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Table S1. Certified elemental areal concentrations for the NIST SRM 2783 standard

Element Areal concentration (ug cm?) Uncertainty (ug cm?)
Al 2.33 0.05
Sb 0.0072 0.0003
As 0.0012 0.0001

Ba* 0.034 0.005

Ca* 1.3 0.2
Co 0.0008 0.0001
Cu 0.041 0.004

Cr* 0.014 0.003
Fe 2.7 0.2

Mg 0.87 0.05

Mn 0.032 0.001
Ni 0.007 0.001
K 0.53 0.05

Rb 0.0024 0.0006
Sc 0.00036 0.00003
Si 59 0.2

Na 0.19 0.01
S 0.11 0.03

Ti* 0.15 0.02
\Y% 0.0049 0.0006

Zn 0.18 0.01

For the elements marked with the asterisk (*) the concentrations are reference values only



Table S2. Certified and uncertified elemental concentrations in SRM 1648a and average recoveries (n=14)

Elements Certiﬁed_Conc. Analysis _Conc. Recovery (%) + Std. Dev.
(nggh (ngg" (n=14)
Al 34300 + 0.13 32418.9 945+ 15
Sb 454+1.4 40.6 89.4+6.1
As 115.5+3.9 120.8 104.5+12.2
Br 502+ 10 438.3 87.3+6.8
Ca 58400 +0.19 41760.27 71.5+£34
Cd 73.7+2.3 71.1 99.3£8.6
Ce 546+22 45.9 843 +4.7
Co 17.93 +£0.68 16.9 94.5+7.8
Cr 402+ 13 386.4 96.1 £9.7
Cu 610+ 70 562.8 923 +11.1
Fe 39200 + 0.21 38605.8 101.4+£11.3
Pb 6550 +0.033 6613.8 100.9 £9.5
Mg 9130+ 0.01 8247.1 90.4 +13.7
Mn 790 + 44 808.9 102.3+10.1
Hg 1.323 +£0.064 1.04 783 +£13.5
Ni 81.1+6.8 74.7 92.3+£20.1
K 10560 + 0.049 9939.3 942 +17.6
Rb 51+1.5 47 922+73
Na 4240 £+ 60 4336.4 102.7+9.3
Sr 215+ 17 219.6 102.1+7.4
S 55100 +0.36 52889.6 95.9+4.1
Ti 4021 + 86 3785.9 942 +11.2
\Y% 127+ 11 126.8 99.9+11.6

Zn 4800 £ 270 4970.9 103.5+11.6




Table S3. Descriptive statistics of urban station samples measured by PIXE and ICP-MS/MS

Urban Station PM, 5 Urban Station PM, 5.9
Element rgfﬁl'; Mu;?;?;‘ % BDL lﬁ‘/’fn'; 1\:@’;‘3“ % BDL
PIXE | ICP-MSMS | PIXE Icp. | PIXE | ICP PIXE | 1cP-Msms | DXE Iep. hxe .y
(N=14) | (N=300)  (N=141) NSNS = MSMS L gy =300 | (N7 MSMS 1 (N= 1 MS/MS
(N=300) | 141) | (N=300) 141) (N =300) 141) (N =300)

Na Oy o 00206 | 0.0564 21 9 O OLSEE 00406 | 0.0895 17 |
Mg e s o031 | 00827 17 2 Oy 0T 0319 0326 14 0

Al o127 O 00819 01319 9 I e 00275 03112 04n 13 03
S s 5 09721 ¢ "

P o0 00067 25 00147+ 00132 »

s e 0Ty | 04543 0.6025 8 ! 02Tl 05300 02566 | 02929 14 03
a o 2 01101 ¢ "

K s e | 00727 0.0927 11 8 e OIS 01812 | 01065 15 7
Ca YViie 02000 | 0346 | 02105 4 2 Sy 0T LT3 10392 8 0

Ti Y Ol 00102 | 000792 10 9 00503 ¢ e 00244 | 00314 17 03

v e 0002 | 00014 | oooied 13 03 e 00035~ | 000269 | 0.0024 14 0
Cr 000 L OO0 | 00020 | 000329 | 4l 03 niee 00082 00037 | 00039 43 0
Mn viie 005 | 00026 | 000237 1 1 il OOT3E | 00067 | 0.00599 13 0

Fe e OIS | 01214 | 0n92 17 1 e 0505 | o355 | 03081 16 0

N = number of samples
BDL = below detection limit




Table S3 (Continued). Descriptive statistics of urban station samples measured by PIXE and ICP-MS/MS

Urban Station PM, 5 Urban Station PM; 549
Element Mear; Medla3n % BDL Mear; Medlasn % BDL
ng/m ng/m ng/m ng/m
ICP-
ICP- PIXE PIXE ICP- ICP- PIXE ICP-
(NPE(IEI) MSMS | (N= M(]S\I/I\fs (N= | MS/MS (NPLXIEI) MSMS | (N= (NPE(IEI) MS/MS
(N =300) 141) 300) 141) | (N =300) (N =300) 141) (N =300)
. 0.0021 = 0.0021 + 0.0041 + 0.0035 =

