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Acidification of iron in atmospheric aerosols and red tides in the East China Sea

ZHAO Xiuyi, TIAN Rongxiang
College of Earth Sciences, Zhejiang University, Hangzhou 310027, China

Abstract: Background, aim, and scope Iron is an essential nutrient element for animal and plant life activities,
and the atmospheric transport of iron in aerosols is of great significance to the ocean primary productivity. In
addition, iron has a greater impact on marine ecosystems and the global atmosphere, and it was found that the
acid dissolution of iron in aerosols transforms iron from insoluble to bioavailable during atmospheric transport,
which may affect harmful algae blooms. Materials and methods This paper reviews the acidification of aerosol
iron in the atmosphere and the key process of transforming iron from insoluble to soluble. It is proposed that
the occurrence of harmful algae blooms in the East China Sea may be a result of joint action, including the
atmospheric acidification of aerosol iron as harmful algae bloom biosoluble iron, the acidification of soluble
iron with the aerosol sinking in the harmful algae bloom zone of the East China Sea, and the conversion of
coastal currents from the winter circulation to the summer circulation to provide hydrodynamic conditions.
Results During atmospheric transportation, acid dissolves iron in aerosol particles, making it bioavailable and
increasing the amount of bioavailable iron imported into the ocean. The sulfuric acid components, oxalates,
and nitrogen-containing acidic components in the atmospheric environment will all have an impact on the acid

dissolution process. The correlation between bioavailability and solubility of dissolved iron and the difference

2020-12-02; 2021-04-21; 2021-04-30
Received Date: 2020-12-02; Accepted Date: 2021-04-21; Online first: 2021-04-30
41775142

Foundation Item: National Natural Science Foundation of China (41775142)
, E-mail: trx@zju.edu.cn
Corresponding Author: TIAN Rongxiang, E-mail: trx@zju.edu.cn
XTI, R . 2021 RSB PRI BRI S AR IR 0] ABBKER B4R , 12(6): 573 —584.
Citation: Zhao X Y, Tian R X. 2021. Acidification of iron in atmospheric aerosols and red tides in the East China Sea [J]. Journal of Earth
Environment, 12(6): 573—584.



574 Mo ERFREE-A 4 512 %

of solubility of dissolved iron in aerosols from different sources and the effect on primary productivity were
discussed. Discussion By summarizing the current status and the possible causes of harmful algae blooms in
the East China Sea, it is found that the sources of restrictive nutrients required for large-scale harmful algae
blooms in the East China Sea is not entirely derived from terrestrial input and marine upwelling. Furthermore,
atmospheric aerosol transmission source is likely to be important. Based on analysis of aerosol transport and
harmful algae bloom occurrence, we found that the three necessary conditions of “nutrition” and “meteorology
and hydrology” are related to the transport of iron and other restrictive nutrients by atmospheric aerosols,
indicating that the transport of atmospheric aerosol iron may play a key role in the triggering of harmful algae
bloom in the East China Sea. Conclusions Firstly, we described the acid dissolution process of iron in aerosol and
the possible influencing factors of the acid dissolution process in aerosol and atmospheric environment, including
the contribution of sulfur-containing acid components, oxalates and nitrogen-containing acid components to the
dissolution process. Secondly, it shows that the bioavailability of metallic iron is closely related to its solubility.
Finally, the importance of atmospheric transport as a source of restricted nutrients is pointed out. The correlation
between aerosol transport and the occurrence of harmful algae bloom is preliminarily verified, which provides
favorable evidence for subsequent studies. Recommendations and perspectives In order to further gain insights
into the key processes of iron transport by atmospheric aerosol on the initiation of harmful algae blooms in the
East China Sea, the method of combining atmospheric science and biogeochemical research can be used. Firstly,
based on the observation data of harmful algae bloom and aerosol events in the East China Sea over a long time
scale, the spatial and temporal relationship between the two was established through numerical analysis. Then,
the potential relationship between iron and other nutrients transported by atmospheric aerosol and explosive
proliferation of harmful algae bloom algae was quantitatively analyzed by using isotope tracer technology. In
addition, the transport and deposition of iron by atmospheric aerosol were simulated. Finally, the key role of
transport of atmospheric aerosol iron and phosphorus in causing harmful algae bloom in the East China Sea is
analyzed and evaluated. On this basis, a harmful algae bloom early warning and forecast system supported by
weather forecast model and nested grid air quality model is explored to be similar to weather forecast. It is of
great significance for the final warning and forecast of harmful algae bloom occurrence, reducing the loss of
harmful algae bloom and protecting the marine ecological environment.
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BRI mIE S AT M EITTER, W2
TS st =50 2 — B v e B — Tl PR ) 7
BAEP E R P E SRR, RS TE s SR Ikt 2%
Z & X (Martin et al, 1990; Martin et al,
1994; Fung et al, 2000; Jickells et al, 2005) .
TE O] SE A 20 M 7 ik BE )5, Martin and Fitzwater

