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Table S1. S/N of species and MDL used for calculation of uncertainty at different study sites.

Species Mohal-Kullu Nainital Darjeeling MDL
S/N Category S/N Category S/N Category (ug m3)

ocC 6.05  Strong 554  Strong 6.0 Strong 0.87
EC 9.09  Strong 427  Strong 4.4 Strong 0.38
WSOC 5.64  Weak 8.00  Weak 74 Weak 0.4
Na* 654  Weak 1.05  Weak 41 Strong 0.34
NHs  9.63  Strong 6.65  Strong 52 Strong 0.27
K+ 797  Strong 0.84  Weak 1.8 Strong 0.32
Mgz - - - - 0.4 Weak 0.18
Ca - - - - 2.0 Strong 0.31
F- 6.52  Strong 0.05  Weak 0.1 Bad 0.10
Cl- 8.85  Strong 047  Weak 1.4 Strong 0.26
NOs 833  Strong 6.46  Strong 3.3 Strong 0.37
SO« 9.07  Strong 8.60  Strong 8.8 Strong 0.23
B 7.04  Strong 9.67  Strong 9.6 Strong 0.01
Al 8.76  Strong 6.72  Strong 9.7 Strong 0.18

p 6.30  Strong 2.87  Strong 3.7 Strong 0.05

S 815  Weak 811  Weak 7.4 Weak 0.12

Ti - - 472 Strong 2.5 Strong 0.03
Cr 0.05  Weak 9.07  Strong 6.1 Strong 0.02
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Fe 488  Strong 8.60  Strong 7.2 Strong 0.07
Ni - - 245  Strong 3.2 Strong 0.02
Cu - - 7.83  Strong 3.1 Strong 0.01
Zn 6.99  Strong 1.01  Weak 1.7 Strong 0.06
Zr 0.00  Weak 6.24 Bad 3.2 Strong 0.01
Mo - - 547  Strong 0.01
Mn - - 2.67  Strong - - 0.02
Br - - 4.67  Strong - - 0.01
Mg  6.68  Strong 6.46  Strong - - 0.03
Ca 8.72  Strong 7.62  Strong - - 0.03

Table S2. Model summary and the results of error estimates at Mohal-Kullu PMF.

Model summary and the result of BS, DISP and BS-DISP error estimates

No. of base runs: 100

Base random seed: 13

Number of factors: 4

Extra modeling uncertainty (%): 5

Base run summary table:

Run # Q(Robust) Q(True)  Converged # Steps Q(true)/Qexp
1 112429  1124.29  Yes 189 2.007
BS-DISP Diag-
nostics:
# of Cases Accepted: 94

% of Cases Accepted: 94%
Largest Decrease in Q:  -0.41

0
Boot Factor 3 0 0 100 0 0
Boot Factor 4 0 0 0 100 0

%dQ: -0.04

# of Decreases in Q: 0

# of Swaps in Best Fit: 0

# of Swaps in DISP: 6

Swaps by Factor: 0 0 0 0
DISP Diagnos-
tics:

Error Code: 0

Largest De-

crease in Q: -0.056

%dQ: -0.0049

Swaps by Fac-

tor: 0 0 0 0
BS Mapping:

Base Factor 1 Base Factor2  Base Factor 3 Base Factor4  Unmapped
Boot Factor 1 100 0 0 0 0
Boot Factor 2 0 98 2 0
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Table S3. Model summary and the results of error estimates in PMF at Nainital.

