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Section 1. Selection of the member of PMF factors

The number of PMF factors needs to be chosen according to the understanding of the
sources impacting the samples utilized. When the background information is not
enough to determine the number of factors, several methods could be used to
determine the range of the number of the factors. The maximum individual column
mean (IM) and the maximum individual column standard deviation (1S) of the scaled
residual matrix can be used to identify the range of the number of factors. IM and IS
will show a drastic drop when the number of factors increase up to a critical value
(Lee et al., 1999). The optimal number of factors should be no less than the critical
value. The trend of dQ also provides useful information on deciding the number of
factors. When dQ becomes small as the number of factor increases, there might be too
many factors (Hopke, 2000; Brown et al., 2015). Runs with different numbers of
factors in the range determined by IM, IS, and dQ should be conducted. The model
performance and the interpretability of factors in each run should be evaluated. The
optimal PMF solution should be a compromise of those indexes and the
interpretability of the factor profiles and their comparability with those from the
literature (Belis et al, 2015a, 2015b; Cesari et al., 2016).

In this study, the IM and IS were calculated to determine the number of factors. The
IM and IS dropped dramatically in 2009 when the number of factor increased to 3
(Figure S1). In the line plot of Q(Robust) and Q(true) vs. the number of factors (Figure
S2), no significant decreases were found when the number of factors is larger than 5 in
2009. Therefore, the PMF was run using the number of factors from 3 to 5 in 2009. In
2010, the decrease of IS value was gradual while the IM value experienced a drastic
drop when the number of factors increased to 3 (Figure S3). The trend of the Q
(Robust) and Q (True) in 2010 is similar to 2009 (Figure S4). Therefore, the PMF
runs with the number of factors from 3 to 5 were also conducted in 2010. The number
of the factors selected (4) is a compromise of the trends of these indexes and the
physical meanings of the factors obtained following Cesari et al. (2016). A detailed
comparison of the physical meanings of solutions with different number of factors can
be found in Liao (2016).
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Figure S1. IM and IS vs number of PMF factors in 2009.
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Figure S2. Q(Robust) and Q(true) vs number of PMF factors in 2009.
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Figure S3. IM and IS vs number of PMF factors in 2010.
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Figure S4. Q(Robust) and Q(true) vs number of PMF factors in 2010.
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Section 2. Stability of PMF model runs

As pointed out in the PMF User’s Guide (US EPA, 2014), when the Q (robust) values
over several runs are highly variable, the stability of the result is poor. In this study,
the differences of the Q (Robust) value between different runs were all smaller than 5
indicating that the results were quite stable in 2009 and 2010. More information can

be found in Liao (2016).
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Table S1. Point source emissions of Hg and other pollutants reported in NPRI in the province of Nova Scotia (Data source:
facilities are shown in Figure 1.

Environmental Canada, 2016). Bold
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Table S1 — Continued 1
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Table S1 — Continued 2

Facility Location (lat, long) K%l.ls/tialrrl:zt:gn 2009Hg Kg)zom 20%82 (Tonng(s))lo 21(\)1(())92 (Tonnze(s))lo 21(;](?93 (Tonn;(i)lo
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Stanfield’s Ltd. 453 7;"“;‘3’ 25oW) nlfrihg‘slt 0 0 21 21 0 0 0 0
Stella-Jones Inc. (453 8°§r,ué(3).27°W) ;frfhg‘;t 0 0 12 19 2.9 42 0 0
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Table S1 — Continued 3

Distance to

Hg

Kg)

SO, (Tonnes)

NO, (Tonnes)

NH; (Tonnes)

