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Abstract  Effects of mineral dust aerosol on marine ecosystem and impacts of bioaerosol on human health, their
climatic and environmental effects are a hot issue in the study of atmospheric aerosols in recent years. There is a strong
connection between dust aerosol and bioaerosol. Dust can be used as a carrier of airborne microorganisms. The formation
and emission of bioaerosol over ocean can be affected by mineral dust deposited into the marine ecosystem. This paper
reviews the researches of the impacts of mineral dust aerosol on marine ecosystem in the Pacific Ocean and the research
history and climatic effects of bioaerosol, especially the works of the Institute of Atmospheric Physics, Chinese Academy
of Sciences over more than ten years.
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BURFIE) U L 1122 2 B8 5 IR VPG i
i (Stocker et al., 2013) Fgiti, AERV-34 Hu i &
M19 AL T RIEE, ZelEiEsde hifE 1880~
2012 4R BT 0.85°C, IXFIGHE AN H HLAE Hy
10, 1M H 20 28 I LR o il Bt A S 1 o
PR 2 5 DR HEER U R e A B R 1A Ak, it
PN N AN R (T o) NI /& 3 N 27 @
e AR AR . RS B AU R RS B,
1997 4F (HUHBUES) B 2015 4 (LEE) 1
VTR B & BN R ERAURARA ) T . Rk, 4
BRI AR A AT ] B A 2 3 i OGO (1) HE R Ak
PRI o 38 U5 AR A 1) J5 DR A2 o) b 2K e P 4 e
B FE B A e e () & A DR, s AR OR B AR
AR AR UG BHEE) I GRS KA
W A I— AR R A ks
R o KAV IR BIFAE R 1 44
B AAAORE I [F] 20 1 i) 2 A AR R O RORL . — ik
IR, RAVE KL T I HARAE ) LAK B Lk
Z ). RAERAEN = #E 45 (Cloud
Condensation Nuclei, CCN) Flyk#% (Ice Nuclei,
IND 520 = T e KA S AEAS T FIAERE
HhBR e P8 1) B A E MO, KR 2SS
ity SNSRI 7 PR R CF) R4, 2008)

WARSRER, W Y4 (mineral dust), j&
KATEIRWEZA IRy, BRI BT
LD (I b 3 S SR D W Gt Y47 1
TbiEzh ke =4 (CEWIAR, 1999; A1)
KAE, 2008). YA RAEANGE BEEX AT R
J7 I g Kl Bk, N BT AR E AR KCE,
23T I B IR NSRBI B
NSRS T 51U PSRN A4 g B4 B A
CEWJREMRAAE, 2001; A7) AR EME, 2003;
Wang et al., 2006; 1) E5%, 2008; 4 HEAE, 2009;
Yue et al., 2010). YR HEAT LU A4 )
JEORI I 400 ) i 36 0 s 2 R A 1 BT B X
R IR RLON I I FE A D DR A% A 2 W 5 4% 1 v
71, 5l —= A EAEH (Yin and Chen, 2007;
Matsuki et al., 2010; Li et al., 2011, 2012; Solomos et
al., 2011; Jeon et al., 2013; Soleimani et al., 2016;
Yuan et al., 2017). WA HEIRIEVIENEELLG, &
SR E AE ERAG A RN A A7 ), 5

W B YR AR R B e A, HETON AR R 2R
FEAE G RRAVER (Jickells et al., 2005).
ARSI R 25 R G 5 B F 3R
BERUN — T KR R 2 AT WFFT A
SR S [P S Y T =8 A e (A= N R T
(SOLAS) JIHFR TAEA—— Wb e il s
4t (ADOES) HIAZ /UL N4 . SOLAS THRIPK: “ K
AUTEFNEE ARG IR IR B2 2015~2025
SR TLOEB 2 — (Bréviere and the SOLAS
Scientific Steering Committee, 2016) . HoAh— & H 2 [F]
BRiFFvtRl, A bR ARSI AIGAC). IR
HICE S A ZRHEAE I ERIL 2 (GEOTRACES)
RN ARSI TR (IMBeR) S5 tH30 KRS,
AR IRANERE LR M ERAL 2 AR I 5T
RIS AR BT AE A AR R4,
JE KA TR LRI, R T ARk E R
GO ES RS (EWE, 1999; f1] L4%,
2008). AR IR DN AR B I 52 2172
T, Z JGH R I TR T RE AR UK
MBS 5 KB KRR =2 HE, 2006),
ARSI RSB T U6 52 B DG KA =
AR — VBN IIAS SR, W KR e dn ket
el PpERRE . AR HUERRFESE LD RARL, 55N
WHAEVIRR, HAF2AEE . AR DL
% 350 P R T 1S 8 BSR4 i KA IR E T )
FERER B2 — (FLA, 2006; BSC3ESE, 2018).
— 7 KA BBV RS R 5
M) R A ) s e 30 A SR R IR I A R
BlEE RS ) — T AR AT e B, 1R
ZAW AR 2T I (Jeon et al., 2013;
Soleimani et al., 2016; Yuanetal., 2017); B#&, K
KU EIEES RE 2 G, N HmilEE L=
SR, 2 A ERNTKR. K
b, ARSORE MRS DT AN AR ) SR I A 5
R, 1T 1980 AEARA BASK R AU RS AT ik
ARG MR, DR A S IR AT 5T
T3 SRV, A ol e v R R 2 e KA BRAE ST
IRREAIES SIS (o
2 K8 (b)) [ialRnEREME
FESRSKRE M

21 B=

KAURIBEIIRE, AFBURD R ORI, &
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ORI R 2 (NS SR FIfE (ks
BT (Jickells et al., 2005; Duce et al., 2008; [%
ZZ %%, 2010; Furutani et al., 2010; Qi et al., 2013; Shi
etal, 2013; FHESE, 2014), MM 54 M I LEiAEI 1)
WD R F ORI NI R R G, SRR,
A2 07, BEMREICOL M — LR (dimethyl sulfide,
DMS) SR SHE AR I AT RIRE IR, St L
TUFAIR IR =2, I3 a3 B0 A4 BRI
AR, R Ny ) U A IR B RN . X I
EMNEAR BB (Giron hypothesis) 7 (Martin
and Fitzwater, 1988; Martin and Gordon, 1988) K J&
MR ARR AR “BRIRUL” A, fEmE IR (di
R BESE) RS ERIFIC, WEOR Ve, FRVE
S, BRI T R R AR, IR e I
A A= A ARV X COL ML, Ty 52 I 1)K
COIKJE 5 IX B R R DTEA Ko “BRAR AT
A3 R AT B — 5 v — A A HL 5% Wi 1 52 1t PR B9F 9
A e 5 I e . X N R R R,
Hh AR 2 o) Ay IRE . B, SRR
ISR R S NI e, AR IR 0 ik i e
b B R L B AR B AL AE R AR A, RS
JKE 8 5% R A= A AT R R ) A IR R R AR
AARGFEN, U I A IS I 2R
PEAAASS BRSO, DL AGX BB R ) 5 X
22 WaRMAEESE

Pk, AEREAEL471000~3321 Mta ' (Mt
LRORFJTHD By AR A KA (Takemura et
al., 2000; Penner et al., 2001; Zender et al., 2003;
Mikami et al., 2006; Yue et al., 2009; Shao et al.,
2011), AT H EiX£1000~5000 Mt a~' (Tegen
and Fung, 1994; Duce, 1995), AR 143~
5, i HEAG @ B I nf A8 v . A BREE ik 3
WEE 42 K20 300~500 Mt a~' (Prospero, 1999;
Ginoux et al., 2001; Luo et al., 2003; Zender et al.,
2003; Tegen et al., 2004; Jickells et al., 2005; Yue et
al., 2009; Shao et al., 2011), Duce et al. (1991) [
fETFMEE910 Mt a™' o SEI 052 Vb X |
MBS sehr . P AR, g B DL K & 2= A s
VO IX R AR VD AR R I I EE YR X, BATTIRE
T R 1 70% (ZEHRPESE, 2003; Zhang et
al., 2003; J& FHYLAIEE [E44, 2003; Wang et al., 2005;
ERIE 5%, 2006; Zhao et al., 2006) . AR D4R SR
KRLFE200~1100 Mt a™' (FK/NHL, 2001; Tanaka

and Chiba, 2006; Park et al., 2012), Xf&ERybDEE
A DT .
PN = G ININ S ik & SN N R Y F S

