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Abstract: [Objective] The pollution properties and risks of heavy metals in atmospheric dust at copper-silver

mining areas were delineated to provide a scientific underpinning for ecological modeling and risk control in mining
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areas. [ Methods] Atmospheric dust fall was collected using dustfall jars during the spring, summer, autumn, and
winter seasons at a copper mine tailings accumulation area in Ningxia Hui Autonomous Region. Heavy metals
(Cd, As, Cu, Ni, Cr, Hg, Pb, and Ag) were measured, and multiple assessments, including the single-factor
pollution index, geoaccumulation index, potential ecological risk assessment, and human health risk assessment
models were employed to analyze the seasonal characteristics and risks of heavy metal pollution in atmospheric
dust fall. [Results] @ The overall atmospheric dust deposition in the study area exhibited the following ranking:
spring > autumn > summer ~> winter, with the cumulative heavy metal content of atmospheric dust deposition
exhibiting the following ranking: summer > spring > winter > autumn. As, Cu, Ni, Cr, Hg, and Ag contents
were higher in spring and summer than autumn and winter. However, Cd and Pb contents were higher in autumn
and winter than spring and summer. The heavy metal content of atmospheric dust deposited in spring and summer
surpassed the background value in Ningxia region. @ The single-factor pollution index and geoaccumulation index
indicated that Cd, Cu, Ni, Cr, Hg, Ag, and Pb in atmospheric dust exhibited varying degrees of pollution across
different seasons, with Cu, Pb, and Ag showing relatively higher pollution levels and Cr showing the lowest. The
potential ecological risk assessment demonstrated that the seasonal ranking was spring, summer, winter, and
autumn. @ Human health risk assessment revealed that heavy metals in atmospheric dust could cause
noncarcinogenic health risks through respiratory and hand-mouth pathways, with a risk level exhibiting the
following ranking: spring > summer > winter > autumn. Notably, the noncarcinogenic health risks were
markedly greater in children than adults. [ Conclusion] Heavy metal pollution in atmospheric dust in the study area
has apparent seasonal properties, exhibiting distinct seasonal characteristics, with higher pollution levels in spring
and summer. It is essential to control the release and dispersion of heavy metals during these seasons to mitigate
their impact on the ecological environment and health of residents. Additionally, children face significantly higher
non-carcinogenic health risks than adults, necessitating special attention to their health protection.

Keywords: open-pit tailings; atmospheric dust fall; heavy metals; seasonal characteristics; risk assessment
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Table 1 Soil background value of heavy metal
content in Ningxia area
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Table 2 Classification and evaluation of different heavy metal pollution indices
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Table 3 Parameters of human health risk assessment model
LRI A JLE
ED Z# & 4E IR /a 24 6
EF BE#Mi#E/(da ') 350 350
SA %1% Bz JRTH A/ cm® 5700 2800
BW A /kg 70 15
CF #fi b N1/ (kg e mg ') 10°° 10°
IR, 3 H P A&/ (mg-d™) 20 7.65
IR1 +HEH AR/ (mgd ) 100 200
ABS F Ik i 7 5 0.001 0.001
PEF JKAH #H F/(m’ « kg ') 1.36 < 10° 1.36x10°
ED X 365(HE 8 ) ED X 365(HE 80 )
ATF B A 70X 365(BUk#) 70X 365( &)
AF Bz R XF 4= 38 (%) W it 2%/ (mg s em ™' o d ™) 0.07 0.2

*4 ELERERBNESEFZ(RD)
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Table 5 Correlation analysis between atmospheric dust
deposition and meteorological factors
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Fig. 2 Meteorological information change in study area
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Table 6 Seasonal distribution characteristics of heavy metals in study area
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Table 7 Potential ecological risk assessment results of heavy metals in atmospheric dustfall in study area

