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Pollution characteristics and influencing factors of
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Abstract; Haerwusu open-pit coal mine in Inner Mongolia has serious pollution of dust particles at the bottom of the
pit in winter, which has posed great impacts on production and the surrounding environment. This article aims to
reveal the characteristics of particulate pollution under low temperature in the arid areas of northern China in winter
and provide the foundation for the prevention and control of dust pollution in open-pit mines. We took the Haerwusu
open-pit coal mine as the research site, monitored a number of environmental indicators including the mass concen-
tration of dust particles, wind, temperature and humidity in winter through two monitoring sites arranged in the pit,
and used multivariate statistical methods to analyze the varying characteristics of dust particles within a week under

low temperature conditions in pits and mines and their relationship with meteorological factors. The results show that
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average mass concentration of particulate matter during the detection period of the open-pit mine does not exceed the
second-level standard limit of the National Ambient Air Quality Standard (GB 3095—2012) , but exceeds the first-
level standard limit for some time. Humidity, temperature, wind speed, temperature difference (ie. inversion inten-
sity) are all positively correlated with the concentration of particulate matter, among which the positive correlation of
humidity is the most significant. Under low temperature conditions, the significant degree of influence of meteorologi-
cal factors on the mass concentration of particles at the pit bottom is as follows; humidity > temperature > temperature
difference. Small particles are more sensitive to environmental factors. Meteorological factors have a great influence
on the diffusion of dust particles, so the winter mining intensity of open-pit mines can be adjusted in conjunction with
meteorological conditions to reduce dust pollution at the bottom of the pit.

Key words: open pit mining; open pit mine; dust particulate matter; dust density; pollution levels ; meteorological

factors; analysis of correlation; main components analysis; regression malysis; multivariate statistics

TR R TP RS R TF R 2S [ 9 B9 2 4 5
Bz T, Wifafl, @, R%E . SRMmsmes
ZAVEN IR, BAFRT I 207 A R M 2 BU0R:
Pt T EB RS BT 90% RSk | AL 4k 38°
PAJL B 7= 98 T R B X, ik 2 7 A& 28 KSR
1%, TRBIHER, 5Bk EmEaRs, Bk
BERPRRG, KIEWENEE, ERRE
T IRMIHIE 400, A ZRPURM AT el g e E .
BRI PERIR RN, BRHELRSES
HEWFR, BERSREILEY, Rk ™ &miH
EO TGRS, RSB 4R
i 2019 SRR AT ( PAEMREE R RS A )
R, A EFAR B A 15 898 i, (5453
Bl s s ki 81.83% 7). A, BEREMARIES
TE BRI BOVE R R R 8, o 3 B0 A 25 3R
B TS YY, S R B i
AT, BRI R RTs Y B 2 — A 58 At 4
R, [E45 B 2018 4E 6 H &1 TE % (ITHiiE K14
TR EARATETRI) BB ESR TR R K 1L R4
Rt

W% “GEanIL7 AN, EE%EXE
FHER KR T5 R ITHIT R T R EMTFR. BOm
i U SR BT RICRE-RAS B 7 7 £ 8 TR A 280
PUT BRI R O RSSO R
2604512 HE S AL O 3 B R S TG, B
PR IR R0, T 8 K FLAE L P iR 2
BOA ;s F0148 3 451 R A COMSOL S A A5 4 5 4
RIS HT T 58 R0 Bt % 7 TV B (0 2
WU RIS SR B0 A% R R B A A Y g
BT ERER R RSB I, RO TERY
AT [ #0228 BB A5 M 2 B9 20 A 10 5
TANG %) {ifi i FLUENT S0P T 88 K%

G R e SR KGR R 1 e 4
RO FH A Mg 45 S i 1F A2 iR 56 A0 £ 5T [
et dr, 88T BRG EH A TR R i
B XS54 ST B S0 B A b T R R 3
TR RO A IS PM, s F1 PM,, F 75 Y 5 fiF
B Eap0y SN SN DL A E 2 Lk NIl
ALERAS R R LI R B T, TR
5T SO 25 Y B RAE B 53 4 R T ) Y
KRR, MEARBERT GO L 15 Y W R E
NG 2 40 4B R ARl SR 25 Y AR

PP 3 ) 58 R B 9 S e T, RE L
JERERIR, £FNHE, MXHRERN, KEE.
B 5 ORI S e B I R i,
FAR TR KR & B RIELA T MR 2275 Y17 10 K 8
TLAHE, RS G EF XAk B R, X
BRI HHEE.

