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Table captions:

Table S1. Pearson correlation coefficients (r) between concentrations of PM;, associated airborne
metals (mg kg'l) for the warm (N = 105) and cold (N = 105) seasons of seven northern China
cities.

Table S2. PCA rotated component matrix for concentrations (mg kg™) of trace metals and major
elements in the air particles (PM,) of different regions (city groups) in northern China.

Table S3. Summary of observed values for lead isotope ratios in northern China and some natural
background and potential anthropogenic sources in China and Asia.

Figure captions:

Fig. S1. Trace metal loadings (ng m™) in the warm and cold seasonal PM, of different areas of
seven northern Chinese cities (nC, from west to east).

Fig. S2. Trace metal concentrations (mg kg™) in the warm and cold seasonal PM;, of different
areas of seven northern Chinese cities (nC, from west to east).

Fig. S3. Temporal variations (warm and cold seasons) in trace metal enrichment factors (EF) in
the PM; of different areas of seven northern Chinese cities (nC, from west to east).

Fig. S4. Isotopic ratios (206Pb/207Pb VS. 208Pb/207Pb) for 70 selected aerosol (PMjy) samples
collected in different areas (U-Urban, R-Rural village, B-Rural field) and months of seven cities of
northern China from June 2010 to March 2011 compared with natural background and potential
anthropogenic sources. The dotted Chinese lead line was drawn using data on major Pb ore
deposits and coal in China from references listed in Table S3.

Fig. S5. Distributions of cluster-mean five-day backward air mass trajectories (numbers and
percentages represent the proportions of each pathway group) with a height of 500 m carried out
using a HYSPLIT Model for each city in the sampling cold season (from October 1, 2010 to
March 31, 2011), respectively.



43 Table S1. Pearson correlation coefficients (r) between concentrations of PM;j, associated
44 airborne metals (mg kg™) for the warm (N = 105) and cold (N = 105) seasons of seven northern
45  Chinese cities, respectively.

Al Ca Cd Co Cu Fe Mg Ni Pb \% Zn

Al 1 0.89” 0.08 0957 0.04 0917 0977 0717 -003 0827 0.07
Ca 078" 1 030" 085" 0.8 087" 093" 0727 0200 0757 024
cd 0.09 0317 1 0.13 017 016 015 0.3 0.64" 024" 047"
Co 0.86" 0.63™ 0.06 1 0.12 0947 093" 076" 0.08 0.84™ 0.16
Cu -0.01  0.09 0.11 002 1 020" 0.08 0307 0377 0.3 031"
Fe 0777 045"  0.03 0.83" 0.04 1 0.90™ 072" 0.15 0.86™ 0.20"
Mg 095" 0.83™ 0.11 0.84™ -0.02 0707 1 070" 0.03 081" 0.1
Ni 0367 050" 025" 0437 011 0367 0407 1 021"  069” 0.15
Pb -0.00 021" 069" 003 022" 009 002 0387 1 020" 075"
v 027" 030" 0.17 033" -0.03 020" 0337 0677 0357 1 0.20"
Zn -0.14  0.04 0627 -0.09 0.0 000 -0.12 0.16 0677 0.09 1

46  Left: warm season; Wright: cold season.
47  Significance level: **p < 0.01, *p < 0.05.
48
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Table S2. PCA rotated component matrix for concentrations (mg kg') of trace metals and major
elements in the air particles (PM,) of different regions (city groups) in northern China.
WW-YC-TY (n=105) BI-DZ (n=47) YT-DL (n=58)
PC1 PC2 PCl1 PC2 PC3 PC1 PC2 PC3
Al 0.98 -0.03 0.93 -0.09 0.19 0.97 0.04 0.13
Ca 0.83 0.39 0.90 0.28 -0.06 0.89 0.03 0.24
Cd 0.15 0.91 0.18 0.84 -0.15 0.54 0.53 0.09
Co 0.97 0.02 0.88 -0.06 0.39 0.80 0.27 0.19
Cu -0.02 0.51 0.25 0.03 0.84 -0.03 0.59 0.27
Fe 0.96 0.02 0.93 -0.05 0.25 0.52 0.57 -0.28
Mg 0.97 -0.01 0.95 -0.10 0.08 0.94 0.06 0.19
Ni 0.62 0.42 0.07 0.12 0.73 0.39 0.14 0.83
Pb 0.00 0.94 -0.03 0.90 0.16 0.10 0.81 0.15
\% 0.97 -0.05 0.67 0.21 -0.01 0.16 0.02 0.93
Zn 0.07 0.73 -0.05 0.88 0.18 0.10 0.87 -0.18
Eigenvalue (>1) 5.98 2.68 5.10 2.46 1.28 4.94 2.02 1.40
% of Variance 54.4 243 46.4 224 11.6 44.9 18.4 12.8
Cumulative % 54.4 78.7 46.4 68.8 80.4 44.9 63.3 76.0
Coal Coal Coal Petrochemical
Crusal Metallurgical
e combustion combustion e combustion industry, oil
Main sources /Traffic Crustal /Traffic Crustal /Traffic combustion

Factor loading values >0.50 are highlighted and in bold font.



