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Characterization of Water-soluble Inorganic Ions in PM, ; and PM, ;, in Summer

in Guangzhou
TAO Jun', ZHANG Ren-jian’, DONG Lin', ZHANG Tao', ZHU Li-hua', Han Jing-lei', XU Zhen-cheng'

(1. South China Institute of Environmental Sciences, MEP, Guangzhou 510655, China; 2. Institute of Atmosphere Physics, Chinese
Academy of Sciences, Beijing 100029, China)

Abstract:PM, ; and PM, ; samples were collected simultaneously during July of 2008 in Guangzhou. The concentrations of water-
NH,, K*, Mg*, Ca’*, F~

s . Cl™, NO;, and SO;” ) were determined by ion chromatography.
Meteorological parameters, atmospheric scattering, visibility, and concentrations of trace gases (SO,, NO,, and O,) for this period

soluble inorganic ions ( Na® s s s

were also recorded. The results showed the total water-soluble inorganic ions concentrations were (25.5 + 10.9) pg+ m “ and (22.7
£10.5) pg - m~’ in PM, 5 and PM, ,, which occupied (47.9 +£4.3)% and (49.3 +4.3)% of PM mass respectively. Sulfate was
the most abundant ion and contributed (25.8 +4.0)% of PM,  mass and (27.5 +4.5)% of PM, , mass respectively. High
temperature and high ozone level favored the formation of sulfate from sulfur dioxide, while the high relative humidity favored the
formation of nitrate were observed. Moreover, sulfate, nitrate, and ammonium in PM, ; and PM, , had great impact on the scattering
coefficient and visibility degradation.
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PWD22 A KI5 A % A% (£ AN ) HCH i 24
ML R A RE WL EE A S R AR (W R 36 3R 55
).
L4 JREMTHLE o

BYERDY 73 2 — i A S B A 10 mL & 8 K
(R>18.2 MQ) , A H 1 h, K FH 0.45 pm 3t
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Table 1  Level of water-soluble inorganic ions concentrations in PM, sand PM, , in summer in Guangzhou/ g - m ~*
R ah Al Jo R S0;~ NO5 (i Na* NH, K* Ca**
PM, s 53.7£23.2 14.2£7.9 2.3+0.9 1.0+0.8 2.7+0.4 3.2+2.4 0.6+0.3 1. .3
PM, , 46.4 £21.3 13.1£7.7 1.8+0.7 0.7+0.5 2.4+0.3 2.9+2.4 0.6+0.3 1.3£0.2
R2 THESFKBEEENEFEPM, M PM, FRERESH/ %
Table 2 Percentages of water-soluble inorganic ions concentrations in PM, sand PM, ; in summer in Guangzhou/%
FEdh 26 803" NO; cr- Na* NH/ K* Ca”"
PM, 5 25.8 +4.0 4.5+1.7 2.0+1.5 5.6+1.8 5.5+1.6 1.2 0.2 3.3=+1.1
PM, , 27.5 £4.5 5.4£2.0 1.8x1.3 6.0+2.2 5.4£2.0 1.2+0.2 3.3+1.2
Rl N S U AW NO, Al NH," ¥ J8 B I v ) MR b 96, H 32 22 A

3 O N 3 B T AR UL oK PR TEPIL
TUPLIRF-. 3R 3w, B R IL MY % PM,
IR A TCHL RS 1 ok BE L TN A B i v, Herh g 22
PM, Bk SO, Vi By, U2 AL st Ay M, it
B Al M R P, B SOLT A1k 7 TE
PLES T W K M . 2= AL st M7 %2 PM, 5

Je B b 5 T R R AR X AR R UK )
NO; Ml NH, #% % V4% & 7= PM, , K % P G HLES
THSEN R TN F PM, oK PR TCHLES T
W BE A AR UE, B3N A OB K T
BLES 7K 7 A, AR T B BRI pY 2, (A
L.

