structure and Environment, Ministry of Agriculture and Rural Affairs, Beijing 100083, China;
3. Beijing Engineering Research Center on Animal Healthy Environment, Beijing 100083, China)

Abstract: Generation and emission of particulate matter (PM) from dairy farming have a potential effect on the health and
welfare of the animals, farm workers and even the neighbors. Monitoring accuracy of the PM concentration depends much on
the number and location of sampling points as well as the sampling interval (SI). Most PM studies used intermittent sampling
methods, such as sampling the concentration for a couple of days in a season or in several seasons, which were unable to
accurately reflect the actual PM concentration level and variation inside the intensive dairy building. To determine the
reasonable SI of PM sensors, this study developed an Internet of Things (IoT)-based monitoring system for PM concentration
in an intensive naturally ventilated dairy barn, in which a 17-point continuous concentration monitoring of PM less than 2.5 um
in aerodynamic diameter (PM, ;) and the total suspended particulate (TSP) was carried out in autumn and winter, and its 5-
minute mean values were regarded as relatively true values (RTV). Using error analysis, the daily averaged PM concentration
with 30 min and 1, 2, 3, 6, 12 h SI in autumn and winter and the hourly mean PM concentration with 10, 15, 20, 30 min and 1 h
SI during the day (05:00-23:00), night (23:00-05:00) and daily management periods (05:00-07:00, 13:00-15:00, 21:00-23:00)
were first computed, respectively; then their relative errors ( E, ) with RTV were counted within 5% and 10% range; and
finally, the maximum accepted SI for daily and hourly mean PM concentration measurements were determined based on
acceptance criteria in bioanalytical method (66.7%).The results showed that within 5%, when the SI for TSP concentration
were set within 2 h (in autumn) and 1h (in winter), and they were within 3 h (in autumn) and 1 h (in winter) for PM,;
measuring, respectively. It can accurately obtain the daily average PM concentration of the naturally ventilated dairy barn in
autumn and winter. When the SI were at 20 min (in autumn) and 15 min (in winter) in daytime, and 30 min (in autumn) and 15
min (in winter) in nighttime for the TSP measurements, and 30 min for PM, 5 daytime and nighttime (in autumn and winter), an
accurate monitoring could be obtained on hourly mean PM concentration and its fluctuations. When the sampling interval for
TSP was 10 min, and the interval for PM, s was on 20 min in autumn and winter, respectively, the measurement data can reflect
the impact of daily management on the PM concentration inside the barn. The findings of this study can be applied as a
standardized procedure to continuously track the PM concentration in an intensive naturally ventilated dairy barn.

Keywords: particulate matter; ventilation; error analysis ; dairy cow; sampling interval; internet of things
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