K, Hik 59590032 7 (Mikami et al., 2006;
Zheng et al., 2016). FZMYD AR N 2 AR A ) =
D] - 2 i 28 R THRI 55 3 AH DG B DR, 338 5
o, WRRE. MEAE TS (Zhang et al., 2003; £ %
%%, 2006; Tan et al., 2012). “SAEAZ {23 LM A
oK. P RIERRAL. RgAK. VIV HL R HY
FOROL, BEMFED AR Fk RRE (g
1%, 2000; Kurosaki and Mikami, 2003; Z4=#/R%F24%,
2003; Zhang et al., 2003; Tegen et al., 2004; JFEFL4E
FEL%, 2005; Wang et al., 2005; Mikami et al.,
2006; & 1F %55, 2006; Liu and Ding, 2007; Zhu et
al., 2008; Tan et al., 2012; Zheng et al., 2016). 5%
T, SRVD LA I RIOR A FE L1 99V AR AR R 184

(Gao etal., 1992b). ESCHEIWIMART], 2007445
T3V RPFAFHOTRRRIKIE S 1498 pg m>,
BB AR FLI101% (Shi et al., 2013). Al AIREL
Al 5545 H B RSP 0 A DBl o 1) A8 A i [ K 2
$331~500 Mt a_'( Duce et al., 1991; Prospero, 1999;
Ginoux et al., 2001; 5K/NH, 2001; Luo et al., 2003;
Zender et al., 2003; Tegen et al., 2004; Jickells et al.,
2005; Yue et al., 2009; Shao et al., 2011), FJFHZ1
MNERLZ L. P, WP R TR
9 gm?a '(Gaoetal., 1992a; XIZHE B4, 1999).
13.3gm~a' (Uematsu et al., 2003), H4&ik51.3
gm” a' (Zhang and Gao, 2007). 53.7 gm - a '

(Zhang et al., 1993) F176 g m> a' (Gao et al.,
1992a), JMMHZEINED . AN, EHRERT AR E
Ryt s LR M — N 'Y A4 (Zhang et al.,
1993; Uematsu et al., 2003; Tan et al., 2016),

KAV [ ORI AR I B2

WA 3] AR 2 AL UESE o FAE19904FAR,
TET By BRI F ACRAE I 25 S 2 8, RS
FUORE R R B SRR DR T IR FEAR Y,
DURE TR (R B eV E DR H IR FE I 1. 648, TR
APURERAE . B BE. B BRI 1R B I bk
VORI P IR L 2 ~254% (RIS, 1991). B
FURE— R WR 2 3 i A0 55 SRR 2R g, KD
(18] % SR A 23 1o o6 25 o] Re R T I RN 1)
ORESE, 20100, FEPGHE, KT ATERE K
T A, AU B AIC T B ) S i A
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ANPRAH A, KA BEUTRERT KT WA A I =
(Zhang et al., 2010; BEENA %%, 2013; Qi et al.,
2013). {E4H#FE, TIN (NO; +NO, +NH,") Uifsn]
S N R AR L, P R B DR T
WA, KA/ TR N (Zhang et al.,
2007, 20100 ¥B/RFAFR KA i DTk
AW LA E . BT B, B vb R
SR, ROEVEERIY) (TSP) "HTIN. M. Sk
FIVE S EL ARV AR R B w2, THI35 R, — kv gift:
(TINYC RS 54 772.0£198.0 mg m 2, (5 B IEAEIT %
WA (482mgm2a’) #1160% (Zhang et al., 2007)
AU E R (139.5 mg m > month™) £553%
(Qietal., 2013), —RIDAXTEAF: 17 1o R i 2k
(0T % B 43 51 4 10.342.6 mg m > H142.5£10.9 mg
m> (Shietal, 2013). AMUAEEHE, ARIGHIHIR
MM, YRR SRR (k. 4
) RN CH BESE) 2= vk A s
5 (Hsu et al., 20100, — RV SRR AR WG A
Tt R A K 11 P 38 D B3l 24 3 9 3.3 ~10.3 pg
m 2 d'M37.5~39 pgm > d"' (Hsu et al., 2010; Tan et

al., 2016).
23 WEMBFESRLETN

T2k, SRR O b AR R
PR AR ORI, H AT Bk AT
[ — R KIAHOCHER T —2MII ORI I K
LY DS X0 R TR M55 M ST o N e
FKNOT (43°58'N, 155°03'E). 50N (50°01'N,
165°01'E). SA (49°N, 174°E) FIPAPA (50°N,
145°W) ¥ J5 1A H IR A2 7= 0 (DUREE .
W) il S ) B ARG (Yuan and Zhang, 2006;
XEHHBELE 2008; Han et al., 2011) . B PG ILEESR,
VB A S A AR g DR STE J  AOR AN () g
[P 25 2% a ik B #AT AS R FE B IR AH ¢ (Tan et al.,
2011, 2013; Tan and Shi, 2012a). Ml KBERF5T 7
T, ELFGAES D iRe LI SE 6 = R I [l Sk
UL DAREES . g5 WKW, WU 5L
I SE I EH BN IV AR 2 5, ek K adk B A S
B, wEfE Ny JLRBI3 24T (Bishop et al.,
2002; K FHEE, 2005; Jo et al., 2007; FMiHZE,
2009; Tan et al., 2011, 2016; Shi et al., 2012; Tan and
Shi, 2012b; Wang et al., 2012; Tan and Wang, 2014),
Bishop et al. (2002) XLl 3200144 H yb/2id 55 7.
Wb ASFPEPAPALG (500N, 145°W) 2 )5, %

SRR RIER I, A BRI $RAE T ABRIRE
N IR . PMIALEE (2009) [SEEG E KRR
LR A E TR R Z ARAT T, AR X i
KEKEAHEMMEHEH . Tan et al. (2011)
BT R, 22 LA 16k TRV AN
Bi1~22 R 5, FEi - Sx gt aik e R g A -
JESE R, HoA T #EF 4. Tan and Shi
(2012b) FOHFFT R I20074E3 H31 H— IR E SR K7D
AR NS R S (VR X s B S0, A
HOE RV 4056 g m 2 d Y, VbRl KA
3~4RKJE, WHEMRAE, HYARER S REak
JE LLARYD AR 4 H140%LL - Shi etal. (2012) [ -
AU RO 3 AT 28 R I IR D AR A )
ZUE DUl L MG ARG I TR 2, Bk i
REEEAEET T R, T DA TR R AR K R
30%. AMXAEHHE, (ERGHERIILES, DR
AR H R Sk g aik LT R ARSI 2
ff (Wang etal., 2012) o 5L B TR
WX, 2010 Z= AR YD 24 F A 1] R 1R 1 2
BB TUER (Calil et al., 2011) o HBTIIST
R, AEAMEERPGIC A BT R AL X, —IK
SR /0 20 A A ) K A KR 58 A R VRN R ) AR
KT (ImktE115%~291%). BILK, K]
YRR E K1 7% ~4.0%. i/, fokn]
YRR K 190.2%~0.5% (Tan et al., 2016,
2017).