®3 EREESTATMYRKEEENEFREKE /pg - m >

Table 3 Level of water-soluble inorganic ions concentrations in fine particles in urban cities in China/pg + m ~°
BT AR i i) FA S0 NO; clr- Na* NH,/ K* Ca®* ik
T PM, 2008 4 H=E 14.2 2.3 1.0 2.7 3.2 0.6 1.6 ARWFFE
b PM, 2001 ~2003 4  HZ 18. 4 11.2 1.4 0.2 10. 1 1.3 0.7 [25]
i PM, 5 2003 ~2005 4 HZFE 5.4 2.6 0.5 0.5 2.4 0.2 1.6 [26]
Vg% PM, 2006 4 HZ 46. 4 13.8 2.0 1.6 12.5 1.7 0.5 [27]
J7IN PM, , 2008 4= S 13.1 1.8 0.7 2.4 2.9 0.6 1.3 A5
(57 PM, , 2006 4 =S 27.2 12.7 7.0 6.0 6.8 1.8 5.2 [21]

B 1 FE 2 43000 B 2= PM, S F PM oK %
FIes v A B es 7 H Yk BE A8 4k, i & 1 A 2 mf
HI,PM, F0 PM, v [a] K i M TE B ES 5 A2 A 3
B2 B 3 O B RO R AR UL ARG
Yz B 284k, B3 mTHL, RACHS R EC (2.3 x
107 +1. 1 x107") m ', Z4b{EH R 1.0 x 107" ~
6.0x10 *m " GEILEEH(9.9 +3.2) km, 25 {b i [
Jp 4.4 ~15.0 km. SO, H ¥{H ¥k ik (78.2 =

40.3) pg-m S, W RS OB h 245 ~ 222.7
wg-m . O, H ¥ {5 N (4.8 + 30.6)

peg - m MR ETLE N 5.8 ~126.2 pg-m ', NO
HS W R (31.8 £21.3) pg - m R AL N
5.6 ~106.6 wg+m . NO, HIJEWE N (67.9 +

23.4) pwg-m, W OBV H K 35.7 ~ 148.8
we - m . EHZEPM, FPM, BB E 5 Hdh S0?°

FONH, A5 A #a #A — B, Ju I PM,  F1 PM,
SO.~ A NH, v B A% 45305, 349 SO~ I NH, 45 &

FEELE PM, P X b st g5 —8 . T
WORL h SOL™ WeFE#HES , NH, 5 5 SO~ Rk
BB AR BN R T NOS 5 Na® a8 Ca®* AR
BB R KA 4h R S, Bt PM, Hh NOL ik B i
BT PM, . SRR T R Ca® " ) 32 B4 A TR AR
>1.0 wm [T . i gL ar 0L, PM, T PM, oK
FEVETCHLE PR A i A — e W 22 5. RAHUN &
H.PM, R PM, R KO SOLT ONH, A KT (1
A RS — S H R AE T 7 27 HILBIWAA, 7T
DL B PM, I PM ok B2 2 5 B8 DL RS B IR i
BHERZ— K4 WEFIZHFZH A2k b & 4
AR, B2 0 T A D9 R R (29,3 £2.3)°C, AE AR
[l 25.8 ~34.5C. MXTRERE R (72.3 £ 11.7)% , 2%
1L TG 42. 8% ~88.5 % . WM A A7 14 d A
W 1 B R, 5 K H R TR A Ry 18,0 mum, B3 R A5F 1) K
R ER M AR R Sk T H T H ~TH
20 H B A8, PM, S F1 PM, K K i 1 TE AL



1420 AN B

B 31 %

2008%FE —=— PM,5s—— PM,

160

1

«®©

(=)
PM, s/ug-m™

25

S04> /ugm

NO; /ug:m™
w
T

Cl/pgm™

0
07-01 07-04 07-07 07-10 07-13 07-16

07-19 07-22 07-25 07-28 07-31

REEHM (A-H)

