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Size Distributions and Source Apportionment of Soluble Ions in Aerosol in
Nanjing

XUE Guo-giang, ZHU Bin, WANG Hong-lei

(Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration, Nanjing University of Information Science and
Technology, Nanjing 210044, China)

Abstract: To explore the seasonal variation and source apportionment of soluble ions in PM,;, PM,, and PM, ,, the aerosol mass
concentration and soluble ion concentration were investigated during a one-year observation in the urban-district and north suburb. As
the results showed, (DThe concentrations of PM,,, PM, ,, PM, | were in the order of winter > spring > autumn > summer. In spring,
summer and autumn, the concentrations of PM,,, PM, ,, PM, | in the north suburb were higher than in the urban, while the situation
was opposite in winter. @ SO;”, NO;, Ca**, NH;/, Cl”, K*, Na*, F~, NO,, Mg’* were measured, and their total

concentration in PM,, was 46 pg-m ~ in urban sites and 39. 6 wg-m " in north suburbs. Mass fraction percentage of water soluble ions

in PM, , ,, PM,,,,, PM,, in the urban district increased from 20.4% to 49.5% and 56% , and the value in the north suburb
increased from 18.3% to 37.9% and 42.5%. (3 Major ions, 50‘2" , NO; , NH,", second components and Ca’*, had significant
seasonal variation. In the urban district, the highest concentrations were observed in winter, and the lowest in summer, while in the
north suburb, the highest concentrations were observed in spring, and the lowest in summer. The seasonal changing climate in Nanjing
and different anthropogenic influences with land surface in urban-suburb may be the major factors for the ions’ seasonal variation.
@ NH, , SO?™, NO; came from secondary chemical reactions of NH, , SO,, NO_, and these precursors mostly came from automobile
exhaust in Summer while equally came from automobile exhaust and fossil fuel in winter. Cl~ came from biomass burning in Winter
while transported from sea salt with Na* in Summer. Ca’* and Mg’* came from ground dust and construction dust. K*, F~, NO;
may come from biomass burning and industrial emissions.

Key words : water-soluble-ions ; Nanjing; size distribution; seasonal variation; source apportionment
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Fig. 1 Monthly variation of aerosol mass concentration

in urban district and suburbs of Nanjing
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Fig. 2 Spectrum distributions of aerosol mass concentration in the urban district and suburbs
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BUAEAE T4k BE PM, 7, Ca® " Ml Na * £ 7778 T4
BB PM, | 71, F~ L NO, . M”78 3 F PM Ay L
HEAHZETIL.

10 FhEg - BT Wk B AR 1T XA IERB XS PM, |
PM, |, ,,. PM, _, AISTHR=E 5350 56% | 49.5% |
20.4% H 42.5% . 37.9% . 18.3%. PM,, Hl
PM, , ~21*7kﬁﬁ‘@%¥ﬁﬁ§ﬁﬁ*§ﬁ, CIRYS A E<win
— AT IS, KRR & M R 40k PM,,
W E RSN, AR PM, B R R KL
K PM,, Tl 152, 3 fhEE e+ So; |
NO; | NH, JGlJot ¥ B8 76 T X AL AR X PM, |
PM,,_,,. PM,,_, M9 57 Bk % 5% 5 K 47.7% .
40.5% . 9.5% M1 35.0% . 30.6% . 9.2%. X 3 Fp
B EESE A NH, . NO, ., SO, By ¥4k, Ui/
ST AR b R V5 YRR B PR, RIS R
FEAE T 40000 F R B, Ik, SO3™ . NO; . NH, 7
PM, , Fll PM, |, " B BTRR RS2 PM, , _,, T 3 5 2.
Ca’* | Na* 7EHLRIBE PM, | o B9 E 40 EL7E T X8 A M
3K 7% F1 5% ik m T PM,, Y 2% , 53 5] 02
PM, "9 3 50 2.5 £
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Fig. 3 Mass concentration and percentages of major ions in PM, |, PM, |, | and PM, | ,,
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Fig. 4 Spectrum distributions of major ions in the whole observation year

2.3 MR HEIT PM, S PR EKOE R
1 IR T PM,, 5 B HL Pk s 7 Y i
IR, A Cape Fuguei A ¥ 1 30 T o 7 7 0
7, H 21 1 175 Gk, SR I £ 2R B ZRA
ik s SIS R = A I, SO MR R
o, HUE B R B I ARAG. Ll A S O T

