H34L e CE SR R/ B Vol. 34, No. 6: 914~924
2015 4 11 A ACTA PETROLOGICA ET MINERALOGICA Nov., 2015

2013 F 1 BPREEHMXESTHSR AR ETRN
250 N AR ER B AL 45 1

F XA, BRAS, FERRL, R H R I, TR, RRE
CRE LR HhEREL 2 52 TR, Jbat 100083)

& E: 20134 1 AL X &) 7 B R, AT YLRRAE, £ A3 5 i 7 B CTEMD & fg % CEDXO Stk
50 R LRI R HE I RN 3 RS, 08 TR B ORS00 RD 0 R Sk AR AE R AT T 20 M. 45 SRR, AR b XS i o
SORE LA ) UKL R TR AR AR 4 8 A R A B B 1R A WLBURE RN IR, AAE R T B b o R IR 2D 5 ) NaCl 45
Ko X HRRURL 1 70 R AL RGEAT ST R B, AR AL R RS R DL Si Rk 2(31.0% ), KO & Ca BRi(18.3% )i Fe
WORL(14.1% )5 Cl R (12.2% ) %%, 38 R UL R S UKL 32(47.4%), Lk b & SR (21.1% ) A& Fe BikL
(13.4% )55 . $8 K& Ca BRI BID, RN 7ES SE G FRUR PB5 Ca K & ICE, B RAPH Ca K 450
PET Y0 2 KR A — B M ER - ARIRA S S Pk ZE R RAK, 58 KA B & THER, S/Ca TIIMEE SR R B
B, HORT 0.8, YHIAE—E I SO, WE T, KAMRERK, BRIR I G W] 2, A5 AR B AR IR 4 2

FHRIA: AAbHE DX SR SR SRR BT A

PESES: P5T9 CRKFRIRED: A XELHS: 1000 - 65242015006 - 0914 - 11

Morphologies and sulfation characteristics of individual aerosol particles in
the haze episode over the Beijing-Tianjin-Tangshan area in January 2013

WANG Wen-hua, SHAO Long-yi, LI Ze-xi, GUO Qian, HOU Cong, XING Jiao-ping and ZHAO Cheng-mei
(College of Geoscience and Surveying Engineering, China University of Mining and Technology, Beijing 100083, China)

Abstract: A series of hazes occurred over the North China plain in January 2013. In this paper, the authors ana-
lyzed the morphologies, elemental compositions and sulfation characteristics of the individual aerosol particles col-
lected in Beijing, Tianjin and Tangshan cities in January 2013 by Transmission Electron Microscopy (TEM)
coupled with Energy Dispersed X-ray Spectrometry (EDX). The results showed that the individual aerosol par-
ticles could be subdivided into mineral particles, sulfate particles, metal oxide particles, soot aggregates, organic
particles, and fly ash. A small amount of sea salt particles was found only in the Tianjin samples. According to
element compositions, the individual particles were dominated by Si(31.0% ), Ca(18.3% ), Fe(14.1%) and
Cl(12.2% ) in the sunny days, and by S (47.4% ), Si (21.1% ) and Fe (13.4% ) in the haze days. The high-
S particles were commonly associated with higher values of Ca and K, indicating that alkaline minerals could be
buffered against the acid mist. An analysis of sulfation characteristics showed that the S-bearing particles were
more common in haze days, and that the S/Ca ratio was higher (>0.8) in the hazy days, indicating that the
haze day is favorable for secondary reactions and formation of the S-rich particles.
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Table 1 TEM sample information
PRI KA FE i KAEH W PR g /C AHRRE / % S/ hPa
- 14 2013/01/08 21:55 -1.7 54.4 1019.2
Tt P4 2013/01/17 21:27 -1.6 30.5 1026.7
- K5 2013/01/12 22:32 -1.8 79.3 1014.2
b M4 2013/01/15 17:06 0.7 54.9 1016.0
- C4 2013/01/17 17:18 0.2 54.2 1029.2
i F3 2013/01/19 11:25 0.3 54.4 1023.4
- B2 2013/01/14 11:20 -1.6 81.7 1021.7
E2 2013/01/18 11:30 -0.3 75.9 1020.4
- 15 2013/01/25 11:40 -0.6 46.8 1019.7
it K4 2013/0/27 11:20 1.8 72.1 1025.5
- L4 2013/01/28 11:40 -1.2 100 1017.9
02 2013/01/03 23:50 -0.2 100 1021.5
WALE—E, [ ER AR R R AR IR v, CEEEXGES A CEB @R T LM T h
PRI B R AR AR OB T MBI ), T KU, 4T 0 B g