E1 2008 £FFPM, f1PM, RERERHEKBUEPEFREREZHEL

Fig. 1  Daily variations of fine particle and anion concentrations in PM, 5 and PM, ; in summer, 2008
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Fig.2  Daily variations of cation concentrations in PM, 5 and PM, ; in summer, 2008
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%4 PM, i SOR.NOR 5 NH; i JEXHEEH O, X 5
Table 4  Correlation between the SOR, NOR and temperature, relative humidity, ozone in PM,
PM, 5 (n=31) SOR NOR NH,f i A X 0,
SOR 1. 00 0.12 0.51"" 0.57"" -0.42" 0.37"
NOR 1. 00 -0.19 -0.38" 0.50" " -0.41"°
NH," 1. 00 0.75" " -0.72"" 0.85" "
L RE 1.00 -0.97"" 0.86" "
AT 18 5 1.00 -0.87""
0, 1.00
1) s o FRIR a=0.01 K b A SCHEN B2 (RIS ) , * K78 a =0.05 K B e (Uiliess) , TR
%5 PM,,# SOR.NOR 5 NH; BE HBMREM O, £ &
Table 5  Correlation between the SOR, NOR and temperature, relative humidity, ozone in PM,
PM,  (n=30) SOR NOR NH, i B A X 36 1 05
SOR 1.00 0.14 0.51"" 0.62"" -0.46" 0.41°
NOR 1.00 -0.18 -0.36 0.47"" -0.36
NH, 1.00 0.76 " * -0.73"" 0.86" "
5 1. 00 -0.97"" 0.85""
AR I 1.00 -0.87""
0, 1. 00
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FIFAA HNO, 3 fif 00 8 V0T Hh T 1 Al 1R &, 35X
b5 AE 2004 4F T B OLINSE AL
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%6 g PM, Fl PM,  FOK s PECHLES T 5 K<
HCGT Z B RE UL B R DG M A3 AL 3R 6 T A,
PM, Sl PM, ,th NH," 5 SO;™ AHSCHE R B R, B
7 0.98. PM, (fil PM, .t NH, 5 SO}~ EE/R LA T
0.5~ 1.6 Za, a] L4 r NH, 5 SO; E %L

NH,HSO, BB AFFE. PM, s Fl PM, 5 & 4 5 1
5 Z BORBE WL B WA DG R B0 ol 0.96 . - 0. 71
F10.93, —0.65, 7 Il PM, . fl PM, , % & &t 2 B0
A UL B (B2 AR . PM, 5 K SIS 2 OBORT fE
UL BE (R DG T R B 3 T PM R R R A IR
ERRMRAT, <1 pm (RF 5 W8 K K ok 6l 1
BIF AR AR PM, YR B IR /NI PM, s v B K
fig UL B 5 AT R AR A G, A RO
-0.81. PM, Fl PM, .t 3£k PE Ao i SO2~  NH,
I NO 51U R BRI A SC M, SR 0L 2
B eE. SO NH, il NO, i e J¥ 24 15 K
WHETHLE FHRE 70% L I, o] UL PM, (fil PM,
SO~ (NH, il NO, Xif HU 22 BORN B DL 52 i 45 K

F6 KAEENBFEHHRBMERLENERXER

Table 6  Correlation between the water-soluble inorganic ions and the scattering coefficient and visibility

(n=31) PM, ; cl- NO; S03° Na* NH, K* Ca’* W R fRILE
PM, 1.00 -0.07 0.43* 0.97"* 0.13 0.97* 0.91"* 0.28 0.96** -0.71**
cl- 1.00 0.55** -0.23 0.63** -0.21 -0.06 0.50** 0.06 —0.41%*
NO; 1.00 0.27 0.44* 0.36" 0.35 0.47* 0.57** -0.75**
S0%- 1.00 0. 08 0.98** 0.90** 0.25 0.91"* -0.59**
Na* 1.00 0.01 0. 06 0.77°* 0.20 -0.32
NH,' 1.00 0.90** 0.17 0.92°*  -0.64%*
K* 1.00 0.22 0.91"* -0.67""
Cal* 1.00 0.34 -0.40"
L ETEY 1. 00 -0.81""
e L 1. 00
(n=30) PM, cl- NO;y S0; - Na* NH,’ K* Ca** B RS fRLE
PM, , 1.00 -0.16 0.53** 0.97** 0.02 0.98** 0.90° 0.23 0.93** -0.65%*
cl- 1.00 0.47** -0.34 0.57** -0.31 -0.12 0.26 0.02 -0.37*
NO; 1.00 0.36" 0.34 0.44" 0.45° 0.35 0.67* -0.80""
S02- 1.00 -0.04 0.98 "~ 0.87" 0.18 0.88"*  -0.52""
Na* 1.00 -0.10 0.02 0.18 0.14 -0.22
NH,' 1.00 0. 88 0. 20 0.90"* -0.60""*
K+ 1.00 0.18 0.89"*  -0.66""
Ca®* 1.00 0.33 -0.27
O 1.00 -0.81%*
ik WL 1.00