P S AR K (E)) Ak
Cd As Cu Ni Cr Hg Pb Ag K- (RT)
Fe/ME 16.72 4.24 2.09 1.91 0.85 34.66 2.70 22.08 85.25
HZE S FN:N 64.22 94.11 271.50 41.22 14.87 703.78 5.56 400.98 1596.24
¥ {H 3852  20.04 23.70 8.95 3.37 96.92 3.48 85.45 280.43

e/MHE 17.74 4.66 2.06 1.75 0.71 19.54 2.37 23.47 72.3
ES BAM  120.93 72.49 197.83 43.31 15.78 131.27 10.40 323.50 915.51
¥ 47.13 13.54 19.82 14.53 5.47 53.24 5.58 63.37 222.68
/M 2.43 2.66 3.05 1.30 0.37 20.23 4.46 14.74 49.24
hZ mRME  113.65 10.45 24.41 6.20 1.54 56.94  89.70 66.67 369.56
¥ 1 28.15 5.81 8.21 3.88 1.17 31.37  41.32 31.66 151.57
Fe/ME 25.55 2.98 3.69 1.36 0.31 26.10 3.84 15.58 79.41
KT oA 89.66 17.18 72,18 13.08 1.69 5279 69.84 82.97 399.39
¥ E 49.16 9.29 10.34 3.93 1.12 34.76  27.64 33.11 169.35
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Fig.4 Wind direction and frequency distribution in study area
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Table 8 Human health risk assessment results of heavy metals in study area
0 iE LEe )Lt
HQ 4 HQ HQ oy HI HQ . HQ HQ s HI

Cd 1.93X10 *  7.72X10°  4.99X10 ° 2.75X10 ¢ 1.81X10°* 5.06x10* 891x10° 2.32X10 "’

As 4.34X107%  1.06X107°  3.91X107° 4.45X107* 1.02 6.94x107°  6.97X107° 1.03

) Cu 3.59X10 *  4.77X10 °  5.27X10 7 3.64X10 * 3.35x10 7% 3.12X10 * 4.19 4.22
i Ni 4.49X1077  6.63X107°  1.47X107"  4.70X107°  4.19X107%  4.34X107"  2.62X107"  4.26X107*
Cr 4.62X10°%  9.22X10°°7  7.13X10* 5.61X10° 4.31X10"' 6.04X10* 1.27X10° 4.93x10"
Hg 2.32X107"  1.32X107°  1.19X107" 245X107"  2.16X107° 8.65X107° 2.13X1077 2.25X107°
Pb 5.62X107%  1.49X10* 8.21X10°7 577X10°% 524X10°*% 9.78X10°* 1.47X10°° 5.34X10°*
Cd 2.37X107" 945X 1077 6.11X107%  3.38X107"  2.21X107°  6.19X107"  1.09X107° 2.84x107°
As 2.94X107%  7.16X10°*  2.64X10°°  3.01X10°% 6.87X10°"  4.69X10°* 4.71X10°°  6.92X10°"

Cu 3.00X107°  3.99X107°7  4.41X1077 3.04X107% 2.80X107% 2.61xX10°* 3.5 3.93
i Ni 7.29%10°%  1.08X10*  2.38X10°"  7.64X10° 6.80X10 % 7.05X10* 4.25X10* 6.91x10°
Cr 7.49X1077  1.49X107%  1.16X107°  9.10X107* 6.99X 107"  9.79X107* 2.06X107"  7.99x107"
Hg 1.28X107*  7.28X107°  6.57X10°% 1.35X107* 1.19X10°°% 4.76X107° 1.17X10°7" 1.24X10°°
Pb 8.99X107%  2.39X107* 1.32X107° 9.23X1077 8.40X107* 1.57X107* 2.35X107° 8.56x107*
Cd 1.41X107"  5.64X1077  3.65X107° 2.01xX107" 1.32X107% 3.70X107" 6.51X107" 1.70X107°
As 1.26X107%  3.07X107"  1.13X1077 1.29X107% 2.95X107" 2.01X107% 2.02X107° 2.97Xx107"

