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Day-Night Differences and Source Apportionment of Inorganlc Components of

PM, Durlng Summer-Winter in (;hangzhou City . . 4V
LIV ]la shu' CU Yuan', MA Shuai- shual J.-SU xYa lan', YE Zhao- han 2 U

= .._.-"

(1. Schoal of Chemlpal ‘and EnVlronmenta'I Engmeerlng, Jrangsu UanPI”C:lty of Technolo 5 Changzillou 213001, China; 2« Jiangsu Kf;-y
Laboratory of Atmoapherlc Environment Monltormg ‘and ljollutlon Control, School of Environmental Science and Engineering), Nanjing
Unlversny of Informatlo-n Science & Technology Nanylng 210044 China) -

Abstffactx To investigate the“day-night variation charz}ftenstms ol [£inorganic components in atmospheric aerosol, PM, ; samples were
(ontmuously collected for one month in Changzhou dunng sitmmer and winter. Eleven water-soluble ions (WSIIs) and 13 metal
elements were compared in terms of their day-night character and sources. The results indicated that the day time average PM,  mass
concentration was higher than the night time, while the percentage of the total WSIIs in PM, 5 during the night was higher. The total
WSIIs fractions in PM, ; were higher in winter (44% -45% ) compared to summer (31%-36% ), with an opposite seasonal character
for metal elements (winter day 3. 03% , winter night 2. 29% , summer day 4. 40% , summer night 4. 51% ). SO;, NO; , and NH;",
were the three main secondary ions, comprising 77% -85% of the total WSIIs, suggesting that air pollution in Changzhou exhibits
complex pollution characteristics dominated by secondary processes. The day time SO, ~/WSIIs ratio (49. 0% ) was slightly higher than
that of the night (41.1% ) due to the photochemical reaction under stronger solar radiation, while the lower NO; (1.98 pug-m ™) in
the day compared to the night (5.10 pwg-m ™) was atiributed to the decomposition of NH,NO, during summer days. A good linear
correlation among NH,", SO2~ and NO; , accompanied by a ratio of predicted NH," to measured NH, near 1, illustrated that NH,’
ions mainly existed in the form of (NH,),SO,, NH,NO,, and NH,Cl. It was concluded from the ion balance that PM, ; was weakly
alkaline in summer but neutral in winter. Fe, Al, and Zn were the largest contributors to the total metal elements, with higher
concentrations of Fe and Al and lower levels of Zn in the day time. A correlation coefficient analysis and principle component analysis
revealed that inorganic components come from sources that include secondary aerosol formation, suspended dust, and vehicle
emissions, but there is some seasonal variation and day-night differences.

Key words:; Changzhou; PM, ;; inorganic components; seasonal variation; day-night variation
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Se 0.027 £0.011 0.027 0. 008 0.015 0. 009 0.012 £0. 007
\ 0.009 +0. 004 0.010 0. 004 0.007 +0. 005 0.006 +0. 004
> EERBITE 3.40 £0.92 3.11£1.35 3.72£1.96 2.56 £1.06
> KR T 24.02 £6.13 25.21 £11.37 54.40 £24.91 50.39 £23.13
> HE4JR/PM, 5/ % 4.40 £1.20 4.51 +1.40 3.03 £0.70 2.29 £0.61
> KPR T/PM, 5/ % 31.09 £5.59 36.59 £7.28 44.37+18.29 45.10 £18.20
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Table 2 Correlation coefficients between inorganic components of PM, 5 during the day and night in summer

