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Characteristics of Mass Size Distributions of Water-Soluble Inorganic Ions

During Summer and Winter Haze Days of Beijing

HUANG Yi-min'?, LIU Zi-rui' , CHEN Hong’ , WANG Yue-si'

(1. Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China; 2. College of Chemistry and Environment
Engineering, Chongqing Three Gorges University, Chongqing 404100, China; 3. College of Resources and Environment, Southwest
University, Chongqing 400716, China)

Abstract: To investigate the size distribution characteristics of water soluble inorganic ions in haze days, the particle samples were
collected by two Andersen cascade impactors in Beijing during summer and winter time and each sampling period lasted two weeks. On-
line measurement of PM,, and PM, ; using TEOM were also conducted at the same time. Sources and formation mechanism of water
soluble inorganic ions were analyzed based on their size distributions. The results showed that average concentrations of PM,, and PM,
were (245.5 +8.4) g m > and (120.2 +2.0) wg-m > during summer haze days (SHD), and were (384.2 +30.2) pg-m >and
(252.7 +47.1) pg-m~* during winter haze days (WHD) , which suggested fine particles predominated haze pollution episode in both
seasons. Total water-soluble inorganic ions concentrations were higher in haze days than those in non-haze days, especially in fine
particles. Furthermore, concentrations of secondary inorganic ions (SO2~, NO; and NH, ) increased quicker than other inorganic ions
in fine particles during haze days, indicating secondary inorganic ions played an important role in the formation of haze pollution.
Similar size distributions were found for all Sinorganic water soluble ions except for NO; , during SHD and WHD. SO} and NH,'
dominated in the fine mode (PM, ,) while Mg’* and Ca>* accumulated in coarse fraction, Na*, Cl~ and K* showed a bimodal
distribution. For NO; , however, it showed a bimodal distribution during SHD and a unimodal distribution dominated in the fine
fraction was found during WHD. The average mass median aerodynamic diameter ( MMAD) of SO}~ was 0. 64 pm in SHD, which
suggested the formation of SO~ was mainly attributed to in-cloud processes. Furthermore, a higher apparent conversion rate of sulfur
dioxide (SOR) was found in SHD, indicating more fine particles were produced by photochemical reaction in haze days than that in
non-haze days. The MMAD of SO}~ increased to 0. 89 wm in WHD, local emission of SO,and the subsequently heterogeneous reaction
became the main source of SO}~ during winter time. The average MMADs of NO; were 2. 85 wm and 0. 80 wm in SHD and WHD,

respectively. Influenced by the seasonal temperature difference, NO; mainly existed in the form of calcium nitrate in coarse mode
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during SHD while the fine mode nitrate was associated with ammonium during WHD.

Key words : aerosol ; water-soluble inorganic ions; secondary inorganic ions; mass size distribution; haze days
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Table 1 ~ Meteorological condition and the concentration of pollutants during sampling periods
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T 3 K B L 4000 v i B ) B S B e, e 2

NH," , 7E 4R H i L 5] F %k R R A 39% 44 i 2]
FERIM90% . HILEEE &F Na* | Cl° |, K",
Mg® " Fll Ca®* VK BE 34 A A [m) 7 B8 A 4 v, e p
Cl™ T 1Y o 35 K, 4% 28 R 82 30 1) 1) R O I il 2
Cl™ BT EZ R A,

R2 B, EFRBRRPKBEBFHTEHREREEXRSMNBRREMNLILE

Table 2 Average concentrations of water-soluble inorganic ions and ratio values of water-soluble

inorganic ions of haze days /the corresponding non-haze days

S 2ZE 2
i R/ pgom > X BE K/ g m 3 /% R R FHR/pgem 3 XHBR/ g m =3 /% IR R
¢(S037) 31.7 9.1 10.6 £0.6 3.0 38.8 +11.0 16.7+1.9 2.3
¢ (S027) 26.7+8.0 6.4+0.8 4.2 26.9 +9. 1 8.2+1.6 3.3
P.(S037) 84 60 69 49
¢(NOy ) 26.9£4.2 16.5£3.5 39.0£17.5 10.4 +0.9 3.7
¢ (NOy ) 1.6 £1. 4 6.4+0.5 28.6 +12.8 5.4+1.0 5.3
P.(NO; ) 43 39 73 52
¢(NH,) 24.2 3.5 7.8+2.7 3.1 23.8 +10.4 3.1+1.4 7.7
¢ (NH, ) 18.3+2.8 4.3+1.6 4.3 21.3+8.6 1.2+1.4 17.8
P.(NH; ) 76 55 90 39
¢(Na*) 3.2+0.6 4.4+2.1 0.7 8.5+3.6 6.4+1.5 1.3
¢ (Na®) 1.4+0.2 2.0+0.9 0.7 3.1+0.9 2.8+0.9 1.1
P;(Na*) 44 45 37 44
e(Cl7) 3.0£1.1 3.4+1.9 0.9 16.4 +4.3 6.2+1.5 2.7
¢ (Cl7) 1.2+0.3 1.6+1.3 0.8 9.3+0.7 3.4+1.0 2.7
P(C17) 40 47 57 55
c(K*) 0.8+0.6 1.1+0.6 0.7 1.4£0.3 0.7+0.3 2.0
¢ (K*) 0.5+0.4 0.6+0.3 0.8 0.9+0.1 0.4+0.2 2.3
P (K*) 64 56 62 56
c(Mg?*) 3.3+0.2 3.2+0.5 5.3+0.1 6.0x1.7 0.9
e (Mg?*) 1.2 +0. 1 1.1+0.2 2.2+0.1 2.2+1.1 1.0
P (Mg**) 36 35 41 37
c(Ca’t) 15.1+1.2 12.3+3.4 23.3+10.0 28.4+9.7 0.8
e (Ca*) 3.3+1.2 2.5+0.8 7+2.2 6.9+4.2 1.0
P.(Ca’*) 22 20 30 24