(1988) 4t 7 “BRARL” , BIFEVK B 1]
RPERE T Z DR R gt i A,
s TGP R TR ) IR 2 i, e AR Ry
AR BRI . O T SR ER U, Martin et al
(1994) 7E 1993 FFHEAT 1 45— U Ol & 2k
S8 (Iron Ex1) , K IRAEIRIE AR KV 1Y R 2
TKHAE AR — 1) 4 nmol ¥k BE A AR R IEET , A
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PLED G T 2 4%, SRR BB T 3 4%,
WEFEA = N T 4 f5. 19954 5—6 H, 7E%
TR R T 05 OB SE g rh, eI
BRIGHISE 9 K, MERZWBEFIIn T 27 £%, 7%
e A= W% B IR R B RS- 38 I T 4 4 KRR
1 CO, W43 & (pCO,) T RE T 49 Pa, H I,
Coale et al (1996) #&Hifiih: FEmfG— UKD
K, TR I AR VR, T TR
A A RGN, I RS ) Co, FEA
W ) VR TR R, D TR CO, B i, B
THRERN, KA R I = A X SRR Y
A5 OC FRRAR il 5 P AR S ARV E B ) iz 42
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AR T HARAR/ N R TI R AR
FRAATACAEEAE T VIR, XS SR
1) R P L 422 52 ) 4 168 v KUK 2% . Ma et al
(2005 ) WF5E T YV I[E] A H A P90 U 1 1)
SRR PERHE, 38 2 PSR AT R B, 75%
)RR #R 57 B g 3 TR B E . AR RIS
SASTE Y T R AV I AR B A AR 7T e A VD
AWURL RIS . R & AR, T A UERR T &
4 (Laskin et al, 2003; Zhang, 2004) . i&H &
AR IR T L AR BAR A2 T R KAk
AR —E WS, S AR R 0P A T
PERG AL R AT ¥, AR A ] R B
Meskhidze (2003 ) 2 T #RFCIE I TR IR E K&
AMCEIRE, BT “BRRERT R i A
FRATEYYITE AL, I AR IR A
ok, LI AP AT T T
RAVTREREAE Yl R 25 A BN RIS
1 R R ST B AE PR A A b Bk Ak v HLA T
TEEZE, Oakes et al (2012) #E47 T 2R SCHFN
SIS E IR SR AR . BRI, R R BRI
TS A S R HP ) R R 1 e A S
SRS YRR AT AT, AT 0
WELH ANREUE L% R . (HZJ5 Lietal (2017)
il AR R 7 (NanoSIMS ) %
i T BT (STEM ) AYBARI T B ARTIESE T
TR A B2 B AEAE, T SR e I8 i B ¥ I
AR RRGL T AR S . okl W, AR A
Sy 3k R A TR M S AR TR K SR B B A A 5 T
PRV AR R, DT A 0 3800 v Y AT P
BRI EROM, 2 UE R AE S 8RR (Mahowald
etal, 2010) . B, XhHixX—idRESEAFAEGE AT DL
UMb T gk 23 AT e 5 RAARAE PR R AR ) Bk
fe2E A EAE ]

M\ 1933 4538 B B 4 S o i = 1 DUk, i
PR B — L85 1807 T X R B i o T
1B, BRI JLHER, BEERHER AR A
&, N F AR PHA I E AR AT Bk £
SR AP A R L ST 98 B A R A 1 AR K AT A T
R RAIR, X T H RS R 58 4 ELE ML R
FE ORI A A MBI TG S SR T 1 A T T
SR e E SR PR E ey I DS
15 | L 1 T A 2 R0 A Yl AN K 7= SR A
W7 A R, O SR E AR AR AR BB

