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A review of the roles of mineral dust in atmospheric chemical reactions

. *
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Atsushi NAGAMINE ~ and Tasuku AKAGI

Abstract

A considerable amount of mineral dust is circulating in the atmosphere. The chemistry of
mineral dust plays an important role in not only the transformation of the material in the
atmosphere but also in its climatic influence. In this paper, the mineral dust is first described
in terms of chemistry and then the recent advances in the study of chemical reactions
involving mineral dusts in the atmosphere are reviewed. Carbonate dust is the most reactive
and vulnerable to chemical attack. Carbonates provide the acidic pollution with neutralizing
agents, and SO, with sites for oxidation reactions. Their surfaces become deliquescent with
the absorption of nitrate. The step wise processes are displayed to show how other species are
involved in the reactions. The reactions where by iron becomes more soluble are also
reviewed. They are also important ones with respect to the climatic implication of dust.
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F A MIEEIRLT-H S %o TWwhb. IPCCIC L
LD A b DFEAEIX1,500~2,600 Tg yrl& HEE S
NTwb (IPCC, 2007). Tanakal3#* (2005) O Hfl
EFNVOERIZEIE, F¥APORERIZITIEALD
PINSWFEOELILT 7)1 (ZFOF50%) TH Y
WT V7 TER20%, FRT ITTIEHNI0%E ENE
NEDOTWE., WP IVTOFA ML, #EBE LTEL
HMENTWAD, WY 7 S5~ Vb TR,
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Mb A TH Y, FEHICHMTH L. L2 L
BALIZ % ) F v Y N—NOWRE % 24T & HESEM
(BRERIISEM) e oo osEIZXY,
Tl % DR OWRTERL W OB BIETE 5 L H 1
Lotz Fio, MBI TEREOEZELVIRT V7 %
WL, KRAFFEWELRELIERRERIT. AT
&, 7Y 7DOFAMEHNS, ST A D5
LA RIS 20562 LY 2 —F 5.

2. S X~ DALFARR
i &7 A MEENTEAL L 72 A TRIESEY & R

CEoThHEDOLNTWS. LeinenlIA (1994) &, b
KFEETERILL 727 1 VKT O SEWI LK % Xt In]

2500

i -k A

P L D W LR umBLFClE A+ ) A4,
220 umTITA K, BRROAJ/TA T4 FDBTLEY
THhrI e Lz, T2, SWMT A PORHEL
TCaCO L EDAEFEE LGOI ENET LN,
WP RF 1213 CaCo; BEER I E LTEER TS
(Okada and Kai, 1995; Okada et al., 2005; Yabuki et al.,
2005). TD72%, WA XY MROITTYVIVICIE
IR DCa MBI XD (Mori et al., 1999; Kim and
Park, 2001; Suzuki et al.,, 2008). 7z, ZAFEEIIMAKH
KEHIERL, HBRORKIEDICEENS
CaCO;I X D Al SN2 (Terada et al,, 2002). FEH D
AT o 7z ENFEES D Lanzhou (Hi#H) & Dunhuang
(HIR) 12 B 2 #H L OXKRIIT O 5345 R % Fig. 112
7R3 . Lanzhou & Dunhuang® 3 1112 & calcite S & F 1
Tz, F723 Mo EE LW, quarts, feldspar,
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Fig. 1. X-ray diffraction (XRD) patterns of loess samples

collected at: (a) Lanzhou;

and(b) Dunhuang. The XRD

analysis was conducted using Ni-filtered CuK a radiation
(A=1.5418) (30 kV and 10 mA). The loess samples were
analyzed to identify minerals, The following letters
represent respective minerals: Q: quartz; Cal: calcite; F:
feldspar ; Chl: chlorite; and Clay: clay minerals.
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Table 1. Concentrations (wt%) of metals in the loess sample collected in Dunhuang.

