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SEIG H K IEPE ML FAELR R 45 5 I RCFP ¥4 2 UL , L J5 # R FEAC P RE L SCiHk [ 18 ], SRR 7]
2011 522 H 18 H—3 H 3 H, REEATELIELL H ZIRFE  RAANA A 20 min.

1.2 LA

IR TCHLES F 43 B A #5 3% FH Dionex 24\ 1CS-90 &5+ (3%, B 2§+ /3 Hr A 2 ] TonPac AS14,
4 mm x250 mm, $EPER 3.5 mmol - L™ Na, CO; + 1.0 mmol - L' NaHCO, , BH B T 43 #r #1 3% F TonPac
CSI12A,4 mm x250 mm, #KPEEH 20 mmol - L ™" FH 2L 4.

S Fp ORIy Jo e v UL R FH 22 ) Rupprecht & Patashnik 235 2E 7 B XGE E RP1405DF WLAL
R0 pm LR A 2.5 pwm DUR BURL Y. 2% AR S AR BR 0. 06 pg-m ™ h™' ) B HER N
0. 10 pgem ™. FURE ) o H v O 54 3 AL SCRR [ 16 . A2 Y5 0 : SO, 43 M SR I TE43i A4, ik o
YL FARKMBR 1.0 x 107 V/V(IEFLLL, FIA)) s NO-NO,-NO, J3 MR HI TE42i B fk24 &/ 5
FEAe B ARAE I R 4 0.40 x 1077 V/V; CO 43H (SR I TEAST B, 21 A G , SR IRAG I B > 0. 04 x
107° V/ V50,0 W AR TE49i Y, S8 AN IS BE o, BRI BR 1. 0 x 10 ™7 V/ V. A 2575 Ye iy il 43 2%
FER O s#HAT H BhbRE — I, B 7 40 i #EAT — RS TR A R IR R o, BAR D i ISk [ 19 ]. KR+
(IR BE AFXIREE R XU 55 ) SR IS5 2% Vaisala 23 5] A2 77 (1) Milos520 [ 2 Z i WIN TR 5 )= 8 R
FH CL31 2 N . APT H8 50k J5 A0 5 1y B PR 5 I s S i
1.3 RCFP-IC i g4

RCFP-IC Ji & 45 i 8 FHAMR I T BRIE S G R AT B 0 1 0 A R FH AR, B AN () vk
R T VT B — 2 I ) CPEA BRI g ) — ) AT AR 2 . % 3R 8 i A P ), RIS R A4 1Y)
TR S TE SR FH AR 7S B IR 8 100 x 10 ~° V/V LiF %3 AR IR AR fEE Ry Li A e i
I BT B A7 A AR TR I i, DR UE SO A 2 (0 ARSI 1 T A7 7K P T ML 5 Al R 4n
TR ERN o 1g LT B FARUEE R RS 1 mg- L™ SRIG MG B, ELE 1C AR H (445 B
R 2R 3 AN e = ok IR B, R 6 RN , SR R v 2. 3 A An i 25 X0 1 1 RCFP I
FB AN 4B T U Bl RCEP-IC G R e

F1 KEHETHLE F BRI (pgem ™)
Table 1 Detection limit of water-soluble inorganic ions (pg-m ™)

cl- NO; NO; S03~ Na* NH,f K* Mg®* Ca®*

0.16 0.26 0.22 0.11 0.11 0.13 0.11 0.14 0.22

RCFP-IC R G 545 11 FEONHERE R 1 s 85, S A R DA R W im0 FH 25 B8 oK s iR 47 28
FHRE. 25 PRI R EGE R 18.2 MQ-em ™ £BF/K 1 mL, & 3 K. LM, REZS AWK T
1 pg-m ™. SERBIRIMPR RG2S .

L4 Bdssathorik

A CTR]D W I T Y (S5 S e o i\ € i WA N N 8 ) e i VS A R S TS R 1 S s i VTR e I
SPSS 19. 0 B A HAH 43T , BUAS (1) Pearson 355, XSUIMIAS 35 . 1t 5 it FH B % 248 f I B AR e 1A
B AR LB B AT B oK.

