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Physical and Chemical Characteristics and Source
Apportionment of PM2. 5 in Nanjing
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HUANG Shi-Hong', and ZHANG Yu-Yan®

1 Department of Atmospheric Sciences, Nanjing University, Nanjing 210093
2 Nanjing Municipal Environment Monitoring Station, Nanjing 210024

Abstract Aerosol PM2. 5 samples have been collected at four sites in summer (August 27—September 2, 2004)
and winter (January 11—18, 2005) in Nanjing. Several sources have been collected at the same time. All these
samples are analyzed by X-ray fluorescence analysis for elements characteristics. The average PM2. 5 mass concen-

trations are 69.1 pg » m*®

in summer and 139.5 pg + m ?in winter. Yearly average of PM2.5/PMI0 ratio is
63.9%. The enrichment elements. such as S, As, Zn, Pb are mainly released from anthropogenic sources, and Na
is from the ocean. The enrichment factor of every element is calculated, and the chemical mass balance method
(CMB) has been applied to identify the sources of PM2. 5. The result of the source apportionment shows that, the
major contributions of PM2.5 aerosol mass in Nanjing include: fugitive dust (37.28%), coal combustion
(30.34%), sulfate (9.87%), construction dust (7.95%), motor vehicle exhausts (2.98%), steel industry dust
(2.57%), and other sources (9.01%) . Source apportionment has also been considered on the PM2. 5 of fugitive
dust.

Key words aerosol PM2. 5, source apportionment, chemical mass balance (CMB)
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Fig. 1 Four sampling sites in Nanjing (A: Maigao Bridge, B: Caochang Gate, C: Shanxi Road. D: Ruijin Road)
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Table 2 Concentrations of NO; and SO~ of water-soluble elements in PM2. 5 at four sites 1072geg!
Wk Sites ZF F

NO3~ SO~ NO; SO~
%3701 Caochang Gate 0.91 11.11 4. 65 13.97
FHEM  Maigao Bridge 1.01 13.32 4.03 15. 50
Hi4x % Ruijin Road 0.92 13. 39 6. 21 15. 83
I PE§%  Shanxi Road 1. 37 8.53 3.13 16. 30
SEt) Average 1. 05 11.58 1. 50 15. 40

®3 E. ZFZME PM2.5 5 PMI0 &

Table 3 Mass concentrations of PM2. 5 and PM10 in summer and winter at four sites

Z4  Season Mxh  Sites PM2. SPelx\\/IIiai‘jjﬁ - PM10 fi\frla(;i?i J— (PM2. 5/PM10)/ %

HZ  Summer %3711 Caochang Gate 65.6 109. 4 60. 0
7%  Shanxi Road 72.9 125.6 58.0
Hi4: %  Ruijin Road 71.7 113.2 63. 3
FEH;  Maigao Bridge 66. 2 119.7 55.3
S ¥y Average 69. 1 117.0 59. 2

£ Z=  Winter 2]  Caochang Gate 153.9 186. 4 82.6
7% Shanxi Road 126.9 194.7 65.2
Hi4: % Ruijin Road 118.5 229.9 51.5
5 Maigao Bridge 158. 8 212.3 74.8
¥ 15 Average 139.5 205. 8 68.5

PM10 ¥J{f (PM2.5. PMI10 #k 5 KFHE) T
=3,
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Table 4 Analysis of the enrichment elements (EF) of PM2. 5 in Nanjing

JtZ Elements HZ=-1)  Summer average

K Z=W-1 Winter average LAE-YY Yearly average

S 2101. 40
As 2077. 30
Zn 225.07
Pb 20.75
Na 20. 02
P 13. 00
Mn 9. 69
K 6. 89
Ca 2.38
Mg 1. 62
Si 1.09
Ti 0. 86
Fe 0. 97

1913. 60 2007. 50
260. 40 1168. 90
290. 15 257. 61
27.63 24.19
14. 25 17. 14
5.51 9. 26
5.63 7.66