20 N R e L e NSNS W N R AT e )
TR YR AR L T FRo0 R, MR 8
DRI A A S, 7E 1984 —1990 4F KA FE
ARACKF 7 1 3 R4 3 a YA 1S I, LR
PR TR T AR I sk, Tk i AR Ak,
TS a] | 3557 Y 0BT 380 A 8 A2 24 i % s
6] #H — ¢ (Hsu et al, 2014) , 1997 —1998 4,
S5 1) R T AR KUK R 1) A A AR A I AR AR R
R iy 206 2] B[ EE JE P %) 11280 B v v 3, (9%
VR SRR AR TR W AR O, AR A R Y
FIRER 22 2 AT ( Abram et al, 2003 ) . B2I&HE
IR RIS RAR IR, fRBR T AR S5 VE BRI R G B
8 (755 Fe 75 5 ¥ JF <0.1 nmol -kg ')  ( Walsh
and Steidinger, 2001) , {8 HA [& & g J1 1) if5 3¢
T. erythraeum 1E NO; 15 53¢ B <<0.01 umol -kg ' )
HFRER M T R %5, T erythraeum BYHE)
£ 50% M A PLA (dissolved organic nitrogen,
DON) , f#i{33 G. breve £ (a5 4 i K i BE0H
o JE FEOR I E ) KA. 2005 F1 2006 471 7R i
KEAFRI R, 5k AP Ik A
U H9MISEYE (Tian and An, 2013) . HLA[ I,
PRI o A Bk 118 i 126 38 AR AT 9 A 0 (R L Rl
HHEEAE L,
1

B Tk & A Lok, AT 3 S 8N R0
Rif 3800 T b 1 T U R AR I T A & A
( Mahowald et al, 2010 ) , 33Xl ] %12k (148 fin
SN AR T T7, BRI, TRV ST FE RIRE G
1) A4 1 L ER A 2 BRI A 7 A e e, XA
TR — A GRS 2 BRI, BEDEREER
W AE R IR R b, BT AR mT R
I B8 T A 200 o A R R AR i, X
— RS B TR A R RS IS R BE 22 (] Y E
FH & 56 & B 4% (Shi et al, 2012; Ito and Shi,
2016) , M. Yang et al (2020) % 3% T
AR S AR R AR Sh S e M IE ARG, i ELnT iR
BRIRIAR S AT S BRI A 1 B — 3
1.1

KAAE I+ Fe(ll) WG =55 KRN KH
PRI A M ((OH) MEZRE, Fe(ll) )t
fiff 7= Az (4 - OH i KA P IR & AL & 0 i SO, 28
B SOV, i — 25 A B R £k o 3 — 3 o [] 2
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A= A B A3 B R R A KA P i - OH B %
I, FRRERME . WKz 2K A e e B
1) Fe(1), RPRER AL IS A 1Y 4 BR A AL
( Faust and Hoigné, 1990) . X —id & T i
FIVER 1) Ay Hb B A 2 408 B S HC T i 7 328 090 A8 L
Bt ( Stockwell, 1989) . Hid R840 T -

B — L R I p Fe(D 1 %A% 7= 4= -OH.

[Fe(Ill(OH)(H,0),]”" +H,0 —[Fe(Il)(H,0).]" +
.OH (1)

aq

o5 0 -OH Ak A Ak SO, F/KAH H (9 HSO;,

P SO, 8 #, Fe(ll) 1 4 2 S(IV) & 1k &
S(VD),

-OH+S0, —SO.” 2
‘OH+HSO, — SO, 3)
Fe(Il) +S(IV)—=S(VI)+Fe(Il) (4)

B 1 VG AL v R R R A A K
Fe(lll) AR, Zead i KA RS Fe(Il) A8
B Fe(1D), IRl s e IR B KRG I 25 i iE
SR B AR RS-, NS i TR )E AR
PreTmg i) Fe( ),