2 #R5iNe

2.1 ki A2 A

2011 4F2 H 18—24 H ,db st X B T —UGELE T Yo KRG . B 1 IR & 2295 Y i 2 R Xt
HECH rp S0 I v B TR B AR AL ek e ad BRI N 18 H B 10 B AR FR R, 31 20 HG R, 521
LA SR A 2 5 (MLH ; mixed layer height) | %52 0 0K )G 465 8005 BR ,20 H 7 10 B 45 550
R AGHE R B 7E 5 h ) PM, JREIRBEERK 29 5 £, HLAE 21 HIE R 2 B iR 04(H 670. 17 pg-m ™. 20—
23 H 4 d N PM, Jl e B 455351 350. 32 498,31 442,02 F1439. 04 pg-m ™, @5t [ % — Hbrifi
150 pg-m * HIMEM 1.3—2.3 £5.24 HRRA S, B XGEBE K IREZ 8B B, 15 Y 1R, 155430
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6] PM, 2 {35 PM,,— 2, (Y PM, FEIRFEEAE 60% AL, X BRI FU AR T 45% , R WL
UACARTAZR TG Yead B 2 IR O A0RE . 2 IR S (R 2 BT AR ) L2 B 18—19 HE Ly
B2 BE TS5 Y 9 (APL 540 100—150 , PM, o ¢ FE Y] 98. 79—521.39 pg-m ™) ,20—23 H & Sy 5 e 1)
(API 485K T 200, PM, 1k FE 7t il 118.46—670.17 pg-m ) ,2 H 25 H—3 H 3 HaSm&R IR, &
g% SR (APLFRBUINT 60, PM o R BEVS ] 18. 56—253. 67 pg-m ™). [ 2 Jyim P WIAR N A5 732
AR FEF TS Y 4 d N5 RN ARIE MRXGE AR A2 0 2 PR E 4.2 C PR T mes™",
FERAJZ R 200 m FEEIFIXS IR (RH : relative humidity ) 50% . I RGHE (75 75 Y W 7E K- 5 1] %
2 L ARIRE 45 )2 i JBE ST 5 e e 3 B [l LA TR, 4 R A0 7 e i 2 4 I 1) i £ K
R, 38 RS R R A BRI 5 QI A 32 S SR i T e i R R A R AR O AR — a7
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Fig.2 Time series of meteorological factors from 18 to 24, February 2011 in Beijing

2.2 JKIEMEICHLE 72251k

K 3 P oK EETCHLE T (WS water-soluble ions) ¥ fF 5 PM, A8 (L #a#45. 20—23 H 4 d FEi5L
ST SR TEHLES P B i B2 151,31 pgem . 18] 3(b) AT H 75 Y3 ) MoK M TE LS
i PM, 51 54% , HAISCHEARLF(R® =0.60) . 1 W75 Uk ¥4 Y IRl K 6  JCHLES Fis e ™ . &1 3 (a)
H18—19 HERRET5 YL 2 d INIK LI 47% , 18 3 (o) X BRI I L5 ol S1% , 34 15 7 2005 48 5T b X
30% -5 0E . X AT g R T AR R A TS Y W HE O I T BOK P S HL B TR e A K AR
PM, s T 7 BUGIE5 A BT 1. 250 G 0B P TC L B 200t BB v BEAR TG, 7T B 7E 8 15 L A L
YITCFR B 17 et A Ay ™ T B (BAS T R R T BRI B KIS TOLES 75 PM, s (9 LU T35 T BEAR
23X AT gt BTG Y M KR TR A DL T R R U5 — 350, 7 X B 46 36F S 0 e, (L2 A
362 Rl HOW BRI Ca® " W B8 TH R, 7075 YL P /K I P O L ER (53 T W A0 ) R BT, K s P JE ML
FUREE T T A TR K, R BCEUKIEPETCHLE £ PM, S LUl .
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F2 KBHELHE TP TR (pgom ™)

Table 2 The average mass concentrations of WSI(pg-m ™)

R LS U] ERGEC Y X B3]
Cl- 4.91+1.22 9.40 £3.44 1.01 £0.77
NO, 0.45+0.27 0.91 £0.51 0.40 £0.41
NO5y 14.54 +£6.01 32.92 £10.98 1.90 £1.83
S0%- 34.80 £6.77 73.62 £22.29 8.30 £5.19
NH/ 12.73 £5.06 30.47 £10.08 3.47£3.28
Na* 0.43 +£0.13 0.41 +0.13 0.32 +0.08
K* 1.32 £0.68 1.36 £0.47 0.17 £0.08
Mg?* 1.24 +0.43 0.48 +0.19 0.57 +0.20
Ca®* 2.56 £0.75 1.77 £0.53 4.94 +1.39
WSI 72.22 £16.92 151.31 £44.91 21.02 £10.35

