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Abstract: Based on the relevant studies conducted over the past few decades, in this article, the research status of atmospheric
precipitation chemistry in China's offshore and coastal zones was systematically summarized in terms of precipitation pH and
conductivity, the abundance and sources of major chemical constituents, the fluxes of nutrient wet deposition, and their ecological
and environmental effects. The future research trends were also projected. The results showed that the pH and conductivity of
precipitation in China's offshore and coastal zones were generally high in the north and low in the south due to the neutralization
effect of alkaline ions from sand/construction dust in the northern region and the smaller precipitation amount there. The main
chemical components in precipitation in China's offshore and coastal areas were dominated by SO~ . NO; Ca®*. Cl. NH] . The
type of acid rain was primarily a mixture of sulfuric and nitric acids. The wet deposition characteristic of common ions in
precipitation varied slightly across China's four major offshore sea areas. Except for the Bohai Sea, wet deposition was the main form
in other sea areas, and it generally showed a pattern of wet season being greater than dry season. The Yellow Sea area had the highest
ion deposition flux. Short-term heavy rainfall could affect the marine environment. The different components and proportions of
input nutrients from wet deposition could influence the structure of marine plankton communities to some extent. Under the
combined influences of sea, land, and human activities, the atmospheric precipitation in China's offshore and coastal waters exhibited

chemical characteristics distinct from those in inland areas, which could have complex and far-reaching impacts on the offshore
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ecological environment. Future research should focus on land-sea coordination. It should delve deeper into the intrinsic influences
and feedback mechanisms between terrestrial atmospheric pollutant emissions, precipitation chemical components, atmospheric
deposition, and offshore ecosystem evolution. This approach may better explore the relationship between human activities and
marine ecosystem evolution from the perspective of atmospheric deposition.

Key words: water-soluble ions; low molecular weight organic acids; wet deposition; coastal ecosystem; primary productivity;
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Table 1 Physical and chemical parameters of atmospheric precipitation in different coastal and off—shore areas of China

X 35k A SKFESESY SO /NO;  pH i ERAKIA pH W B PR@S/em)  HPEYMH@WS/em) Ik
K& 2011 1.98 3.82~7.74 5.19 0.20~21.40 86.70 [29]
P, %%E%ﬁﬁ 2006~2018 1.03~0.45 5.20~6.88 - - - [30]
Kt 2019~2022 1.10 5.92~7.85 6.68 14.99~328 46.80 [31]
AL 2017 ~1.21 5.75~8.61 6.63 10.79~361 75.26 [32]
HE 2021 1.84 5.68~8.73 6.75 0.50~33.0 6.75 [33]
H i 2015~2016 1.41 3.84~6.91 4.77 64.90 64.9 [4]
T—— @z{ 2015~2020 1.45 5.87~6.49 6.13 3~6.10 4.35 [34]
2pii] 2018 0.57 6.10 - 29.99 29.99 [35]
- 2000~2001 1.53 4.51~6.03 - - - [36]
2009~2010 - 3.70~7.08 5.86 - [37]
[ 2000~2001 1.39 3.55~6.03 - - - [36]
ki 2019~2020 1 5.11~6.22 5.45 435 - [38]
S ?«)Jz 2010~2011 1.87 3.40~5.80 437 - - [39]
' 2021 0.84~1.16 4.01~6.39 4.99 7.40~122.50 32.70 [40]
P 2020~2021 1 3.96~7.46 478 4.90~342 24.40 [41]
B 2010~2011 - 3.40~7.10 4.54 - - [42]
I 2010~2017 1~1.50 4.70~5.38 5.01 12.14~16.86 14.19 [43]
TRt 2008~2018 1.38~2.58 4.60~5.50 4.09 0.95~4.30 2.58 [44]
A %;% 2000~2021 1.03~4.40 - 16.3~5.49 3.12 [45]
KL 1988 >3 5.90~7.45 - 180~1450 513 [46]
i 2012.8~9 H 12.7 5.60~6.50 - - - [26]
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Fig.1 Comparison of precipitation dominant anion and cation
equivalent concentrations in coastal and off-shore areas of
China
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Table 2 Concentrations of major water—soluble ions and neutralization factors in precipitation of coastal and offshore areas of

