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Abstract: As one of the important routes for terrigenous matters entering marine ecosystem, atmospheric deposition has
been one of the focuses of the interdisciplinary research in the atmospheric sciences, marine sciences, and environmental
sciences internationally. In addition, atmospheric deposition is also a crucial manner to eliminate natural and anthropogenic
pollutants from the atmosphere. Biogenic elements, including carbon, nitrogen, phosphorus, and silicon, etc., are the
essential elements for the growth of marine phytoplankton. Thus, their inputs via atmospheric dry and wet depositions are
likely to exert profound effects on the marine ecosystem. Study on the atmospheric deposition in the eutrophic China
marginal seas is very important. As is well known, Jiaozhou Bay is a typical bay suffered from both the natural and
anthropogenic emissions. It is an ideal area for explaining the potential effects from atmospheric deposition of biogenic
elements on the marine ecosystem. In this study, based on one-year sampling for collecting the total suspended particulates
(TSP) in the atmosphere and dry deposition samples between June 2015 and May 2016 at a shore-based site along Jiaozhou
Bay, the contents of reactive silicate (Si0O,-Si) were determined for analyzing the concentration, dry deposition flux, and
the dry deposition velocity (V,) of SiO,-Si. In addition, the potential ecological effects of SiO,-Si dry deposition on the
Jiaozhou Bay were preliminarily assessed. The results showed that the average concentration of SiO,-Si was (1.98 + 1.22)
nmol/m’ during the sampling period, with an obvious seasonal pattern of the higher values mainly occurred in winter and
spring and the lower concentrations appeared in summer and autumn. The concentrations of SiO,-Si showed a distinct trend
of decrease from Qingdao coastal region to the Yellow Sea and East China Sea. The correlation analysis indicated that the
long-range transport of Asian dusts and the resuspended of mineral dusts were the dominating source of atmospheric Si0,-Si
in Jiaozhou Bay and even in the entire China marginal seas. The estimated dry deposition flux of SiO,-Si was 8.48 mmol m~
a~' with a deposition loading of 87.8 t/a, which was significantly larger than the reported values by wet deposition. In
addition, the dry deposition loading accounted for 10.3% of the total exogenous inputs (including dry and wet deposition as
well as riverine input) of SiO,-Si surrounding Jiaozhou Bay, revealing the dry deposition was a non-negligible input source
of Si0,-Si for Jiaozhou Bay. The lower Si :N molar ratios (0.16+0.22) in dry deposition samples suggested that atmospheric
dry deposition was likely to be one of the potential factors leading to Si-limitation for phytoplankton growth in Jiaozhou Bay
for a long time. Further, according to the Redfield ratio (C:Si=106:16) , the new productivity supported by SiO,-Si input
via dry deposition was calculated to be 674 mg C m™ a™', which accounted for 5.3% of the total new productivity of
Jiaozhou Bay, suggesting the impacts from dry deposition of SiO,-Si. This study systematically analyzed the dry deposition
characteristics of aerosol SiO,-Si, evaluated the importance of atmospheric SiO,-Si dry deposition loading for the total
exogenous input of SiO,-Si in Jiaozhou Bay. The results are of great significance for understanding the biogeochemical

cycling process of Si in the marginal seas.

Key Words: atmospheric total suspended particulate; reactive silicate ( Si0,-Si); dry deposition flux; dry deposition

velocity ; ecological effects; Jiaozhou Bay
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Table 1 The concentration of reactive silicate ( SiO;-Si) in aerosols and its dry deposition flux in Jiaozhou Bay during 2015—2016 and the

comparisons to other regions around the world

Si0;-Si ¥ & Si0;-Si TYiRFIE &
X 35k AEOY Concentration of Si0;-Si/ Dry deposition flux of SCHR
Area Year (nmol/m?) S5i05-Si/ References
Ju il Range H{H Mean (mmol m™2a™")

JZINTE Jiaozhou Bay 2015—2016 0.37—6.49 1.98+1.22 8.48 M5
F 54K JE 11 Fulong Mount 2006—2008 0.09—4.0 1.11+0.83 8.50 [30]
H{iff The Yellow Sea 2011—2012 0.17—1.57 0.53+0.35 0.34 [31]
ZR¥F The East China Sea 2003—2004 0.05—2.2 0.41+0.46 0.30 [32]

% [H Z 4 Lowa, United States 2003—2004 — — 6.57 [16]
A7 IL K PGV The tropical North Atlantic 2002 < 0.01—1.12 — — [29]