Pb Fe Al Zn As Cr Cu Mn Ni Se V. Na* NHS K* Ca** Cl- NOy PO;~ S0;~

Pb 1.00 0.71 0.32 0.8 0.55 0.30 0.59 0.76 0.05 0.62 -0.21 0.27 0.41 0.67 0.50 0.37 0.22 -0.11 0.41
Fe 0.35 1.00 0.20 0.44 0.09 0.28 0.66 0.55 0.19 0.53 -0.04 0.37 0.32 0.64 0.12 0.49 0.30 -0.15 0.08
Al 0.36 0.59 1.00 0.27 0.21 0.28 0.16 0.25 0.09-0.02 -0.25 0.07 0.42 0.37 0.48 0.20 0.51 0.20 0.45
Zn 0.42 0.24 0.30 1.00 0.72 0.31 0.39 0.80-0.01 0.33 -0.39 0.03 0.38 0.46 0.55 0.22 0.22 -0.01 0.49
As 0.32-0.28-0.09 0.34 1.00 0.25 0.10 0.58 0.02 0.07 -0.52-0.19 0.41 0.16 0.49-0.09 0.07 -0.07 0.55
Cr 0.38-0.02 0.37-0.11 0.06 1.00 0.13 0.48 0.30 0.17 -0.32 0.10 0.37 0.33 0.44 0.10 0.29 -0.19 0.20
Cu  -0.39 0.00 0.18-0.31-0.38 0.38 1.00 0.18-0.10 0.34 -0.02 0.48 -0.11 0.32 0.23 0.84 -0.18 -0.11-0.02
Mn 0.41 0.82 0.59 0.15-0.10 0.08-0.17 1.00 0.49 0.30 -0.12 0.13 0.71 0.67 0.46 0.10 0.61 0.15 0.60
Ni 0.21 0.58 0.62-0.09-0.35 0.45 0.25 0.73 1.00-0.08 0.41 0.21 0.61 0.35 0.00-0.08 0.62 0.42 0.37
Se 0.54 0.16 0.26 0.37 0.54 0.22-0.09 0.21 0.03 1.00 0.02 0.26 0.16 0.47 0.31 0.17-0.08 -0.43 0.00
\% 0.23 0.42 0.42 0.05-0.32 0.21 0.07 0.54 0.70 0.03 1.00 0.52 0.08 0.12-0.21 0.12 0.13 0.19-0.10
Na® 0.24 0.49 0.60-0.14-0.27 0.39 0.41 0.33 0.52-0.02 0.29 1.00 0.16 0.57 0.31 0.59 0.10 0.09 0.11
NH; 0.35-0.05 0.17 0.21 0.52 0.19-0.43 0.29 0.12 0.46 0.25-0.27 1.00 0.63 0.46-0.09 0.76 0.18 0.79
K* 0.47 0.27 0.14 0.16 0.14 0.09-0.38 0.33 0.26 0.20 0.21 0.10 0.23 1.00 0.46 0.36 0.48 0.09 0.51
Ca?* 0.41 0.32 0.74 0.19 0.26 0.29 0.05 0.46 0.45 0.35 0.14 0.48 0.20 0.20 1.00 0.29 0.21 0.06 0.65
Cl- 0.04 0.33 0.25-0.12-0.33-0.01 0.16 0.09 0.18-0.27 0.00 0.74 -0.46 -0.04 0.13 1.00-0.06 0.11 0.05
NO; 0.27 0.15 0.16-0.03 0.04 0.51 0.06 0.31 0.28 0.05 0.08 0.10 0.26 0.08 0.12 0.15 1.00 0.38 0.47
PO;~ 0.06 -0.39 -0.16 -0.31 0.32 0.30-0.07 -0.11 -0.10 0.30 -0.07-0.16 0.41 -0.19 -0.08 -0.24 0.9, -1:00 0:54
SOy~ 0.39 0.03 0.28 0.22 0.50 0.12-0.43 0.34 0.17 0.49 0.28-0.14 0.96 0./35 0.32-0.40 0. 09 0’30 1.0

1) R A FHIERIR; # BRI, BT E 50.6, T
-4 [ 4 \ f’4

®3 EFBUANMSZEHALRY | ¢ &
lable 3 Correlation coefficients between iinorganic.components of PM, § durlncr the day and nlght in winter = ]

~Pb  Fe Ny Moy GNT~ Se Nd“ INH,. K cd“ Cl- NO; PO}~ 80 .

