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Abstract; meg to the sigrificant impact of heavy metals in atmospheric deposmon on soil, clear knowledge on the present situation and temporal and spatial variation in
fluxes of hieavy metals in atmospheric deposition all around China is urgently needed. In this study, we collected 99 published papers on deposition fluxes of heavy metals from
2001 to 2021 based on the CNKI and Web of Science database and extracted 718 to 1 672 monitoring points from these papers. The Meta-analysis method was used to calculate
the weighted average of deposition fluxes of heavy metals, and the spatial-temporal characteristics in different periods from 2000 to 2018 were studied by subgroup analysis,
which compared the differences between different types of areas, such as agricultural and rural areas and urban and industrial areas. The results showed that the annual fluxes
of heavy metals in atmospheric deposition [ mg+(m’+a) =" ] in China were as follows: Zn (96.75) >Pb (23.37) >Cu (12.77) >Cr (11.04) >Ni (6.61) >As (2.97) >
Cd (0.48) >Hg (0.05). Overall, the estimated value of deposition fluxes in China from 2000 to 2018 was higher than that of rural areas in England from 1995 to 1998. The
deposition fluxes in industrial areas and urban areas were much higher than those in the agricultural and rural areas, especially the industrial areas where the heavy metal
pollution was more serious. The deposition fluxes of As and Cd in the Changsha-Zhuzhou-Xiangtan area were relatively high, whereas the atmospheric deposition of heavy
metals in Northeast China, the Pearl River Delta, and North China Plain was more serious than that in the other areas. In the past 20 years, the annual deposition fluxes of Cd
fluctuated around the overall average, without an obviously declining trend, whereas the deposition fluxes of Cd in the urban, agricultural, and rural areas showed a trend of
growth. These results suggested that precise and risk control measures of atmospheric emissions should be established based on the characteristics of regional industrial
structure, which should cover all levels, all types, and all regions. In addition, more restrictive measures should be taken to solve the current problem caused by the higher
deposition flux of Cd in atmospheric deposition.

Key words: heavy metal; atmospheric deposition; Meta-analysis method; spatial-temporal analysis; deposition fluxes
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Fig. 1 Spatial distribution of study areas of heavy metals in atmospheric deposition
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Table 1  Deposition flux of heavy metals in China and other countries or regions/mg+(m?+a) !
LR As cd Cr Cu Hg Ni Pb Zn SRFEAF Ay SCHR
SCHREL 61 84 61 63 44 47 84 67
WFEEIX $/ A4~ 131 173 127 133 95 100 167 145
B AL 1642 1672 1121 1185 1307 718 1474 1252
SRAEAL 10 19 13 13 11 10 11 9
e/ ME 0.13 0.01 0.14 0.56 0.00 0.19 0.42 3.40
E’i—d\:{ﬁ 9.14 1.75  34.32  40.04 0.21 18.49 7235 305.73 0 ooe .
bt 22 2.22 0.40 8.38 8.42 0.05 4.51 17.40  74.15
A5 5 R % 73.32  86.68  80.07  68.09  96.34  71.07  79.32  80.52
s £ 0.93 1.06 1.18 0.88 1.46 1.12 1.09 1.02
U4 iz 0.18 0.50 0.56 0.57 1.49 0.76 0.56 0.24
K-S A6 56 (U &) D 0.66 0.50 0.90 0.94 0.50 0.86 0.95 1.00
LT ESL(:D 2.97 0.48  11.04  12.77 0.05 6.61  23.37  96.75
H AR 50 2.9 0.39 6.2 16 0.04 6.8 9.9 — 2004 ~2005 [38]
2 E — 0.009 — — 0.009  0.362  0.142  2.98 2010 ~2012 [39]
g FEMN 0.132  0.405 2.7 3.5 — 7.2 2.7 7.8 1992 ~ 1993 [40]
VLT 0.1 0.01 0.9 6.9 — 0.3 0.7 — 2008 ~2011 [41]
e 0.31 0.19 0.75 5.7 0.1 1.6 5.4 22.1 1995 ~ 1998 [12]
B — 0.02 2.8 3.5 — 0.95 2.3 103 1999 ~2001 [42]
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Fig. 2 Characteristics of deposition fluxes of heavy metals in different types of regions
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Fig. 3 Characteristics of deposition fluxes of heavy metals in different study areas
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Table 2 Comparison of deposition fluxes of heavy metals in China/mg+ (m?-a) ~'

2000 ~2018 4 (AHF5Y)

2008 ~2018 4EL27]

2006 ~2015 4E[26] 1995 ~2015 4E[28]

R FERB AU A RERl B peERE RS W plER MERB B PRiERE
As 1642 297 222 574 339 2.32 755 3.37 2,27 254 2.54 3.67
cd 1672 0.48  0.40 625 0.59  0.47 762 0.41 0.36 310 0.37 1.83
Cr 1121 1104  8.38 577 2232 16.98 763 16.14  11.58 226 10.38 48.16
Cu 1185 1277 8.42 527 16.23  22.81 764 11.56 8,60 232 10.99-~"14.06
Hg 1307 0.05  0.05 553 0.07  0.05 750 0.09  0.19 262 0.07 = /0,16
Ni 718 6.61 451 364 861 11.43 376 8.08 s 9,89 159 479 /1285
Ph 1474 23.37  17.40 608 26,29  17.65 768 19/19. 13,89, | 319 2181,/ 6334
Zn 1252 96.75  74.15 617 108.75 9549 766 72.90 20161} 78. 87
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Table 3 Effects of atmospheric deposition on soil heavy metal pollution

WiH As cd Cr Cu Hg Ni Pb Zn
rpE 4 B IO /mg kg ! 12. 10 0.23 68.50 27.10 0.09 29. 60 31.20 79. 00
XU L (pH 6.5 ~7.5) /mg-kg ™! 25.00 0.30 200. 00 100. 00 0. 60 100. 00 120. 00 250. 00
LMV AT X (2000 ~ 2018 4F) L4 4EBR/a 1910 68 3662 2535 5771 4437 1646 1052

IR X (2000 ~2018 4F ) T4 4EFR/a 905 31 2808 1103 1958 2635 816 329
Tl IX (2000 ~2018 4F) %44 R /a 501 21 1 605 817 1239 1168 487 262
LM AAT X (2013 ~2018 4F) L4 4EBR/a 2597 54 6206 2722 11543 10518 2753 1248
IRTIIX (2013 ~2018 4F) %44 R /a 748 27 5797 1507 1956 5505 1456 410
TlLIX (2013 ~2018 4F) Z44EFR/a 663 21 2429 1380 7 695 1807 843 473
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