IR 5T R B v A X A A T I
“WEAR” FEFH. TFENEEME, JHEEITA YA
PR3 KAE RIS, LU 5T 38 BH22 R N S
WA PRI A SR EEE . Rk
B, IR I A IR DR R0 P PR A A A K
EAEEAER, — S A B B PEY (Paytan et
al., 2009). BEPEMEH S0 SR SO R RIS Cln
FAZBREERIRERED MK, BrEnT e 2R
JRE A R R A, DR N A R TR SO A
DUREPRIE I I, S B I A T R RS TR
Z AR S0 R AVE A AT e~ 2L B¢ 1 (Paytan et al.,
2009; Wang et al., 2017 ).

3 E¥MRABK
31 B=

R RIR IR A R, Sl S
TR R AR BRI R, (B AR
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FREE . —, AW SIRITE LIRS X AR SO IR T3 s I R AR P s s

MR PE, AR o R R R IR
(Primary biological aerosol particles, PBAP) FI/X
YR ERE (Biogenic secondary organic aerosol,
BSOA). PBAP R AED AL DA HIAK HHORE
B2 R A RN, A FE TS I RTE I A=)
CUNES . HANB . 40, ). ERt .
WIAEKD T & Ay B FCAR )45 (Frohlich-
Nowoisky et al., 2016; Yue et al., 2016), BSOARH
A= R HE T R A LA S W S A T A
AR RN AR AR O RS . L, AR R IR
PR R OK, AHE T LK eE. A
LT HCK T fess. =, #aEms
R A RGeS (Fang et al., 2005)

A R AT I B T e AT LB W 2 19 1
40, 18304FMFFUN B2 RIS T 2 I N A9
YRR 0] LLR# A% #%  (Ehrenberg, 1830), B 5
Pasteur (1860) f /KA 2| AW T4 h <
H N E R AR R S AR G O o KA RS
R FCRAN S EAR D AR 53 5. 201 20404F
ACHL 7 WA B R B, A5 A E D AT TE N
ZWANI (Winslow, 1908) & JiE ZITHOW 2 M. 1958
EZIEARCRFESR R, SOl T AR S
KREEEAR . IR, 0T AW T BN A
B T TSP E I RER S50 . Boe . Bk
REPEIIE ST, IR AL T 0 LA RN AR (BRSC
45, 2018) . BEAETFUIIERAN, Soulage (1957) 1&
VKRR R IRAN B ANHE, 2 5 RS R I LIS
LB T DR D B Rk S = #8452 5 FoKd
T (Maki et al., 1974; Vali et al., 1976), ‘E¥/HIKR
(BRI 0 52 B DG

SR AMEEE, b A AR R A R
AR . 201280 FARIF UG A BF ST AT A
0 B SRR S R A LS e DR 2R S (AR,
1985), ZE WA EF R A ()5 25,
1988) FIRFEIVERILLAE: (ZERFHEE, 1987). 904F
AR I 3L — 2= BRI T AN Wk T v A
IR . WREERV R T IOC R (BRI SRR R
=, 1993). B4 (FRIESC, 1998) Je sk
W& aS NRIEN SRR (PR,
1996). X T4 (2008) ML/ HT7E T 5 R
A=) TR RE i B T B 8 R Y05 4 ) % R 1)
W BERDRLAR AR 1E « Fu et al. (2008) W57 T 4k

25 (2014). WA KA (2015) WA TIL R K SETS
Y5 50T AW I R B AR A FRL AR 2 AT AR
Yue et al. (2016) 45A(ELE W5 B 264k 244153 5
MR, WA T At E T — IR K FE B 2R
VI A0 R A I UL S AR S R I ORE ) (e B K
AL B AR AR AE s A0 T BEAO AR e e
R o [ ST T AR TR IR T O v [ A,
2004; Fang et al., 2005) FIEERt KA EE, 2004)
SIS G Y/MEE S SR AP/ (195 13- 2 I R UIR]
2 Jy g AT, S Mg O, 6 AEY R
VI SAGASON [AIEFE EE2
32 WEEEMRIBER

IR ZHF IR B — LR e (A B LR 55D
FEAEAEREYD AR T IR, VDA K BE B ik A R 2R
WIS R xS AT RS RS
FUNA R = A T EE I (Hua et al., 2007; Jeon et
al., 2013; Soleimani et al., 2016; Yuan et al., 2017).
Yoo A R R S AR ) M 3R L 3% B s
A, TR AR YR DX O R 2 B = AR b A
T KB (Kakikawa et al., 2008). 7Edb5T—
WP RO B, 70 A R4 B ok 5 Ly b2k
ZHTRYL A A AN R (Yuan et al., 2017). £F
TR IOULIN R I, 0 A8 R AN [RS8 110 0 11 94 B 189
T 5~ 121, YAAEI 23S L (1R R 5w
TR SR (Jeon et al., 2013) . MLIMAITFTIE R P
MDA TR A i 22 H AR A X E T (Hua et
al., 2007; Maki et al., 2013). ZEFFHRART FL ATl — 5K 1=
B (RO A B, 2 DR B o 5 PN A 3 47D 4 ] R B
PR E LR R R B2 (Soleimani et al., 2016).
XUEHFIE R, Vb A A AR R R RN
T SR LA BBk AT F L (1) 5

FREEEAS, W2 AP IR KU (Frohlich-
Nowoisky et al., 2016), CFEER. WiEE. HME. &
P LR SREAEY) (Aller et al., 2005; Després
etal, 2012), HFFMIEY) SRR, 554 SR A
i kS FE T B A Y IR A0 38 (Falkowski et
al., 2008). UIHTHTAR, VAR SIERUTIE AR
BEER. B BESEEIREL, SENE R A KA
WIRAE =i /e, SR i R ) e FE 2 a5
(1354k (Jickells et al., 2005; BEZELE, 2010; i
&, 20140, DAL, SRR A ) R IR R R
Jile
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MBS AIR S AGKF LSS T RBEATH
WS 5, 5% M BTN R AR R )R
(Lindemann and Upper, 1985). XJiii)z (Pratt et al.,
2009). “Fiit)= (Rogers and Meier, 1936). (] )=
(Imshenetsky et al., 1978) ¥R T AW/ TH BT
#74E o WiPratt et al. (2009) 7EARVRWIFH WHLRAE,
FEFAR 5 BE 7000 mZe A7 IR i 25 UK b 2 ity o A
BN, UEWIAE X3 2 P A A UK AR S P 4
W o B A RO TG AR 2 AR RS IR A
T AR il B NV % (Maki et al., 1974),
W RIS 51 I B 25 A A BRI A DO F A
F, (HAIHESL W 5 1 (1 K SCAE#1 (Hoose et al.,
20100, JEH L AEIZE 2T AR i 328 3 DORTREL e
IR, HAE = MR K T B R rp o — N )
W A¥ (Frohlich-Nowoisky et al., 2016).

R RSAT T, AR RIS TE A A4 1Y
KIE B2 i IR I BRI AR A CCN AR ) B
TRILME oK% 2 A8, B nT BLEA A CCN. HAR
T B AR SO RORE R X 38 P8 o e R
AT DAL —AN e 8 B e 45 /K 28 1SR THI (Bauer
etal., 2003). 1, 748522 [ F 1 R e 41 i b
RIMA IR PG4, FONRMEEE R T 417 1)
AN, RS S T AN IR, XFh Sk ) DL
A TR SR K XA I CONIR) “ W
FEA 52 (Mohler et al., 2007). A IR R THI
W IR S5 R0, AR 52 ) 5 BE v Ak A% ( Bauer et al.,
2003). AHALTHFMCCN, #7r HAT R EAR L
YRS, Eetndt 1 AER MR i ] LU
BRI 2 R (BRSCREAE, 2018) . B
JBIEA] B KA AR R CONA AL 7 SO, 1T
SR R BACTE ST, S A ik
ARERT KA 2 B P A AR 5% (Herlihy et al.,
1987; Ariya et al., 2002; Ariya and Amyot, 2004;
Amato et al., 2007).