3 i R KA IR K. 8 m AR EE R O, Yk B AT

(1) J7INE 2 PM, S F1 PM, , H 248 5 & vk i 43
Wk (53.7 £23.2) pg-m Al (46.4 £ 21.3)
pg +m T FOKEEYE LR TR A PM, P,
TR (47.9 £4.3)% F1(49.3 +4.3)%.
SO;™ 5 PM, Al PM, , o 5 J5b v J35 L 46 5 5, 43 31 K
(25.8 £4.0)% F1(27.5 £4.5) %

(2) 3 FSE RS A T SO, 1] SO5™ #i4k, H:

FF SO, 54 Ak 50 A: i SO% ™. 58 R A A
FEA R TS HNO, W fif 31 00 16 Wi v JE B A
i &

(3)PM, Fil PM, , Jit & ¥k B 5 WU & BOR g L
FE R AH M R E 43 0l 0.96, - 0.71 A1 0.93,
-0. 65. BB UL 5 UM & AR 0O DG HE AR OCHE R AL
- 0.81. PM,, Fll PM, , Ff 3 7K £ #5389 SO; |
NH," 1 NO, X Bl 5 5 HOF1E L B2 52 i 50K



1424

g3

31 %

SE

(1]

(2]

[7]

[8]

(9]

[10]

[11]

[12]

[14]

B, FERE IR RS, 5. b st R KR e 7
FRLAR A3 A AN B 43 A [ T] . BREERL,2007,28 (1) :14-19.
Lee C G, Yuan C S, Chang J C, et al. Effects of aerosol species

on atmospheric visibility in Kaohsiung city, Taiwan [J]. J Air
Waste Manage, 2005, 55:1031-1041.
Dougle P G, Vlasenko A L, Veeftkind J P, et al. Humidity

dependence of the light scattering by mixtures of ammonium
nitrate, ammonium sulfate and soot[ J]. J Aerosol Sci, 1996,
27.S513-S514.

Shen Z X, Arimoto R, Cao J J, et al. Seasonal variations and
evidence for the effectiveness of pollution controls on water-
soluble inorganic species in total suspended particulates and fine
particulate matter from Xi’ an, China [J]. J Air Waste Manage,
2009, 58 1560-1570.

Shen Z X, Cao J J, Arimoto R, et al. lonic composition of TSP
and PM, 5 during dust storms and air pollution episodes at
Xi’an, China [J]. Atmos Environ, 2009, 43 2911-2918.
Tan J H, Duan J C, He K B, et al. Chemical characteristics of
PM, , during a typical haze episode in Guangzhou [ J].J Environ
Sci, 2009, 21:774-781.

Lai S C, Zou S C, Cao J I, et al. Characterizing ionic species in
PM, ; and PM,, in four Pearl River Delta cities, South China
[J].] Environ Sci, 2007, 19(8) : 939-947.

Wu D, Tie X X, Deng X J. Chemical characterizations of soluble
aerosols in southern China [ J]. Chemosphere, 2006, 64 :749-
757.

Hagler G S W, Bergin M H, Salmon L G, et al. Source areas
and chemical composition of fine particulate matter in the Pearl
River Delta region of China [ J]. Atmos Environ, 2006, 40.
3802-3815.

