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Mass Size Distributions and Existing Forms of Sulfate and Nitrate at
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Abstract:In order to understand the formations and the concentrations of the secondary sulfate and nitrate of PM,, in Beijing. From
May 2008 to April 2009, MOUDI has been used to collect the PM,, samples in Beijing atmospheric environment and the ion
chromatography has been used to analyze the inorganic water-soluble components of the PM,, samples. The results showed that the mass
size distributions of soluble sulfate and nitrate of PM, in Beijing were single-mode distribution and the peak rang was from 0. 32 pm to
0.56 wm, and the primary formation ways was the chemical reaction in the gas phase. The results of partial correlation analysis
indicated that the primary formations of sulfate and nitrate of PM,, in Beijing was ( NH,),SO,, NH,NO,, NaNO,, KNO, and
Ca(NO,),. The mass concentration of secondary ( NH,),SO, and NH,NO, were (17.0 £8.2) pg/m’ and (8.8 +3.3) pg/m’
respectively, which accounted for (14.7 = 3.6)% and (7.6 + 2.2)% of PM, respectively. The sum of them accounted for (22.3
+ 4.3)% of PM,,.

Key words:PM,,; sulfate; nitrate; secondary particles; MOUDI

PM 2300 T R AT Y b ) 9 F2 X 42, X A
TRAd B R AR L DL R S R A B R
1998 4F LIk At i A gE th 5 T 15 A BBk <is 4
s 48 e, Jb BT T X s AR A B B R R P TR
JEBAET . 2009 4F 35 B B AR HT AR B 2 121
we/m’ ASR AR I R bR E 21% 2247, PM, 15 ¢
TR 40 2R L B R T AN KT e
il 2 B B s b 5 T R A ORE 0 1 Ve B RN 2 A
FEANWT & AR AR, KBt T i R B R ASUBURE ) 1 V5
et AR X R E 20 R U 15 it B M A 1
FTRGAHT R HIAC T PM 5 e R 2
14 S B 2 S

WFFE 2B, PM 1Y AR BE A — R BkE , thAg — ik
SR (3 R RN TR B ), e Uk ORI R
U B KRR BRI SO, 1 NO, Zad KAk R
JO7 T o5 A T 2 £ 0 ik R R SORE . DR T b e R

SPM,, B R £ A R R 1 40 A % L A7 7E B XU E
A EEM M. He 2772000 4EXFIL 5017 PM, gk
EHh BEIRER BUER Th AT PM, R vk Y BT Rk R AT
T ST, SCHR[ 8 1 7E 2004 AFEHEAT T b5 T KR PM,
VR fE AT 9. N AME Z 85T X AR B R
ER B TR h A R BT o LU ) KOk AR A3 A R AR AT T
SIHT. M T B R £h A B Fh A PM, R A AEAETE K
K55 B A 1 T 5 A X Bl = A IFOE EE S A AT T
SO;™ I NO, Ay RLAR 43 A5 1 B, R FH A A8 O 43 1 1)
D5 W0 E T A SORE AR B v B TR R R 1R R 1Y £
FEJE X, % He i AT T AR5

%5 B 89 :2010-05-21 ; 1&1T H #§ :2010-09-25

HELWB . B R IF RN AT LB % 10 (200709030)
EEB N B S (1984 ~) 55 WL BYBEBT 5T 61, W55 0] K
KA Y.
w G R A, E-mail: tg-iep@ vip. 163. com



1238 7

i

B 2 &

1 EmRXESHH

1.1 ORI RE 5 43 GOR A

AHIEFEF) 55 = MSP 22\ 19 Model110 44 L
ASJUTRRE 7 UB0RL P R AE 4% (MOUDI) |, T 2008 4 5
H ~2009 4 4 H 47 KA PR Y R A 73 5
TR 4 ~5 DFESY (BRI PRI 5) )RR 8R4 1
a. MR AN B0 B UCR R () 15 (8] 4% 1 7% 24 ~ 48 h,
FRAFAS [R)hr A% JORL A 4L 200 A4

MOUDI fy5r ZKi4e K inlet K 18 pum LA E, 1
K10 ~18 pm, 2 4 HN5.6~10 pm, 3 % H 3.2 ~
5.6 um, 4 %459 1.8 ~3.2 pm, 5 % N 1.0 ~1.8
pm, 6 Z50.56 ~1.0 pm, 7 %4 0.32 ~0.56 um,
8459 0.18 ~0.32 um, 9 %N 0.1 ~0.18 pm, 10
944 0.056 ~0. 1 pum.