4 REKREE

TR BRI R R BRI L 4
BRGREYES R, OF—FA. H
R, UOBRZHER. KT, KGRI, — i)
AR AR TS, ARV £ 7 w1
HEBRTE. AR (D KU ORI R
AR AIE 128 1 DA S 0 LA A [ R R R

R (2) IRV TRIRE FR A T
PERIBLED; (3) FRGUNIERGI BT TR IR K
TR EFREAER RGN, Rl R
DURFE DR AR I, (4) KPR iR
WL S B R AR R G BRI (5) K
R R AR .

AT TR, B 32 B2 R0E, HH
RO ARR A B, VA v i it —2 R
Ao A4E: (1) 7800 A BrRE S (KO0 04 B,
WFREY AR, BAGREE . U B
VER UK R BRSSP (2) Mk E
FEUL I LA B A8 AN ] i i v 1 3 82 00 F 5
(3) TREMIAE 7 h I AL A2 B B ORI (4)
MR I A A ML e HRHAT WL PR D ik 5
(5) WRNFMEEY TR AR, F BN 5
B BRI ST

5 £t

A ERA AR AN S 3l 3 BOR 5 R FH A
Het, REMRI L S AN A A AR,
LSBT RRSE R . NSRRI IR B AR
RECKI Ty KU S D BR824 L
NAEDY TR MRG58 NRAERE . i
VEAERRE b I AT A A 5 e A, AT
R RN TS 2 — o KR
VI (0 B S R B A R R NS — A 3 AR I )
A, IR RE R XIS, — Iy RN
U B R TR (K 48 T 2 3 SO USR5 B, AT
VAT EIIBAR, WA e 5 it
ARG S 1B iR 7/ YA P AL SRR R VL TV a8
GRS, IR AR RS . RRME
L, B, HERAKI.

Sk (References)

Aller J Y, Kuznetsova M R, Jahns C J, et al. 2005. The sea surface
microlayer as a source of viral and bacterial enrichment in marine
aerosols [J]. Journal of Aerosol Science, 36 (5): 801-812, doi:10.1016/j.
jaerosci.2004.10.012.

Amato P, Demeer F, Melaouhi A, et al. 2007. A fate for organic acids,
formaldehyde and methanol in cloud water: Their biotransformation by
micro-organisms [J]. Atmos. Chem. Phys., 7 (15): 4159-4169, doi:10.
5194/acp-7-4159-2007.

Ariya P A, Amyot M. 2004. New directions: The role of bioaerosols in
atmospheric chemistry and physics [J]. Atmos. Environ., 38 (8):
1231-1232, doi:10.1016/j.atmosenv.2003.12.006.



3 4] AR DAY PSR TR
No. 3 SHI Guangyu et al. Environmental and Climatic Effects of Mineral Dust and Bioaerosol 565

Ariya P A, Nepotchatykh O, Ignatova O, et al. 2002. Microbiological
degradation of atmospheric organic compounds [J]. Geophys. Res. Lett.,
29 (22): 341-344, doi:10.1029/2002GL015637.

Bauer H, Giebl H, Hitzenberger R, et al. 2003. Airborne bacteria as cloud
condensation nuclei [J]. J. Geophys. Res., 108 (D21): 4658, doi:10.1029/
2003JD003545.

Bishop J K B, Davis R E, Sherman J T. 2002. Robotic observations of dust
storm enhancement of carbon biomass in the North Pacific [J]. Science,
298 (5594): 817-821, doi:10.1126/science.1074961.

Bréviére E, the SOLAS Scientific Steering Committee. 2016. SOLAS
2015-2025: Science Plan and Organisation [M]. Kiel: SOLAS
International Project Office, 76pp.

Calil P H R, Doney S C, Yumimoto K, et al. 2011. Episodic upwelling and
dust deposition as bloom triggers in low-nutrient, low-chlorophyll regions
[J]. J. Geophys. Res., 116 (C6): C06030, doi:10.1029/2010JC006704.

TR, SRR, 1RF5Z, 45 1987, RS AR Y R AR 8 R TN
T [1]. 85 K1, 4 (4): 205-208.  Che Fengxiang, Hu Qingxuan,
Xu Xiuzhi, et al. 1987. Study on the method of sampling with two types
of air viable sampler [J]. Disinfection and Sterilization (in Chinese), 4 (4):
205-208.

WRAS SC. 1996, JA LRI 25 UM A E DG G A [J]. FREE I B 54
A, 8 (2): 21-23.

microbial content in tourist zone, Lushan Mountain [J]. The

Chen Haowen. 1996. Investigation of airborne

Administration and Technique of Environmental Monitoring (in Chinese),
8(2): 21-23.

YRiESC. 1998, duiE i 2 UM AR & RN A0 AT (9], )RR, 5 Q)
83-86. Chen Haowen. 1998. Spatial and temporal distributions of air
borne microbes above Beihai City [J]. Guangxi Sciences (in Chinese), 5
(2): 83-86.

BRI SC, R 2. 1993, [ BR Ll iy a8 U EESL [J]. b,
11 (1): 50-57. Chen Haowen, Song Qingyun. 1993. General situation of
air-borne microbes in five international cities [J]. Journal of
Oceanography of Huanghai & Bohai Seas (in Chinese), 11 (1): 50-57.

BRag, JEIER, 85N, 2010. LrifEd 37 #h FIAca 0 3 10 K0 (7).
HEkAL 22 BERE, 25 (7): 682-690. Chen Ying, Zhuang Guoshun, Guo
Zhigang. 2010. Atmospheric deposition of nutrients and trace elements to
the coastal oceans: A review [J]. Advances in Earth Science (in Chinese),
25 (7): 682690, doi:10.11867/1.issn.1001-8166.2010.07.0682.

AEFHZE, WA, (R, %% 2008, i EKRE A SIE IR I EYIZE
PRI [J]. P EEREIRLE, 28 (10): 872-876. Deng Zugin, Han
Yongxiang, Bai Huzhi, et al. 2008. Effect of dust aerosol production in
China mainland on marine primary productivity [J]. China Environmental
Science (in Chinese), 28 (10): 872-876, doi:10.3321/j.issn:1000-6923.
2008.10.003.

Després V, Huffman J A, Burrows S M, et al. 2012. Primary biological
aerosol particles in the atmosphere: A review [J]. Tellus B: Chemical and
Physical Meteorology, 64 (1): 15598, doi:10.3402/tellusb.v64i0.15598.

KA. 2006, KUY TREIMITFRERE [T]. U SIERTA, 11 (4):
546-552. Du Rui. 2006. The progress of atmospheric bioaerosol

research [J]. Climatic and Environmental Research (in Chinese), 11 (4):

546-552, doi:10.3878/j.issn.1006-9585.2006.04.11.

Duce R A. 1995. Sources, distributions, and fluxes of mineral aerosols and

their relationship to climate [M]//Charlson R J, Heintzenberg J. Aerosol
Forcing of Climate: Report of the Dahlem Workshop on Aerosol Forcing
of Climate. Chichester, United Kingdom and New York: John Wiley &
Sons Ltd., 43-72.

Duce R A, LaRoche J, Altieri K, et al. 2008. Impacts of atmospheric
anthropogenic nitrogen on the open ocean [J]. Science, 320 (5878):
893-897, doi:10.1126/science.1150369.

Duce R A, Liss P S, Merrill J T, et al. 1991. The atmospheric input of trace
species to the world ocean [J]. Global Biogeochem. Cycles, 5 (3):
193-259, doi:10.1029/91GB01778.

Ehrenberg C G. 1830. Neue Beobachlungen iiber blutartige Erscheinungen
in Aegypten, Arabien und Sibirien, nebst einer Uebersicht und Kritik der
frither bekannnten [J]. Annalen der Physik und Chemie, 94 (4): 477-514,
doi:10.1002/andp.18300940402.

