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Seasonal Variation of Water-Soluble Ions in PM, . at Changbai Mountain
ZHAO Ya-nan'®, WANG Yue-si', WEN Tian-xue' , DAI Guan-hua’

(1. Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China; 2. China Meteorological Administration
Training Centre, Beijing 100081, China; 3. The Research Station of Changbai Mountian Forest Ecosystem, Chinese Academy of
Sciences, Jilin 133613, China)

Abstract : To study seasonal variation of water-soluble ions in PM, 5 at Changbai Mountain. PM, 5 was collected with a high-volume
sampler from Jun. 2005 to Dec. 2008, and the concentrations of water-soluble ions were analyzed using ion chromatography. The
results showed that the three major ions of SO, NH, and NO, showed obvious seasonal variation. The mass concentration of SO "
was the highest in summer and lowest in autumn. The mass concentration of NO; was the highest in winter and lowest in summer. The
seasonal variation of NH," was influenced by SO~ and NO, . The total concentrations of water-soluble ions in PM, ; from different
directions were evidently different, following the order of NE < NW < SW, with the average concentrations of 5.43, 7.63 and 10. 26
pgem ™, respectively. Ca’* was strongly correlated with CO}™, and the correlation (R) was higher in spring (0.74) than that in
summer (0.30).

Key words:PM,  ; water-soluble; ion; seasonal variation; Changbai Mountain
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Fig. 1 Sampling sites and the three sectors classified by the cluster analysis of 72 h back trajectories ending at Changbai Mountain
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Table 1 ~ Meteorological parameter during the sampling period
Z=y R/ C TR/ % KA/ Pa KHE/mes ! [ 7K/ mm
#% 6.4 60.7 925.2 L5 141.5
RS 18.3 77.8 925.2 0.9 367.8
& 5.3 66. 1 931.8 1.2 9.1
X% -12.3 61.8 932.7 1.4 16. 8

2005 4 6 H ~2008 4F 12 H, 5 HI R ¥t ik U L
FHE#% (GUV-16HBL- 1, Thermo Andersen) % £
PM, S IEHE . SRAFR N1 m’ emin ™' 5 FE i
SCAETE R BRBR T 5 ( Whatman 41) F T /KB
PLES o M. B A =R AR 1 UK, SRAE T A6 I 1] 2
10:00, B RPURAE 24 h.

1.2 FEa bk

RAEJG W R AR R % B Ae b 8 T KA
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SO; ™) WeFE. BHE TR MR A CSI2A (43541, CSRS
I 4 2%  WRVEI 9 22 mmol - L™ i Y B 2, 7 3
K1 mLemin~'. FIEFRAE ASI4A g H:, AMMS
A&, WRPE R M 4 3.5 mmol -L.™" Na,CO, #
1 mmol L' NaHCO, R &AW, i 1 mL+min ",
BB TR R /N F 0.3 pgem ™. FE&H4>
Brad B R AT T 7 1 5 A
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SO; ™ BYZTT AR AR BN B B e 5 fe i, B RV
FEBAR, SE W E B R 4.76 pug-m P il 3,19
pegem L X FER H T R 2R A 0 IR A
FIF SO, MR-k fbad f AR i 2 0 S0, HoR
FERUE ZE 2Bk A VR AR SE .

NO; [ZAT AR AR Ry A vk B fe iy, &
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Table 2 Concentrations of water-soluble ions in PM, 5 at Changbai Mountain/ug-m ~3

BT s R e A% Y

FIME SD R SD S SD SFEIH SD R SD
Na* 0.18 0.14 0.13 0. 08 0.14 0.13 0.19 0.14 0.16 0.12
NH, * 1. 86 1.16 1.73 1.57 1.48 1.64 1.75 1.18 1.70 1.31
K* 0.20 0.10 0.22 0.11 0.25 0.21 0.30 0.20 0.24 0.16
Mg?* 0. 06 0.06 0.03 0. 02 0.06 0.06 0.08 0.06 0.06 0.05
Ca®* 0.38 0.29 0.25 0.22 0.32 0.20 0.38 0.38 0.33 0.28
Cl- 0.38 0.16 0.26 0.11 0.37 0.29 0.39 0.15 0.35 0.20
NOs 1.73 1.73 0.61 0. 62 1.18 1.32 2.22 1.77 1.43 1.50
S03- 4.13 3.65 4.76 5.48 3.19 4.68 4.01 3.41 4.02 4.17
SR 8.93 5.53 8.02 7.02 6.99 7.40 9.31 6.59 8.30 6.20

NH, #9275 A8 fb a4 1 227 1) SO;~ 1 NO,
FW AL, R NH, B2k A
NH, (g) 5 H,S0, #l HNO, 15z J7 A Jlg i ks 2%

NH," , LA (NH,),S0, . NH,HSO, 1 NH,NO, fJJE =,
FAFE . KEILRA PM, s NH, 5 NO; A1SO;-
HLAaf A2 FEAE R 1.1, K A I KR PM,
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KAEEFIEH Ca " i Mg® ™ M BERE .
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ANTRL 5 1] 9 S0P 3 (8 AS [ DX 77 1) S e
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(NE) | PER(SW) Jr S B sgmg, gl 1. Horp
HFREEZ IR AL (60% ) FVE R (34% ) KA
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(58% ) FIPH RS (29% ) KA By i 4% 2 3 37 5|
S EPEAL (83% ) S A .