SRR M, s b T P 3 X (G BT T R R AR B R
ST e S R TO0) |, BB M 1 29 20 m. JE R LA 4 A
AN T b & < iR TS A CE

RAERE, BE A Teflon BE (IR A A],47 mm H
#,1 mm fL12).

1.2 FES T
1.2.1 FEMFRE

KRR, BEPE IR 25°C F & T T E 48 (AR
JE 5% ) WA 24 h BREE L, IE Rk W, SRR, U L
T E AP EIR 25C & T T (e
FE 5% ) A 24 h FRE L IEN W, , 4% PM 1
(WYBD Ky, W=W, - W, RECEIG, U8R 7 &
HommESE SR B THEB &, BT KA SCIR
JE T RAT, LB IS 225347
1.2.2  Srifdes

F[E DIONEX /A & i Dionex- 600 B 5 1~ {f 1%
%, TonPac-AS11 B & F 4y s A MR P4, A & 154
Wil #% SRS, ED50 HL T & il %, GP50-2 %, H
Peaknet 6 3K {4 #E47 (43% 434 . Dionex-600 1C % F {4
1 RS (ED50 ¥ H #%, GP50 # i %%, ASRS-ULTRA
PHI#%) , BL AT PEAKNET %48 R % K& Ab PR & 4t 4K
4. BHES T 43 Hr A TonPac-CS12A (4 mm x 250 mm) ,
PP HE TonPacCG12A (4 mm x50 mm) ; P& 704
## lIonPac-AS11 (4 mm x 250 mm ), & ' #+
TonPacAG11(4 mm x50 mm) , &M ATC-3(9 mm
x24 mm).

1.2.3 JKIEPEE ¥ b

Fr R BESERE S Y Teflon #ﬂﬁi%%ﬁfﬁﬁ,ﬁ$

25 mL #URHE S, A 10 mL 84K, J&7% 120 min,

FHZKFR 0,45 wm B kaod i 28 0 08 A 255 35 XS
HHEATR I, & AW, HE FEHF. Na® K*
NH, Mg, .Ca, ; FIE 7445 F~ SO;” \NO, .Cl™ |
PO; .
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GPRE CHMR TSR T 1.8 ~3.2 pum KLAZ
B AW 98 K Paradee TE 2000 ZE8F 5T Florida KX,
R R 8975 20, T (PM ¢ + PM,, ) /2 2R
R PM, P
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Fig. 1  Proportion of ions respectively

% 1 R A PM, Y, (SO THILNO, 119 R
HWE SN (12.7 £5.9) pg/m’ F(10.5 +4.7)
pe/m’ A A PM BB R B Y (11.0 £2.6) % Al
(8.6£2.3)% ; £ PM, ', [SO;” ] MI[ NO, ] iy J5i
HWRE B A (11.6 £5.5) pg/m’ M (8.9 £3.8)
pe/m’ A5 PM, R R Y (14.5 £3.4) % M
(10.6 £3.0) % ,M7E PM, . ,"hEI20 50 25 (3.2 =
0.8)% Fl (4.4 +1.6)%. ol LL & H [ SO, ]
[NO; ] EEAETE T PM, ', [SO2” 1AM [ NO, | 7E
PM, & i 5 S (90.6 £1.5) % Al
(80.5+8.6)%.
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Table 1 ~ Content of water-soluble ions in PM;, and PM,

i H PM,, PM, 5 PMy 5 1o
AL ) R/ g e m TP 97.9+27.7 67.8+19.5 30.2 8.9
[SO2” 1/pg-m™? 12.7+5.9 11.6+5.5 1.1+0.6
TEWR R E /% 11.0£2.6 14.5+3.4 3.2£0.8
[NO; ]/pgm™? 10.5+4.7 8.9+3.8 1.7+1.0
PR E /% 8.6+2.3 10.6+3.0 4.4+1.6
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Fig.2 Statistical mass size distribution of SO%~