Pb / 1/00 0.66.0.28 0.66 0.59 -0.08 0.7 ,.»0’ 71 0.60 0.48 0.29 0.60/ 0. 66 0.4 0.72 0.68 0. 65.-0.13_.0.54
Fe 0/37 1700 0.64 0.37 0.19 ~0.10°. 41 /0,76 0:74 0.39 0.31 0. 74 0.52 0.26 0.80 0.52 0.65 0.31 +0.39"
Al L0/04 0.82 ‘lfOO -0.01 -0.06 0.40 0 09 0.34 0,46 0.09 0.10 075340.19 0.73% 0.69 0.17 0.40 0.27 -—6.93
Zn_ 0.87 0.36 0.02 1.00 0.29 -0. 22 0.60 0fé5 0.32! 0.33 0.43 0.2T. 0.50 0.39 0.46 0.52 0.50 -0.13 0.42
As 2 O.%V 0.08 <10.05 0.36 1.00 —0420 0,47 70.24 0.%&- 0454 0.21 0.48 0.46 0.27 0.29 0.42 0.33 0.02 0.49
Crd 045 0. 48 0.62 -0.25 -0.15 1.00 .0. 00'=0. 09__.9."03__;-'0. 20-0.49 0.06 -0.15-0.18 0.04 -0.48 0.00 -0.04 -0.17
Cu 0.57 0:40° 0.23 0.56 0.42 0.01' 1.00 0.50==0:27 0.21 0.03 0.33 0.39 0.20 0.47 0.41 0.34-0.01 0.38
Mn 0456 0.64 0.44 0.53 0.10 0.27 0.49 1.00 0.74 0.51 0.37 0.53 0.58 0.27 0.63 0.57 0.63 0.23 0.47
Ni 0.62 0.39 0.14 0.69 0.27 -0.06 0.32 0.43 1.00 0.48 0.37 0.59 0.53 0.16 0.57 0.35 0.62 0.48 0.42
Se 0.37 0.24 0.12 0.43 0.45 -0.19 0.62 0.30 0.15 1.00 0.25 0.43 0.44 0.28 0.28 0.43 0.39 0.23 0.49
\Y 0.43 0.22 0.09 0.57 0.41 -0.30 0.38 0.29 0.72 0.44 1.00 0.24 0.48 0.33 0.35 0.53 0.44 0.11 0.35
Na* 0.22 0.60 0.39 0.27-0.09 0.28 0.19 0.36 0.27 0.14 0.11 1.00 0.39 0.50 0.66 0.63 0.42 0.57 0.31
NH; 0.75 0.14-0.09 0.77 0.19 -0.29 0.48 0.37 0.52 0.27 0.43 0.11 1.00 0.26 0.52 0.49 0.93 0.17 0.94
K* 0.43 0.30 0.09 0.46 0.00 -0.12 0.17 0.39 0.36 0.22 0.36 0.44 0.49 1.00 0.42 0.58 0.20-0.25 0.18
Ca®* 0.39 0.8 0.78 0.42 0.11 0.37 0.41 0.56 0.47 0.40 0.37 0.57 0.27 0.50 1.00 0.53 0.64 0.16 0.33
Cl- 0.69 0.11-0.16 0.71 0.48 -0.39 0.36 0.37 0.66 0.43 0.78-0.01 0.56 0.41 0.18 1.00 0.36 0.15 0.40
NO; 0.73 0.37 0.18 0.76 0.21 -0.06 0.60 0.50 0.50 0.27 0.27 0.26 0.91 0.40 0.43 0.39 1.00 0.21 0.80
PO;~ 0.00 0.16-0.03 0.11 -0.07 -0.08 0.15-0.07 0.14 0.07 -0.02 0.62 0.02 0.06 0.04-0.09 0.12 1.00 0.17
SO;~ 0.74 0.11-0.16 0.71 0.13 -0.32 0.35 0.33 0.40 0.17 0.33 0.13 0.94 0.44 0.18 0.53 0.8 0.03 1.00
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Table 4 Principle component analysis (PCA) results for the inorganic components in PM, 5 during the day and night in summer