5k pH SRBE A EL, 78 R A0 B 1 TP
Fe(1) 1 Fe(Il) My 4% 4 AE 407 2% L2 A Ry, i
SO, FAIE BB FRAE 5 BRIBOR I iR e i 2
i Fe(TlD) F1 Fe( 1) pyedted it T 854504 ( Oakes
etal, 2012 ) o BT J=45A) (ISORROPIA-TI )
TN, H,S0, AR AL R R ERAE S 1A S H Vs A 1 7T e
JRA A A it AN T B 5 HE R o A A i PR
T4 (B0 Fe(11) F1 Fe(lD) 7S/K A HEREE ) X —
UG A R A B B IR h B 2 (R I E &R

AL, BREREIE 5 A A HRBEIR (B4l €K )
oA k1A R E G ¢ (Schroth et al, 2009) , f£7E
THECE A CBInES sh A= Y1 F kb IR ) B R
BRAT LA M R AE S I T VS I B, A 0 U i
HEBCE rhAEAEGRBR R, T AE AR At B HE IO ok
o 0 R k. - O 4 Ak A FH R 5t 7R 4k =2 1) 11
TR PIR IR 80 AR A T R A, R IR B B R
BRAERA P —Be ) ( KRRZEH 1—24d)
Jei, 2R HEBR B AR Ak Tl i &k R B i R
JERIRRRERZ . BRI PR (CNIERY) 1B
BRELYI AT BB RRER (IR ) B
KA TN R ERRZE T, HpE 2L
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FE CRJZMIERE ) i hn (Lietal, 2017) .
1.2

KA RN : AW (R ) BRBERIZE
FRHEBO Z 0 (IR S Rt E 4L ) 2
FFRER I EZRUE, T AR ) BRI 7 A 1) E R
T DA R R, 055 S I R A K
&4t A R R FE R ( Graham et al,
2002; Gaoetal, 2003; Kunduetal, 2010) .

FREL S Fe(D) WM. IR EH: 09
e Fe(lll) Fo i i R ke TR BEIRLEE . IR
P (H) PR EE R ) R 1 SRR IR ( Gao
etal, 2003) o 4 iR £k vk B AR H, AW P
Fe(I) J& i Fe(M) B FRRERLS A4, M 42 2E ]
VSRR Fe(T) ™A, BRRERAR HE T Fe(T) ¥
AR .

Hi—2: Fe(ll) 5HREES S

Fe™ +C,0; —Fe(C,0,): (%)

W HRREDEE RN A Fe(TD)

2Fe(C,0,),” 413 2Fe(C,0,), +(C,0,), +2C0, (6)

SRS I B ANAH L, F R T RE Y
SRR L o AEAHIRI SR, RERER Ak B2 1 in
— A% ( )L 0.1 mmol - L 3 51 %] 0.2 mmol- L")
R I A e R BB — A% (AN 0.6 mmol - L' 3%
JnE) 1.2 mmol - L) o fEMRMESIET, W HKkAh
BRIV i D R R AR AFAE T G

PRSI IS BRI i 5 0 W s AR R] R
P8 S B 1) R U ik B T pHL, PR IR R R R R
i, HI el B s

£=0.17 X In(ay, X ag, ')+0.63 (7)
Ko f VAR PR, ap, SV R AEVA TR )
Fe(lD) VRS, ay, /RO (BIANRRREL ) BRI
1.3

R Eh X Fe(1D) myAMI/E . R, &
it — RIS 2E R AR AR PR R, A IR £R X
Fe(ID) AA#MHIVEH . (2 SHARAH L, AR £R XT
Fe(Il) P=A:Hse B/ MS 2 . 7 R E IR SR R B2 11
LT, Fe(Il) Fnfif g £k 2 1] A& A= S AL I8 st S 1 &
A, Fe(ID) %A AR Fe(MlD), AN BR LR B i B
filifREL ( Cwiertny et al, 2008 ) , HAKMTF .

2Fe(Il) —2Fe(lll)+2¢~ )

NO; +2H" + 26 —= NO; +2H,0 ©9)
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Fe(Il)+ NO, +2H" — 2Fe(Ill) + NO, + H,0(10)

HRAFAERS R EL 6T Fe( 1) pOAMHI4E A, (H2
A SEERUESE (2930 h) , Fe(ll) 7E A PR £k 1% W
rhORTRRE R, FEAHES W R Lt A s kAR
Fe( 1) FIEMRER Z MBI SN, X A LAfEREA Fe( D)
XTI ER 18 S A R T A B AETE . 558k
YA SRR R - R T A7 7 L Fe( 1) B 5 1) ik
JER), XA R D TR R (Hofstetter et al,
2003; Elsner et al, 2004; Summers, 2005) . {H
JETE AN IR AR VR B2 8 o — i YU I, D Fe(D)
B Al o
2