Cu 1.24X107°  1.65X107° 1.83X10°" 1.26X107° 1.16X10°* 1.08X10°* 1.45 1.46
Z Ni 1.94x107°  2.87X10°7 6.35X10°7 2.03xX10°* 1.81X10 % 1.88X10* 1.13X10* 1.84X10*
- Cr 1.60X107%  3.20X107%  247X107" 1.94X107° 1.50X107" 2.10X107% 4.42X107* 1.71X107"
Hg 7.52X1077  4.29X107%  3.87X107% 7.95X107° 7.02X107* 2.81X107° 6.91X107° 7.30X107"
Pb 6.66X10 ° 1.77X10° 9.74X10 ° 6.84X10* 6.22X10" 1.16X10 % 1.74X10° 6.34x10"
Cd 2.47X107"  9.85X 1077 6.37X107°  3.52X107"  2.30X107°  6.45X107"  1.14X107°  2.96x107°
As 2.01X107%  4.91X107* 1.81X107° 2.06X107% 4.71X107" 3.22X107% 3.23X107°  4.74X107"

Cu 1.56X10°°  2.08X107° 2.30X10°7 1.58X10°° 1.46x10* 1.36X10* 1.83 1.84
i Ni 1.97X107°  2.91X1077  6.43X1077 2.06xX107° 1.84X107* 1.91x10* 1.15X107" 1.87X107*
Cr 1.54X107%  3.07X107% 2.37X107"  1.87X107% 1.44X107" 2.01X107% 4.24X107" 1.65X107"
Hg 8.33X1077  4.75X10°%  4.29X10°% 8.81X107° 7.78X10°* 3.11X107° 7.66X10°° 8.09x10°*
Pb 4.46X107%  1.19X107°  6.52X10°°  4.58X10°% 4.16X10°"  7.76 X107  1.16X107°  4.24X10"!
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Fig.5 Single factor index analysis of heavy
metals in study area

Ag =
ﬁg Pb d
[ He é:
'QH Cr |:
HEH —]
2 Ni =
ol o %%
pol = B
oA 4%
Cd %j
2 -1 0 1 2
AR R,

6 MARECEMREELSN
Fig.6 Analysis of heavy metal accumulation
index in study area

N A e B XU B f ¢ B 32 4t IX A9 sl A T I AR
R, F @A T, LEE TG As 38 208 X
B, W ad 44 T DO 2 24 1 Il P S 7 Cu R 808 KU, A
KRR RN EE>H KB KT, 5
FEAE S RS AN 25 AL . 8 Cu, AsTERIFIEIX Y
e 2 45 R, AT BB R AR 9% X P L 2 T 1 3R 3
i LB o AR A KU s 19 Cd, Hg sk # g, (0
AR 2R I A O A D R N AR R R AR
B . AR A E 4 S Cu, Ag, PbAIE RIE KRS
RS bR M 4 R v R T R
Yy KU, 0 A R R B R Y L T G B AR e R
N7 38 G A X T e R BE 1 I 4 R AR 1R AR R 1
IYAAEY S P RK A 74T T Y B B v (H X A I f B
AN B, F P g AR AR BUR R R R
M B AR R B R, BT XL E 4R
TLEREA —EWREEE S . B Cudl 3R R EEIHERE T
A B WU Ry - 10 > B k>0, HOLEE A9 X
B TN, 5 R A A AR 5T 4 SR AR AR

AR S FH 38 1 BR LR Y A B XU T A A

B, 2 8 BN A HE fiph - S RIURE R [ A2 UL B 25 5, AT
AE - BUIRAG 70 WA R A 2 8 XUBS o A58 5
TR T OXGE B R i A 8D X [ 42
AR, X AR R e ) SRR D R IR E
T 2 6] AR AR SR A s P A RO R
)5 T A A LA 7 AR A A B RN X PR
T A [ i 13

4 55w

(D AR F R KRR CHEF R, K
AR TFENNT N BEFESKESE T >LF,
555 DR B2 AR OG o XU A 5 e R AR R
EEJRMN S &, As, Cu, Ni, Cr, Hg Ml Ag % I HE 1E
BE R E D& TR ZET .