Falkowski P G, Fenchel T, Delong E F. 2008. The microbial engines that
drive Earth’s biogeochemical cycles [J]. Science, 320 (5879): 1034-1039,
doi:10.1126/science.1153213.

FiaE, BRHEZ, BRI, 25 2004, SRS RS AMAEDREETE
JEREE [J]. ZEA&S#IR, 24 (2): 315-322.  Fang Zhiguo, Ouyang Zhiyun,
Hu Lifeng, et al. 2004. Progresses of airborne microbial communities in
urban ecosystem [J]. Acta Ecologica Sinica (in Chinese), 24 (2): 315-322,
doi:10.3321/j.issn:1000-0933.2004.02.023.

Fang Z G, Ouyang Z Y, Hu L F, et al. 2005. Culturable airborne fungi in
outdoor environments in Beijing, China [J]. Science of the Total
Environment, 350 (1-3): 47-58, doi:10.1016/j.scitotenv.2005.01.032.

Frohlich-Nowoisky J, Kampf C J, Weber B, et al. 2016. Bioaerosols in the
Earth system: Climate, health, and ecosystem interactions [J].
Atmospheric Research, 182: 346-376, doi:10.1016/j.atmosres.2016.07.
018.

Fu P Q, Kawamura K, Okuzawa K, et al. 2008. Organic molecular
compositions and temporal variations of summertime mountain aerosols
over Mt. Tai, North China Plain [J]. J. Geophys. Res., 113 (D19): D19107,
doi:10.1029/2008JD009900.

Furutani H, Meguro A, Iguchi H, et al. 2010. Geographical distribution and
sources of phosphorus in atmospheric aerosol over the North Pacific
Ocean [J]. Geophys. Res. Lett, 37 (3): L03805, doi:10.1029/
2009GL041367.

FIAHE, ASERAE, A0 4E, A 2009, S PHVE AR I R B E RO A
BRGWFEW [J]. HERREIERE, 24 (1): 1-10.  Gao Huiwang, Qi
Jianhua, Shi Jinhui, et al. 2009. Lang-range transport of Asian dust and its
effects on ocean ecosystem [J]. Advances in Earth Science (in Chinese),
24 (1): 1-10, doi:10.3321/j.issn:1001-8166.2009.01.001.

FIAHE, WhNAT, FRARNI, 4 2014, KATIBEATREYI A P R 55
PRI TSR (], HOERRL T, 29 (12): 1325-1332. Gao
Huiwang, Yao Xiaohong, Guo Zhigang, et al. 2014. Atmospheric
deposition connected with marine primary production and nitrogen cycle:
A review [J]. Advances in Earth Science (in Chinese), 29 (12):
1325-1332, doi:10.11867/j.issn.1001-8166.2014.12.1325.

L, VR, SR, 45 2014, JbRUS R U CR IR FE R R A
FEAE (7). FREiREE, 35 (12): 4415-4421. Gao Min, Qiu Tianlei, Jia
Ruizhi, et al. 2014. Concentration and size distribution of bioaerosols at

non-haze and haze days in Beijing [J]. Environmental Science (in



X A B % 42 3%

566 Chinese Journal of Atmospheric Sciences

Vol. 42

Chinese), 3 (12): 4415-4421, doi:10.13227/j.hjkx.2014.12.001.

Gao Y, Arimoto R, Duce R A, et al. 1992a. Input of atmospheric trace
elements and mineral matter to the Yellow Sea during the spring of a
low-dust year [J]. J. Geophys. Res., 97 (D4): 3767-3777, doi:10.1029/
91JD02686.

Gao Y, Arimoto R, Zhou M Y, et al. 1992b. Relationships between the dust
concentrations over eastern Asia and the remote North Pacific [J]. J.
Geophys. Res., 97 (D9): 9867-9872, doi:10.1029/92JD00714.

Ginoux P, Chin M, Tegen I, et al. 2001. Sources and distributions of dust
aerosols simulated with the GOCART model [J]. J. Geophys. Res., 106
(D17): 20255-20273, doi:10.1029/2000JD000053.

BENE, KT, XIEE3E, 25 2013, T HUA B KBTS FR R0
W5 [I]. "FEIRERE, 33 (7): 1174-1184. Han Lijun, Zhu Yumei,
Liu Sumei, et al. 2013. Nutrients of atmospheric wet deposition from the
Qianliyan Island of the Yellow Sea [J]. China Environmental Science (in
Chinese), 33 (7): 1174-1184.

B, BBEEE, Ji/MEL 25 2005, I HKKEY AR R AL PR X
PEIRIEN: L2001 4 4 F v AR Ry A B0 (0], b
2, 50 (23): 2649-2655. Han Yongxiang, Fang Xiaomin, Xi Xiaoxia, et
al. 2006. Dust storm in Asia continent and its bio-environmental effects in
the North Pacific: A case study of the strongest dust event in April, 2001
in central Asia [J]. Chinese Science Bulletin, 51 (6): 723-730,
doi:10.1007/s11434-006-0723-2.

Han Y X, Zhao T L, Song L C, et al. 2011. A linkage between Asian dust,
dissolved iron and marine export production in the deep ocean [J]. Atmos.
Environ., 45 (25): 42914298, doi:10.1016/j.atmosenv.2011.04.078.

)25, 1988, SR & )m REA T UMAEYEE [J]. 355 R
&, 5 (4): 33, 35.
microorganism of residents in Guiyang City in winter [J]. Journal of
Environment and Health (in Chinese), 5 (4): 33, 35, doi:10.16241/j.cnki.
1001-5914.1988.04.021.

Herlihy L J, Galloway J N, Mills A L. 1987. Bacterial utilization of formic
and acetic acid in rainwater [J]. Atmos. Environ. (1967), 21 (11): 2397—
2402, doi:10.1016/0004-6981(87)90374-X.

Hoose C, Kristjansson J E, Burrows S M. 2010. How important is biological

He Qifen. 1988. Investigation on indoor air

ice nucleation in clouds on a global scale? [J] Environmental Research
Letters, 5 (2): 024009, doi:10.1088/1748-9326/5/2/024009.

Hsu S C, Wong G T F, Gong G C, et al. 2010. Sources, solubility, and dry
deposition of aerosol trace elements over the East China Sea [J]. Marine
Chemistry, 120 (1-4): 116-127, doi:10.1016/j.marchem.2008.10.003.

BAETR, kA, EEtE, A 2015, dba S5 KR UBURLY) T E U
IR AR B B RIRERFAE [3]. ABERLY:, 36 (9): 3144-3149. Hu Lingfei,
Zhang Ke, Wang Hongbao, et al. 2015. Concentration and particle size
distribution of microbiological aerosol during haze days in Beijing [J].
Environmental Science (in Chinese), 36 (9): 3144-3149, doi:10.13227/;.
hjkx.2015.09.004.

Hua N-P, Kobayashi F, Iwasaka Y, et al. 2007. Detailed identification of
desert-originated bacteria carried by Asian dust storms to Japan [J].
Aerobiologia, 23 (4): 291-298, doi:10.1007/310453-007-9076-9.

Imshenetsky A A, Lysenko S V, Kazakov G A. 1978. Upper boundary of the
biosphere [J]. Applied and Environmental Microbiology, 35 (1): 1-5.

Jickells T D, An Z S, Andersen K K, et al. 2005. Global iron connections

between desert dust, ocean biogeochemistry, and climate [J]. Science, 308
(5718): 6771, doi:10.1126/science.1105959.

SR 1985, HI RS BEIIAR T % A0 B e I AR Sl A B s e R 3%
(M. P EAILTAE, 4 (1): 2426, Jin Ziliang. 1985. Variation of
bacterial content in the air of cinema audience hall and its influencing
factors [J]. Chinese Public Health (in Chinese), 4 (1): 24-26.

Jeon E M, Kim Y P, Jeong K, et al. 2013. Impacts of Asian dust events on
atmospheric fungal communities [J]. Atmos. Environ., 81: 39-50,
doi:10.1016/j.atmosenv.2013.08.039.