Facility Location (lat, 1ong) | y kj/irection | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010
Nova Scotia Power — Trenton Trenton 248 Km
Generating Station (45.62°N, 62.64°W) northeast 33 19 30,429 19,257 5,126 3,377 0 0
. Trenton 248 Km
Nova Forge Corporation (45.62°N, 62.64°W) northeast 0 0 3.1 0 0 0 0 0
Northern Pulp Nova Scotia New Glasgow 266 Km
Corporation (45.65°N, 62.72°W) | northeast 0 0 246 89 688 676 42 46
. . . Antigonish 291 Km
St. Francis Xavier University (45.62°N, 61.99°W) | northwast 0 0 41 36 25 17 0 0
Exxonmobil Canada Properties — Goldboro 300 Km
Goldboro Gas Plant (45.17°N, 61.61°W) northeast 0 0 0 0 >21 415 0 0
Nova Scotia Power — Point Port Hawkesbury 335 Km
Tupper Generating Station (45.58°N, 61.35°W) northeast 12 95 9,394 5,721 1,952 1,952 0 0
Newpage Port Hawkesbury Port Hawkesbury 355 Km
Corp. (45.60°N, 61.36°W) northeast 0 0 294 85 404 306 0.23 0.23
Exxonmobil Canada Properties — Port Hawkesbury 335 Km 0 0 0 0 48 23 0 0
Point Tupper Fractionation Plant | (45.58°N, 61.34°W) northeast
Exxonmobil Canada Properties — Offshore 402 Km
Thebaud Platform (43.01°N, 59.98°W) cast 0 0 0 0 135 126 0 0
Exxonmobil Canada Properties — North Triumph 433 Km
North Triumph Platform Platform east 0 0 0 0 26 29 0 0
p (43.01°N, 58.98°W)
Nova Scotia Power — Point Aconi Point Aconi 442 Km
Generating Station (46.32°N, 60.30°W) northeast 27 2.8 3,627 3,365 1,759 1,747 0 0
Exxonmobil Canada Properties — Venture Platform 450 Km
Venture Platform (44.06°N, 59.58°W) east 0 0 18 0 >4 > 0 0

11




Table S1 — Continued 4

.. . Distance to Hg (Kg) SO, (Tonnes) NO, (Tonnes) NH; (Tonnes)
Facility Location (lat, 1ong) | y kj/irection | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010
. Sydney 450 Km
Cape Breton University (46.17°N, 60.09°W) northeast 0 0 60 57 0 0 0 0
Nova Scotia Power — Lingan Lingan 457 Km
Generating Station (46.23°N, 60.04°W) northeast 92 >0 25,208 33,479 5,106 5,219 0 0
Provincial total emission 147.5 90.3 108,961 70,336 22,165 22,166 45.7 48.5
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Table S2. Coefficients of cross-correlation among all variables in 2009 (bold numbers are significant at p<0.05).

GOM PBM PM 0, SO, HNO; Ca* K° Na* Mg CI'  NOy NH,” SO,  Temperature Relative  Wind Precipitation
humidity speed
GEM 0.37 0.28 0.15 048 0.11 0.18 0.13  0.01 0.06 0.07 -0.01 0.14 0.18 0.24 0.03 0.06 0.24 0.17
GOM 0.10 031 027 0.21 0.45 039 017 -009 -0.02 -0.18 0.17 0.28 0.27 0.46 -0.38 -0.01 -0.09
PBM 047 056  0.63 0.42 028 0.11 0.20 0.23 0.06  0.50 0.53 0.54 -0.43 -0.38 -0.09 -0.15
PM 052  0.64 0.70 068 043 0.37 0.44 0.19  0.66 0.80 0.79 0.17 -0.36 -0.05 -0.18
O; 0.49 0.52 051 005 0.21 0.26 0.09  0.36 0.50 0.58 -0.17 -0.49 0.20 -0.09
SO, 0.80 052 029 0.29 0.34 0.09  0.71 0.74 0.70 -0.21 -0.31 -0.10 -0.19
HNO;, 067 033 0.16 023 -0.05 0.61 0.80 0.77 0.16 -0.37 -0.13 -0.16
Ca** 047  0.44 0.53 0.31 0.59 0.57 0.58 0.23 -0.37 0.05 -0.09
K* 0.64 0.66 0.57  0.53 0.34 0.41 0.37 -0.04 0.14 0.03
Na' 0.99 096  0.61 0.24 0.39 -0.10 0.00 0.25 -0.10
Mg* 093  0.64 0.30 0.45 -0.06 -0.06 0.25 -0.11
Cr 0.38 0.02 0.18 -0.12 0.07 0.29 -0.07
NOy 0.72 0.68 -0.02 -0.17 -0.01 -0.13
NH," 0.94 0.12 -0.31 -0.09 -0.13
SO~ 0.08 -0.31 0.01 -0.13
Temperature -0.11 0.11 0.09
Relative

humidity 0.26 0.39
Wind speed 0.39
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Table S3. Coefficients of cross-correlation among all variables in 2010 (bold numbers are significant at p<0.05).