AR, AR R R, 45 P T AR 2 R AR T Y o A
JE B FOK B P 43 O RRAE [ J] . A2 35 395 ,2007 ,16 (4) 1 1193-
1198.

Hu M, Wu Z J, Slanina J, et al. Acidic gases, ammonia and
water-soluble ions in PM, 5 at a coastal site in the Pearl River
Delta China [ J]. Atmos Environ, 2008, 42:6310-6320.
BN, AR, AW, 45, 58 A IE 3 R AT 1% R ABRL Y
ROK R T ARAE LT ] R BE AT 5 A= B 2 4, 2007, 24
(5):674-679.

Liu S, Hu M, Slanina S, et al. Size distribution and source
analysis of ionic compositions of aerosols in polluted periods at
Xinken in Pearl River Delta ( PRD) of China [ J].
Environ, 2008, 42 6284-6295.

B R, BRI R A T L R R I R K T T
BLES T i LI 5 40 BT et 58 [ ] BRBE AL ,2009,30(1) :9-13.

Atmos

[15]

[16]

[17]

[18]

[19]

[20]

[23]

[24]

[25]

[26]

[27]

[28]

R, XU, ERRER, 2 0N b X R R I R K i
FRHAE (388 X b A AT [T ] BR85E k4, 2009, 28 (4) : 598-
599.

RN, BRI B B2, 45 #1022 R IR oK i
TR B F vk BE R JORLAR A3 A BE ST [0 ] PR B8 RL 4%, 2008, 29
(2) :305-309.

TAO J, HO K F, Chen L G, e al. Effect of chemical
composition of PM, 5 on visibility in Guangzhou, China, 2007
spring [ J]. Particuology, 2009, 7(1) :68-75.

Liu X G, Cheng Y F, Zhang Y H, et al. Influences of relative
humidity and particle chemical composition on aerosol scattering
properties during the 2006 PRD campaign [ J]. Atmos Environ,
2008 ,42;: 1525-1536.

Cheng Y F, Wiedensohler A, Eichler H, et al. Aerosol optical
properties and related chemical apportionment at Xinken in Pearl
River Delta of China [J]. Atmos Environ, 2008, 42. 6351-
6372.

Andreae M O, Schmid O, Yang H, et al. Optical properties and
chemical composition of the atmospheric aerosol in urban
Guangzhou, China[ J]. Atmos Environ, 2008 ,42.:6335-6350.
TR 2%, wh A, R AR A5 WG 22 4 2 RRE BIOK TBURE 49 11 4k 2%
FEAE BOK U A BT [T V4 %2 5058 K %% 4, 2008 ,42(11):
1418-1423.

Cheng Z L., Lam K S, Chan L Y, et al. Chemical characteristics
of aerosols at coastal station in Hong Kong. I. Seasonal variation
of major ions, halogens and mineral dusts between 1995 and 1996
[J]. Atmos Environ, 2000, 34. 2771-2783.

EH, B RO I T R TR STRR LT . BRI
#l2%2,2000,21(5) :83-85.

T F RIS RANE KPR T[] 5
Bl 2 2241,2000,20 :40-43.

Wang Y, Zhuang G S, Tang A H, et al. The ion chemistry and
the source of PM, s aerosol in Beijing [ J]. Atmos Environ,
2005, 39. 3771-3784

Wang Y, Zhuang G S, Zhang X Y, et al. The ion chemistry,
seasonal cycle, and sources of PM, 5 and TSP aerosol in Shanghai
[J]. Atmos Environ, 2006, 40 2935-2952

s TR, R, S YRR B TR B PV, s KA PR
VS YRRAELT] . T ERE BRI A B2 4, 2007,24(5) -
641-647.
Kaneyasu N, Ohta S, Murao N. Seasonal variation in the
chemical composition of atmospheric aerosols and gaseous species
in Sapporo, Japan [J]. Atmos Environ, 1995,29 (13) . 1559-
1568.

Millero ¥ J. Chemical oceanography [ M ]. Boca Raton: CRC

Press, 1996. 469.