Element Mn Fe Mg

Ca Al

Na K

wth 0.09 24 1.9

6.1

48 1.1 1.5

chlorite Th -7z, TNHLANID, WIS
& L C, halite (NaCl), thenardite (Na,SO,), gypsum
(CaS0O,4-H,0), bassanite (CaS0O,-0.5H,0), glauberite
(Na,SO,-MgS0,4-4H,0), hexahydrite (MgSO,-6H,0) and
kieserite (MgSO,-H,0) % EWEFN TV 5 L #HiE S
NTwb (Okadaetal, 1997). F7z, EHFLPMWEL
72DunhuangD# L O ER/ITHE (wt%) ZRKIIRT
(Table 1). CaD#EEM IR FAo72. Al, FeDHE
b <, feldsparXchloritelZHIkd 5 EHEH S 5.
Wg L7 RS TR L IET 5 £39.6%% 159
5. SHREOWEIIAT - TV WS, Xt of R
(Fig. 3) 2557 A BEMBZ T 0D, KHDS
CESIEHEETE 2.

3§ 5 2 b D REEREERIX & LFE RIS

W7 Y T7TIE, §7 938 /BRI EME, %1
R En S8y A MR L SN S, Sk
T H D CaCO41FS0,7 N0,y 7 & D KA 5 Yl sk D
PEWE LIS T 52 EABMSNT WS, Suzukild
2 (2008) &, WWHRRFIGEWEAORK LT 0w
OIS E AT 5720, ELILEIBWwWTZ 7o)V

S0,2 (neq/m?)
S0,% (neq/m?)

1 1 1 1 J
0 50 100 150 200 250 300 0
NH,* (neq/m?)

ABOH T v TR -H T8I ERILEE
TYTORTHIRDFUME L TV B720, kIS
Feo T, RAGEWHARLED WS 2 5HEDPTRETDH
%. Fig. 212807 &ENH,", SO,* & Ca* + NH," O %
Z 7”9 (Suzuki et al., 2008). Kosa dayldCa> i A%
22nmol m> (4P (7.3 nmol m™®) +o¢ (14.6 nmol
m>)) PLE, non Kosa daylZ NP F 2 2R LT
W5, Non Kosa day Tld, SO,7 & NH, O IZ
LIOMBZRL, LERGHNIZS0,1E (NH) ,S0,&
LTHEL TS Z E%/R L. L2 LKosa day Tl
SO/ SHMEICR Y, LIOoMRER SR 72, F
7z, SOk Ca® + NH, ® R TIE, Kosa dayTiZ,
1Z1F1:11Znon Kosa day Tlid, SOf‘kCa2+ + NH* 2538
FICm o7, ZhD, SOFH R HEDCaCO,D
WA A v EEEHb o7 LW E NS (Suzuki et
al., 2008). Fig. 3127 1V Lo Ca? £ NOy, SO,* D
k255 — % (Suzuki et al., 2008) Z7/RT. Ca’ iHE
BHEHRTH L7200, BHORKIZEY L T2
BENTWD, T/, CaIBEICHIELT, KRG
HskE %z 5N AHNOy, SOSREDOY =2 8 Tw
5. W E REGRWEADPRIGT %7280, Ca® N0y,
SO S DWEMNFAM T 2 &% %2 51D (Suzuki et al.,
2008). FAPAMHEAIIKIS L, fb¥EE 2 2

o Kosa days

= non Kosa days

1 1 1 1 J
100 150 200 250 300
NH,* + Ca?* (neq/m?)

Fig. 2. Relationships between: (a) SO,* and NH,"; and (b) SO,> and NH," + Ca®". The equivalent concentrations of SO,% , NH," and
Ca”" in aerosols were observed during from March to September (Suzuki et al., 2008).
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Fig. 3. Daily variations in the concentrations of (a) SO42', and
NO3- and (b) Ca”" in aerosols (the middle of March-the
middle September, 2002). The sample hiatuses are due to
electric troubles during the high volume sampling. The
downward arrows show the dates for the incident of Kosa
within 100 km of Mt. Fuji, reported by Japan
Meteorological Agency (Suzuki et al., 2008).