Jo C O, Lee J Y, Park K A, et al. 2007. Asian dust initiated early spring
bloom in the northern East/Japan Sea [J]. Geophys. Res. Lett., 34 (5):
L05602, doi:10.1029/2006GL027395.

Kakikawa M, Kobayashi F, Maki T, et al. 2008. Dustborne microorganisms
in the atmosphere over an Asian dust source region, Dunhuang [J]. Air
Quality, Atmosphere & Health, 1 (4): 195-202, doi:10.1007/s11869-
008-0024-9.

FREALAR, F437E. 2005, o [E AL R AR B A EASR R [J]. T
ERE D 5 HhERELY:, 35 (11): 1096-1102. Kang Dujuan, Wang
Huijun. 2005. Analysis on the decadal scale variation of the dust storm in
North China [J]. Science in China Series D: Earth Sciences, 48 (12):
2260-2266, doi:10.1360/03yd0255.

Kurosaki Y, Mikami M. 2003. Recent frequent dust events and their relation
to surface wind in East Asia [J]. Geophys. Res. Lett., 30 (14): 1736,
doi:10.1029/2003GL017261.

ARG, B, BRNE, 4. 2003, oo E LTV g B TR AE K
XA RS R N [T]. W R, 22 (4): 337-345. Li
Dongliang, Zhong Hailing, Wei Li, et al. 2003. Climatic characteristics of
annual sand-dust storm days in northern China and its response to surface
sensible heat in spring of Qinghai-Xizang Plateau [J]. Plateau
Meteorology (in Chinese), 22 (4): 337-345, doi:10.3321/j.issn:1000-0534.
2003.04.004.

Li J, Wang Z, Zhuang G, et al. 2012. Mixing of Asian mineral dust with
anthropogenic pollutants over East Asia: A model case study of a super-
duststorm in March 2010 [J]. Atmos. Chem. Phys., 12 (16): 7591-7607,
doi:10.5194/acp-12-7591-2012.

LiJ W, Han Z W, Zhang R J. 2011. Model study of atmospheric particulates
during dust storm period in March 2010 over East Asia [J]. Atmos.
Environ., 45 (24): 3954-3964, doi:10.1016/j.atmosenv.2011.04.068.

Lindemann J, Upper C D. 1985. Aerial dispersal of epiphytic bacteria over
bean plants [J]. Applied and Environmental Microbiology, 50 (5): 1229-
1232.

KU, ARG, mAME, 45 2008, W5 ByUTHGRK TR A ) SRR S ATREAE
. ZEAIREL, 17 (2): 565-571. Liu Miaomiao, Qi Jianhua, Gao
Dongmei, et al. 2008. Distribution characteristics of bioaerosol in
Qingdao coastal region in fall 2007 [J]. Ecology and Environment (in
Chinese), 17 (2): 565-571, doi:10.3969/j.issn.1674-5906.2008.02.021.

AFEFE, WP, 5KE, 55 1991, 5 RO TR AL 27 143 DL
—1: fEILHE [J]. WESRERY, 10 (4): 21-28. Liu Sumei,
Huang Weiwen, Zhang Jing, et al. 1991. Chemical composition analysis
of atmospheric deposition at Qingdao——I: Trace elements [J]. Marine
Environmental Science (in Chinese), 10 (4): 21-28.

Liu X H, Ding R Q. 2007. The relationship between the spring Asian



3 4] AR DAY PSR TR
No. 3 SHI Guangyu et al. Environmental and Climatic Effects of Mineral Dust and Bioaerosol 567

Atmospheric circulation and the previous winter Northern Hemisphere
annular mode [J]. Theor. Appl. Climatol., 88 (1-2): 71-81, doi:10.1007/
s00704-006-0231-y.

X%, FIWIEL. 1999. H I AR RO R IR N B IR S (1], i
AR, 21 (5): 38-45.  Liu Yi, Zhou Mingyu. 1999. Atmospheric input
of aerosols to the eastern seas of China [J]. Acta Oceanologica Sinica (in
Chinese), 21 (5): 38-45.

Luo C, Mahowald N M, del Corral J. 2003. Sensitivity study of
meteorological parameters on mineral aerosol mobilization, transport, and
distribution [J]. J. Geophys. Res., 108 (DI15): 4447, doi:10.1029/
2003JD003483.

Maki L R, Galyan E L, Chang-Chien M M, et al. 1974. Ice nucleation
induced by Pseudomonas syringae [J]. Applied Microbiology, 28 (3):
456-459.

Maki T, Kakikawa M, Kobayashi F, et al. 2013. Assessment of composition
and origin of airborne bacteria in the free troposphere over Japan [J].
Atmos. Environ., 74: 73-82, doi:10.1016/j.atmosenv.2013.03.029.

Martin J H, Fitzwater S E. 1988. Iron deficiency limits phytoplankton
growth in the Northeast Pacific subarctic [J]. Nature, 331 (6154): 341—
343, doi:10.1038/331341a0.

Martin J H, Gordon R M. 1988. Northeast Pacific iron distributions in
relation to phytoplankton productivity [J]. Deep Sea Research Part A.
Oceanographic Research Papers, 35 (2): 177-196, doi:10.1016/0198-
0149(88)90035-0.

Matsuki A, Schwarzenboeck A, Venzac H, et al. 2010. Cloud processing of
mineral dust: Direct comparison of cloud residual and clear sky particles
during AMMA aircraft campaign in summer 2006 [J]. Atmos. Chem.
Phys., 10 (3): 1057-1069, doi:10.5194/acp-10-1057-2010.

Mikami M, Shi G Y, Uno I, et al. 2006. Aeolian dust experiment on climate
impact: An overview of Japan—China joint project ADEC [J]. Global and
Planetary Change, 52 (1-4): 142-172, doi:10.1016/j.gloplacha.2006.03.
001.

Mohler O, DeMott P J, Vali G, et al. 2007. Microbiology and atmospheric
processes: The role of biological particles in cloud physics [J].
Biogeosciences, 4 (6): 1059-1071, doi:10.5194/bg-4-1059-2007.

Park S U, Park M S, Choe A. 2012. Asian dust deposition over the land and
seas in 2010: Estimated by the ADAM2 model [M]//Satake K, Wu C C,
Gan J P. Advances in Geosciences: Volume 28: Atmospheric Science (AS)
& Ocean Science (OS). Singapore: World Scientific Publishing, 41-54,
doi:10.1142/9789814405683_0004.

Pasteur L. 1860. Expériences relatives aux générations dites spontanées [J].
Comptes rendus de I'Académie des Sciences, 50: 303-307.

Paytan A, Mackey K R M, Chen Y, et al. 2009. Toxicity of atmospheric
aerosols on marine phytoplankton [J]. Proceedings of the National
Academy of Sciences of the United States of America, 106 (12):
4601-4605, doi:10.1073/pnas.0811486106.

Penner J E, Andreae M, Annegarn H, et al. 2001. Aerosols, their direct and
indirect effects [M]//Houghton J T, Ding Y, Griggs D J, et al. Climate
Change 2001: The Scientific Basis. Contribution of Working Group I to
the Third Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge, UK and New York, NY, USA: Cambridge University
Press, 289-348.

Pratt K A, DeMott P J, French J R, et al. 2009. In situ detection of biological
particles in cloud ice-crystals [J]. Nature Geoscience, 2 (6): 398401,
doi:10.1038/ngeo521.

Prospero J M. 1999. Long-range transport of mineral dust in the global
atmosphere: Impact of African dust on the environment of the
southeastern United States [J]. Proceedings of the National Academy of
Sciences of the United States of America, 96 (7): 33963403, doi:10.
1073/pnas.96.7.3396.