55  Table S3. Summary of observed values for lead isotope ratios in northern China and some natural

56  background and potential anthropogenic sources in China and Asia.

Pb (mg kg™

Matrix 206pp/207pp 208} 207p)y 204pp 207 p Reference
PM, nC-U (34) 806 1.1581 2.4507 0.06415

(137-1740) (1.1136-1.1785)  (2.4181-2.4702)  (0.06371-0.06459)  This study
PM, nC-R (18) 569 1.1498 2.4463 0.06435

(197-1297) (1.1020-1.1687)  (2.4160-2.4632)  (0.06388-0.06502)
PM, nC-B (18) 882 1.1520 2.4450 0.06420

(317-1496) (1.1053-1.1660)  (2.4103-2.4597)  (0.06389-0.06469)
Natural sources (soil) (Ferrat et al., 2012)
Northwestern China 393 1.195 2.480 0.06383
Northern China 22.0 1.196 2.485 0.06383

(14.1-37.3) (1.184-1.202) (2.474-2.490) (0.06379-0.06391)
Tibetan Plateau 242 1.196 2.490 0.06376
India 18.6 1.239 2.522 0.06306
Anthropogenic sources
Vehicular emissions
Shanghai vehicle exhaust (leaded) 7804 + 160 1.1100 2.4351 (Tan et al., 2006)
Shanghai vehicle exhaust (lead free) 238+5 1.1474 2.4372 (Tan et al., 2006)
PRD automobile exhaust 1.1604 2.4228 0.06420 (Zhu et al., 2001)
Coal combustion (Cheng and Hu, 2010)
Northern Chinese coal 1.1781 2.4748 (Mukai et al., 1993)
Chinese coal 22 1.1546 2.4534 (Diaz-Somoano et al., 2009)
Coal used in Shanghai 1.1628 2.4616 (Liang et al., 2010)
Coal combustion in Shanghai 1788 +37 1.1633 2.4559 (Tan et al., 2006)
Metallurgic dust (Shanghai) 6140+130 1.1725 2.4350 (Tan et al., 2006)
Cement (Shanghai ) 103+£2 1.1631 2.4466 (Tan et al., 2006)

Chinese Flb ore deposit

1.0259-1.1809

2.3168-2.4751

0.06388-0.06592

(Zhu et al., 2010;_Cheng and

Hu, 2010)

57 nC-northern China; U-urban, R-rural village, B-rural field.
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seven northern Chinese cities (nC, from west to east).

Fig. S1. Trace metal loadings (ng m™) in the warm and cold seasonal PM,, of different areas of
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Fig. S2. Trace metal concentrations (mg kg") in the warm and cold seasonal PM;q of different

areas of seven northern Chinese cities (nC, from west to east).



5000 e
4500—-
4000—-
3500—-
3000—-

Cd EF

1500 1
1000 1
500

75

2500
2000

Urban

llllllllllllllll

Rural

Background _

0.0

76

300

250

200

Cu EF

100 +

50

77

Rural

%@;*;a@%@%;é@@j@B@'@Eﬁééé

WW YC TY BJ DZ YT DL nC WW YC TY DZ YT nC WW YC TY DZ YT DL nC



78

79

...............
666666666

80



81
82

83
84

500

bmf [0 g
e tadd Bl Bl
éﬁ@ﬁﬁ@g@@@%@@@@?%@

WW YC TY BJ DZ YT DL nCWW YC TY DZ YTnC WW YC TY DZ YT DL nC

Fig. S3. Temporal variations (warm and cold seasons) in trace metal enrichment factors (EF) in

the PM; of different areas of seven northern Chinese cities (nC, from west to east).
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Fig. S4. Isotopic ratios (*“Pb/*”’Pb vs. **Pb/*"’Pb) for 70 selected aerosol (PM;o) samples
collected in different areas (U-Urban, R-Rural village, B-Rural field) and months of seven cities in
northern China from June 2010 to March 2011 compared with natural background and potential
anthropogenic sources. The dotted Chinese lead line was drawn using data on major Pb ore
deposits and coal in China from references listed in Table S3.
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97  Fig. S5. Distributions of cluster-mean five-day backward air mass trajectories (numbers and
98  percentages represent the proportions of each pathway group) with a height of 500 m carried out
99  using a HYSPLIT Model for each city in the sampling cold season (from October 1, 2010 to

100  March 31, 2011), respectively.
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