BTWBEIEPHEWTE S, WangldH (2007) 1,
WROE®EIL — MZh b5ty a v IVikk s
BL, A+ v27a<x 7574 —I12&BREEA T
VOGRS, FEONEL D S ITREEITE
SO DEGNENZ L 2R L, W& KA
DG ZEREBLTNWES,

C O XD Bk & RAF GBSk OBIEWE ok
AU & o THW O KIMNTTERE S 5 B < sk
AL, SEWR T OWLRE R K & bR G 2
Twb. Fanl3z» (2004) &, @IKILFEEET VO
YIal—Ya VERNPS, KRIGEWEIEY 7 A
b O FK TS LBOKE D S BRI LT 5 2 &
T, ZERMEBORNESD, W5 A S oRtikEE
WS EHMLTVD, ZOMBELSHEW S A b
DALF IS DRR R LM e &G 2 A BT &
BWZEDPRBRENS. T/, MatsukilEA (2005)
1%, Lo F2230~600miZ BTNV — VICEEE L
T2 R =L o TRL 27 u V Vidk &
SEM-EDXTHHT L7z, ZD#ER, Ca-rich®ERIE O
T2 ET TS L, BV AEBS KA Tl

@ s

L72RICEE T A R BUAAZZZ L 2RI L Tnh, 2
DFERIZIIRT HZ ETESITH AR AA, S04
LW EORILNZRET 2R AR LTV 5.

9 L7k 1 O Ml K & 2B & R BUn
L LT, HNOy  Ca" O UBIZ & 1), Ca(NO3), 2B
THRIBAEZ BND. CaCOZHMIfEIZIZE A LR
WA, Ca(NOy), IXlfRME 2 FED. BENERTRD O
72Ca(NO;), D il fift F O AR SE129-13% (Al-Abadleh
et al,, 2003) & IFFITMLL, NOy & ET 5 Z & TCa
BRI EE T H - T H MMM % FD. KrugerlIH
(2003) 1%, CaCO.KT-IZ4 AIRHNO, (26ppbv) % A
T EE17% M D41 % D5 TR S8, BRI &1
SEM-EDX CHIZE L 72. ZO#EH, HNO,& CaCO A K
IBFEIZ, Ca(NO,) 2Nl L, BRIROWHICENT 5 2
EZRLTWA. GibsonlZA (2006) 1E, 100nmiI &
DR % Aerosol generatorlZ & O /EK L, MXHEED
EORBFEOMEEAT > 72, FORE, CaCOMLT1ZH
SRS %LL ETH R T IIKE L e h o 7228, — T
Ca(NOy) FRZELAZ Y AA, HXF M EEAI85% THY
18I TFAREL-C 2R L. ZOKRIE,
Ca(NO,),(ZCaCO, R L8 (E¥EV BT A M) R
(NH ), SO, HREE DR & THRFIZ L LTOME %
WL L, BOARICKELSHET5 I L2 RIKRT 5.
F72, Ca(NO,),IIEIETH - THiEiie LTHET S
7290, TUVXRFOHMIHG T2 LRIBEINTEY
(Gibson et al., 2006), “fEIZH-2 5B MHTE R
wtilbhs,

Fig. 412CaCO; & NO, O I ILi##E (Al-Abadleh et al.,
2003) Z7RT . CaCO,DFJE D IRANE IR WHEEE20%
FERECHNO ARG % 5% % (Goodman et al., 2002).
Ca(NO,), M ER SN B A%, WIFHR MR 72 DKM
KOREDL D, M EE10%LL T T s e 5 L,
Ca(NO,),DBIXTENT 7 AL R BH, TELVT 7R
& o T2 RIHIRREE 10% 2 CHOWIR L, KOJE
#1E% (Al-Abadleh et al., 2003).