Ni 0.0015 0.0023 0.0020 0.0015 6 1 0.0041 0.0042 0.004 0.0029 12 1
0.0016 = 0.0016 + 0.0028 + 0.0024 =

Cu 0.0010 0.0022 0.0016 0.0011 6 35 0.0028 0.0046 0.0025 0.0015 8 26
0.0185 = 0.0175 + 0.0226 + 0.0141 £

Zn 0.0111 0.0182 0.0175 0.0131 0 2 0.0226 0.0129 0.0214 0.0104 0 2
0.0007 = 0.0015 + 0.0006 + 0.0013 =

As 0.0008 0.0016 0.0005 0.0011 29 1 0.0006 0.0013 0.0004 0.0009 40 1
0.0004 = 0.0003 + 0.0002 + 0.0002 =

Se 0.0003 0.0004 0.0003 0.0003 29 34 0.0002 0.0002 0.0002 0.0001 58 89
0.0026 + 0.0031 + 0.0014 + 0.0057 =

Br 0.0017 0.0045 0.0025 0.0017 10 59 0.0014 0.0076 0.001 0.0039 19 60
0.0004 = 0.0004 + 0.0007 0.0009 =

Rb 0.0005 0.0004 0.0002 0.0004 46 2 0.0007 0.0006 0.0005 0.0007 31 0
0.0006 = 0.0014 + 0.0020 + 0.0037 =

Sr 0.0006 0.0016 0.0005 0.0009 24 2 0.0020 0.0030 0.0017 0.0029 19 0.3
0.0002 = 0.0004 +

Y 0.0002 0.0001 72 0.0004 0.0003 61
0.0007 = 0.0020 + 0.0012 + 0.0022 =

Zr 0.0008 0.0037 0.0005 0.0009 31 33 0.0012 0.0024 0.001 0.0018 29 1

0.0002 +

0.0002 = 0.0002 0.0002 = 0.0002 £

Mo 0.0003 0.0002 0.0001 83 4 0.0002 0.0001 0.0002 0.0002 77 7

0.0093

0.0060 = 0.0039 0.0060 £ 0.0082 +

Pb 00115 +0.0355 0.0034 17 4 0.0060 0.0210 0.0035 0.0023 23 26

N = number of samples
BDL = below detection limit



Table S4. Descriptive statistics of rural station samples measured by PIXE and ICP-MS/MS

Rural Station PM, 5 Rural Station PM, 5.4
Element 3;72:; 1\;[1;1:1'3“ % BDL rg‘;;‘; Dﬁ;’;ﬁ‘;‘ % BDL
PIXE ICP-MS/MS PIX_E ICP- PIXjE ICP- PIXE ICP-MS/MS PIXE ICP- PIX_E ICP-
(N = 141) N2 300) (N= MSMS | (N= | MSMS (N = 141) (N2300) | (Noi4n) | MSMS | (N= | MsMS
141) | (N=300)  141) | (N=300) (N=300) | 141) | (N=300)

Na Oé?gzzj; 06(.)362; L 0.0146 | 0.0362 2 12 0.0376 + 0.0643 0(')%11?19 f 0.0406 0.0759 2 5
Mg %‘?3?2; %%53;; 0.0244 0.05 16 6 0.0736 + 0.0704 0('31177:; 0.1319 0.1828 13 1

Al 06%;762; 0()%27 22; 0.0601 | 0.0984 9 1 0.2119+0.2410 0(')‘.‘2;12; 0.3112 0.2706 1 1

si O(fg:;‘; 06(.)87555 0.1865 6 0.5346 = 0.5541 0.8347 9

P 0(3985691i 0.0086 21 0.0086 + 0.0067 0.0132 20

S 0()?56;?6* 06?62;‘5 0.5508 | 0.0477 6 2 0.1284 % 0.1163 0(')% f;’gf 0.2566 0.1442 9 0.3
c 0695391 o 0.0149 10 0.0674 = 0.1392 0.0814 10

K 069(?3;; 0.0565 | 0.0697 9 0.0976 + 0.1031 0(‘)%?1117 . 0.1812 0.0718 9 2
Ca 0&52;‘ li 0('; fgf; 0.1103 | 0.00694 3 2 0.5886 = 0.5343 063.36256; 1.7343 0.2753 5 2