BRSO IR (R AR ML R 0.32 ~0.56 wm; [AAT,
WA b /RS SOL T 1Y IR AR H AR 0.56 ~
1.0 pm A1 1.0 ~ 1.8 pm. £ AR £ T S0; KifEsr
A RIS, KW SOT - FE B A AL S f AR BF 5T
S5 5 0] 4 2002 4R e G R B 9T 45 SR A L.
Zhuang %" F MOUDI X} F # K< PM ' SO; |
NO; \NH,” WA fFseh, KB S0;~ # 0. 056 ~ 10
om0 R P ER BB Z8 23 A1, BRI AR A 25 FDHLAR 28
SRICH B T RS 18 73 A L S ML 28 vh A R AR 1Y)
BRGNS B 15% , H R Uk R
FEXIR ALK, SO, FE I $R 0k 2% 1 & AR AR Y HH
Ji . Hering %' "° 1982 4FAF5¢ 48 tH M B4 (0. 7 pm
FEAT) B SO, JEAEWRAH B (2= 45 ) B BURY , R
38 R R KV B Ok YT A A SO T B A
A T BE S B Y SO W R UM R JE AL Meng
21101994 AF Y A7F 5t O8I B AL AS T 0.6 ~0. 8
. H AT DUHE I b 5t 3 48 ok R AR 8 b i R b
E B R T IE B R B R (R N
N E RAR A AE 0.32 ~0.56 wm); [6l B AR
IO [R) B SR BT vh SO, ) B 1R h 7 Ak 1 E 2L iR 42
HRIAR P ATAE 0.56 ~ 1.0 pm A1 1.0 ~1. 8 pwm (i

BEZS) . NIEL 2 A a] LU B, WA RN LA SO, #
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Fig.3 Statistical mass size distribution of NO;
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RAF A SCHE T 18 i R &6 5 Wl R 5 () fE A6 TP
2, 53904 2 BB B 5 45 B BH B8 i A DG 43 B
i A O 43 BTS2 4 7E X H A AR B AT A AT
Ml 2 A8 g rh A 2 A 2 ) R M OC R i
. LA AH OC R B (A A2 T 1, R LA G
P A R DG 2R 04 A A /D, U B LR M OG
RA/N. R ILER 2 Fik 3.
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Table 2 Partial correlation coefficient of SO~ with cations

ALAR/ wm Na* NH, K* Mg?* Ca®*
0.056 ~0. 10 -0.32 0.79 -0.29 -0.37 -0.19
0.10 ~0.18 0.19 0.92 0.15 0.16 0.16
0.18 ~0.32 0.34 0.99 0.27 0.16 0.29
0.32 ~0.56 0.28 0.91 0.23 0.45 0.30
0.56 ~1.0 0.14 0.97 0.32 0.20 0.19
1.0~1.8 -0.23 0.97 -0.25 0.21 -0.53
1.8~3.2 0.01 0.91 -0.05 -0.01 -0.72
3.2~5.6 -0.48 0.54 0.10 0. 05 -0.30
5.6 ~10 0.14 0.39 0.02 0.16 0.21

£3 NO; EHBFHREEXERH

Table 3 Partial correlation coefficient of NO; with cations

HRLAZ/ um Na* NH/ K* Mg?* Ca®*
0.056 ~0. 10 -0.11 0.05 -0.08 0.30 0.08
0.10 ~0. 18 -0.06 -0.26 -0.15 0.32 0.35
0.18 ~0.32 -0.29 0.78 -0.08 -0.24 0.19
0.32 ~0. 56 0. 10 0.21 0.26 -0.44 0.32
0.56 ~1.0 0.63 -0.31 0. 66 -5.6 0. 61
1.0~1.8 0.45 -0.52 0. 89 -0.14 0.56
1.8~3.2 -0.17 0.50 0.39 0.18 0.75
3.2~5.6 0.37 0.58 0. 49 0.54 0. 65
5.6 ~10 -0.03 0.33 0. 44 0. 31 0. 31

F 2 5E3 4TI R R F
SO;™ A NO, 54 B8 1 Z 8 i WA 5 =480 32
R RLE H,S0TT 5 NH, R AR 3 A9 A DG | 4R
FHEAE 0.10 ~ 3.2 pm K42 95 FE, Hofw A O &R %L
>0.9, A B¢ #E M SO W A £ L NH,HSO, =
(NH,),S0, ML FFfe. N 3 h o] LLFE H, 7R
#£0.18 ~0.32 pm,NO, 5 NH, F I 1R 4 (141
et HoAmAH 5& 22 800 0. 78, R I R LA 3 0 A 3%
FYEF NO, Wl fELRL NH,NO, WK AFE7E; 7E 0.56
~1.0 um FARFELE,NO;, 5 Na® K"l Ca®" 9 #H
I A, H i AR G &R B i D 0.63, 0.66 Al
0. 61, KAl LAHEN 7E 0. 56 ~ 1.0 wm,NO, 1] g2
Pl NaNO, KNO, 1 Ca(NO,), WIERXAFELE; £ 1.0
~1.8 pm FARTEE ,NO, 5 K* Al Ca” " B AH M5
o, o AH OC 2R 8043 A 089 AT 0. 56, PR ik AT LA 4
MFE 1.0 ~1.8 wm K423 Fl, NO, A HEJE LI KNO,
Ml Ca(NO,), MIEAAFAE; £ 1.8 ~3.2 pm H13.2
~5.6 um BLARIEFE ,NO, 5 NH,” Fl Ca®* AIAH &1
B PR IHG R DA W0 7 O R AR VS L, NO, AT RE R LA
NH,NO, il Ca(NO,),. A [l B 7 A [7] b 42 3l 9
FR A DA T 4 T BT RT BB 5 R o A B ) Al AR DN |
2R I [) | EA K Pk B ) 45 PR R AT K