B T M A VAR RN RIRSE A AR IR Z
A, NG SHANBREE . & miE e . ARl 6
HAE Tl 3 Bl HE R A TS e o R eIk T R v o
F 5 M (Baker and Jickells, 2006 ) . Tl &y
DIk, T REIR AL VAR . Tl IR R
AW B R B R AL A HE T A NG 8, R Y
T B FE U AH I R GHEEE S (Chen and Siefert,
2004) o 4J@ICE K2 BA BRI ek b2 1
PERAEDIEYE, I 5l a0y )5 J7 RN .
04 & 0 3R B AVER SR A TR I i AR ) AR e
PR EE IR, EAEYRA . AW FEAFDEEER
PR EMEALER (Martin et al, 1994 ) . R4
JBICER AW A S S SRR UIA G, R
SJRITEAE ST SRR, (AR AR K
WAREE/ N, HAAARAD— S BE I e AR W R H
KA E SRR AR AR, ARG KRS
EFEEM 0.1% 47 ( Muezzinoglu and Cizmecioglu,
2006) o W T & ERML, HWKPEESRITRE
FEABAN By 52 N Ry kb B35 Sl B e 5 AN Bk TR
TRE 7K AR AV fife et 1Ry PR 38 4 T Sl 9 A 7 T Y
FEE (Boydetal, 2000) . HEESIER P IT
KRR EIR K, M 0.01% ] 80% ( Chen
and Siefert, 2004; Baker and Jickells, 2006) , X
Fh AR Ak 32 B AN]SR IR, ROk )R
SNV ISR AT, DA SO R BT R 1 AN ]
fr#k. Aguilar-Islas et al (2010 ) §ESE, AS[A]2EHAY
(RS IS 25 5 BT 3R 3 ik AR A ) 2 B 3 K
TR RN, kg ChifefE 0.02—
0.4 um ) ZF B P PIC R TR K s Y 3 255

gre LR LAIAL, &JEEROTR AR Rk
fifp P OIAR O, TR R i R B AR, i A
RERIT A BERIETELE I MIAT, A o iyl 35
OIASEAED AT (FR5E, 2013) o

3

31

W E AL TACKEFETT 7, IR BRI =,
BRK B REL . FER RV B 4 55U A RS
R, FRERMFA D REZESR, HA™
AR T RE NS . FRE R E A
UK, Bt 25715 A A8 Ak XU & AR AR B 284k, TR
N RS RN e oy D OB T LI G 6 B 7
(HRLRE . SRS RS ) WA M,
IR 2= ARl & A . AR T e sk, A
2000 —2019 4, 3% [E W ifg g 3 2 & AE 2R
1336 Ik (£ 1) o MWREIRAMBERE, Ki
2, HAEE 39%—82%, IR,
SRR R K AT A . Wi R s AR ey
MR (1) 5 WIRIR AR ZTOkRE, 54
HES, 6 H, RERARN 28%—T73%.

117 3 7% A ) K A B AL B o AR AR 1R 0 0 2 i
F 5 DA B SR 1 8 % 0 S T 4R 2R 6 1) O
(P SUBUE 2SS SOW N3N 8 CSESZI N
SR SL IG5, B ARG RN, JR & A4z D
TR R R A T DL N A B R —
BN, LA RENAR. B s TR
Bk, MR MEBITTE,; RSN, &8
7RG RS, R4 A 56 T 0 = 7R KB Ak
W R AR, AR RS H W AR A B
TR A 2 A2 AR AL B TRT DY
3.2

IR R e RN 5 A ) RO R R R AR T B %
AR, AR X R T B AR R RS R
HBEHE (RERL, 2020) . HIRER LGB
K, EBFRIRMESHEEE R TR K, 2
U IZ IR B IR AR E N R, MR
ZRRITMRAK . BIERER . AR R AL FR
M, 3 X SRR S R, LA AR AR
RIX, JUTLAEHAE T & BIRRoL, HohnT g
TEHLE BT KT 15 pmol L', @R %R 1°F
e EE R T 0.5 umol- L', FEFRILAY T u BER T
10 pmol-L™" ( JEZITAIARIE, 2006) , kR
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SRy EE fy 2.8 nmol-L™' (Su et al, 2015) , JF&
PR T ) SR AR ) 3 A R, FETE B AT
By KR R A I T R B TR B 1 AR AN (R
Hhh, 2018 ) o VEFVE I IR R ) X0 R AR A W SR