GOM PBM O SO, HNO; Ca* K" Na* Mg”¥ CI'  NO;y NH,” SO, Temperature Relative  Wind Precipitation
humidity  speed
GEM 0.31 0.11 0.70 002 -0.11 -0.01 -0.13 0.09 0.08 0.10 -0.01 -0.10 -0.11 -0.48 -0.02 0.38 0.18
GOM 0.29 0.55 0.30 0.24 0.07 0.07 -0.03 -0.01 -0.10 0.18 0.06 0.06 -0.04 -0.66 -0.06 -0.18
PBM 0.32 0.06 0.04 -0.02 -0.03 -0.07 -0.07 -0.08 0.03 0.01 0.00 -0.16 -0.39 -0.15 -0.22
O; 0.18 0.11 0.02 -0.07 0.05 0.05 0.01 0.06 0.00 0.02 -0.29 -0.39 0.31 0.01
SO, 0.63 0.13 0.16 0.05 0.09 -0.04 025 026 0.31 -0.03 -0.31 -0.10 -0.13
HNO;, 0.25 034 -0.11 0.00 -0.24 028 048 0.53 0.33 -0.25 -0.23 -0.13
Ca** 0.57 0.01 0.38 0.00 070 0.78 0.71 0.19 -0.10 -0.05 -0.02
K" 0.09 033 0.06 055 0.68 0.67 0.32 -0.16 -0.08 -0.07
Na® 0.92 096 021 -0.09 0.02 -0.16 0.08 0.28 -0.01
Mg* 089 045 021 0.28 -0.08 0.04 0.24 -0.01
Cr 0.08 -0.13 -0.06 -0.20 0.15 0.32 0.03
NO5 0.68 0.64 0.10 -0.23 -0.05 -0.11
NH," 0.97 0.28 -0.15 -0.14 -0.09
S0, 0.29 015 -0.13 -0.10
Temperature -0.10 -0.19 0.03
Relative
humidity 0.24 0.41
Wind speed 0.47
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Table S4. PMF factor contributions to speciated Hg and ratios of reproduced to observed
annual Hg concentrations in 2009.
a) Case 2009

Combustion  Industrial Photochemistry

Factor emission sulfur & re-emission Sea salt
Min 0 0 0 0
GEM Max 20 56 97 97
(%) Average 4 6 77 14
Median 2 3 83 9
Ratio of reproduced to observed annual mean: 0.97
Min 0 0 0 0
GOM Max 100 0 100 0
(%) Average 26 0 73 0
Median 21 0 79 0
Ratio of reproduced to observed annual mean: 0.86
Min 0 0 0 0
PBM Max 0 93 100 92
(%) Average 0 22 69 9
Median 0 14 74 5
Ratio of reproduced to observed annual mean: 1.03
b) Case 09+mean
Min 0 0 0 0
GEM Max 79 34 98 99
(%) Average 5 4 78 13
Median 3 2 83 7
Ratio of reproduced to observed annual mean: 0.94
Min 0 0 0 0
GOM Max 97 0 100 0
(%) Average 17 0 83 0
Median 12 0 88 0
Ratio of reproduced to observed annual mean: 1.19
Min 0 0 0 0
PBM Max 0 87 100 94
(%) Average 0 23 67 10
Median 0 19 71 5
Ratio of reproduced to observed annual mean: 1.19
c) Case 09+median
Factor Combugtion Industrial Photochemi§try Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 89 28 98 99
(%)  Average 6 3 79 13

Median 3 1 83 7
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Ratio of reproduced to observed annual mean:

0.93
Min 0 0 0 0
GOM Max 95 100 100 0
(%) Average 14 1 85 0
Median 10 0 90 0
Ratio of reproduced to observed annual mean: 1.20
Min 0 0 0 0
PBM Max 0 86 100 96
(%) Average 0 20 70 10
Median 0 15 75 6
Ratio of reproduced to observed annual mean: 1.14
d) Case 09+RM
Factor Combugtlon Industrial Photochgrmgtry Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 16 54 98 97
(%) Average 3 5 78 13
Median 2 2 83 9
Ratio of reproduced to observed annual mean: 0.97
Min 0 0 0 0
RM Max 37 83 100 18
(%) Average 10 16 73 1
Median 7 11 78 0
Ratio of reproduced to observed annual mean: 1.04
e) Case 09-RM
Factor Combu.stlon Industrial Photoche'ml'stry Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 34 15 98 96
(%) Average 7 1 79 13
Median 4 1 84 9
Ratio of reproduced to observed annual mean: 0.97
f) Case 09ScaleRM
Combustion  Industrial Photochemistry
Factor name o . Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 0 65 100 99
(%) Average 0 7 78 15
Median 0 4 83 10
Ratio of reproduced to observed annual mean: 0.97
Min 0 0 0 0
GOM Max 97 0 100 67
(%) Average 23 0 75 2
Median 18 0 81 1

Ratio of reproduced to observed annual mean:

0.75
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Min 0 0 0 0
PBM Max 0 88 100 96
(%) Average 0 16 74 10
Median 0 10 80 6

Ratio of reproduced to observed annual mean: 0.94
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Table S5. PMF factor contributions to speciated Hg and ratios of reproduced to observed

annual Hg concentrations in 2010.
a) Case 2010

Factor Com.bu'stion Industrial Photochemi§try Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 100 9 99 100
(%) Average 11 1 79 9
Median 7 1 85 4
Ratio of reproduced to observed annual mean: 0.98
Min 0 0 0 0
GOM Max 100 100 100 0
(%) Average 5 29 67 0
Median 2 28 68
Ratio of reproduced to observed annual mean: 1.34
Min 0 0 0
PBM Max 100 28 98 99
(%) Average 11 4 80 5
Median 6 3 86 2
Ratio of reproduced to observed annual mean: 1.00
b) Case 10+mean
Combustion  Industrial Photochemistry
Factor .. .. Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 29 70 99 100
(%)  Average 3 6 83 8
Median 2 3 89 4
Ratio of reproduced to observed annual mean: 0.96
Min 0 0 0 0
GOM Max 32 99 100 0
(%) Average 2 27 70 0
Median 2 21 76 0
Ratio of reproduced to observed annual mean: 1.35
Min 0 0 0 0
PBM Max 0 84 100 98
(%) Average 0 4 93 2
Median 0 2 97 1
Ratio of reproduced to observed annual mean: 0.87
c) Case 10+median
Combustion  Industrial Photochemistry
Factor . .. Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 39 1 100 100
(%)  Average 3 0 88 8
Median 2 0 93 4
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Ratio of reproduced to observed annual mean: 0.97
Min 0 0 0 0
GOM Max 5 100 100 0
(%) Average 0 36 64 0
Median 0 36 63
Ratio of reproduced to observed annual mean: 1.32
Min 0 0 0
PBM Max 0 0 100 100
(%) Average 0 0 97 3
Median 0 0 99 1
Ratio of reproduced to observed annual mean: 0.88
d) Case 10+RM
Factor Combugtion Industrial Photochemigtry Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 100 9 99 100
(%) Average 11 1 79 9
Median 7 1 85 4
Ratio of reproduced to observed annual mean: 0.98
Min 0 0 0 0
RM Max 100 47 98 96
(%) Average 9 8 80 3
Median 5 6 86 1
Ratio of reproduced to observed annual mean: 1.16
e) Case 10-RM
Factor Combu.stion Industrial Photochemi§try Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 100 10 99 100
(%) Average 11 1 78 9
Median 7 1 85 4
Ratio of reproduced to observed annual mean: 0.98
f)  Case 10ScaleRM
£ Combustion  Industrial Photochemistry
actor . .. Sea salt
emission sulfur & re-emission
Min 0 0 0 0
GEM Max 100 10 99 100
(%)  Average 11 1 78 9
Median 7 1 85 4
Ratio of reproduced to observed annual mean: 0.98
Min 0 0 0 0
GOM Max 100 69 99 75
(%) Average 8 14 77 1
Median 4 11 80 0

Ratio of reproduced to observed annual mean: 1.23
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Min 0 0 0 0

PBM Max 100 40 97 98
(%) Average 12 6 76 6
Median 7 4 82 2

Ratio of reproduced to observed annual mean: 0.88
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Table S6. Pearson correlation coefficients between Hg forms and other compounds in Case 2009, Case
09+mean, and Case 09+median (bold numbers are significant at p<0.05).