Model summary and the result of BS, DISP and BS-DISP error estimates
**#** Base Run Summary
Number of base runs: 100
Base random seed: 92
Number of factors: 5
Extra modeling uncer-
tainty (%): 2
Base run summary ta-
ble:
Run# Q(Robust) Q(True) Converged #Steps  Q(true)/Qexp
1 1303.43  1303.43 Yes 1135  1.32
BS-DISP Diagnos-
tics:
# of Cases Accepted: 99
% of Cases Accepted: 99%
Largest Decrease in Q: -0.18
%dQ: -0.01
# of Decreases in Q: 0
# of Swaps in Best Fit: 0
# of Swaps in DISP: 1
Swaps by Factor: 0 0 0 0 0
DISP Diagnostics:
Error Code: 0
Largest Decrease in
Q: -0.061
%dQ: -0.005
Swaps by Factor: 0 0 0 0 0
BS Mapping:
Factorl  Factor2  Factor3  Factor4  Factor5  Unmapped
Boot Factor 1 100 0 0 0 0 0
Boot Factor 2 0 100 0 0 0 0
Boot Factor 3 0 100 0 0
Boot Factor 4 0 0 0 100 0 0
Boot Factor 5 0 0 0 0 100 0
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Table S4. Model summary and the results of error estimates in PMF at Darjeeling.

Model summary and the result of BS, DISP, and BS-DISP error estimates

Number of base runs: 100
Base random seed: 73
Number of factors: 5

Extra modeling uncer-

tainty (%): 2
Base run summary table:
Run # Q(Robust) Q(True) Converged # Steps Q(true)/Qexp
1 2099.47 2099.47 Yes 805 1.1922

BS-DISP Diagnostics:

# of Cases Accepted: 99
% of Cases Accepted: 99%
Largest Decrease in Q: -5.781000137
%dQ: -0.275361773
# of Decreases in Q: 0
# of Swaps in Best Fit: 0
# of Swaps in DISP: 1
Swaps by Factor: 0 0 0 0 0
DISP Diagnostics:
Error Code: 0
Largest Decrease in Q: -0.005
%dQ: -0.000238161
Swaps by Factor: 0 0 0 0 0
BS Mapping:
Factor1  Factor2  Factor3  Factor4  Factor5 Unmapped
Boot Factor 1 100 0 0 0
Boot Factor 2 0 100 0 0
Boot Factor 3 0 99 0 0
Boot Factor 4 0 100 0 0
Boot Factor 5 0 0 100 0
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Table S5. Annual and seasonal average concentration of PMio and its elemental composition at

study sites of IHR.
Val-
ues
are Mohal-Kullu Nainital Darjeeling
inpg
m-3
Post- Post- Post-
An- Winter Sum- Mon- mon- An- Winter Sum- Mon- mon- Winter Sum- Mon- mon-
nual  (Jan- mer soon soon nual (Jan- mer soon soon Annual (Jan- mer soon soon
(Mar- (Jun- (Mar- (Jun- (Mar- (Jun-
Feb) May) Sept) (Oct- Feb) May) Sept) (Oct- Feb) May) Sept) (Oct-
Dec) Dec) Dec)
Sam-

ples n=76 n=5 n=8 n=34 n=29 n=8 n=17 n=27 n=9 n=33 n=134 n=25 n=32 n=31 n=46

()

PMi058 £3251+1652+1544+2676+3662+39 38+9 100+5049+1747+14 54+18 52 +18 63+21 47+9 50+15
173+ 141+ 126+ 154+ 215+ 04+ 022+ 051+ 065+ 031+ 037+ 029+ 052+ 038+ 024+

B 1.13 024 035 131 103 03 016 038 034 012 023 019 026 020 0.13

Na 264+ 219+ 207+ 238+ 322+ 036+ 053+ 028+ 022+ 035+ 0.05+ 0.05+ 0.08+ 0.05+ 0.03+
1.67 037 062 192 155 033 031 019 019 043 004 0.03 005 0.04 0.02

Mg 015+ 0.13+ 022+ 0.12+ 0.17+ 042+ 0.17+ 0.83x 062+ 016+ 0.14+ 020+ 0.18+ 0.09+ 0.11=
0.10 0.10 0.10 0.10 0.09 049 008 060 055 013 0.15 027 014 0.08 0.04