#1285

FHREGEE N/P R 16 : 1 (Walsh, 1996) L) J%
N/Fe toh 465 : 1 (Rueter et al, 1992) , i Z:ibF
) N/Fe FboA 5357 + 1, RICAR IR X I 26 10 AR K
AT RESAZ B AW T R R R BRI

1 RETAERARE R A
Tab. 1 The occurrence of red tide in China in recent years
4 [E 7R AR AR iRt Eyiint [ekiintii IR
R LLRVe VLR it 4 [ L] KA R Y LRS KA R S ol
S Number of red  Number of red Number of red tide in ~~ Number of red ~ Number of red Number of red red tide in
tide occurrences  tide occurrences  East China Sea to that of tide occurrences tide occurrences tide occurrences in China/km?
in China in East China Sea in China/% in Bohai in Yellow Sea South China Sea

2000 28 11 39 7 4 6 10650
2001 77 34 44 20 8 15 15000
2002 79 51 65 13 4 11 10000
2003 119 86 72 12 5 16 14550
2004 96 53 55 12 13 18 26630
2005 82 51 62 9 13 9 27070
2006 93 63 68 11 2 17 19840
2007 82 60 73 7 5 10 11610
2008 68 47 69 12 8 13738
2009 68 43 63 13 8 14102
2010 69 39 57 9 14 10892
2011 55 23 42 13 8 11 6076
2012 73 38 52 8 11 16 7971
2013 46 25 54 13 2 6 4070
2014 56 27 48 11 2 16 7290
2015 35 15 43 7 1 12 2809
2016 68 37 54 10 4 17 7484
2017 68 40 59 12 3 13 2189
2018 36 23 64 3 1 7 1107
2019 38 31 82 2 2 3 1991

TERLRUR . R A S IR B R LA R Chttps://www.mee.gov.en/hjzl/shj/jagh/ ) 5 EEHE K E AR Chttp:/www.mnr.gov.cn/sj/sjfw/hy/

gbgg/zghyzhgb/ ) o

Sources: China marine environmental bulletin (https://www.mee.gov.cn/hjzl/shj/jagb/); China marine disaster bulletin (http://www.mnr.gov.cn/sj/

sjfw/hy/gbgg/zghyzhgb/).

3.3

— R, ERZNERERA =,
A3 R R A | VIR TR AR R AR
ik o 7T R T U K ) ARV AR I AR R R Y T
IRFE R, S R TR TS S SRR Y
FEORIR, SR, 20 4 90 AFAR K VIR A JLIK
Kbk, &M% T KREWERYE, H
FE ULz A 18] 5 10 )5 1 R WA RS AR 0 2500
A (SRS BB, 2005) . Poulton (2002 )
MIBFFE R .l R R R, — B
K FRE KRR I B, OB G 8 R W it
AR E TR, JoR R T B
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FEPJTL, R SR B A PR 7 R O 2 ik B R
KA WH., TR L i R R AT FHE A
2 BTG BRAAT R, A S R A8 A i i K
TE SR FE V0 A ) 7] 11 375 B4 HH /KA ( Bergquist
and Boyle, 2006; Stolpe and Hassellév, 2007 )
52 M) 12 18 3l )Vt I A VTR ER I VA% PR 7K G
—iBfE, AR A GIEWI, S —isrk
MR Y R . I 0 5 o i R AR O 1) 2 AR
AT A A AU 1) (RS, BT AN K Y e TR AR
R I B VS B T S i 1k 2 AR, RN 2 L
PEHEPRIAR A TG R R I E SR (Tian et al,
2020)
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Fig. 1 Area with the high incidence of red tides
in the East China Sea (dotted area)