GEM200 GEMO09+ GEMO09+ GOM200 GOMO09+ GOMO09+ PBM200 PBM09+ PBMO09+
9 mean medain 9 mean median 9 mean median

GEM 1.00 1.00 1.00 0.37 0.37 0.35 0.28 0.35 0.35
GOM 0.37 0.37 0.35 1.00 1.00 1.00 0.11 0.20 0.19
PBM 0.28 0.35 0.35 0.11 0.20 0.19 1.00 1.00 1.00
PM 0.15 0.11 0.12 0.31 0.19 0.18 0.48 0.30 0.31
05 0.48 0.52 0.50 0.28 0.24 0.25 0.56 0.44 0.45
SO, 0.11 0.16 0.16 0.21 0.19 0.19 0.63 0.51 0.52
HNO; 0.18 0.14 0.16 0.45 0.27 0.27 0.42 0.27 0.29
Ca*" 0.13 0.10 0.09 0.39 0.36 0.36 0.28 0.26 0.26
K' 0.01 0.03 0.02 0.17 0.17 0.17 0.11 0.14 0.13
Na' 0.06 0.12 0.10 -0.09 -0.03 -0.02 0.20 0.22 0.21
Mg** 0.07 0.12 0.10 -0.01 0.03 0.04 0.23 0.24 0.23
Cr -0.01 0.06 0.04 -0.18 -0.09 -0.08 0.06 0.11 0.10
NO; 0.14 0.15 0.13 0.17 0.15 0.15 0.49 0.41 0.41
NH," 0.18 0.12 0.14 0.28 0.10 0.09 0.53 0.22 0.24
SO~ 0.24 0.13 0.15 0.27 0.06 0.05 0.53 0.17 0.19
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Table S7. Pearson correlation coefficients between Hg forms and other compounds in Case 2010, Case
10+mean, and Case 10+median (bold numbers are significant at p<0.05).

GEM201 GEMI10+ GEMI10+ GOM201 GOMI10+ GOMI10+ PBM201 PBMI10+ PBMI10+
0 mean median 0 mean median 0 mean median

GEM 1.00 1.00 1.00 0.32 0.29 0.29 0.11 0.19 0.19
GOM 0.32 0.29 0.29 1.00 1.00 1.00 0.29 0.15 0.15
PBM 0.11 0.19 0.19 0.29 0.15 0.15 1.00 1.00 1.00
(OR 0.70 0.68 0.68 0.56 0.51 0.51 0.32 0.29 0.29
SO, 0.01 0.00 0.00 0.29 0.29 0.29 0.05 -0.04 -0.03
HNO; -0.12 -0.11 -0.11 0.23 0.24 0.24 0.04 -0.04 -0.04
Ca* -0.01 -0.02 -0.02 0.07 0.08 0.09 -0.02 -0.05 -0.05
K" -0.13 -0.12 -0.13 0.07 0.09 0.10 -0.03 -0.07 -0.08
Na' 0.08 0.07 0.06 -0.03 0.00 -0.01 -0.07 -0.10 -0.09
Mg2+ 0.07 0.06 0.06 -0.01 0.02 0.02 -0.07 -0.10 -0.09
Cr 0.09 0.07 0.07 -0.10 -0.07 -0.07 -0.07 -0.11 -0.11
NO; -0.02 -0.02 -0.03 0.18 0.19 0.20 0.03 -0.03 -0.04
NH," -0.11 -0.10 -0.10 0.06 0.08 0.08 0.01 -0.04 -0.04
SO* -0.11 -0.10 -0.11 0.06 0.08 0.08 0.00 -0.05 -0.05
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Figure S7. Observation—prediction time series in 2009. a) Case 2009, b) Case 09+mean, c) Case 09+median,
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Figure S8. Observation—prediction time series in 2010. a) Case 2010, b) Case 10+mean, c) Case 10+median,
d) Case 10+RM, e) Case 10-RM, and f) Case 10ScaleRM, observed GOM and PBM have been scaled.

34