—7 T, CaSO,IZIZCaCO; L FBRIZHIMEIZIZ L A
E\VAY, CaCO;IZH~EERE & L TORRITRE W
ZEDHEEHEIRD 5T WS (Kelly et al., 2007).
HLYSTERIL L 72CaSO i3 ok 1- & WEHREA L TR
WD EDL . CaS0O, & Ca(NO,), AT A L 72k
F (Hwang and Ro, 2006), i35, 7547 v ¥
2R EATEMEE : EB RO o T b (Kojima et
al, 2006). SIS ITWHEY AT, ©F ) EBHEEE
T, ARG L2b0LEESINTWA, Niimurald
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Fig. 4. A mechanism for the reaction of nitric acid vapor with CaCOj; is depicted (Al-Abadleh et al., 2003). The surface of CaCO; is a
hydration layer. This layer then reacts with nitric acid at 23% RH to form a liquid layer of Ca(NOs),(aq). Under evacuation this
liquid layer evaporates leaving behind an amorphous layer of solid Ca(NOs),. This amorphous layer deliquesces at low relative

humidity (Al-Abadleh et al., 2003).

A (1998) &, RFTHRINL 77 a Vvl z
SEM-EDX C4r#7 L, il & WEBiRG L - Sk %
M L7z, S5y 2 bV oy MY —IRBF R 55
HRBRIEN 25, ZHRCRALZZLEZRL, HD
BT HICE F N5 Callis 7 & DIKEVER 55 A3 BER
D ERAER SN, SHITEN T2 OER SN
S TR EMZE L, HEIET H T LTl L W OREH
TR SN D L Lz, HARfERHEO L22T
75 N 72CaSO T Hi Rt H ISR B RILY) & CaCO, D FUS
THEBLzEZEZ 51 T\w5 (Hatakeyama et al., 2004;
Wang et al., 2007; Suzuki et al., 2008). Chenl3%* (2006)
X, CaCO,&0;, SO F ¥ Y N—NTRIESHEDE
WHEBZ AT, IEHHE (DRIFTS:Diffuse
Reflectance Infrared Fourier Transform Spectroscopy) T
Mg L7z, ZO#HE, CaCO, L TO,EH,0IZ X VSO0,
SO N EWAL S, CaSO D ERT B Z & 2R L7z,
FOsEfE (Li et al., 2006) % Fig. SIZ/R3. A AR
SO,%3CaCO; D MW &, CaCO;PINE T

WAH,0 (H,0 (ads)) ERIGL, SOTE%&b, X5

IZO & DRIBIZ X NSO AR S 5. RE LTI
A~ (Lietal., 20006).
SO,(g) & SO,(ads) )
SO,(ads) + H,O(ads) — SO32'(ads) + 2H(ads) 2)
0,7 (ads) + 05 = SO, (ads) + O,(g) ©)

F72, MorilIA (1998) &, (NH,),S0,& #AbkT-
% BN S8 5 BNEBREIT - 72, XT3 5
25, #HAPH O CaCO;AY(NH,),S0, & Kt L, W4
W THBHar 4+ ((NH,),Ca(SO,), - H,0) %%

TCaSO, - 2H,0% K L7z FH 2R L7Z. €612, &
WETLLG LG o722 820, UNMIIERE
WRERBEEERZLTCWDLZIEEZHLNEL. L

2 LR 13812 1dgypsum (CaSO, - H,0) 23 & b &
A L CWwW5b. Takahashil3» (2008) &, #2755~
B VBT L DAksull BW TR L7227 1 VL
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Caco,

Fig. 5. A mechanism of SO, oxidation by O; on CaCOj surface
(Li, et al., 2006). Gas-phase SO, and water vapor can be
adsorbed on the surface. In combination with adsorbed
water and the base condition produced by CaCO; adsorbed
SO, is transformed into sulfite, and then the sulfite is
rapidly oxidized into sulfate by O; (Li, et al., 2006).

B & XANESTHHT L7z, ZOMERE, AFIEFLL
~Ngypsum & Calg FEH AR & {, RAPKEWIT LR
FEWAVNS K B 2L RN L. SO Lhd, 4%
D gypsumidCafi 5 & T BRI & O RL THEE S
TWB Y, BEFOWHEBOgypsumD %  13JHL DO
THEHRTHLZ L EBIRLT-.