2.2.1 NO; .SO;” 1 NH; Ay281k

K4 NO; \SO;™ I NH, W BEARfbitas. 4 d S5 e dhaX 3 Fh B b Bk v L
JFEHE 91% ,18—19 H 2 d 25 YLt b )k 86 % , X HRHIIX 3 s 7 r o LI 60% |, g s Hi 75 2
R E K 3 T UT o B R R R PR R R AR T A S B, Hob e T
SRR LI S5 Y BN AR LR B T M. MR A BTG YL 3 R kB T MoK LS
TR TAREE Y WA T R E T BRI S K F R TS HEh
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TWETRIE R T A BT, SO AR P UL ok B RO Y a3 D AR S AR AL A R AR T
IR SIS ST SRR 7 A 14 B 4 TR K1 SR AR ) A 2 AT, T8 BT 1 TR AR 50% 1Ay AR i
JE, BRI N T O ST YRR CREE SR PR SO, NO, #INHL ) BRI, SOR 2T iy TR AL i
ot BRI R R 2 A 25 AR P B T Atk 48 R U . AR S e 4 d iU NO; (SO;™ Al
NH, B BV S AIEIAF] 136. 66 pg-m ™ HEdlE PM,o [R5 " Zbnif, — RS 15 Yedk ™ .
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Fig.4 Time series of NO; SO} and NH,'

AT LGB AR ALK (SOR) RIS ERHR A 1L 23R (NOR) fedi /R b Ak AR i) Horp SOR =
n-S0; "/ (n-SO;” + n-S0,), NOR =n-NO; /(n-NO; +n-NO,), n-SO;™ .n-S0, .n-NO; F n-NO, 433 F/R
TR\ AL A PR AR AN AR AL A R Y B i B 3R 3 5 TS G B T YL DL RG] I SOR
NOR [ F-4{H. N3 3 ] LIE i, B 56, 15 4l ™ 5, SOR Al NOR & ULbk . i fe KR AT PRI =
AHXSRR I, — 5 T T KB TR, 53— 7 A A T ke T B AR, R S B s Y f
RS T YR 7™ . 5 Y ORI R B T, U AR v, BRI T G i AR R h AN 1R 6 T
S e AR A BB A IR HAR A E R AR BRSE A & Z 2 ME (SOR =0. 07 ), IR X R S9) SOR 5
MR 5 TS T AR s R AR e P AR B A BT A B R R Y S AR A A S AR A Ak
HRAHE— 2L IR 5 5 — 5 18D E T S R DX Sl S0 A 5 it 0 6 A 7 (545 SO, HE TS AT, ] Bsf J3E i HE B 17
HAAS B R ARV B T 1. £ E T DR ] 60, R 6 1) — U A R — R il A 0 (W] SO, B i
P3RBT AR YRR EE AR, NI 52 SOR R K.

#& 3 SOR Fll NOR F-#){H
Table 3  Average value of SOR and NOR

LIPS HEIGH X A
SOR 0.26 0.31 0.19
NOR 0.09 0.15 0.02

2.2.2 Na' K"HICl™DIK% Mg’ " Fl Ca’* 781k

N 2 B, BLIRE TG Y 4 d o CL™ 1 K™ (0 B e B S5 (B 4004 9. 40 pg-m A1 1.36 pgem ™,
SERTREIPP- 28 Bk BE 1 O A5 8 . Na ™ P X3k B2 Jo W 2 22 01, SeitJe Mr R W1, 17 F K™ 1728 1k a3
FEARWR TG YL N 5 PM, s A8 fb 38Rl H =38 W25 AH ¢ (r =0. 585, P <0.01) ,fH 5 Na ™ JoAHCH:,
ULH C1™ K B [P AN SR B8R A W], &Rz CL™ FE KAk Joa 2 vk B2 W) ik
BT YA R R B AR T A B B B CL™ LK A S A R R e
(REE B T REATRTE ™ (E A BIF S & BRAE RS FT AR A0 & 7 R S HE R (g ki 4 v SOT ™ /K™ i He
EARBEE ™ A BESEHE AL R bR K+ i R B0 Tkl b CL 80 bt st
Fig et fE CU A K G AR 22 a3 B2t A AR R 5 2 DA KCB AE a2 it — 20 50 e
e,