THBIX TS BRI, AR T X g T X, e A
IARKE T PM, | 5 YR 00 EL 5 7™ B, 4067 7 PM, | i
HWRIE SO2™ . NO; | NH, | K™ e J5 J2 35 ki it X A
PIA% , Na ™ Jo ft v 8 UG T 30 S S v b X 4 387 1L
BT S, RRIG YR Z 2R = MR,
SAIARL T PM,, | B e 7 B 5 5 1 e B

x1 EESHMETPM, PKBEEEFREREKE ng-m?
Table 1  Statistical summary of soluble ions in Nanjing City and reported data in other cities/ug-m >
LA ] (4E- 1) PM,5s Na* NH; K* Ca®* Mg* F- Cl- NO, NO; S0% ik
R (PM, ) 2010-05 ~2011-04 54.8 0.4 4.5 1.2 0.7 0.2 02 1.9 02 9.1 1.4 AW
M EALRE(PM, ) 2010-05 ~2011-04 80.6 0.5 4.1 0.9 0.8 0.2 03 21 0.2 7.3  10.8 RHIF
demt 2001 ~2003 154.26 0.55 8.72 1.55 1.63 0.17 0.29 3.07 0.41 11.52 17.07 [15]
Il 2004-10 ~2004-11  102.9  0.46 12.1 2,59 0.49 0.069 —D 0.55 — 4.31 27.8 [18]
AL 2007-01 ~2008-12 36.3 0.7 6.8 1.4 0.6 0.2 — 1.3 — 6.1 19.1 [11]
T 2007 18.9  0.38 1.97 0.18 0.24 0.04 — 0.34 — 1.45  5.42 [19]
Cape Fuguei 2005 23.4 0.8 1.7 0.3 0.1 0.2 — 0.6 — 1.1 6.8 [20]
AL 2005 22,7 0.8 21 03 07 02 — 1 — 0.5 6.8 [20]
AR 2006-03 47.5  0.39 — 058 0.1 0.06 — .52 — 7.97  8.74 [21]
XRE 2002-05 ~2002-07 1.9  0.13 0.3 0.14 0.1 002 — 0.12 — 0.43 1.2 [22]

1) =" F/R 30 B A R KU
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TSR BEARY. 5 R A HL R, B AR R AR
R 2R 5 e A B A T T, B AR R AR M i i 4k
7, B PG R A E— ] B IR B E R R
FRAIX— 15 YR A X IE A, S 2 1 4k 1 F
SO;” . NO; | NH," iX 3 Fp =2 8 F i i ik B AL T
R AL, MALEUR 2R A5 GotR I HL R 5t B o e,
JEHLL S0 5 NH, HeBE Fb g ot B
2.4 BTIREWKENIT AL
2.4.1 THARPIHL BB 7 215 AL RRAE

ST 10 FhE AR BVR EETETT X R 46. 0
pgem L JERB N 39.6 wgem T, X ERE, HE K
%, 3% 5 S R v 3 2 A i B A — 3
MK AT TR R th WA, B R 46
TSI 13.3 pg-m P2 . BT ER
I Y A e A B ARk, S 4
D, <21 pm 2.1 pm <D, <10 wm FIFRLAE B
)45 B -k B 1) 2 5 AR Ak

X PM, B T SO; . NO; ., Cl™ ¥ Ik
B > FKF > >HE, SO HEEZEZ N 8.6
pgem & ZEIK 15,5 pgem L I E A 2 A
NO; Z it % EA K156 pg-m B
ZAUH 1.3 pgem >, Cl- ELZER 4.5 pgem B
Z50.7 wg-m > ,NO; Fl Cl- BT L E T 5
W— g PM,, "7 SO; . NO; . Cl1™3X 3 i
BT R K — 3 (A 2 AR,
SO;” FEFK vk B e, DU W E#E 3.3 ~ 5.1
pgem P ZHARL NO, F Rk B B, DO ZR vk AR
ETEE R 1.7 ~4.2 pg-m ™, Cl™ 764 75 4k J (8 B
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2.4.2 TR HLRH B 2 AR ARAE
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TR B 2 RO A& e B R R Y S AR,
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Fig. 5 Seasonal variation of soluble ions in aerosol from Nanjing