1)e(n) ;TSP HURKIFMER TWRIL ; o (n) ARLTHOKIFPERS TIREE 3 Pr(n) o ABKLT AR KIRVERS T 5 SOKIR MRS T E 20 L

TG [l A 5E Andersen 4% 2% AR 5
RIS | AR AR AT i ol e R
T3 BTN 1 R T 1 T VR 3 24 R i ik v R
SE-(TEOM) Pl {8/ 1.3 4% B A 2 1
PM, F1 PM,, B9 504k, T LA B8 10 UK % 1k B8 7 7
PM, 1 PM,, "F T (5 A EE . 3R 2 56 5 06 B R K %5
PEEST-7E PM, 5 9T 7 14 R 43531 8 0. 41 A1 0. 48,
L4350 0,30 F10. 435 B 235 5 6 R KK 7 1k
BFAE PM T 9 ERAA 4 51k 0. 31 A0, 36,4
Z20r 510 0.29 F10. 35, KR B F 1) o vk 2
SRR T rh. ARIFSEAS B K P B AR I
U T FL IR T 2 AT Wang 27T Sun 451
Pt H DX LI 25 2R | S SO 45 SR 1 PR T
KA LLF WO H— & TEOM ¥ Brill /) PM, il
PM, 23 F TG I AS 5] — B0 152 5 o 2 49 2K 0 ok v 8L

ST S (T VAN SR -2 et /) i) g e ooy f s N 8
DL 1.3 A5 ME LA S e S B 1) 0 R o s v 5
TRERTHYIT(OC, EC) 1] #E K E TR 71
IR L. ) QA 55 W 25 o | B Ze g S %
HE R IK I E B T 76 PM, A1 PM BT o5 19 EE 9 24 8 1
AT L R A O A, L DR T B R A B R R 0
ey IO HIE T 0 7 BRI P 5 AR R R
HIT o B4 L AR X 2
2.3 KEPEEF BRI A

1 BRTH | & F8 550 K 22K
B0 PR R B S A AR AR, BR 3 P IR CHLES
FHM(SO;™ . NO; MINH, ), 38 K HAY 5 Fhok sk
B 1 BT R R 40 A R E e BROR B AS AR AL
R 125 Jo 2 ViR 2 3% 43 A (AR UM 7T LUK 8 Aok
WHEET N3 2. OFEL0.43 ~0.65 um iH
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Fig. 1 Size distributions of water-soluble inorganic ions in summer and winter haze/non-haze days

2.3.1 SO; RiARsr ARk

K74 K S0, FELEMBEE N, FA
84% 1) SO;~ 43 Aii 7 Ak - Hfr 1 X BE K 1 EE A9 A
60% (#2). KA P SO;- F %l S0, ¥
SRR AR . B RS R SO B A
B2 (MMAD) 4 0. 64 um,SO2 ™ = F 4047 15 W
PSP Meng 5 RERIARAE 0. 70 pm 2245 2 LAY
SO;~ 45 = NI, R R s i A7 e 5k
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FVHIH 69% 1) SO~ Zr A AE AR T v, 1 X IR
WK 49% . 47256 K SO;~ ) MMAD 4 0.89 pm,
XA R 1. 89 wm, 4628 SO;~ By i HH ERLAR 7]
Wk B R 2, R 5 B Z A R BB B .
T RTLAE H,SO5 ™ FERDRL - s SR04 ki A2
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WO FE 40k A2 Br A IR S i A O, BRI, &R
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Fig. 2 Size distributions of apparent conversion rate (SOR and NOR) in summer and winter

2.3.2 NO,; KifR45r ARk

B 258 5% IR NO, ¥4 5 B i i RUSE 543
SYHITE 0.43 ~0.65 pm 4.7 ~5.8 pum K2 B
B . 36 5 X 8RR NO, By il & E kL AR
(MMAD) 3519 2. 85 pm F13. 34 pm,NO; FH/p
AR S, & Z5E NO; R4 Ai S BLAm
RS A3, X B K 5 B 2 52 B IS AL 0 XU 25 40 A
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KPR
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A AZ R B MR, (NH,),S0, ¥ B HNO,
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B0 BB, NH,NO; 25 5 47 fift A= i NH; (g) il

HNO, (g) , H1 T30 fe 2% 1T 114 T M I 5 s A% 28 /N T
B | BT AKX I 5 HNO, (g) 5 #e Bk e Rk
T I SRR Y CaCO, . K,CO, 8] NaCl %%
WA B RE BR T AE NO, R ) A AE RL KL T
B TR, % N0, fE 4.7 ~5.8
pm KRB BRI 5 Ca®t | Na* | Mg® " R K" 7
R B B WG — B, iF— 2038 2 AH DG 23 A
RINO; 5 Ca®* M OCHEE R, 1 5 HE 3 FhHE
THYAA SRR | R Ca®* i Bk B v T H e
3 FIBHES T, BRI AT DU 5 2R NO; F2 %2
DA IRES (8 SAEAE. T A& R BRI R A 1 F
NH,NO; DABURiATE A, T NO; F 231
FEARL T, B A OGRS BT, R AT
NO; FEAH/HLRLF v B 1 B 5 R G 3 2 At
FITEAISE , r {2398 0.87 F10.90, X 5K 1 &
K NO; TEANRLFH 1% 43 A3 28 T HAR XTI 9 X BR
R—, 3K UL AR 2520 NO, 7EAI 47
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