LA, FE. 2006, LY ORI FCEERE: HBE SR [J]. £
H B, 15 (4): 854-861. Qi Jianhua, Gao Huiwang. 2006.
Environment and climate effect of bioaerosol: A review [J]. Ecology and
Environment (in Chinese), 15 (4): 854-861, doi:10.3969/j.issn.1674-5906.
2006.04.038.

Qi J H, ShiJ H, Gao HW, et al. 2013. Atmospheric dry and wet deposition
of nitrogen species and its implication for primary productivity in coastal
region of the Yellow Sea, China [J]. Atmos. Environ., 81: 600-608,
doi:10.1016/j.atmosenv.2013.08.022.

BRIEZ, #9¢, XI5, 45, 2006, TPoid X yb R BAT TR T RERE (7],
HERYI PR AR, 49 (1): 83-92.  Qian Zheng’an, Cai Ying, Liu Jingtao, et
al. 2006. Some advances in dust storm research over China-Mongolia
areas [J]. Chinese J. Geophys. (in Chinese), 49 (1): 83-92, doi:10.3321/j.
issn:0001-5733.2006.01.012.

Rogers L A, Meier F C. 1936. The collection of microorganisms above
36,000 feet [M]//The National Geographic Society—U.S. Army Air
Corps Stratosphere Flight of 1935 in the Balloon “Explorer II”
(Stratosphere Series, No.2). Washington, DC: National Geographic
Society, 146—151.

Shao Y P, Wyrwoll K H, Chappell A, et al. 2011. Dust cycle: An emerging
core theme in Earth system science [J]. Acolian Research, 2 (4): 181-204,
doi:10.1016/j.aeo0lia.2011.02.001.

A)TE, ERR, KRS, 52008 RAUE RS SURBNY [J]. K
SR, 32 (4): 826-840.  Shi G Y, Wang B, Zhang H, et al. 2008. The
radiative and climatic effects of atmospheric aerosols [J]. Chinese Journal
of Atmospheric Sciences (in Chinese), 32 (4): 826-840, doi:10.3878/j.
issn.1006-9895.2008.04.11.

AT, BEEE 2003, YRR AT TRFERE (7] KRR,
27 (4): 591-606. Shi Guangyu, Zhao Sixiong. 2003. Several scientific
issues of studies on the dust storms [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 27 (4): 591-606, doi:10.3878/j.issn.1006-9895.
2003.04.11.

Shi J H, Gao H W, Zhang J, et al. 2012. Examination of causative link
between a spring bloom and dry/wet deposition of Asian dust in the
Yellow Sea, China [J]. J. Geophys. Res., 117 (D17): D17304,
doi:10.1029/2012jd017983.

Shi J H, Zhang J, Gao H W, et al. 2013. Concentration, solubility and
deposition flux of atmospheric particulate nutrients over the Yellow Sea
[J]. Deep Sea Research Part II: Topical Studies in Oceanography, 97:
43-50, doi:10.1016/j.dsr2.2013.05.004.

Soleimani Z, Goudarzi G, Sorooshian A, et al. 2016. Impact of Middle
Eastern dust storms on indoor and outdoor composition of bioaerosol [J].
Atmos. Environ., 138: 135-143, doi:10.1016/j.atmosenv.2016.05.023.

Solomos S, Kallos G, Kushta J, et al. 2011. An integrated modeling study on



P Y S

568 Chinese Journal of Atmospheric Sciences

42 %4
Vol. 42

the effects of mineral dust and sea salt particles on clouds and
precipitation [J]. Atmos. Chem. Phys., 11 (2): 873-892, doi:10.5194/
acp-11-873-2011.

Soulage G. 1957. Les noyaux de congélation de 1'atmospheére [J]. Annales de
Géophysique, 13: 103-134.

Stocker T F, Qin D H, Plattner G K, et al. 2013. Technical summary
[M]//Stocker T F, Qin D H, Plattner G K, et al. Climate Change 2013: The
Physical Science Basis. Contribution of Working Group I to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge, UK and New York, NY, USA: Cambridge University Press.

MR, 25T, RS, 25 2000, 7P KT = FhiErE s L K
W ()] HEERFEERE, 27 (1): 59-65. Sun Peijing, Li Ruixiang, Xu
Zongjun, et al. 2009. Effects of Asian dusts on the growth of three species
of micro algae [J]. Advances in Marine Science (in Chinese), 27 (1): 59—
65, doi:10.3969/j.issn.1671-6647.2009.01.008.

Takemura T, Okamoto H, Maruyama Y, et al. 2000. Global three-
dimensional simulation of aerosol optical thickness distribution of various
origins [J]. J. Geophys. Res., 105 (D14): 17853-17873, doi:10.1029/
2000JD900265.

Tan S C, Li J W, Che H Z, et al. 2017. Transport of East Asian dust storms
to the marginal seas of China and the southern North Pacific in spring
2010 [J]. Atmos. Environ., 148: 316328, doi:10.1016/j.atmosenv.2016.
10.054.

Tan S C, Li J W, Gao H W, et al. 2016. Satellite-observed transport of dust
to the East China Sea and the North Pacific subtropical gyre: Contribution
of dust to the increase in chlorophyll during spring 2010 [J]. Atmosphere,
7 (11): 152, doi:10.3390/atmos7110152.

Tan S C, Shi G Y. 2012a. Correlation of dust storms in China with
chlorophyll a concentration in the Yellow Sea between 1997-2007 [J].
Atmos. Oceanic Sci. Lett., 5 (2): 140-144, doi:10.1080/16742834.2012.
11446980.

Tan S C, Shi G Y. 2012b. Transport of a severe dust storm in march 2007
and impacts on chlorophyll a concentration in the Yellow Sea [J]. SOLA,
8: 85-89, doi:10.2151/s01a.2012-022.

Tan S C, Shi G Y, Shi J H, et al. 2011. Correlation of Asian dust with
chlorophyll and primary productivity in the coastal seas of China during
the period from 1998 to 2008 [J]. J. Geophys. Res., 116 (G2): G02029,
doi:10.1029/2010JG001456.

Tan S C, Shi G Y, Wang H. 2012. Long-range transport of spring dust
storms in Inner Mongolia and impact on the China seas [J]. Atmos.
Environ., 46: 299-308, doi:10.1016/j.atmosenv.2011.09.058.

Tan S C, Wang H. 2014. The transport and deposition of dust and its impact
on phytoplankton growth in the Yellow Sea [J]. Atmos. Environ., 99:
491-499, doi:10.1016/j.atmosenv.2014.10.016.

Tan S C, Yao X H, Gao H W, et al. 2013. Variability in the correlation
between Asian dust storms and chlorophyll a concentration from the
north to equatorial Pacific [J]. PLoS One, 8 (2): ¢57656, doi:10.1371/
journal.pone.0057656.

Tanaka T Y, Chiba M. 2006. A numerical study of the contributions of dust
source regions to the global dust budget [J]. Global and Planetary Change,
52 (1-4): 88-104, doi:10.1016/j.gloplacha.2006.02.002.

Tegen I, Fung I. 1994. Modeling of mineral dust in the atmosphere: Sources,

transport, and optical thickness [J]. J. Geophys. Res., 99 (D11): 22897—
22914, doi:10.1029/94JD01928.

Tegen I, Werner M, Harrison S P, et al. 2004. Relative importance of climate
and land use in determining present and future global soil dust emission
[J]. Geophys. Res. Lett., 31 (5): L05105, doi:10.1029/2003GL019216.

Uematsu M, Wang Z F, Uno 1. 2003. Atmospheric input of mineral dust to
the western North Pacific region based on direct measurements and a
regional chemical transport model [J]. Geophys. Res. Lett., 30 (6): 1342,
doi:10.1029/2002GL016645.

Vali G, Christensen M, Fresh R W, et al. 1976. Biogenic ice nuclei. Part II:
Bacterial sources [J]. J. Atmos. Sci., 33 (8): 1565-1570, doi:10.1175/
1520-0469(1976)033<1565:BINPIB>2.0.CO;2.