FRE WS SR AL, K = 70 T UKL 43 R ™ ) R
IR ER UK | 42 8 A ) JH 2 £R 4 1 B0 A HL
o CRE I 3O RSN AT HLRURE K AKCFT NaCl 252871
TR o
2.1 #HERL

KA ™ P R0RE 3% 3C B 300 0] 43 Sk U4 49) o
FLAUAS KLU )RR Fer o 0 A A ) ORE — i R AN
FUE 4, BAT A AR, 8ok A T3k

500 nm |

AR ER AN AT 90 KA kAR A P W 2 Dk R T
Y. TEES 8T WL, =3k & b B K=
IOk, HLIORAR AR X R T A SR B0k,
W4 2 KR B R B5 407 . 1] 1a A1 1b
AT UL, 18] 1a A REERT 4, & 1b TR
) Fe 7L 5 R, N Fe . & 1c ARG
PIRURL, B 2 2< kor 208 OV S AT Cas Ui W%

Spectmim 431

keV

500 nm

Spectnim 298

T L) w il | oo

. S

T
2

T
1 3 5 6
Full Scale 1115 rsor; 9.880 ke )

B 1 AP0k ) TEM K5 K RETE 18

Fig. 1

TEM images and EDX spectra of mineral particles
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Fig. 2 TEM images and EDX spectra of sulfate particles
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Fig. 3 TEM images and EDX spectra of metal oxide particles
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Fig. 7 TEM images and EDX spectra of coal fly ash



920 s oA o k& 34 %
Spectum 113
Ca
Ca ’\‘
= 1 I I I . I * _ﬁ_ ™ I
4 5 6 7 8 9 10
M ull Scale 1497 cts Cursor: 3.289 keV(9 cts) keV

Kl 8  NaCl BIKLf) TEM B K REi 5]
Fig. 8 TEM images and EDX spectra of sea salt particles
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Table 2 Types and compositional characteristics of individual aerosol particles collected during the haze episodes
over the Beijing-Tianjin-Tangshan area in January 2013
PN EIPN
TR S Y T BT IME AR UE R 7/ %
AL ANKCE AL/ % A ANECE L %
S S(82+£1.4) 13 6.1 50 25.8
S+K S(52£2.1),K(2942.0)5 (Na+Si-Ca-Cl-Fe) 2 0.9 14 7.2
S+Si S(49+£2.8),8i(22 £1.7), (K~Ca-AlNa) 2 0.9 10 5.2
S+Ca S(52£1.37),Ca(29+2.2), (SivAl\Na K- CD 3 1.4 7 3.6
. S+Fe S(51£1.0),Fe(30 £5.4), (K CL S 4 2.1
&S
S+ Na S(35.0), Mg(27.7),Ca(25.8) 4 2.1
S+l S(48+3.7),Cl(28 £3.7), (K~ NaSi) 3 1.4 2 1.0
S+ Al S(45£3.6), Al(28£9.5), (K-CD 1 0.5 1 0.5
S+ Mg S(49£5.1),Na(27 £ 1.7, (K-Mg~Ca) 1 0.5 0.0
Hit 25 11.7 92 47.4
Si+ Al Si(48+1.1), Al(29+ 1.4), (Fe.CasNa-K) 26 12.2 22 11.3
Si it Si(79+2.5) 14 6.6 7 3.6
Si+S Si(45+4.4),Ca(25+2.7), (K<-Mg-~AD 6 2.8 4 2.1
® Si Si+ Fe Si(47+3.7), Fe(24 £2.9), (Al.Mg.Cl.Ca.S) 7 3.3 3 1.5
Si+ Mg Si(40+3.4), Mg(26 £ 2.5), (Fes ALCL K Si) 5 2.3 3 1.5
oAl 8 3.8 8 4.1
&ifF 66 31.0 41 21.1
Ca JR Ca(92+1.8) 8 3.8 2 1.0
Ca+S Ca(50 +1.6)S(34 +2.0)(Si-Mg- Al FesNa) 14 6.6 6 3.1
H Ca Ca+Si Ca(47 £3.5)Si(21 £ 1.2)(Mg- Al Fe. S) 9 4.2 1 0.5
oAl 8 3.8
it 39 18.3 9 4.6
Fe Jit Fe(85+1.7) 25 11.7 16 8.2
Fe+$S Fel46 4 12.7)S(34 £6. 4 (K- Ti) 2 1.0
- Fe+Ca Fe(54 £1.6)Ca(22 £0.6)(SiS) 1 0.5 3 1.5
Fe+Si Fe(44 £4.0)Si(26+3.4)A1(20+9.4) 2 0.9 1 0.5
oAl 2 0.9 4 2.1
&ifF 30 14.1 26 13.4
ClL i CI(78.56+3.64) 9 4.2
Cl+s Cl(48 £5.3)S(32 +2.1)(K+Fe-Na-Mg-Si) 9 4.2 1 0.5
 Cl Cl+ Na CI(50 £4.4)Na(33 £2.1)(SiCa-Ti) 6 2.8 2 1.0
Cl+Si Cl(42 £8.2)Si(20 + 1. 4)AI(18 £ 4. 1) 2 0.9
it 26 12.2 3 1.5
Al Al(83.30+3.37) 3 1.4 2 1.0
Al+Si Al(43+5.0),Si(31+4.3),(CasFe) 4 1.9 2 1.0
& Al Al+ Mg AlC60 £4.2), Mg(22 £3.7), (Na-Si) 1 0.5 1 0.5
oAl 3 1.4 1 0.5
it 11 5.2 6 3.1
oAb Ti-Na-K.Mg % 16 7.5 17 8.8