Al 122+ 1.08+ 126+ 1.05+ 144+ 1.65+ 067+ 3.07+ 254+ 075+ 085+ 0.78+ 091+ 1.06+ 072+
070 038 038 081 062 173 032 206 191 054 075 034 064 137 027

P 0.01 + 0.006 £0.009 £0.005 £0.006 + 0.05+ 0.01+ 0.10+ 0.05+ 0.02+ 0.06+ 021+ 0.03+ 0.02+ 0.02+
0.001 0.005 0.004 0.004 0.004 0.06 0.008 007 003 001 030 067 002 001 0.01

S 1.02+ 091+ 120+ 1.13+ 0.84+ 136+ 113+ 166+ 1.80+ 1.09+ 1.12+ 127+ 1.67+ 0.66+ 0.97 +
1.01 037 033 143 038 071 057 066 097 060 072 076 075 047 054

al 044+ 064+ 023+ 020+ 0.78% 040+ 058+ 0358+ 0.09+ 043+ 0.12+ 0.17x 0.07x 0.08+ 0.13+
059 022 011 016 084 044 042 040 0.009 051 013 022 0.05 0.07 0.10

K 091+ 073+ 0.84+ 081+ 1.10+x 130+ 056+ 220+ 1.62+ 0.86+ 060+ 0.71+ 078+ 029+ 0.62+
055 020 023 065 048 109 026 136 106 039 037 030 044 021 032

Ca 049+ 039+ 050+ 042+ 058+ 1.81 088+ 332+ 222+ 095+ 057+ 053+ 065+ 041+ 0.62+
029 014 015 034 026 1.8 063 214 193 116 038 021 045 025 043

Ti 0.11+ 0.05+ 0.19+ 0.19+ 0.05+ 0.06+ 0.06+ 0.07 0.05+ 0.05+
0.09 0.02 011 007 003 0.02 0.01 =+0.03 0.02 0.01

Cr 0.01 £ 0.004 £0.006 £0.005+0.007 + 0.13+ 0.14+ 0.11x 0.13+ 0.13+ 0.13+x 0.15% 0.09+ 0.13+ 0.13+
0.001 0.001 0.001 0.004 0.003 0.01 001 002 0008 001 010 022 0.01 003 0.02

Fe 019+ 0.16+ 028+ 0.16+ 022+ 142+ 0.73+ 241+ 201+ 080+ 061+ 0.62+ 070+ 049+ 0.60+
013 012 011 012 011 116 029 127 131 049 026 023 039 021 0.15

Ni i ) ) ) ) 0.06+ 0.03+ 0.10+ 0.03+ 0.03+ 0.04+ 0.05+ 0.04+ 0.04+ 0.03%
0.02 0.004 036 0.003 0006 0.01 0.02 001 0.01 0.10

Cu ) ) ) i i 0.13+ 0.04+ 023+ 015+ 0.09+ 0.03+ i i 0.04+ 0.02+
0.01 0.03 018 0.07 0.07 0.02 0.02 0.003

7n 029+ 023+ 026+ 026+ 034+ 0.08+ 0.10+x 0.07x 0.03+ 0.09+ 0.09+ 0.09x 0.08+ 0.08+ 0.09+
0.18 0.06 007 021 014 007 0.07 008 0.009 0.06 003 003 002 0.04 0.03

71 0.005 +£0.001 £0.001 + 0'0801 0.001+ 0.11+ 0.02+ 021+ 017+ 0.06+ 0.04+ i 0.05+ 0.04+ 0.03+
0.004 0.001 0.0001 _ _ 0.001 0.11 0.003 0.10 0.11 0.09 0.01 0.01 0.01 0.009

0.0001
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0.05+ 0.04+ 007+ 003+ 004+ 005+ 0.06+ 005+ 0.06+ 0.05=+

Mo - ) ) ) 006 001 011 001 001 006 001 001 001 0.01
__— ) ] ] 006+ 005 007+ 006+ 0.05% 006+ _012% 021=
0.02 0.008 004 0.009 0.08 0.2 0.13 023
Mo . ] ] ] _008% 005+ 011+ 0.08+ 006+ 008+ 005+ 005+ 0.04x 0.04x
014 004 019 005 016 014 001 002 0.02 0.02
B, 113% 090+ 103% 101+ 135+ ] ] ] ] ] ] ] ] ]

069 022 028 083 0.58

average + Standard deviation, all values are in pg m-.