(2) LA V5 Jed Hom b AR 805 Y B R W7
Cd, As, Cu, Ni, Cr, Hg, Ag, Pb X} S B Al T —
FERTG Y o Horh Crifds Je e B i 5, Cu, Ag i 44
SLIF TS, Ph B A o I % 35 e A8 3 )™ i, W 3% i R G
T o WA A 25 XU Fi8 B3R 78 WF 98 X 3 2 A 28 XU #
ROVBEFRZ KFEMAFR

(3D N A B XS DF-Aly 45 SR R W, L 3 45 2= 1 i
As il R RURS: , DU 2 08 i Cu JRURS: , XURS: B8 3 i TN
HZ X AER TR N5 .

(D FEHEEBIGYEM PN RTERFREFT,
T W R A L JE R L B Y i B XU i A A N
() B7 47 4 it L LAk 5% o 4 JE 6 AR A R e N S (R
I TEEH o

5 % 3k (References)

(1] Th0g . % KR b 3 XU e 2 AL B 3 e XU 7 18

FEFHTID ] T E BT E R, 2022,
Ma Yun. Analysis of dust generation mechanism and pol-
lutant diffusion characteristics of surface wind erosion of
open-pit tailings [D]. Yinchuan, Ningxia: Ningxia Uni-
versity, 2022.

[2] 0 =, BUATEE, XU, 55 R UTRE 4 )8 15 JL R 1IE

KA 35 R BF 58 ik e [T]. R B ) 2 5 R, 2018, 41
(3):56-64.
Dai Qingyun, He Qianfeng, Liu Dathuan, et al. Progress
in research on heavy metals in atmospheric deposition:
Pollution characteristics and ecological risk assessment
[J]. Environmental Science &. Technology, 2018, 41
(3):56-64.

[3] Li Yan, Zhou Shenglu, Jia Zhenyi, et al. Temporal and
spatial distributions and sources of heavy metals in atmo-
spheric deposition in western Taihu Lake, China [J].
Environmental Pollution, 2021,284:117465.



33

AR 48 - 77 AR BT IR e 2 T 95 4% W) 253 P R A B G XU, P4 107

[4]

[5]

[8]

[10]

[12]

PR . T B R AR DX 0 R 4 R i G R S T B
Az A KU DAL (D ] 77 B 4RI T B K%, 2020,
Chen Feng. Heavy metal pollution characteristics and eco-
logical health risk analysis for soil in copper-sliver mining
neighboring region of Ningxia [D]. Yinchuan, Ningxia:
Ningxia University, 2020.
T, 25 SR SR, A P2 T R X TR A
J& 135 Y K B AR A RUBS BE M [T AR TR R B AR
2020,34(4):86-91.
Qiao Lijie, Li Wenfei, Jing Lin, et al. Pollution and eco-
logical risk assessment of heavy metals from urban atmo-
spheric deposition in Xi’ an [J]. Energy Environmental
Protection, 2020,34(4):86-91.
P 2N R AR R 4 AR 9 g R AT 5 B R PR AN
[DI]HH 220 22 K%, 2014.
Li Ping. Pollution evaluation and environmental risk
assessment of heavy metal from atmospheric deposition
in Lanzhou [D]. Lanzhou, Gansu: Lanzhou University,
2014.
Liu Xiaoyang, Bai Zhongke, Shi Huading, et al. Heavy
metal pollution of soils from coal mines in China [J].
Natural Hazards, 2019,99(2):1163-1177.
it R A, £ e, 830, A TR BE TR b A R E
G T g B N A i U T A (). P R )R
2£4,2020,30(1) : 150-161.
Shi Chenhao, Wang Yunyan, Chai Liyuan, et al. Assess-
ment of heavy metal and human health risk in surface
soils around Dongting L.ake wetland, China [J]. The Chi-
nese Journal of Nonferrous Metals, 2020, 30 (1) .
150-161.
Yang Y, Zhao Y, Wang M, et al. Real-time detection
method for heavy metal pollution in soil of mining area
[J]. Global NEST: the International Journal, 2020:
570-578.
HEE L WIVE AR BRBENG L 4F L B Meta 40 HT IO BT X JE 34
A B Jm 1T YRR AR SRR AT AN [T]. 2T 2% L 2024,
31(2>:93-102.
Dong Xin, Hu Haoran, Zhang Xiaoqing, et al. A Meta-
analysis of the distribution characteristics and ecological
risk of heavy metals in mining areas [J]. Earth Science
Frontiers, 2024,31(2):93-102.
AT, B B R, A T GIS X7 B AR AL X
Jil 30 G JE Ok U AR AT (D). BRI B 4, 2022, 43
(11):5192-5204.
Zhang Koukou, He Jing, Zhong Yanxia, et al. Identifi-
cation of soil heavy metal sources around a copper-silver
mining area in Ningxia based on GIS [J]. Environmen-
tal Science, 2022,43(11):5192-5204.
FESOM 7 BLEA AT AU AR 2 i PR (D] T &