3.2 BPRIAIFRER EhL4FIE

ANRIRAN &S RBORLPT o LA 22 S A0 K, 5
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TP B I T FOIR S, Ak HETRE) SO, AR 3 4

28 BF S Ak, 0 RSO PR ) 3 R N s R AR —
FRHN I KA IO, I A i 12 &, BT LA 3 K<
MR & RIRE(E 9. RE Ca kN
18.3% , 1M1 55 K AN 4.6% 5 55 K= S PORLK 5 3
B, 7EE S BWORLH S+ K S+ Ca 25 UKL 1) 205 AH X
B2, HAE SO, 15 J BRI R Ca+ S BURL 7 45
W2, U T CasK 0N W55 KR T — 2 (W22
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WIRAEIB I F B, N ERR RIS, 4 S/Ca
KT 0.8 I, A FEBRER RIS, 7] 1 5 Ui Wik £
Ty —FhPH BT AR R 1) SO~ 454, AT REAE NHY
fH EDX I fE 3% A B4R NH, , & & A B 5T & W]
NH, &% /K 1 —FF 3 2 5 7 (Minami and Ishiza-
ka, 1996; Kulshrestha ez al ., 2005),

X AL R R i R USRI S/ Ca (HIEAT S
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Fig. 10 Triangles showing the Si = S— Ca relative percentages of individual mineral particles under different meteorological

conditions in the Beijing-Tianjin-Tangshan area
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Table 3 Characteristics of the S-containing aerosol particles collected during the haze episodes over the

Beijing-Tianjin-Tangshan area in January 2013

TR A AT S LRI Y

iR L AE Ca

o s S/Cafi
N HER % M HXER/ % N XER/ % M AXNER/ %

. LEPN 2 4.44 6 13.33 13 28.89 24 53.33 6.46
R 1 2.08 8 16.67 12 25.00 27 56.25 7.13
it ﬂﬁ)ﬁ 15 19.74 21 27.63 25 32.89 15 19.74 1.54
R 0 0.00 2 4.00 13 26.00 35 70.00 14.12
HilL LEPN 14 14.89 32 34.04 11 11.70 37 39.36 0.74
FER 8 8.33 8 8.33 22 22.92 58 60.42 8.79
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2013 4 1 F 5y Hb X 2l T4 e B S0 T 50 B 1 R kA R 1 923

b M DX i R T A SR AN A R ) R BORL R 2
A I PRLRURL A 32 S FEUBE N T 40 T P R B
i ERURL L 6 R S AL M AR ER S R AT MUK, K
IR AXAE R IR /D 5 1) NaCl Rk .

(20 AR TC 2 1 & A2 2 A, ARt X A IR
FORL ] X 4r O E S PR (28.7%)+ B Si kL
(26.3%)+ & Fe M ki (13.8%)- & Ca B ki
(11.8% )& ClLHEURL(7.1% )& Al Bk (4.29% ) Fl
HABRIRL . 5 K BLE Si UKL (319% ) FE Ca PR
(18.3% )4 F, 5 RKLLE S MUK (47.4% ) FE Si i
Fi(21.1% )0 %

(3) R T R R L T 3 R AUBORE ) 1) S/ Ca B
(1P SAEL I KT I R, B R SR AU B A St o T I R,
B 3 T 5 23S0 SO, KA AR AR BN A2 Bk
PR R i i TR e AR S A5 K 38 20 MORE 1) S/
Cafi KT 0.8, WERE CaMFLHA 18.3% » M5 K<
R 4.6% ;58 K 'E S BB &34 0, 765 S Bokz th
S+ K S+ Ca S R0R AR AN R 2, HAE SO, 15 4%
BARIINE R Ca+ S POk & A 2 U T AR db M X K
IR LS CaK S AR PER M) X 55 /K IR PE AT 22 vl
M.
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