2.5 KB FAHOCHE ST
Pearson FH5¢ R EUH LATEM — o048 & 2 18] B9 41
AR AH I REGHEET 1, RoR AR S, A

SR FIH SPSS 16. 0 A4Sttt 9 R APk B
PEANBE TR Z AR 22 il
FHIAH I R AL

®2 FEMEXRH

Table 2 Most significant correlations between the variables

Wi BT D, < 0.43<D,< 0.65<D,< 1.1<D < 2.1<D ;< 3.3<D,< 47<D,< 58<D,< 9.0<D, <
0.43 pm 0.65 pm 1.1 pm 2.1 pm 3.3 pm 4.7 pm 5.8 um 9.0 pm 10 pm
NH, -S0;~ 0.460 " * 0.857"* 0.906 " * 0.945" " 0.888" " 0.647" " 0.457" "
NH, -NO; 0.731** 0.952** 0.943* " 0.956 " * 0.644™ " 0.410" " 0.641" " 0.498 " *
NO; -S0%- 0.701 "~ 0.751** 0.831"" 0.620" " 0.349 "~ 0.499 " *
WX K*-Cl- 0.796 " * 0.853" " 0.900 " * 0.605" " 0.670" " 0.581"" 0.515** 0.755*"
Na*-Cl~ 0.553" " 0.562" " 0.593" " 0.891" " 0.847" " 0.900** 0.932""
Ca?* -Mg** 0.973** 0.737" " 0.462" " 0.414 = 0.695" " 0.600 "~
K*-S03~ 0.335" " 0.674" " 0.671" " 0.921** 0.851" " 0.766* * 0. 404 = 0.566**  0.765"*
NH, -CI1~ 0.546 " * 0.655" " 0.590" " 0.871"" 0.574" " 0. 400" 0.423"
NH," -SO; - 0.460 " * 0.904 " * 0.911** 0.935" " 0.660 " * 0.456 "
NH, -NO; 0.773** 0.875" " 0.929* " 0.893" " 0.453** 0.410" 0.557** 0.369 * 0.530" "
NO; -S0%- 0.632"* 0.772** 0.804 " " 0.524** 0.393 " 0.430"
JexE K+ -c1- 0.500" " 0.762" " 0.642" " 0.687" " 0.619** 0.710" "
Na*-Cl~ 0.354" 0.381" 0.765" " 0.868 " * 0.836" " 0.835*" 0.884""
Ca®* -Mg** 0.973" " 0.934" " 0.924"* 0.360 " 0.742"* 0. 409 * 0.880** 0.611""
K*-S03~ 0.526" " 0.423" 0.479 " 0.696" " 0.878" " 0.453" "

1) * FRBFEMIKF0.05, = * FoR WEHAKFE0.01
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SO;™ . NO; . NH, X 3 Flrs 1 . [l A G 1 o
U R AR RDRLAR B AT BT 22 5, HL 76 AR B 4
4f. NH; M1SO;” 7£0.43 <D, <4.7 pm Rk, B {5
K35 99% (P <0.001) HAH I & %03 a5k ik 3]
0.9. NH; 5 NO; 7D, <2.1 pm AT, EFKF
ik 99% , HAHXR R EGA R 8 #23r 0.9. NO; 5 SO;~
TE D, <2.1 pm RLBL RPN BAFAR SN 4230 0. 8.
UL NO, . NH, 5 S0; ™ [Aloh k5 YA B i1y
IJEYE. #£0.43 <D, <2.1 pm BB, &39I
A HE [ NH, /[ S0 ]2k 2, [ NH, ]/[ NO; ]
TET XA RB A B2 K 1.3 Fl 1.6, 454 3 M+
FR s AH G, AT LRI NH, % L2L(NH,), SO, I
NH, NO, JEaUfA1e , BT X 5 630 0 A7 78 R AR
FF] HECBIRTE. 7E D, >2.1 pm KB, = A
RAEAE  RURLEE (10 R I8 5 52 2%, JRy b s e, T L
AL Y NO, 7E NO; J& i 72 bt 1) 8 22 4
FH, ol Rk e H AL A BB T 9 S0, J2& SO~ 1Y
FHERJE.