W A S OEMTIE, FIHEWRT130,% WA
T 5. WIS N720402 & 0 SEERT CRHALIEZ -
T4 (Ullerstam et al., 2002; Chen et al., 2006). Hi T
ATz X 9 1280,130, £ H,0 L K L, HSO,/S0. %
L Tso  ~emkshs (Lietal, 2006). %7z,
W) FZ 1 DO Mn <R Feld SO, D AL BUIG D filt ik & 72 - C
W5 ZENHEMEN TS (Lindberg 1981; Berglund
and Elding, 1995; Tursi¢ et al., 2003). ALOICH% T %
KEEFE L DPOBIZ X - TSSO D ERENTWD LD
Wb H S, ZhanglIH (2006) 1%, 3FEHHDALO,IC
SO A% PUS S B ENEBREIT-72. ALO;DE
HIC X D SO,OWIERDS R L 2R L, WD
BV ALO;D K FIZIZAIOH), 25 B FI2H 5 LM L
72, B5IT, FRUCHRT ZKEEISE (07, OH) 75,
SO, & FUL LHSO, Z R L, &5120,12 X ) S0~
LT B 7, KEEIEDSO,DMALICH G- LT b
CERMEMLA., TTTREINTY S OBK
(Zhang et al., 2006) % LLFIZ/RT.

0% =M + SO,(g) = SO — M(s) 4)
OH —M + SO, (g) = HSO* — M(s) (5)
20H —M + SO, () = SO;* — M(s) + H,0 (6)

280, —M(s) + 0, (2) > 280,” —M %)

i -k A

2HSO; —M(s) + O, (g) + 20H-—M —
280, —M + 2H,0 )

4. SR S X bR DERD AR

MAEDOBEMIZ L > THA LIEUISHIRERE L 2 -
THY, K& hH» LA S -8k & o WG e
BALME AR S 10 C & 72 (Martin and Fitzwater, 1988) .
L2 L, KRAHEDFeld, N~ A4 b X mBILY
THbzDH, 1L ALHKITETT, EBIZEYH
KEHEOHEW ZFH L T B EEIZIEFITNS Ve
DOFaHEH H 5 (Johnson et al., 1997). HEWHFH T 5
B, KBEOHENEN N DLPPEEL LS.
Journet!IA* (2008) 1%, Mit gL H S OO
(F94%) 1%, SoKBILY (1%UT) IhHKREW
ZEERFEBRINTIRL TS,

i L BRI R & OLF OB XD
BHEPZEAT L LMY D HDH. MeskhidzelI 22
(2003) 1%, MLZEREIC X 0 #ilED LEIZB W TR T O
PRI E SO, HNO,, NOxZ &EDH A DHIE % 1T\,
400m-1500m® Hb 1512 B\ THHE D20-1004% O ik E O
SO, 7V — 2 (20-30ppbv) ZEM L7z, Z O REE
SO, 7 W — A EH E O T3 M 7 & diy %k S iz L
END. HNO;b IR <, 7V — A TIZHNO
ZAZ X SR TAPH2BLF & 2 o T2 2 %R L,
3-SHPFLE CTRRIC X o THWR T 2> 5 1-2% D R DS
THWHEEE AR L2, wHIED (2008) 1, A< & A
MR EfEE T 7 oV E3HE, 15CTRL S+,
AT A PP SERD0.82% AT B T & & EBRIITR
LCWb. i Cili <7z g5 30 1 CDS0,> DA i)k
WEAMHOBFKOEREZRMESE T WMHELE D B
D, SO, EORGIHYME L SLW kLT O FOR A3
BRI E RIT L T LR D 5.

5. 5&%

BATO LT 1 VOV DIRER] 534 R 05 R Pl 72 & OWFgE
i, BEFVEIHWZYIab—Y 3 Vv OSERE
kY, ZOMEEIKREICESLTWS., LaL, #
PRFZIILDOE L7 O VOILFRSIEK, K
K BB EEOARY -G TH Y, FEFWIHMTDH
b7z, EHIN TRV L L, EFVITHAR
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LZLOHELVENELL DD, 7 UV NVOBREEE
RIFRFHOKEEE FIF 5720128, Bl & sS NS,
EHITIEETVOMREEREINIRETT L2 L b UE
THY, HWFT AN EEtI T a VOGO R
HEFBRPATTRTH 5.
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BexRLIT.
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