Ti Oéééfgoi 0(')(.)31168; 0.0064 | 0.5586 13 12 0.0242 +0.0246 | 0.0234+0.0220  0.0168 0.0314 1 3

v 0(')("853; 06(.)883; 0.0008 | 0.00066 19 14 0.0013 + 0.0012 0'8%%%%* 0.0024 0.0010 10 0
Cr %‘?83;‘; %‘?832; 0.0022 | 0.00374 61 2 0.0038 = 0.0028 0'3%%356* 0.0037 0.0049 60 15
Mn %983;‘; 06(.)8341 Si 0.0022 | 0.00192 1 2 0.0056 = 0.0066 0’8%%1‘5* 0.0067 0.0043 9 1

Fe O(ff;;‘ L 06%135798; 0.0915 | 0.0929 20 1 0.2671 = 0.2318 06?296896; 0.3255 0.2263 12 1

N = number of samples
BDL = below detection limit




Table S4 (continued). Descriptive statistics of rural station samples measured by PIXE and ICP-MS/MS

Rural Station PM, 5 Rural Station PM, s
ICP-
(N=300) | 141) = (N=300) | 141) 300) 141) | (N=300)  141) | (N=300)

N OeTE OO S 00020 000167 | 4 16 e 00085 0o0s0 | 000267 |8 ”
cu | OONIE OOSLE 00010 | 0.00081 5 67 Y Oy | 00025 | 000047 9 81
zn | ODBTE 0D 00176 000712 0 31 O o 00086 00214 | 000503 0 14
As O OO 00003 | 000057 | 30 2 Yo 000005 | 00004 | 00005 | 44 I
Se e Oy | 00002 | 000011 | 49 59 Yoo 0000 | 00002 | 000013 | 80 98
Br | O000E L OONEE 00020 | 000388 6 53 e 00083+ o010 | 000147 47 -
Rp | OO OO 00001 | 000017 | S6 4 e 00005+ 1 ooo0s | 000036 3 5
Sr s OO 00003 | 0.000s9 | 35 I e 000 00017 | 000157 | 21 I
v S 0.0001 82 vee 0.0003 75

ze | O0eE L ODEE 00003 | 00016 | 43 55 O 0oLy | 00010 | 000106 | 35 12
Mo 000 E L O E 00001 | 0000095 88 35 ven 0o 00002 | 000009 81 14
pp O OOBLE 00146 | 000135 | 30 23 e Oo0e | 00035 | 000065 | 42 78

N = number of samples

BDL = below detection limit



Table S5. Calculated MDLs, LODs and total uncertainties for PIXE method

MDL LOD Total uncertaint
ELEMENT (ng m) (ug m*) (%) ’

Na 50103 6.9510"! 5-20
Mg 405107 5.5@10°! 5-20
Al 3.0%103 420510 520
S 1.3@10° 6.2(510°! 5-20
4.0@510° 5.5°10°! 5-20

Ca 4.02510% 5.510 5-20
Ti 9.0@510 1.3@10"! 5-20
N 8.010° 11107 5-20
Cr 5.0@510° 6.915102 520
Mn 4.0@510° 5.58102 520
Fe 3,005 10 4205102 520
Ni 1.0@ 10 14107 5-20
Cu 9.02510° 13102 5-20
Zn 8.0@510° 11102 5-20
As 2025106 2.8(5107 5-20
Se 9.0@510° 1.3%'102 5-20
Br 8.0 105 1.185102 520
Rb 4.0510 55107 5-20
Sr 2.0810° 285102 5-20
Mo 1.5 10+ 2110 5-20
Pb 2.0%510° 6.9 10" 5-20

MDL: Method detection limit
LOD: Limit of determination
Average sampling volume = 825 m?



Table S6. Calculated MDLs, LODs and total uncertainties for ICP-MS/MS

Elements MDL LOD Total uncertainty
(ng m) (ng mL") (%)
Na 48x 103 40 9%
Mg 1.3x 107 11 9.2%
Al 7.6 x 106 6.25 6.6%
S 8.5x 107 70.25 6.7%
K 6.9 x 107 57.25 6%
Ca 1.3x 107 11 2%
Ti 5.1x 10 4.25 1.2%
A% 42x 107 0.35 9.6%
Cr 5.5x 107 0.45 3.6%
Mn 6.7 x 107 0.55 1.2%
Fe 2.1x 103 0.69 9%
Ni 4.8 x 107 17.25 7%
Cu 7.0 x 106 0.40 0.2%
Zn 2.9x 10 5.75 5%
As 6.0x 108 2.38 8%
Se 1.2x10°¢ 0.05 8.8%
Br 2.5x 103 1.03 8%
Rb 3.9x 107 20.25 2%
Sr 2.4x107 0.20 5%
Mo 2.0x10¢ 1.73 6%
Pb 5.8x 10 4.75 9%

LOD: Limit of determination
MDL: Method detection limit

Average sampling volume = 825 m?
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Figure S1. Distribution of selected crustal and anthropogenic source elements in rural-fine PM
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Figure S2. Distribution of selected crustal and anthropogenic source elements in urban-fine PM
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