JNEL S HRT LA H Mg Al Ca®* 78 UK TG Y i vk B AR A a3 5 — R B T 4L B4 NO; (SO; ™ il
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2.2.3 AR TERYE KoK TCHLE AT X
KR TCALES T HL AT T 3 P PG AL T (IR BOBR BT 5 8 7 A PR ik
JEE AR A Ao 2 i, B RV S B T T L Ar AR AR, C AR BH B ol X o, A fR R B B T A 2
C=Na*/23 +NH, /18 +K* /39 + Mg®* /12 + Ca>* /20 (1)
A =Cl"/35.5 + NO; /46 + NO; /62 +S0>~ /48 (2)
B 6 finiGYeiiing C/A ARyl B 6 T E I, 7E 5 Y 4 d h C/A B/ 1 5fIKRE 21 0. 56,
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) H* X —FB5 H IAETER I K SKIEE LR 7 B R, 5 BRI R A 2 B P % i
[i] 5 ] B RS SRR I /K VPR TE ML B 5 S A TP e AR 1R AR B, 0B8R A b e B8 B ), DL
B /N AR YR T 5 Y R AR E B R CIROUAE B T 8088 B T 10 2. TS ISR R C/A G TRk
FUEAE 2. 47, FZE R Mg®* F1 Ca® " YR TR, OB TR I S AR T 8. — e 0 NH™ A
SIEIEER M TT A EEAE D HASLRGH M s Ca™" 5 C/A MR E (R =0.90,P <0.01),
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PLAERFISE L [ NH, 170805 ] MBIk IR I Moy Mek & I (2= [ NH, 1/[S0;™ ] > 1.5) Fl%
FZ ([NH, /0805 1<1.5)" gk @54t 4 d [ NH, 1/[S0;™ ] < 1.5, 40K 7 Bk hb FH7t = 4k
AL IEMOIRAS T NH, 58 S5 A0 X SR 19 SO3 - 454, B i NH,HSO, Fil (NH, ), S0, , B AR fEAS 5L 5 v
NH," HI NO; #H6ZRHR 5 (r=0.99,P <0.01) , [A]iF NO; ¢ B thA 5 , {5 & NH, NO, 78 f R 1 R85
Ko SAC ol R EE R R B NOy Al g5 e P 145 6 ik, DA e HE e 4ok Je Pl 0 = 277 7
&3 NH,HSO, Fl(NH, ) ,SO, &4 i k.

3 ZEip

(1) AL HT & H i Yo R ORE ) 175 ™ F, JH rp iR 1) 75 e B 0 ™ B 2 — L TR 114 LA 240
TAGHR TG Qe Py D R B2 D AR TR B SR HE TS AR 1 A R AT e, A A I i AL
HAKIR A JZ R E WA EERSNAERTT , TG YT R A WA T el RO S AL s — R T5 5, 240
KL AW R, e T BGRETS Q L ORI OR TS

(2) BOURHER HE 75 Y R BRIR R AR TR F1 B R A0 246 X8 e ARG LA B R AR 3 25, RS 1 Ak
FLAER MG QR RE. SOR A NOR FALGRBRER A B ERAE 15 e 01 1 2 AR B AH OB A= 1. €L fn K™ 284k
FASFEML, BT A 22 A TRVRVE. Ca®* FEXT BRMIX K I PETEHLER o PM, 51 EL ke — 7 7, TRl AE 7
R 3% I X P A S T o e Tk 24 .

(3) EREU L 0B 115 5 O 2 SRR 19 75 S 1 Aok 7 2 i i W1 S MR ik, JCHLER 2L
NH,HSO, #1(NH, ) ,SO, LUK o i B IE sUA7AE . — U 1 B {5 R RAE A I 10 ™ B 5.
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The variation of water-soluble inorganic ions during a
heavy pollution episode in winter, Beijing

JIN Xin' CHENG Mengtian'* WEN Tianxue' TANG Guigian'

WANG Hui*  WANG Yuesi'"
(1. Institute of Atmospheric Physics,Chinese Academy of Sciences, Beijing, 100029, China;
2. College of Forestry,Gansu Agricultural University, Lanzhou, 730060, China)

ABSTRACT

To investigate the chemical characteristics of heavy atmospheric pollution of particulate matter in Beijing,
the concentrations of water-soluble inorganic ions were observed using the rapid collection of atmospheric
particles and the chemical component online analysis system (RCFP-IC) from 18 to 24 February, 2011 during
a heavy pollution episode. Combined with the mass concentration of particulate matter, gaseous pollutant
concentrations and meteorological data, we analyzed the characteristics of water-soluble inorganic ions in detail
for this episode. The results showed that particulate pollution was serious during 4 days of this winter heavy
pollution in Beijing. The total concentration of water-soluble inorganic ions was 151. 31 pg-m™ and the
relative proportions of PM, 5 was 54% , of which more than 90% was from NO; ,SO; ™ and NH, . NOR and
SOR showed that NO; and SO, were generated through the heterogeneous reaction. Water-soluble inorganic
salts mainly existed in the form of NH,HSO, and ( NH,),S0,. The concentrations of K™ and Cl~ increased
significantly , while Mg® * and Ca® * showed an opposite trend during the heavy pollution episode. The average
of C/A was 0.8. Fine particles showed acidity.

Keywords: heavy pollution, water-soluble inorganic ion,C/A, SOR, NOR.