FF LU LA, #E PM,, L X SOTT Al NH, &
R e R AEYEFE S RNENEES &5 BRI I E S
>2 M SO} EHRELI(NH,),S0, MIE A7,
NO, F % NH,NO, W X /£, % 4b NO, & LU
NaNO, . KNO, il Ca (NO,), WIE R F 1. 5 K%
12001 AF AL 5T ER B AL A R 2004 4E A5
PM # SO:” . NO, . NH, & % i NH,HSO, 5
HN,NO, WJTE 217 76 1 B 55 25 S g A AN [a). =Rk
E[NH, JAI[SO:” ] 5[ NO, 1845A, 2001 442
SRR 2004 AR b T R BT AR A R AR E 5
B, [NH, TR & BEAIX S0 ] 5 [ N0y T8¢/, |
YA NH,HSO, fE7E. T N AT 1 25 ok F
SO:~ FEZELI(NH,),S0, WIERAELE. 454t et
M 2001 ~2008 4 RAFREE AL IE R, KRB
(9 SO, H1 T b 5T TN R AR R B o 1 ke 3k T i 3 oA
fiX. XFF NO, , B AR XL 3l 42 0% 42 361 0 B2 78 R W
SR (EJE BTV IR =SS NO, Y HE ik i
TRAE . AEXHRBEER b 2 i AR, BT SO, 1 HE ik
R, KRB SOI- NO, (NH, = H 1 [ %
PR SO; MIXFid &, NH, AeE5E 4P A so; A
I B =) R A NH,HSO, fA7E. Mi7E SO, 15 F14 5%
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EHLUE, KHEH S0I° N0, (NH, =#F M &
N F P NH, M &, NH, 98 4 S0y, Bt
DL = ) v B B R £ 24 (NH,, ), SO,
2.3 TURBRFRBL SR B

HRAE 2.2 WSS  FEARN S T R P
TR B ER R fH AR AR 32 22 L (NH, ),S0, Al
NH,NO, MIEAE4E. Ik, L NH, AYIA &, %R
NH, 765 SO B 145 & W W, 4 51 % — K i
BREh AR, BD(NH,),S0, 1 NH,NO, 74—
REAR G b 2 B AT AN OA B R RN A B AR
PM,, " iy & &, £ PM, "', (NH,),S0, #l NH,NO,
A 50 (17.0 £8.2) pg/m’ (8.8 £3.3)
pe/m’, d7 PM, S Y (14,74 £3.64) % F1(7.60 =
2,17 %, . FH Z M & PM,, B & ) (22.34 =
4.27) % . HAu st i B R T 2004 4E X PM,,
BRI EEHR, A 55 PM, 14.7% ﬁﬁﬂmm
5t} J?lxejl:aﬁif“n“ G2 151 DG 7 R RN
RAFEH, ES PM,, B R B SR+ & & A B T
Wi, TR A, R =0 WD RE 4 v AR A M B i 4 i | 3 UM
A UKL H B4 A A

3 #£ig

(1) dBFTTT KA PM, 7K 1 B R 0 i R
FERI N RS I A, W BB AR 4> AT TE 0.32 ~
0. 56 3t [l , oW pitadk 42 22 DL TG4k oy 325 W) A
W R AR A B 0.56 ~1.0 um A1 1.0 ~1.8 pm
NSNS Ln R I 87 el s A D & R A LR o

(2) Zead Al OG5 BT A5 JE ST R P,
SO;” EELI(NH,),S0, M7, NO; EEL
NH,NO, .NaNO, .KNO, Fl Ca(NO,), HIERTFAE.

(3) L NH, R0 A A, 4% B1%F (NH, ),S0,
NH,NO, i & & k4748 8, 45 th 72 b mt i KA P,
#(NH, ),S0, Fl NH,NO, i & 4> 51 4 (17.0 =
8.2) mg/m’ f1(8.8 +3.3) pg/m’, 5 PM,, &&= Y
(14.74 £3.64)% F(7.60 £2.17)% , _FH ZH &
PM,, B0 (22.34 £4.27) % .
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