[13]

[16]

[17]

BT H RS, 2021

Cui Wenbin. Wind erosion characteristics and potential
evaluation of a copper tailings in Ningxia [D]. Yinch-
uan, Ningxia: Ningxia University, 2021.

AR BEEE AR TR REIR L B R R o
KA IP AT FRr AR R A SR A I G T ).
K AR FFE AR L 2020,40(4) :91-99.

Niu Yubin, Fan Jin, Li Shiyao, et al. Correlation
between particle size distribution, nutrient and heavy
metals content of topsoil in Ningdong energy industrial
base and atmospheric dustfall [J]. Bulletin of Soil and
Water Conservation, 2020,40(4):91-99.

P SRS, WI0R W1 22 30, 45 L R e T R K S R
& 08 5 Y AR B e R KU SE AN (7] 2R B IR B A
2018,27(6>:1153-1159.

Tao Meixia, Hu Hu, Hu Lanwen, et al. Characteristics
and health risk assessment of heavy metals in polluted
abandon soil of Shangrao, Jiangxi [J]. Ecology and
Environmental Sciences, 2018,27(6):1153-1159.
URN, SHIR R, A 7 S A U S T A R 5 R )
A 45 AE B AR 25 KR AN [T ], B B8 B2, 2024, 45(6)
3512-3522.

Ji Li, Ma Kun, Xie Tiena, et al. Evaluation of heavy
metal distribution characteristics and ecological risk of
soil of vegetable land for Hong Kong in Ningxia [J].
Environmental Science, 2024,45(6):3512-3522.
SRE L XD, AR, S IR ORI R P E R
YRS IE BT [T ] BRI, 2020,41(12) : 5288-5294.
Zhang Xia, Liu Bin, Xiao Bolin, et al. Pollution charac-
teristics and assessment of heavy metals in atmospheric
deposition in core urban areas, Chongqing [J]. Environ-
mental Science, 2020,41(12):5288-5294.

TMSFE OB, PN A5 IR K A S LR
&)@ 2= AL RRE S 5 P [T ] B R4, 2023,
44(6):3184-3197.

Luo Pengcheng, Tu Yaoren, Sun Tingting, et al. Sea-
sonal variation characteristics and pollution assessment
of heavy metals in water and sediment of Taipu River
[J]. Environmental Science, 2023,44(6):3184-3197.
Ma Shanshan, Geng Shicong, Wang Guofeng, et al.
Pollution characteristics and risk assessment of heavy
metals in sediments of Wolong Lake [J]. IOP Confer-
ence Series (Earth and Environmental Science), 2021,
634(1):012012.

AL, 2 INE R BRI R X R E SRS
e B WU PEAN [T]. R BT R 22 5 H0R 2024, 47 (4)
205-216.