TEh, KT IR E AR AT R R IR R
Wi, A2, FEFENTEE W L, B TREEE
TR A, R E R IKIREANE R, T2
KL EE = /N, AR RN I A FVE R R
FAEXTE S, AR EE, hTRZEKN
I, TR RN K TE B2, TR
FERBIGEARTE R 2, FIEAS 277 A 300 52 i X
Wizsh, BARERZE (6—10 ) MWHTIHFE,
BIFZHAEFR S5 A EFHR X (Liu and Gan,
2014) , EBFRwa R FE EHREBER, kR
TR . @, BRI T EK, X eI £ s
AMIVZEK, M LR LAY R D> (F
5%, 1984; ffE4e%, 1987) , iH, XA
TKAE R Z I ARFAE B, S R B (Pt
A, 1983) o BHESBRARRR, R4 2 HOR
MO E, IRAE AR Ok R, A
Tt 232 B 5% (Arrigo, 2005) o FFLA 5. 6
AR, KO AR ZNEESZEH, |
R KRR m B RN, R )RR R AR R,
PR BHIT T R 28 gR bl Bl bk .

F AT O, SRR AR RIASE AR i & AR I 1Y)
FRL 1 35 SR Ok R, AR 58 40k B I 5 AT
TSR TR, Pk, ohSRIEAE HoAth () i AR UR
TR I ik A v RE R HEEAORIE, HFNX

AN 3 I P R O R BRI, A AR T A T A &
AR R K B 1 45, A ZE KA PE AL Y
IR B Eas, i FUURR s R AU
KLU RN I, AE IR 22 (8] 1) Ji 45 4 vh
A TRIAEY T T R L BRI A R R,
ML T OKET, B BRRRE R, A
VA BRI Ry, DT Sk AR AR R A T
ARG &M (BHEE, 2010) .
3.4

R T 2 B RS I i AR R T 1 ) S o
EIEILE M AT GEME, Tian and An (2013 ) F| 3
[ [ M2 LR (NASA) 1932 H SR I3 R
(OMI Ai) , 5T 2005 Fl1 2006 441 3% 2] 4< ¥ -
ZRE R SRR EZ (£2) , 716
WK T 300 km® (AR, 4 15 kS
kAP REA S (B 2) , ZHWHX
ZH R EF T 0.9807 (P<<0.01) , T Hifd 5k
ISR

ARG A TR B R A B TR 5
R FA K (Jing, 1994) o KAUCRERE T X%
e B R EETTER A, HR R MERRIE T
REAERI AL = e JE I N R R RS i, AT 52 M) 2l
WK BEEESE (2010) KPR, I ENDE AR AR
W, KAV E IR R A Sl e & T BE R
TR A . SIS (2006 ) X AR
PR P A AT AR I S R BN . TERIE
AT SRS, BRI BE Y B 5 43 s B
50 nmol-L™" 1 50 pmol - L™ B, 355 200 i 285 - Pk 3
K, MMEALRE RIF, R T EAME T ™%
ZER . B IR ] AR 2 S TR
FA—E, WA, AL E B,
FHAR & 48w A, IR B AR B
1A EAESAE (Mackey et al, 2017 ) . Meng et al
(2016 ) 3 i3 78 43 165 K 7T 11 40 36 J2 365 /K P s
AT AT B ST I e R, IS 28 B 4 B AE 8
B RN AR O S I B A e (e {1
B X —&5 R 76 ZU X B o 8 1 2R 96 o
X, SR TCHLEN T BE 0 9k 7= T
HE, BRI S R A TT g B0
i ey TR T

T, KT RN R AR Z A SRR
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JE A% 3 R T AR G, 3B A X 2005 —2006
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TAER DGR T A B A . AT
IrRIBE IR, A R RAIERR . ®E TR oT
R R TR TOLIRAE TR R, X2
IREEAE R AR AE S K I RRAR A

LR bRTIR, AMERE, SRR CE
FE7OM SRR I LB, MERRR
VT i 26 R A BR A R SR TR AN SR, X R T
R I ik Bk A5 T BE X 5 | K 2R 185 % T v
FISCHAEHI

F 2 2005 4FH 2006 4FAREE A S S EEGER (SIS, 2010)
Tab. 2 Record of aerosol and ECS red tide events in 2005 and 2006 ( Weng H X et al, 2010 )