5. 00 5. 95
1.78 2.08
1.85 1.74
1.04 1. 07
1. 00 0.93
0. 84 0.91

%5 BE™HPM2.5 HEBUETTESH

1

Table S Source profiles of PM2. S in Nanjing pg e mg

o & s Bt s B o e
Elements Fugitive dust ~ Construction dust ~ Coal combustion  Steel industry dust Sulfate Motor vehicle exhaust ~ Soil dust
As 0.015 0.33 0.13 0.24 0.0 0. 01 0. 0008
Fe 6. 68 6.52 11. 92 76. 38 0.0 0.01 5. 6100
Pb 0.23 0.02 0. 06 2.90 0.0 0.13 0. 0250
Zn 0.13 0. 00 0.62 0. 39 0.0 0.45 0.0011
S 10. 62 1. 29 0.72 18.72 333.0 4. 81 0. 0280
Al 8.03 6.45 22.95 7.72 0.0 0. 06 8. 2700
Ca 16. 40 92. 82 2.52 12. 85 0.0 0. 36 5. 5800
K 2. 27 2.63 3.85 3.35 0.0 0. 07 2.5900
Mg 1. 21 1. 14 0. 46 1.03 0.0 0.00 0. 8900
Na 0.55 0.47 0. 54 0. 38 0.0 0. 00 0. 3100
P 0.18 0.16 0.17 0.18 0.0 0. 34 0. 4700
Si 17.90 17.96 30. 31 9.22 0.0 0. 36 21. 5300
Mn 0.19 0.28 0.11 1. 89 0.0 0.00 0. 1500
Ti 0. 60 0.59 2.53 1. 38 0.0 0.01 0. 6200

SRS ENIES T

% Soil dust is used to analyse fugitive dust
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Table 6 PM2.5 element mass concentration at four sites in Nanjing pgem’
5t % B Z& Summer & 2= Winter
Elements K] LA Fi iz % 1LY H] LR Kt 5z 4 LG
Caochang Gate  Maigao Bridge Ruijin Road Shanxi Road ~ Caochang Gate  Maigao Bridge Ruijin Road  Shanxi Road
As 0. 26 0.00 0.04 0. 20 0.03 0.07 0. 00 0. 00
Fe 0.63 0. 89 0. 56 0. 50 1. 15 1.12 0.79 0. 81
Pb 0. 04 0.13 0. 05 0. 04 0.21 0. 25 0.11 0. 04
Zn 0.02 0. 06 0.02 0.00 0.12 0. 06 0.03 0. 00
S 6.73 7.34 7.60 5. 64 14. 23 10. 34 10. 23 8.21
Al 0. 88 1. 28 0.99 0.75 1.70 2. 14 1.75 1. 29
Ca 1. 26 1. 88 1.91 1. 19 1. 83 2.33 2. 66 1. 44
K 2. 04 2.13 2.35 1. 71 3. 54 2. 36 2.96 1.78
Mg 0.14 0. 26 0.16 0.13 0. 37 0. 40 0. 37 0.23
Na 0.75 0. 81 0.75 0. 57 1. 08 0.92 0. 90 0.72
P 0.76 0.78 0.41 0. 80 0. 65 0.17 0. 46 0.68
Si 2.43 3.72 2. 81 2.09 4.74 5.21 5.05 3.51
Mn 0.21 0.32 0.12 0.07 0.15 0. 24 0.12 0.18
Ti 0. 06 0. 08 0. 06 0. 05 0. 14 0.12 0.12 0.12
x7T BEE™ 6 XKIFEX PM2. 5 FTTEAE
Table 7 Contribution of six sources to PM2. 5 in Nanjing %
B & Summer £ 7 Winter
I8 H N . " N . n
ot Kbl | el Bt g Kbl | i1 eh Bash ik
Caochang Gate  Maigao Bridge  Ruijin Road Shanxi Road ~ Caochang Gate  Maigao Bridge ~ Ruijin Road  Shanxi Road
N
:}}" -+ 32. 33 34.69 38. 30 47.02 36. 21 36. 40 35.22 38. 14
Fugitive dust
AN
- @Iﬂ:t 8. 48 7.00 9.23 5. 64 7.08 9. 04 9.91 7.24
Construction dust
A 2
< P2 . 31. 81 34. 56 27.25 20. 51 33. 14 34. 84 31.70 28.91
Coal combustion
NN
.{n}é}\i 3.42 2.75 2.89 2. 20 2.72 2.01 2.09 2.55
Steel industry dust
% Eh
Bt 12.17 9.71 10. 77 11.08 8. 84 7.35 9. 64 9.43
Sulfate
N AN
h‘iAFi 3.05 2.01 2.04 3.93 3.38 2. 34 2. 80 4.31
Motor vehicle exhaust
& it
91. 26 90. 71 90. 48 90. 39 91. 37 91. 97 91. 36 90. 58
Total