2015—2016 4EMEH (3—5 H) K (6—8 H) Bk (9—11 A) A F(12—2 A ) T Si0,-Si 1k JE
YB3 591°M (2.49£0.93) (1.48+1.07) . (1.56+0.98) nmol/m’F1(2.28+1.53) nmol/m’ , £ B E(K, X HZE
RN AR (T 2) o &R N T8 DX el T b Z XU SRR PG L R A 3k 5] 42% 247, B
AR (CFIIRGHE LY 5.8 m/s) A F T HU AT 420 - A FEE TR RUKSE ik s B =AU 5 v A KA, IR A 2 9
PR i R VD 2/ 3 A e B 6 1) e R SO X R U L e A (32 AU R AR - AR T R R
Y8 53% ) FEARARN KAV AR, HIRE A RE 2R mE )G A BT, T DAAR R B L 3 9 2 b ) P
I AR E S A A T IE R, (HSF 2 KU I (3.5 m/s 22 47) , SRAEEIE Vb2 RS Kk A, s 5 o IX Al
BERERE  IRANR T H T ) A = B0RE A0 P A7 . PR AR ZR NS SIS IE Si04-Si 538 4 B vay () vk B, i 52
TR e FE AR . e — s T AE S 80 Mann-Whitney U K56 (045 R W | H 2 S IE Si0,-Si W B AT Fk
FRFTER EVEZE T (P < 0.05) , Hh BB 22 F R R B 8 KF- (P < 0.01) , 3R BT REM E SH e
Si0,-Si MR BEAAAERCH 3 20 A8 4 X s A a4 5 TSP MR BE I 20 A8 AL A — B (&1 2) , boh,is ]
FHOCHE AT, A58 & BRI Si0,-Si W5 TSP e B 2 i 35 IEAHOCOC R ; Rl FE D, 5 B s S ALY
A 3 (B 3) . AL T W2+ A br St oy 2 — 592 3 — R840 4 349 2 B 0 9
VbR Bz BE B AL i A 4 2 A Uk PR TR R MV SR Si0,-Si 1Y =R IE A A I R
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1) R ) 2B AR AR AE S 580 2 e P 32 X VA e Si0,-Si #5184V A A T 2 VR B PR b 7 B o — A5 TR A B B
FAR XA T — L0 His .
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e H 20 4 80 ALK — ELIK T Redfield HGAE 1 ( BV VE P2 A 90 AR 6B R 4R NP ST Wl i) [ Eb
) B C:N:P:Si=106:16:1:16) , Ju HHE 1998 1 1999 4E/3 MK 0.08 1 0.14'47) | FBA I M 75 7K A4 K30
DISRAFAE IR W A K 110 Si BRI . ABFSE & B, 2015—2016 4E M 7 T I0RE SioN FER 444 (0.16+
0.22) , /i fit 25 Redfield [LAE, H B WA T30 1 JLAR >R B M v Vg 7K v — 35 9 LU B (2004—2008 4F 0.4 /42
A7 2015—2017 4524 0.23—0.48 , WO AT 41 A & 850 ) , 6 T DURE T BB T BUR M S 7K 14 Si N EE
IR LEREARAR IR Y AR Si BRI — A EWAER R . 45 Redfield FUfE (C :Si=106:16) ,ft% i 710
Wt A BN TS KA B Si0,-Si IT LASZ 4 674 mg C m™> a™' BUBT A7 970 AR A 55 100 e P VS 300 4 A 7 g ) A 4%
(126920 mg C m™ a™" )" FULREE AR Si0,-Si SRR AL 7= T3 0] 5 NS A 9 7= J1 0 0.53% .,
i f- B CHTAE T 1 500904 7= T HUAE ) 10% 138 KA T I0R T ARG Si0,-Si SCRFIHT A= 7= J1 0T (5 B 5
B 5.3%, B KAV Si0,-Si Ay AT B9 AE 7= 7 0 STERARALG, (EDGE BT A2 7= 0 10 BTk 20 A 25
2,

IEAh, BT R, Si0,-Si FEIFIF ALY RETE Fh A3 25 (0 7k e 780 ] JC 25 A0 ¥ B v AL A s R vh il 5 IR o
BRI DO — T B PR A A 4 X R 0 (B A 20 4D 90 AEAR LA 3 Fil
RS T A T — SRk, T P R A P 2k S5 4 1 i, L PP 8 1l O AR A A SR e B i ik 5t LR R
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BRKZEAR, 5IVb 2/ 87 1 0 JE 1) 251 B 226 o B 9% DD AH G o IS T A I Si0,-Si T TR o 8.48
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