China
3 25 Na* NH NO; Cl SO Ca* K* Mg F NF(Ca®) &%k
Ki% 29.15 63.35 49.6 51.71 98.32 79.26 19.74 17.56 6.92 0.53 [29]
PR 46.49 74.06 47.65 322 217.25 244.58 16.61 78.05 23.18 0.51 [55]
Rt 19.1 248 93.3 25.3 103 142 5.52 23.5 16.5 0.72 [31]
Y 106.9 56.42 45.92 44.17 40.12 29.54 9.54 7.71 3.66 0.34 [22]
it 14.2 63.94 38.99 21.54 39.29 27.39 3.88 6.6 12 0.34 [38]
T 224 46.2 38.7 31 72.6 31.5 7 9.3 1.9 0.28 [39]
i3'a 45.75 53.85 37.89 33.15 44.04 71.52 10.57 12.67 432 0.87 [40]
INBE 7.52 34.78 30.12 12.09 25.27 13.87 2.55 4.3 1.71 0.25 [40]
P 70.9 25.5 40.2 99.2 403 29.8 4.63 17.9 121 0.37 [56]
Ugy 121 34.3 21 148 41.6 253 6.81 33.1 6.92 0.40 [57]
bl 15.49 25.63 21.16 19.01 27.82 16.16 24 4.73 1.15 0.32 [43]
i 2095.5 - 21.4 2637.5 272.1 118.4 54.5 520.9 - 0.40 [26]
K 209.7 8.7 8.9 214.4 19 64.4 5.80 22.8 - - [58]
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Table 3 Wet deposition fluxes of major ions and DIN in

coastal and offshore zones of China[mmol/(m>-a)]

¥ii  SOF  NH;-N NO; N Ca* Cl  ZHUK
KiE 359 36.3 46.3 28.9 37.8 [29]
HE 1179 51.7 80.4 132.8 34.9 [55]
R 225 40.7 108.2 31.0 11.0 [31]
FEE - 19.50 8.36* - - [83]
J L - 91.29 56.14% - - [83]
M - 50.29 33.14% - - [83]
H o 244 91.76 49.69 18.77 4834  [22,88]
THA - 37.49 30.53% - - [89]
T 554 59.1 70.5 24.03 473 [39]
g 289 37.29 14.67 20.2 317 [38,90]
B 229 30.13 21.92 13.9 162.8 [57]
B - 1.85 1.38 - - [91]
Rl - 30.13 21.92 - - [92]
JETTESC 9.8 69.30max 11.2~634 158 147 [40,93]
JEITNE 93 140.60pax 27.3~529 5.1 8.9 [40,93]
PR 241 48.1 30.5 17.8 118.7 [56]
w247 37.6 45.6 14.4 33.8 [43]
BT - 47.57 36.29 - - [94]
KA - 68.25 84.51 - - [95]
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Table 4 Enrichment factors of ionic components in precipitation relative to ocean and soil at some offshore stations

EF sk

EF 2

3 25 K/ ca¥/ Mgt ol S0? /  NO;/

K"/ Na'/ Mg/ cl/ SO’/  NO;/ 3k

Na* Na* Na* Na* Na" Na* Ca® Ca** Ca® Ca® Ca** Ca®
KiE 30.77 61.8 2.65 1.52 26.98 85100 0.58 0.65 0.4 210.3 65.96 298.1 [29]
Jai 4.95 26.99 2.23 1.17 9.74 - 0.18 1.48 0.76 367.6 54.54 337.8 [34]
H i 14.30 26.6 1.77 1.04 14.1 - - - - - - - [4]
S 2.97 9.56 1.11 1.2 4.7 28.31 0.31 4.18 1.07 1.11 71.08 672.9 [56]
ifg 12.53 43.94 2.04 1.31 22.86 137299 0.28 0.91 0.43 253.6 76.3 677.91 [38]
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