1 MRy £

L1 S

MRS R EERBD (LU RIFRIGH ) AL T NS
SRR ZHHEM R IR RE ST B, JRPRSE A HIX. %
O AL AT R R T X, AL FRERE
K, BFERHIER, HFHRIRZERNTRRE. £
IERIE 4 A, SFRE - 11 ~1 C, RIES
ATk -30 C, ZH4~6 FRK, 4ivkiy 11 A
EREEEL A BA, 49150 d. BRREZ T,
FERREAE 10 ~3 C, RAREIZY, PRz
R BFERH, FHRERE 10 ~23 C, WAKZE
FFT~9 A, AhieEREKER 65%, BITARM
. BEZEAEREK B2 400 mm, TR &R
KER S AE, TREZNK, WE L.



BINE, % SRR A FURM A TS YR B R 639

1 BMRESERBRET T HAMMAE

Fig. 1 Aerial photos of Haerwusu open-pit coal mine
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Table 1 Equipment parameters
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Fig. 2 Location of monitoring sites
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Table 2 Mass concentration limits of PM in 24 h!*"]
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Table 3 Descriptive statistics of

PM mass concentration

pgrm~’

s i)

TSP

PM,,

PM, 5

2018-12-26
2018-12-27
2018-12-28
2018-12-29
2018-12-30
2018-12-31
2019-01-01

62.88 +£40.72
7.67 £6.28
25.42 £16.61
49.17 +£36.88
88.45 £45.83
90.04 £19.24
94.38 £42.55

50.63 £35.71
4.75+£3.93

16.83 £10.91
32.08 £23.85
55.33 £35.54
63.92 £19.19
76.75 +31.64

32.08 +25.38
3.08 £2.81

11.54 £7.26
20.33 £11.86
37.62 £23.01
48.79 £18.32
62.17 £25.32
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Table 4 Daily output of Haerwusu open-pit coal mine
Hi FERR/ FEit/m'
2018-12-26 28 600 42 040
2018-12-27 9 630 58 770
2018-12-28 11 180 22 250
2018-12-29 16 290 45 270
2018-12-30 21 560 54 790
2018-12-31 15 160 58 740
2019-01-01 21 220 47 470
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Table 5 Rank correlation coefficient of PM and

meteorological factors
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TSP 0.741** 0.125 0.001 0.035
PM,, 0.770* "  0.174" 0.027 0.016
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Table 6 Explanation of total variance
N HIHRFHIE(E FEH AT F-J7 Al Jie% e F-J7 Al

At Ji 2/ % 2% Kt J7 2/ % FW%  Hit J7 2/ % B2/ %
1 3.534 44.175 44.175 3.534 44.175 44.175  3.526 44.079 44.079
2 1.549 19.359 63.534  1.549 19.359 63.534  1.426 17.822 61.901
3 1.054 13.179 76.712  1.054 13.179 76.712  1.185 14.811 76.712
4 0.940 11.749 88. 461
5 0.593 7.415 95.875
6 0.240 3.001 98.876
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Table 7 Regression models of different PM
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1]
e EVER

R Ff PHE

y = 2.181x, +2.062x, +
TSP 0.561 69.973 0.000
9.561x, +4.527

y = 1.791x, +2.088x, +
PM,, 0.644 99.057 0.000
7.342%, +3.812

y = 1.411x, +1.899x, +
PM, , 0.706 131.177 0.000
4.891x, +3.047
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Fig. 6 Contribution rate of meteorological factors to

the mass concentration of PMs
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