Wang F J, Chen Y, Guo Z G, et al. 2017. Combined effects of iron and
copper from atmospheric dry deposition on ocean productivity [J].
Geophys. Res. Lett., 44 (5): 2546-2555, doi:10.1002/2016GL072349.

Wang H, Shi G Y, Li S Y, et al. 2006. The impacts of optical properties on
radiative forcing due to dust aerosol [J]. Adv. Atmos. Sci., 23 (3):
431-441, doi:10.1007/s00376-006-0431-5.

FHE. 1999, K% M) 5 2 B, dbst: % RAL, 166pp.
Wang Mingxing. 1999. Atmospheric Chemistry [M]. 2nd ed. Beijing:
China Meteorological Press, 166pp.

LR, KA 2001, KA FUN AT R (9] SRS SR EERT
7%, 6 (1): 119-124. Wang Mingxing, Zhang Renjian. 2001. Frontier of
atmospheric aerosols researches [J]. Climatic and Environmental
Research (in Chinese), 6 (1): 119-124, doi:10.3878/j.issn.1006-9585.
2001.01.14.

Wang S G, Wang J Y, Zhou Z J, et al. 2005. Regional characteristics of three
kinds of dust storm events in China [J]. Atmos. Environ., 39 (3): 509-520,
doi:10.1016/j.atmosenv.2004.09.033.

Wang S H, Hsu N C, Tsay S C, et al. 2012. Can Asian dust trigger
phytoplankton blooms in the oligotrophic northern South China Sea? [J]
Geophys. Res. Lett., 39 (5): L05811, doi:10.1029/2011GL050415.

BOCEE, MSTE, BRM, SE. 2018, AR IR B GRS A 5 E
. hEBEEB KR, 35 (3): 332-339. Wei Wenfei, Liu Lichao,
Chen Bin, et al. 2018. Advances in research on bioaerosols and their
climate effect [J]. Journal of University of Chinese Academy of Sciences
(in Chinese), 35 (3): 332-339.

Winslow C E A. 1908. A new method of enumerating bacteria in air [J].
Science, 28 (705): 28-31, doi:10.1126/science.28.705.28.

MEIE, HAE, XA, 45, 2000, 5% T RE LI ARSI KA 5%
UG [J]. HEEAEAR, 55 (5): 513-521.  Ye Duzheng, Chou Jifan, Liu
Jiyuan, et al. 2000. Causes of sand-stormy weather in northern China and
contral measures [J]. Acta Geographica Sinica (in Chinese), 55 (5):
513-521, doi:10.11821/x6200005001.

Yin Y, Chen L. 2007. The effects of heating by transported dust layers on
cloud and precipitation: A numerical study [J]. Atmos. Chem. Phys., 7
(13): 34973505, doi:10.5194/acp-7-3497-2007.

Yuan H, Zhang D, Shi Y, et al. 2017. Cell concentration, viability and culture
composition of airborne bacteria during a dust event in Beijing [J]. Journal
of Environmental Sciences, 55: 33-40, doi:10.1016/j.jes.2016.03.033.

Yuan W, Zhang J. 2006. High correlations between Asian dust events and
biological productivity in the western North Pacific [J]. Geophys. Res.



3 4] AR DAY PSR TR
No. 3 SHI Guangyu et al. Environmental and Climatic Effects of Mineral Dust and Bioaerosol 569

Lett., 33 (7): L07603, doi:10.1029/2005GL025174.

Yue S Y, Ren H, Fan S'Y, et al. 2016. Springtime precipitation effects on the
abundance of fluorescent biological aerosol particles and HULIS in
Beijing [J]. Scientific Reports, 6: 29618, doi:10.1038/srep29618.

Yue X, Wang H J, Liao H, et al. 2010. Simulation of dust aerosol radiative
feedback using the GMOD. II: Dust-climate interactions [J]. J. Geophys.
Res., 115 (D4): D04201, doi:10.1029/2009jd012063.

Yue X, Wang H J, Wang Z F, et al. 2009. Simulation of dust aerosol
radiative feedback using the Global Transport Model of Dust. I: Dust
cycle and validation [J]. J. Geophys. Res., 114 (D10): D10202,
doi:10.1029/2008jd010995.

Zender C S, Bian H S, Newman D. 2003. Mineral dust entrainment and
deposition (DEAD) model: Description and 1990s dust climatology [J]. J.
Geophys. Res., 108 (D14): 4416, doi:10.1029/2002JD002775.

Zhang G S, Zhang J, Liu S M. 2007. Characterization of nutrients in the
atmospheric wet and dry deposition observed at the two monitoring sites
over Yellow Sea and East China Sea [J]. Journal of Atmospheric
Chemistry, 57 (1): 41-57, doi:10.1007/s10874-007-9060-3.

Zhang J, Liu S M, Li X, et al. 1993. Characterizing Asian wind-dust
transport to the Northwest Pacific Ocean. Direct measurements of the
dust flux for two years [J]. Tellus B, 45 (4): 335-345, doi:10.1034/j.
1600-0889.1993.t01-3-00003.x.

IR, WPE, FETEEE, S5 2004, 71 IS KA AR Y I 45 S
(3. FEBAEKEKIE, 14 (3): 321-322.  Zhang Jingdang, Gao Dan,
Lian Yingzi, et al. 2004. Analysis of the results of airborne microbe
monitoring in 71 hospitals [J]. Chinese Journal of Health Laboratory
Technology (in Chinese), 14 (3): 321-322, doi:10.3969/].issn.1004-
8685.2004.03.031.

Zhang K, Gao H W. 2007. The characteristics of Asian-dust storms during
2000-2002: From the source to the sea [J]. Atmos. Environ., 41 (39):
9136-9145, doi:10.1016/j.atmosenv.2007.08.007.

TR/NEL 2001, MESDR AR AT BRI % DIRES BCRHERL ().
FPULHITT, 21 (1): 29-40.  Zhang Xiaoye. 2001. Source distributions,
emission, transport, deposition of Asian dust and loess accumulation [J].
Quaternary Sciences (in Chinese), 21 (1): 2940, doi:10.3321/j.issn:
1001-7410.2001.01.004.

Zhang XY, Gong S L, Zhao T L, et al. 2003. Sources of Asian dust and role
of climate change versus desertification in Asian dust emission [J].
Geophys. Res. Lett., 30 (24): 2272, doi:10.1029/2003GL018206.

Zhang Y, Yu Q, Ma W C, et al. 2010. Atmospheric deposition of inorganic
nitrogen to the eastern China seas and its implications to marine
biogeochemistry [J]. J. Geophys. Res., 115 (D7): DO0K10, doi:10.1029/
2009JD012814.

Zhao T L, Gong S L, Zhang X Y, et al. 2006. A simulated climatology of
Asian dust aerosol and its trans-Pacific transport. Part I: Mean climate
and validation [J]. J. Climate, 19 (1): 88-103, doi:10.1175/JCLI3605.1.

Zheng Y, Zhao T L, Che H Z, et al. 2016. A 20-year simulated climatology
of global dust aerosol deposition [J]. Science of the Total Environment,
557-558: 861-868, doi:10.1016/j.scitotenv.2016.03.086.

JAETT, TEH. 2003, S EAGDT 0 dL R SR b A s A (1954~2002 4F)
[7]. R} R, 48 (11): 1224-1228.  Zhou Zijiang, Zhang Guocai. 2003.
Typical severe dust storms in northern China during 1954-2002 [J].
Chinese Science Bulletin, 48 (21): 2366-2370, doi:10.1360/03wd0029.

Zhu C W, Wang B, Qian W H. 2008. Why do dust storms decrease in
northern China concurrently with the recent global warming? [J] Geophys.

Res. Lett., 35 (18): L18702, doi:10.1029/2008GL034886.