s REN i
HF 1 AT 2 HT3 HT 4 HF S5 AT 1 AT 2 HT 3 HF 4 HF 5
Pb 0.17 -0.02 0.55 0. 60 0.27 0.23 0.71 0.52 0.32 0. 06
Fe 0.72 -0.33 0.21 0.29 -0.17 0.37 0.26 0.70 0.36 0.11
Al 0. 67 -0.15 0.61 -0.08 0.05 0.21 0.12 0.21 -0.24 0.72
Zn -0.01 0. 06 0.55 0.35 -0.42 0.14 0.88 0.28 0.11 0.11
As -0.46 0.43 0.58 0.25 0.11 0.01 0.87 -0.14 0. 00 0.14
Cr 0.20 -0.02 0.29 -0.18 0.78 0.29 0.13 0.03 0.35 0. 66
Cu 0.17 -0.31 0. 02 -0.81 0.20 -0.16 0.19 0.91 0.09 0. 05
Mn 0. 81 0.03 0.18 0. 36 0.03 0. 66 0. 67 0.18 0.13 0. 09
Ni 0.88 -0.08 0.07 -0.05 0. 30 0.85 -0.09 -0.06 -0.16 -0.09
Se -0.03 0.36 0.71 0.12 0.12 0.07 0.21 0.30 0.76 -0.12
v 0. 82 0.18  -0.09 0.01 0. 07 0.38 -0.57 0.19 -0.02 -0.57
Na* 0. 46 -0. 64 0.32 -0. 14 0.29 0.25 -0.29 0. 64 0. 14 -0.18
NH,! 0.17 0.79 0.26 0.31 0.25 0. 80 0.31 -0.08 0.05 0.20
K* 0.25 0.03 0.10 0. 67 0. 05 0. 60 0.22 0. 47 0.25 0.09
Ca* 0.38 -0.09 0.74 -0.03 0.11 0.07 0. 40 0.16 0.08 0.35
cl- 0.12 -0.83 0.02 0. 08 0. 14 -0.11 -0.03 0.91 -0.11 0.08
NO; 0. 15 -0.08  -0.02 0.27 0.71 0.84 0. 06 -0.01 ~0.18  _~0.33
PO3- ~0.24 0.48 0.00  -0.13 0. 61 0.35 0.02 0.07  -083 44014
s02- 0.24 0.74  0.35 __.0.31 0.13 0.46 0.51 1-0.02 -0'357 040
FRAEfE 5.19 4.06 2.15 . 64 1.20 6.58 | [73.22 2.71 1.56 /A3
TUkk % 27.3 2.4 1.3 786 6.3 34.6 | 41700 143 8.2, F_;-"'fs. 9
Rtk % 27.3 48.7  760.0 ;7 68.6 74.9 34.6/ 51671 65.9 741 % 80,0 4
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Tablé/3 Prig:ciple component analysis ( RCA) results for the i inorganic componéntsin PM,/5 duriﬁgI the day and night in winter ]
7 rd
o . - g ek | 4 g
- L W2l HT3 Wr4s HFs AT 1 T2 ¥ 3 T4 HF5
Pl 7 0.77 0.12 40.36 « '9:29.5" —0.01 0.49 0.37 0.70 0.15 0.01
Fe [/ ‘i 0.16 0.88 0.17 014 0.22 0. 80 0.33 0.23 0. 06 0.22
Al J -0.09 0.92 -0.02 0.05 0.02 0.89 0. 06 -0.20 -0.15 0.03
Zn 0.72 0. 10 0. 46 0.32 0.10 0.24 0. 40 0.51 0.32 -0.31
As 0. 04 -0.07 0.27 0.74 -0.15  -0.09 0.24 0.72 0.16 0.11
Cr -0.19 0.75 -0.30 -0.15 -0.08 0.32 -0.08 -0.09 -0.81 -0.12
Cu 0.45 0.27 -0.01 0.73 0.11 0.26 0.19 0.78 -0.11 -0.17
Mn 0. 44 0. 62 0.22 0. 15 -0.05 0.55 0.45 0.39 0.18 0.15
Ni 0.33 0.23 0.76 0. 08 0. 09 0. 58 0.43 0.17 0. 06 0.45
Se 0. 14 0.12 0.17 0. 80 0.12 0.03 0.26 0.56 0.27 0. 46
% 0. 14 0.02 0.84 0. 36 -0.02 0.20 0.45 -0.12 0.74 0.02
Na* 0.12 0. 48 0. 15 -0.06 0.78 0.73 0.01 0.31 0.22 0.43
NH,! 0.92 -0.06 0.25 0.11 0.01 0.22 0. 87 0.29 0.18 0.07
K* 0.41 0.20 0.52 -0.16 0.24 0. 41 -0.10 0.33 0. 56 -0.31
Ca2* 0.20 0.82 0.31 0.16 0.16 0. 81 0.29 0.26 0. 14 -0.05
Cl- 0.39 -0.13 0.76 0.35 -0.13 0.39 0.11 0.47 0.68 0.08
NO; 0.91 0.21 0. 06 0. 18 0.10 0. 41 0. 86 0.16 0. 06 0.05
PO}~ 0.01 -0.08 -0.04 0.07 0.94 0.24 0.08 -0.07 -0.02 0.88
S02- 0.92 -0.11 0.20 0.01 0.02 0. 00 0.83 0.37 0.12 0.14
FHIE(E 7.50 3.51 1.74 1.43 1.23 8.34 2.49 1.62 1.51 1.19
BTk, % 39.5 18.5 9.20 7.5 6.5 43.9 13.1 8.5 8.0 6.3
BT/ % 39.5 58.0 67.2 74.7 81.2 43.9 57.0 65.5 73.5 79.8
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