Bao Lixu, Jiang Jie, Sun Guoxin. Soil heavy metal pol-

lution and risk evaluation in black soil areas of Heilongji-



108

JK A A T A

o545 %

[21]

[25]

[26]

ang Province [J]. Environmental Science &. Technol-
ogy, 2024,47(4):205-216.

Shen Fuzhen, Ge Xinlei, Hu Jianlin, et al. Air pollu-
tion characteristics and health risks in Henan Province,
China [J]. 2017, 156:
625-634.

ZHE B R T R AR A R T AR S
BRSP4 (7], B 45 TR, 2023,41(12) : 278-287.

Li Ganyu, Cui Xingtao. Characteristics of heavy metal

Environmental Research,

elements pollution and health risk assessment of atmo-
spheric dust-fall in Tangshan [J]. Environmental Engi-
neering, 2023,41(12):278-287.

Wew L ok T, R4S SRR 2 M T O A R I X
B A2 AR A 5 [T ). T 5 B IR 5 3R 85, 2017, 31(9)
81-86.

Yao Xijun, Zhang Yu, Wu Quan, et al. Study on char-
acteristics of dustfall in Yi Jin Huo Luo mine area,
Ordos City [J]. Journal of Arid Land Resources and
Environment, 2017,31(9):81-86.

Guo Tianci, Li Mingyue, He Shuidi, et al. Character-
ization of atmospheric arsenic wet deposition transport
pathways and potential sources areas in the Pearl River
Delta region [J]. Journal of Environmental Sciences,
2024.

Shao Xiao, Cheng Hongguang, Li Qian, et al. Anthro-
pogenic atmospheric emissions of cadmium in China
[J]. Atmospheric Environment, 2013,79:155-160.

Qiu Kunyan, Xing Weiqgin, Scheckel K G, et al. Tem-
poral and seasonal variations of As, Cd and Pb atmo-
spheric deposition flux in the vicinity of lead smelters in
Jiyuan, China [J]. Atmospheric Pollution Research,
2016,7(1):170-179.

AR I A7 T, LR AR T i R 55 R st RS

[27]

[28]

[29]

[30]

R o 4 J 15 Y KO BB PP [T ] SR8 k2, 2018,
39(7):3118-3125.

Tian Chunhui, Yang Ruozhu, Gulizhaer Yilihamu, et
al. Pollution levels and risk assessment of heavy metals
from atmospheric deposition in Nanjing [J]. Environ-
mental Science, 2018,39(7):3118-3125.

JUARE , o P, B A, A ARV P R R SRR G
e A Jm PR BE T g KU Ak IR Ay BT L)L 4 Dm0l
2024(7) :268-275.

Gu Jia, Su Haitao, Zhao Peisong, et al. Environmental
pollution risk and source analysis of heavy metals in
soils around typical copper deposits in the middle and
lower reaches of the Yangtze River [J]. Metal Mine,
2024(7) :268-275.

XS, LA, 5 EARM M EE RO XA R
G o3 A FEAE MO S PR [T ] A E Ak, 2017, 26
(1):60-66.

Liu Wei, Wang Tao, Wang Jun, et al. Heavy metals
distribution and ecological risk assessment of dust and
soil in opencast mine of east Junggar basin in Xinjiang
[J]. China Mining Magazine, 2017,26(1):60-66.

Xie Haijian, Shi Yanghui, Wang Liang, et al. Source
and risk assessment of heavy metals in mining-affected
areas in Jiangxi Province, China, based on Monte Carlo
simulation [J]. Environmental Science and Pollution
Research, 2024,31(14):21765-21780.

FME, R EF XA RO R G A AR
F RS2 5 R PERON B 5 ke [T ] 2 Ak T, 2023, 52
(12):3444-3448.

Wang Ye, An Shuyu, Liu Lei, et al. Progress on the
interaction between microplastics and heavy metals in
water bodies and their compound toxic effects [J].
Applied Chemical Industry, 2023,52(12) :3444-3448.



