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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.
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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
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Table 5 Correlation analysis between atmospheric dust
deposition and meteorological factors
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Fig.1 Trend of atmospheric dust reduction in study area
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Fig.2 Meteorological information change in study area
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22 KEBELEERBTREESKE TN

221 ¥BFFLEHx MESATMH,PbRAZET R
HEBE GARERERTEEET AR REY
R NEE NI YRR E X &, CduERA
WG YL, As, Cr, Ni, Hg#k& B I 4b T4 4 K.
Cr, Ni¥yRIANE TP EE Y, EEZREG Y. As,
Hg R AEFH GG, AFREGR ., Cu, AgH
BRI N E GG KA R R TGG
BB RBRARAN EESFEEZ>LE>HE,
SEMBRATHFSE X Cu, Ag, Pb YW FITS YL B4 .
222 WABRRFEfEH HEGHH,RX Agh
RBE RN E RN B HFE>LF>HK
20 ZE W PERRAE . PhFI Cufis e fE Bk 2 . Pb7E
K BN TG KR T E S Y CufE F R
BB TR Y . BLAk, Cr, NifEE S840 T2
JEIE g He fE R 0 TRIEB Y, CATEA Fh T3
ik, REHEERBIREBRERIR : Ag>Cu>
Hg, & XM N : Ag>Ni>Cr, Bk FE LW Ny . Pb>
Ag, XFELM A :Pb>Ag>Cd>Cu,

2.2.3 HEASNEFN HERTAH,FEEHg M
Ag A= 75 KUK KSR 5 BE VS Y, HoAth 5 4 8 3 R e
V54 /% Cd, Hg 1 Ag #9425 KUES K SF S o S
Yo, HoAth 5 4 @ ¥ R 55 V5 G s BK 2 Pb Ry b S B
HAb TR Y R TG gy s 4 2= Cd Sy h IS 4, HoAth oo



5 3 3]

AR 48 - 77 B BT DR e 24 i 95 % W) 23 P R A B G XU, P40 103

RYNREIG Y. He, AgH E 1A 78 A2 25 MUK
i, Cd 2 7 FIA A7 A — 5 1Y A 25 AU, Cr 995
R . As, Cu, Hg, Ag MW 7E £ KK R
NBFESHAF>ET>KFE NIRRAN - ZAF>HF
FoRXFEME CrRUN - HE>FFZ>RESL

B OPhH L SR KBS A B R
B BF5E GRS ME A T 4 B TE 2 WA A A e
N HEESH BB U] As, Cu, Hg, Ag
6 2D X 0 1 75 PR R A,

x6 MARESEZT TS HEE

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 o AR K (E)) AL
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

Fe/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
oz mARME  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 TN 89.66 17.18 7218 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
B E L )L
HQ 4 HQ HQ oy HI HQ HQ HQ s HI

Cd 1.93X10*  7.72X10°°  4.99X10 ° 2.75X10 ¢ 1.81X10°* 5.06Xx10* 891x10° 2.32X10°

As 4.34X107%  1.06X107°  3.91X107° 4.45X107* 1.02 6.94x107°  6.97X<107° 1.03

) Cu 3.59X10 % 4.77X10° 5.27X10 7 3.64X10* 3.35X10 % 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°°  7.13X10°* 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 577X107% 524X10°% 9.78X10°* 1.47X10° 5.34X10°*
Cd 2.37X107" 945X 107°  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°  4.41X1077 3.04X107% 2.80X107* 2.61xX10°* 3.5 3.93
i Ni 7.29X10°%  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"  7.99x 107"
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° 1.83X107" 1.26X107° 1.16X10°* 1.08X10°* 1.45 1.46
Z Ni 1.94X107°  2.87X10°7 6.35X10°° 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 7.52X107°7  4.29X107%  3.87X107% 7.95X107° 7.02X107* 2.81X107° 6.91X10°% 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°° 1.46xX10* 1.36X10* 1.83 1.84
i Ni 1.97X107°  2.91X1077  6.43X1077 2.06X107° 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°°  4.58X107% 4.16X10°"  7.76 X107  1.16X107°  4.24X10"!
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metals in study area
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