ZIal, SHABI A . A2 F O R X
PEE L4 . PR, TR A2 A AT
PR DAL .
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PRI S e 5 A 1 A 114 R e 300 R A R 1 300 1 X001
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Fig. 2 Comparison of average contribution of six sources between in summer and winter
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*8 BMEMHTHEXHLH PM2. 5 HTTEKE
Table 8 Contribution of 6 sources to PM2. 5 of fugitive dust in Nanjing %

JH #£  Sources

HZY Summer average

& Z=-44  Winter average RAEFY Yearly average

+3%sk Soil dust 60. 74
@44 Construction dust 20. 86
MM Coal combustion 5. 37
B Steel industry dust 0. 49
R Eh  Sulfate 1. 40
744> Motor vehicle exhaust 3. 64
& i1 Total 92.51

58. 37 59. 56
21. 24 21.05
9.13 7.25
1.11 0. 80
2.19 1. 80
2.01 2.83
94. 06 93.29

R BEHLMBNERFRENSMIIEX PM2. S HRETHME

Table 9 Final contribution of independence sources to PM2. 5 %

% PM2. 5 1Y 4 5Tk

Direct contribution

I F£ Sources

SE L% PM2. 5 4 BTk
Contribution to PM2. 5

X PM2. 5 {2 ok
Total contribution to PM2. 5

to PM2. 5 through fugitive dust
+ 34 Soil dust — 22.20 22.20
@502k Construction dust 7.95 7.85 15. 80
AL Coal combustion 30. 34 2.70 33.04
1 #r2k Steel industry dust 2.57 0. 30 2.87
BifgEh Sulfate 9. 87 0. 67 10. 54
YK ZE2h Motor vehicle exhaust 2.98 1. 05 4.03
A1t Total 88.48

FATER R PM2. 5 H i EL il B S T R,
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(1) mnti PM2.5 & &2 FME5 58
69.1, 139.5 pg » m *, PM2.5/PMI10 {8 119745 1k
JBHITE 51. 5%0~82. 6 0 8], HAFEHMHEILE
F AR 9. 3%, RFFE N 63.9%.

(2) ™ T AH I PM2.5 hyE TR S,
As, Zn, Pb %, FEORIEF A NERE; &8N
53 Na, FEORIE .

(3) PR 6 JEEZG YR, Bidpsd. &
AL A R B, BRERER AR G X PM2. 5
(R DTk 90. 99%0 . VLB BN e st T IR
PM2.5 ()i FE oIk & . Hr, A o fil i
Ko 35 37,2800 HAKUK BN 30. 342 Bi
fREE 9.87% . HHA 7.95% ., KHEAL2.98%. A
Brek 2.57% ., BLAbh. MEEEIR M STER R R 1%,
HARIY 8. 01 %0 AT BEJE AR RS . A B A
HA AR S vTmk. 5. &P ZE45 U0 1) 51k R
AR R, &Z AN A B vk R B R gA LT
BRI oIk & T4 2,

(4) XTER A PM2. 5 DTk 3 i K A2
FaEy, 55 59.56 % HR A 21.05% ., B
MR 7.25% , VRGE2R 2.83% ., BifREh 1.80%. 1A



6 34 POMEAAE . M At PM2. 5 Wy LAk 22 e SR U A A

No. 6

HUANG Hui-Jun, et al. Physical and Chemical Characteristics and Source Apportionment of -+ 721

W2 0.8%,

(5) @I A g, AT LA — 20153 6
S ST VR ) e e TTIR AR A O . AR 2 33,0400,
+ 4 22.20060. R 15.8%. G R
10.54% , K% 4 4.03% . B 2.87%, #H
AER R PM2. 5 H A B TR, B2
F A3 R e 5T PM2. 5 9 EER ., SO, il
A AE R R IE B O I R k1) DT Rk 3
15 10. 54 %, %F PM2. 5 4 5 /0] Z0% 1 BTk

(6) B T8 J& — 1~ LSRR AR5 e Ay 32 1 3R
i B R HEAT R AU PM2. 5 R 2 H
bro ZEFATR TR PM2. 5 IR HE, — &4
ONEE AT A . A RIS A R s
BRI TS O fE T mEx Tolk RS
SR
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