Table S6. Diagnostic mass ratios of carbonaceous and water soluble inorganic ionic components of
PMuo at different study sites.

Mohal-Kullu Nainital Darjeeling
. Post . Post . Post
An- Win- Sum- Mon- An- Win- Sum- Mon- An- Win- Sum- Mon-
Mon- Mon- Mon-
nual ter mer soon nual ter mer soon nual ter mer soon
soon soon soon

OC/EC 295 261 298 284 314 344 233 384 34 370 260 204 174 3.04 321
WSOC/OC 0.68 055 042 082 060 072 074 075 07 068 068 074 061 059 076
SOC/OC 030 014 031 025 034 043 023 050 04 042 043 034 023 042 049
nss K/OC 0.05 0.03 0.03 0.05 005 0.09 010 009 012 0.09 010 010 0.13 0.08 0.10
nss KYEC 0.14 0.08 0.08 016 015 031 023 031 039 032 026 021 022 022 033
Cl-/Na* 076 077 056 077 081 097 123 106 063 085 050 051 0.61 048 044
NHs /SO 068 073 0.63 063 075 045 045 044 037 049 050 062 058 041 045
NOs- /SO 097 1.17 1.00 092 099 052 053 053 052 051 050 049 051 037 057
Mg>/Ca?» 032 027 010 055 011 059 018 123 094 018 023 020 021 019 028
K+/NH+ 034 028 035 031 038 033 039 030 040 031 077 040 029 0.62 1.39
Cl-/NOs 080 073 071 077 087 018 023 021 007 017 034 028 032 047 031
Ca»/NO3- 066 078 069 059 071 047 041 050 040 048 050 047 051 069 0.38
K+/ Ca? 059 026 036 078 049 294 115 617 308 117 170 176 091 055 299
K+/SsO4> 022 021 023 017 028 012 012 013 013 012 022 024 013 011 035
K*/NOs 022 018 022 018 027 025 027 024 024 025 051 044 028 034 084
K+/ CI- 029 025 042 025 031 237 187 208 352 255 298 398 176 101 4.62
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Table S7. PCA factor loadings of PMuo at different locations of IHR.

