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Concentration; Solubility ,-and Sources'of Metal Elements in Atmospheric Precipitation
in-Qingdao ' ' . j
O Lingdong' 2 QI Jiandrad! > * | ZHANG Xul? 4 ’ £

(1. Key Laboratory of Manne Environment and Ecology, Ministry of Educatmn (frean University of China, Qingdao 266100, China; 2. Laboratory for Marine Ecology and
Environmenfal Science, ngdao National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract A total of 54 atmospheric precipitation samples were collected from 42 precipitation events in Qingdao from June 2020 to June 2021. The concentration, solubility,
sources, and influencing factors of eight metal elements, including Al, Fe, Zn, Cu, Pb, Ni, Cd, and V, were analyzed. Al, Fe, and V were mainly from natural sources,

and the other metals were affected by the comprehensive effect of natural and anthropogenic sources. All the metal concentrations varied greatly. Al and Fe were the major
elements , with average concentrations of (710.9 £969.4) pg-L™" and (409. 1 £503) pg-L™", respectively. The other trace elements, Zn, Ni, Cu, Pb, V, and Cd, had
concentrations of (71.7 +37.9) pg-L™", (8.9+14.4) pg-L™", (7.5%8.5) pg-L™", (1.8 +2.3) pg'L™", (L.6£1.6) pg-L™", and (0.1£0.1) pg-L™",
respectively. The solubility of trace elements was generally higher than that of major elements. Ni, Cu, Zn, and Pb had solubilities of (44.8 £28.2) %, (36.2 +28.3)%,
(34 £28.6)%, and (14.1 £11.8) %, respectively. The solubilities of Al and Fe were as low as (6.5 +11.8)% and (6.1 £15.8)%, respectively. During the continuous
precipitation process, the concentration and solubility variation of trace metals were more complex than those of Al and Fe, which had high background values in the
atmosphere. From the onset to the middle period of precipitation, the average concentration of Al and Fe changed little, and the proportion of Al and Fe to the sum
concentration of these eight elements increased by 19%-3%, whereas the concentration of trace elements decreased obviously; for example, the concentration of Cu and Cd
decreased by approximately 80%. When the rainfall exceeded 20 mm, the concentrations of Al and Fe decreased rapidly by approximately one-third compared to those at the
initial stage. At this time, the removal rate of trace metals, such as Zn, Cu, and Pb, was basically saturated. The removal rate of the sum concentration of these eight
elements was 20%-60% . Except for Al, the solubility of all elements increased at the early stage and then decreased with the increase in rainfall, which was related to
precipitation frequency, rainfall, and metal source. The metals in Qingdao precipitation were mainly from secondary aerosols and biomass combustion (37.28% ), sea salt
aerosols (29.21% ), dust (17.91%), the shipping and petroleum industry (8.36% ), and automobile exhaust emissions and other activities (7.24% ).

Key words: precipitation; metal elements; solubility; rainfall; source
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Fig. 2 Rainfall, pH, concentration, and solubility of metal elements in atmospheric precipitation

in the coastal region of Qingdao from June 2020 to June 2021

*1 tHRAAEMXEKFEBTENRE /pg-L-!
Table 1  Concentrations of metal elements in atmospheric precipitation in different areas of the world/ gL !
S| il A, Al Fe Zn Cu Ph Ni Cd \ Sk
P 18.9 29.4 92.9 2.7 8.1 1.5 0.5 — [12]
JFEL 247.7 291 88.7 5.4 18.3 1.4 0.3 1.4 [31]
B demt — — 24.5 3.0 — — 0.2 0.8 [32]
B 9.3 47.9 18.3 9.9 0.27 2.12 0.1 5.2 [27]
T HH 980 750 0.1 6.1 19. 1 4.1 9.5 2.2 [26]
H 710.9 409. 1 71.7 7.5 1.8 8.9 0.1 1.6 BN
H 385 193 30. 4 — 3.8 — — 1.1 [13]
sl 60. 8 — 27.1 3.1 1.3 0.9 0.3 2.5 [29]
Wi B — — 60 28.8 1.4 7.4 0.2 0.4 [8]
ERE 24 14 26 3.7 0.7 4.8 0.1 0.5 [11]
B g — — 11.6 0.9 1.7 — 0. 08 — [10]
+HIH 484.5 743.2 50.2 3.94 11.4 7.2 0.8 — [28]
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Fig. 3 Enrichment factors of metal elements in atmospheric

precipitation in the coastal region of Qingdao
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Table 2 Concentration and solubility of metal elements in atmospheric precipitation in different seasons in the coastal region of Qingdao

P BF HZ Es AR

W/ pg-L! WREE/ % W/ g L0 WAREE/ % W /pee LD WMEE/% WE/pe-Lt WIHE/%
Al 1432.921626.1 2.3+1.9  478.7+635.2 9.0=14.2 672.7 £382 1.6£1.3  710.9+969.4 6.5+11.8
Fe 706.5 £967.3 2.3+1.5  311.4£250.9  8.1x19.5 402.3+198.9  2.8+1.3  409.1+503 6.1+15.8
Zn 78.5 21 8.6+11.7  69.6+40.3  38.0x24 70.5+50.6 54.2+42.2  71.7%37.9 34.0£28.6
Cu 7.0+8.5 27.3£15.7 7.1+8.2 40.4 £32 10.2+10.6  30.2+23.6 7.5+8.5  36.2+28.3
Pb 3.6 +4.5 6.8+7.9 1.3£0.9 16.6£12.8 1.2£0.3  14.3£8.2 1.8 2.3  14.1=11.8
Ni 6.1+3.7 23.6+15.5  10.1+17.7  48.7+28 7.6+5.2  59.1£30.6 8.9+14.4 44.8+28.2
cd 0.1+0.1 — 0.1+0.1 — 0.1+0.1 — 0.1%0.1 —
v 2.8+2.5 — 1.2£0.7 — 1.8x1.9 — 1.6£1.6 —

1) WRA Cd MV HBEEARM Y, «“—" IR ICAH R B

®3 BFREBREARETERKPERTENEERETF(EF)

Table 3 Enrichment factor (EF) of metal elements in atmospheric precipitation in different seasons in the coastal region of Qingdao

Esel Fe Zn Ni Pb Cu Cd A%
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Table 4  Concentration and solubility of metal elements in different periods of continuous precipitation
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(preliminary stage, mid-term stage and late stage) in the coastal region of Qingdao

[ K131 (pH =5.6)

K H i (pH =5.4)

B /KA (pH =5.5)

xR e/ pg-L-! B/ % W/ g L1 AR/ % W/ pg- 1! WAL/ %
Al 418.4 12.6 399.7 10.2 296. 6 2.4
Fe 294.6 3.3 305. 1 3.9 208.7 1.6
Zn 79.3 18.9 59.7 32.1 49.1 31.8
Cu 12.8 25.8 2.3 37 5.7 22.4
Ph 1.2 13.5 0.7 19.2 2.0 10,4
Ni 6.3 32.1 2.7 37 [ 3.7 ‘z_igﬁp_.;. i
cd 0.2 — 0.04 -+ 0.1 S AL
v 1.1 — 0.8 & ; —
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Fig. 4 Composition characteristics of metal elements in different

precipitation stages in the coastal region of Qingdao
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Fig. 7 Correlation between the solubility of metal elements and chemical composition of atmospheric precipitation in the coastal region of Qingdao
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Fig. 8 PMF source analysis based on chemical components of atmospheric precipitation in the coastal region of Qingdao
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