Cl"5 K7D, >0.43 pm KB, Cl- 5 Na™ 1

D, >2.1 pm KB RABEFRIMICHE. 7D, >3.3 pm
KB, Cl™ 5 Na* BYAHOC RBGA RIS 0. 8, W B 4F
T 05 K WX H5IERBIE SLARTE] , CL™ 2L NaCl
JEaAETE, 7E D, <3.3 wm KB, C17 5 K™ A4 E
PEATL, 50 CL™ A KCLAATE  ZETT RIS W .

K™ 5 SO~ 7ET X 45k B2 36 B A8 - i A 5
PR, 454 K5 CL™ s AHC, Uil K 20 KC Al
K,S0, R A77E, E4LR8 K * 5 S0~ A et A
T XAF, PR AR Sy i HE AN A VE 4 5% 458 5 HE il
() K ATk SO, MHERO HAFFERZ M 4. Ca®*
5 Mg FE NSRRI A R B R AP ARG, AL
ZREIA e T X, R Ca® 55 Mg [\ B
M5l , H Ca®" FZAEAE THA B (K 3), =
R R AR — 3
2.6 KEMWETHRFSH

fdiFH SPSS 16. 0 B, IR 40 B J5 i 6 i X
FILEE PM,, | P FHEAT IR AR AT (22 3) , 24 KMO fA
KT 0. 6 BFa B FH 7338 . A5 P b %
ZAT TS SR KMO (39556 R o B R

x3 PM, , FEFHEFOHM

Table 3 Varimax rotated factor loading matrix for elements in PM, | from Nanjing

i (HFK=0.634)

i (HZK=0.734)

#Hofr (k2 K=0.716) Hfr (42 K=0.546)

S Ao
1 2 3 1 3 1 2 3 1 2
Na* 0.121 0. 924 0.091 0.927 0. 046 0. 163 0. 805 0. 401 0.235 0.783
NH, 0.971 0. 851 0. 186 0.931 0.952 0.224
K* 0.929 0. 154 0. 144 0. 835 0. 497 0. 038 0. 677 0. 668 0. 588
Ca’* 0.925 0. 947 0. 861 0. 346 0.27 0.514
X Mg2 * 0.961 0. 895 0.072 0.716 0.519 0.671 0. 647
F- 0.703 0.44 0.205 -0.527 0.803 -0.214 0. 857
Cl- 0.721 0. 455 0.956 0.16 0. 191 0. 894 0.797 0.367
NO5 0.115 0. 906 0.284 0.7 -0.267 -0.403 0.397 0.678
NO; 0.942 0. 008 0.513 0.133 0. 684 0.792 0. 492 0. 902
SO%’ 0. 894 0. 856 0. 139 0. 949 0. 125 0. 129 0. 852 0. 484
TTEER/ % 42.55 28. 81 14. 28 40. 38 20. 37 16. 13 28.4 27. 66 21. 15 42.73 32.75
Mo 41S A (#5% K =0. 465 ) R (AT K=0.628)  #efii (KT K=0.731) i (%% K=0.488)
1 2 3 1 2 3 1 2 1 2 3 4
Na* 0.957 0. 887 0.137 0. 349 0. 878 0. 151 0.912  0.09%4
NH, 0. 946 0. 205 — 0.516 0.769 0. 955 0. 139 0. 906 0.314 0. 106
K* 0.73 0.304 0.177 -0.213 0. 745 0. 629 0.44 0. 348 0. 085 0. 844 0. 101
Ca®* 0.972 0. 834 -0.429 0. 143 0. 901 0.918 0.17
LA Mg2 * 0.078 0.973 0. 927 0.175 0.916 0. 066 0. 963 0. 099
F- 0.211 0.208 0.617 0. 151 0.91 0.252 0. 357 0. 168 0.314 0. 856
Cl~ 0.172 0. 637 0. 845 0.371 0.193 0.578 0.717 0.182 0.925
NO5 0.251 0.793 0. 888 0.114 0. 726 0.244 0.116 0. 141 0. 903
NO5y 0.785 0.474  0.33 0. 691 0. 404 0. 878 0. 368 0.906  0.081 0.367 0.063
SOAZ1 - 0.953 0. 161 0.041 0. 304 0.817 0.928 0.232 0.944 0.227 0. 036 0.197
kR % 31.35 30.76 17. 34 33.26 26. 44 22.61 40. 37 35.25 27.61 27.17 19. 63 16.7
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