Mohal-Kullu Nainital Darjeeling
PC1 PC2 PC3 PC4 PC5 PCl PC2 PC3 PC4 PC5 PC1  PC2 PC3 PC4 PC5 PCé6
OC -003-001 067 055 002 032 0.83 023 0.15 0.18 025 010 0.69 018 035 0.01
EC 039 018 062 043 -010 -0.12 0.73 040 037 0.13 005 028 081 043 027 026
WSOC -0.06 0.19 082 -004 0.05 032 0.78 033 028 0.19
Na: 017 008 055 010 033 041 -0.03 0.07 0.54 0.59 011 003 -0.11 029 -026 0.60
NHs 004 095 008 009 -008 018 028 0.86 -0.03 0.02 024  0.86 025 010 000 014
K- 058 028 044 008 020 033 0.70 041 0.09 0.10 011 040 061 029 -0.19 -0.04
Mg> 0.06 -0.08 000 -0.01 0.92 - - oo 008 010 021 074 012 008
Ca> 037 005 064 -0.04 035 - .. 034 045 -0.01 058 -0.13 023
F 069 029 045 -0.02 -0.05 009 018 023 0.81 -003 042
Cl 069 030 037 -0.18 034 057 021 0.09 -0.04 0.49 022  0.86 017 043 050 0.02
NOs 019 090 021 005 -002 030 032 0.84 0.05 -0.05 026  0.89 015 012 0.08 007
SO2 029 089 012 010 -0.01 030 0.17 0.84 0.17 -0.09 018 021 -0.04 017 049 049
B 084 011 009 028 000 046 0.60 041 0.02 -0.06 0.80 022 -0.11 025 -024 0.06
Al 068 022 007 066 -0.02 090 025 025 021 0.09 0.87 013 -0.06 015 -010 0.07
P - - ; - 0.78 0.40 023 025 0.23
S -006-0.09 021 070 -006 034 0.18 0.60 043 -0.03
i - - - - 091 0.19 021 022 0.03 0.78 024 020 -0.08 0.16 0.10
co- - - - - -031-019 -0.12 -0.07 -0.66 002  -0.10 -0.27 0.08 -0.05 -0.81
Fe 022 026 -0.13 0.83 004 0.89 0.18 027 023 0.10 0.83 021 019 010 006 013
Ni - - - - - oL
Cu - - - - 031 0.18 026 0.77 0.10 001  -0.04 -0.14 -0.09 082 -0.13
Zn 078 025 003 048 -001 -0.13 -025 037 052 0.39 061 011 034 034 -005 -0.26
Zr - - - - - - .o 011  -0.06 -0.17 0.08 084 0.03
Ba -057 013 035 013 -0.04 - - - - - ; - ; -
Mn - - - - - - - - - - - - - - - -
Br - - - - 0.09 0.05 -0.28 0.08 0.79 ; - ; -
Mo 039 0.63 -0.12 -0.28 -0.05 - - - - -
Mg 091 027 020 0.15 0.49 ; - ; -
Ca 0.92 0.16 0.18 0.15 0.12 - - - - -
Zﬁi 370 1.6 111 100 57 503 114 75 60 54 3356 1254 9.18 6.02 599 534
Eigen-
BT 67 21 20 18 10 111 25 16 13 12 738 276 202 132 132 1.18
% Con-
tribu- 87 167 348 377 20 251 19.6 30.8 152 94 312 214 275 123 45 30
tion
Combus-
Source VE SA ™" Ssp SMS SD BB SA VE SMS SD/CD/RD SA BB VE FFC/CC SS

(BB+FFC)
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Table S8. Source composition of PMio sources by UNMIX at different study sites.

Mohal-Kullu Nainital Darjeeling
1 2 3 4 1 2 3 4 5 1 2 3 4 5
oC -0.18 314 421 147 039 030 1.18 134 139 036 -053 0.88 347 0.83
EC -0.18 203 111 06l 028 -018 016 059 072 012 012 049 1.18 0.29
WSOC 0.51 180 115 079 056 -001 058 136 085 043 -0.65 039 2.95 0.42
B 0.16 072 024 043 002 014 021 -0.17 0.13
Al 0.07 040 030 039 007 003 112 027 0.08 008 009 005 013 047
p 0.002 0.003 0.003 0.003 0.02
S
Ti 0.003 0.08 001 001 0001 0.01 001 001 0.02
Fe 0.01 002 008 009 -0001 -0.06 080 023 025 004 005 0.3 011 0.29
Zn 0.02 010 006 009 0003 003 001 -0.04 0.08 -0.0020.001 0.02 0.03 0.03
Zr 0.00 000 000 000 011 -0.01 001 0.01 -0.01 -0.004 0004 0.03 0.00 0.01
Cr 0.00 0.00  0.00 0.00 -0.004 -0.01 0.05 0.05 0.03
Mg 0002 001 034 001 001 002 002 001 -0.010.08
Ca 022 014 161-015025 008 003 006 0.09 0.30
Mo 001 001 0002-0.01 0.02 -0.004 0.002 0.03 0.01 0.02
Nat 0.16 066 052 051  -005 037 007 0.06 -0.03 004 007 057 0.16 0.65
NHq 0.02 055 016 1.04 020 003 044 007 092 003 2.87 007 -0.24 0.29
K+ 0.02 051 -003 -004 003 002 010 0.06 021 012 -0.03 0.11 042 0.02
Mg 021 002 001 001
Ca 021 098 012 -0.13
F 0.01 0.05 0.00 0.2
I 0.11 115 002 022 006 007 003-0.07012 057 -002 0.03 -0.02 0.03
NOs 0.10 096 019 094 017 -0.09 065 017 1.04 033 179 0.14 0.02 0.06
SO 0.13 112 008 121 006 002 137 033 193 -038 512 124 -1.050.71
% Contri- 44 451 262 243 67 30 374 186 343 68 332 166 262 17.3
bution
Source sms  Combus g gy VE SMS SD BB SA CC SA VE BB SD