3 45 T ORI ZEAOR Ry 183 1) 0
N PM, s HK IS PE B P 3 B2, AR D7 [l il
SR PM,, KPR BT B 25 5, UK
P B T 349 B2 U HES A NE < NW < SW, -2k
FEAr R 5. 43 7. 63 F110.26 pg-m~°  BREZELRIL
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B |5 | AW DO VA OB SV &2 aS = e o (3 S O
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Table 3 Concentrations of ions from different air-mass origin in four seasons/wg-m ~>

BT

B ] N BRI
Fh ST ? cl- NO; S0;~ Na* NH; K* Mg?* Ca’* f
NW 19 0.36 1.70 3.42 0.20 1.75 0.21 0.05 0.33 8.02
Kz NE 2 0.28 1. 10 1.26 0.08 0.76 0.18 0.02 0.22 3.90
SW 11 0.36 1.91 5. 66 0.15 2.17 0.26 0. 07 0.35 10.93

NW 3 0.30 0.51 1.41 0.10 0.96 0.18 0.03 0.18 3.66

K NE 9 0.32 0.73 1.90 0.10 0.99 0.20 0.03 0.23 4.51
SW 33 0.23 0.56 5.95 0.14 2.00 0.22 0.03 0.25 9.37
NW 22 0. 40 1. 11 2.08 0.13 1.25 0.25 0.05 0.29 5.56
& NE 5 0. 45 0. 65 2.68 0.22 1.54 0.28 0.05 0.42 6.28
SW 11 0.28 1. 80 6.17 0.13 2.23 0.29 0.09 0.37 11.35
NW 30 0.39 2.13 4.07 0.19 1.72 0.29 0.09 0.42 9.30

=S NE 2 0. 41 2.23 3.96 0.22 2.05 0.47 0.03 0.17 9.55
SW 4 0.49 3.42 4.58 0.17 2.23 0.32 0. 07 0.29 11.56

R T 25 T AN R A T A A iR
(22 TR AR R PM, kst 7 F
Pk B 52 B W 2Z A B B OF (cpunn —
Cvason ) FFIXE B (€ e = Covnson )/ Covaeon X 100% (]
2), Hitpe,, SRR UL B IR e, AN
AR BE. NE 2 AT LLE Y, S [R50 40 7E
AR ZET SR TR, I S (0 B B e R T K,
KA /N, BRAEZESN, R AL AP 6 B0 B S A
EARK, SRk 25 B HIEHF £ 2 e
PUREHLE. Pim Pl g, 2. B, LM HXTEE
AR 29% 17% . 55% . 18%.

2.3 HL A

P O T e R R IR T
T RO B, BH 875 B 8 H ey L (B )

P A A6 A BH B 7 (Na® . NH . K™, Mg’" .
Ca’" ) FIPIE T (S0;™ . NO; | C17 ) R /K Ha ff ¥ JiE
SRR B T I AR BRI 81 3 A TR A
] LR PM,, kv 1 55— 10 FL AP 1 1O
MR K 1 IR B D B
F/ > HETFRT 1, #WAKAILKS PM, K
VERS FAAAE— 2 BT Bg 7 400, X AT R JE TR
AR PM, Y COT #EALAY. Claquin %677 5%
R TIE AR R RIS COJ B FEE
SRR, A D HEF - > B FHTMAE RS
RS COT MM EERY | AR BERFEIIR (1l
KA PM, s 1 CO;™ MY F 3 T & W Bl 1.04



14 e ATER S NS 1T S\ RSP 7o oo e o e A S R (TR 13

4 40
(a) BEF

2 20
50l fo =
= B
B o
g—z -20 ?é
#®

-4 | —40

-6 =60

6 60

(b) #Z

4 1 40
£, 120 2
2
W
® 0 0 B
= Z
¥

-2 -20

-4 : : -40

NwW NE SW

2 40
(b) HZ%

o 1 20
-2 i
o 1 -20%
'% =

4t

1 -40
-6 . . -60
NW NE SW
2 30
(d) &%
- 120
o )
&0 ==
EE' ~
= 110 E
-~ =
= 0 F =
10
-1 . . -10
NW NE SW

2 MEZABE PM, s RKRMEEF TR E R T KA EF

Fig. 2 Difference and relative difference in the concentrations of water-soluble ions in PM, 5 of the three sectors in the four seasons
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