] Dat
I E— Hugk, i
VREZNLIERTE Tt . >
Site Area/km
Red tide events Aerosol records
47 1H y WL A g A dnk S
1st, April South central Zhejiang Province
SH24H—6H1H 5H24H AT H SN IR i
24th, May — lst, June 24th, May Outer Yangtze River Estuary
5H30H—6H9H 5H30H T B g JEE A7 5 B0 ¥ JR 509
30th, May —9th, June 30th, May Nanji Islands in Pingyang, Zhejiang Province
VLA BEIEE . SRS TR B
6 H 3—s H 6H2—3 H W ﬁﬂftfuu .Flllm iE. | 3B .
Taohua Island, Xiazhi Island and Jiushan Islands in 2000
3rd—5th, June 2nd—3rd, June B .
Zhejiang Province
6 H 8 H 6H6H KILHSH o
8th, June 6th, June Outer Yangtze River Estuary
2005 . :
6H8—11H 6H6H W AR IR 112 P 2R 11 AR -
8th— 11th, June 6th, June Shengshan and West Liihuashan in Zhejiang Province
WL 22 10 2k Ll — i (R R XA )
61 8—15 6A6H e
Songlanshan to Tantoushan in Zhejiang Province 1600
8th— 15th, June 6th, June . X L
(outside the red tide monitoring area)
651 10—13 H 6 6H W R AR 151 2 W P
10th— 13th, June 6th, June South Jiushan Islands in Zhejiang Province
67 15—21 H 6J115H [SANBYBY 400
15th—21st, June 15th, June Yangtze River Estuary
6H 16 H 6 H 15 H L RARE SN BRE3E 209
16th, June 15th, June Zhoushan Island in Zhejiang Province
WITFF AN 2758 5 7R e Vg
sH3—8H sH2—4H T Il 7 e
Outer Zhoushan and southeast Liuheng Island 1000
3rd—8th, May 2nd—4th, May . .. .
in Zhejiang Province
SH14—17H SHI1H LSANEPY i3 o
14th— 17th, May 11th, May Outer Yangtze River Estuary
5 H20—27 H SH19, 20,23, 27H L1115 8 B I Y Juk 2
20th—27th, May 19th, 20th, 23rd, 27th, May Yushan Islands
2006 WV LR AR (3l Sk 5 2L RS 12
6 H12—14 H 6 H9—12H IR u%.l.% ‘JI%)
Coast of south Zhejiang Province 2100
12th— 14th, June 9th— 12th, June ,
(Dongtou Island and Beilu Islands)
6 H 15—21 H 6115 H LBy Gl e 1
15th—21st, June 15th, June Yushan Islands and Xiangshan coast
WLl 5 5 2 HE LA i s
6 H24—27H 6 H19H T . . .. "%'(f@ji
Coast of middle Zhejiang Province 1200
24th—27th, June 19th, June

(Yushan Islands and Jiushan Islands)
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THAH
4th, July
6H241 | A 2005 -
24th, June | ™ 2006
6J1141 |
14th, June
6140 |
4th, June
5H25H |
25th, May

SHI5H |
15th, May

5H5H |
5th, May
4H25H

25th, April ' ! ' i j

47250 SH5H SHI5H 5H25H 6H4H 6/114H 651241
25th,  Sth,  15th,  25th,  4th,  14th,  24th,
April May May May June June June

IR ERT ] Occurrence time of aerosol records

R R AL 1)

Occurrence time of red tides events

y=1.0033x-128.07
R*=0.9807

K2 2RISR S i A I T AR S
Fig. 2 Correlation between red tides in the East China Sea and
aerosol occurrence time
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TR RS R G U BRI E A, JF
e B P B R U K e o e O A PR
T R (A R ANV P e A AR B T AT, i
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WA -

(1) FE TR P BRI RRIA ik e, IFXS
I DA B RSB PR P 8 ik o A T E A1 R )
WRIATRGE, WL . iR M Z TR
Vg R TTRR

(2) XK AP TIE, RIIAE
WAT B 5 ik JEE A AR DG A LA B AN TR A R A <o
2 FFER PR 98 JBE 18 DXt A B R0 5 A 7 T 5

(3) VAGAARIEE AR BRI A5 i A A g ml
REJSUIA, 45 R Uk A B 2, 5 A I s
SO ARSI, WL RAE T P RO
NIREEI S T A Ak .

B H BT BT A BR, RIRA T R
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