tion
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Table S9. Percent contribution of PMio sources by PMF at different study sites.

Mohal-Kullu Nainital Darjeeling
1 2 3 4 1 2 3 4 5 1 2 3 4 5
oC 41 7 38 14 18 23 13 18 28 10 10 56 12 11
EC 41 9 32 18 0 28 26 14 32 11 0 43 27 19
WSOC 38 14 46 2 14 17 23 16 30 12 13 63 0 12
Na* 39 8§ 41 12 29 37 3 25 6 3 29 36 28 3
NHas 0 54 30 15 15 60 1 4 11 0 5 0 10 85
K+ 8 6 8 0 11 30 21 19 19 15 10 53 10 13
Mg - - - - - - - - - 24 30 23 23 0
Ca* - - - - - - - - - 9 25 34 20 12
F- 39 8 53 0 9 3 16 52 19
Cl- 31 19 44 6 11 9 8 53 18 13 15 51 14 7
NOs 12 39 35 14 20 51 7 7 15 14 2 16 10 58
SO« 6 48 32 14 21 52 3 8 15 55 7 0 6 32
Mg 17 1 29 53 70 0 13 3 14
Ca 29 5 32 33 76 1 3 6 14
B 34 8 42 16 15 5 80 0 0 0 11 0 8 3
Al 32 5 29 34 67 1 13 1 17 1 88 0 8 4
p 10 3 27 60 57 3 11 3 27 0 74 5 17 4
S 23 1 15 61 22 17 35 11 15 5 15 23 4 12
Ti - - - - 63 2 13 6 16 2 38 29 25 6
Cr 32 9 3 24 4 17 16 51 12 0 9 69 22 0
Fe 19 0 30 51 61 5 10 10 15 1 65 16 15 4
Ni - - - - 11 19 14 44 11 0 21 44 31 3
Cu - - - - 16 0 0 0 84 2 11 54 29 4
Zn 33 7 34 26 1 51 0 47 0 3 27 47 17 5
Zr 67 0 9 25 - - - - - 0 5 52 43 1
Mo - - - - 0 10 1 63 16
Mn - - - 35 2 15 31 18 - - - -
Br - - - - 6 0 16 62 17 - - - - -
Ba 69 26 0 5 - - - - - - - - - -
% Contribution 29.5 132 343 23.0 261 178 152 221 188 82 232 325 226 135
Source VE SA BB SD SD SA BB FFC VE CC SD BB VE SA
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Figure S1. Seasonal variations in the concentration of PMuo at different study sites (in pug m3).
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Figure S2. Seasonal variations in the concentration of carbonaceous components (OC, EC, WSOC,
POC, SOC) of PMuo at different study sites (in pg m=).
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Figure S3. Pie chart showing percentage contribution of analyzed species to PMuo at study sites in
IHR.
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Figure S4. Scatter plots between crustal elements Al with Mg/Ca/Fe, and Ti of PMu at different
study sites.
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Figure S5. Seasonal CE/AE ratio for aerosol acidity at study sites.
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Figure S6. Scatter plots between OC/EC, WSOC/OC, SOC/OC of PMuo at different study sites.




