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Mercury (Hg), a ubiquitous atmospheric trace metal posing serious health risks, originates from
natural and anthropogenic sources. India, the world’s second-largest Hg emitter and a signatory
to the Minamata Convention is committed to reducing emissions. However, spatio-temporal
data on Hg distribution across the vast Indian subcontinent remains scarce. This study addresses
this gap by employing the GEOS-Chem model with various emission inventories (UNEP2010,
WHET, EDGAR, STREETS, UNEP2015) to simulate Hg variability across India from 2013 to 2017.
Model performance was evaluated using ground-based GMOS observations and literature data.
Emission inventory performance varied across stations. Hence, we employed ensemble-averaged
results from all inventories. The maximum relative bias for TGM and GEM concentrations
is about ± 20%, indicating simulations with sufficient accuracy. Hg wet deposition fluxes are
highest over the Western Ghats and the Himalayan foothills due to higher rainfall. During the
monsoon, the Hg wet deposition flux is about 65.4% of the annual wet deposition flux. Moreover,
westerly winds cause higher wet deposition in summer over northern and eastern India. Hg
Dry Deposition flux accounts for 72-74% of total deposition over India. Hg dry deposition fluxes
are higher over eastern India, which correlates strongly with the leaf area index. Excluding
Indian anthropogenic emissions from the model simulations resulted in a substantial decrease
(21.9% and 33.5%) in wet and dry Hg deposition fluxes, highlighting the dominant role of human
activities in Hg pollution in India.
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1. METHODOLOGY
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Fig. S1. Location of GMOS (Global Mercury Observation System) stations in the Asian domain
considered for our study. Kodaikanal is the only station located in India. Data from these sta-
tions for 2013-2017 have been used to validate the GEOS-Chem model results.
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2. VALIDATION

Table S1. Observed surface Hg concentrations from various research articles within the GC
model nested asian domain

Site Location Altitude Type Monitoring period Observation References

Lon Lat
GEM

(ng/m3)

RGM

(pg/m3)

PBM

(pg/m3)

Mt. Aliao 101.03° 24.54° Remote 2/2013-12/2013 2.24 [1]

Mt. Changbai (2013) 128.112° 42.402° 740 Remote 1/2013-12/2013 1.73 18.9 5.7 [2]

Mt. Changbai (2014) 128.112° 42.402° 740 Remote 1/2014-12/2014 1.58 [3]

Mt. Changbai (2015) 128.112° 42.402° 740 Remote 1/2015-12/2015 1.60 [3]

Mt. Qomolangma 86.93° 28.35° 4276 Remote 4-8/2016 1.42 25.6 21.4 [4]

Mt. Damei 121.565° 29.632° 550 Remote 4/2013-4/2014 3.31 154 6.3 [5]

Mt.waliguan 100.9° 36.29° 550 Remote 2/2013-6/2013 18.1 [? ]

Nam Co Lake 90.989° 30.774° 4730 Remote 11/2014-2/2015 0.95 48.96 0.85 [6]

Changdao 119.589° 39.949° 3 Remote 1/2014-7/2015 2.3 [7]

Changdao 119.589° 39.949° 3 Remote 1/2013-7/2015 2.52 28.0 9.3 [8]

Bayinbuluk 83.717° 42.893° 2430 Remote 1/2014-12/2014 1.62 [9]

Miyun2016 116.775° 40.481° 220 Rural 4/2016-10/2016 3.14 48.58 34.68 [9]

Lulin 120.87° 23.47° 2862 Remote 1/2013-12/2016 1.60 3.1 15.0 ([10][11]

Chongming (2014) 121.908° 31.522° 11 Remote 3/2014-12/2014 2.7 23.0 15.2 [12]

Chongming (2015) 121.908° 31.522° 11 Remote 1/2015-12/2015 2.2 9.7 8.1 [12]

Chongming (2016) 121.908° 31.522° 11 Remote 1/2016-12/2016 1.8 21.8 19.2 [12]

Chongming (2017) 121.909° 31.523° 11 Remote 1/2017-12/2017 1.8 43.1 11.3 [12]

Qingdao1 120.5° 36.16° 40 Urban 1/2013 2.80 245 [13]

Shanghai1 121.436° 31.025° 300 Urban 12/2013-1/2014 3.42 [14]

Shanghai2 120.99° 31.10° 17 Urban 6-12/2013 4.19 197.8 21.1 [15]

Shanghai3 121.40° 31.22° 14 Urban 6/2015-5/2016 2.77 60.8 82.13 [16]

Jinan 117.03° 36.67° 7 Urban 10/2015-7/2016 4.91 452 [17]

Ningbo1 121.544° 29.86° 10 Urban 1/2013 3.79 [9]

Ningbo2 121.895° 29.75° 15 Urban 12/2016-11/2017 2.44 [18]

Ningbo3 121.81° 29.89° 15 Urban 2/2013-1/2014 3.26 659 197 [19]

Nanjing 118.95° 32.12° 30 Urban 8/2014-7/2015 3.85 127.4 43 [9]

Hefei 117.17° 31.52° 20 Urban 7/2013-6/2014 4.07 30 3.67 [20]

Chongqing 106.67° 29.62° 300 Urban 3-12/2014 3.51 [21]

Beijing (2015) 116.36° 39.98° 110 Urban 4/2015-12/2015 4.7 [22]

Beijing (2016) 116.36° 39.98° 110 Urban 1/2016-12/2016 3.5 [22]

Beijing (2017) 116.36° 39.98° 110 Urban 1/2017-12/2017 3.1 [22]

Beijing1 116.33° 40° 56 Urban 12/2016-11/2017 4.5 74.2 46.3 [9]

Chennai 80.237° 13.07° Urban 02/2016-12/2016 4.66 [23]
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Table S2. Statistics such as Root mean square error and Mean average percentage error for
above GEM concentration for nested simulations using different emission inventories

Emission Inventory RMSE (ng/m3) MAPE(%)

UNEP2010 0.971 22.0

WHET 0.708 19.9

EDGAR 1.075 23.6

STREETS 0.703 19.4

UNEP2015 0.835 19.0

3. HG CONCENTRATIONS
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Fig. S2. Monthly mean variation of ground GEM (Hg0) concentration (ng/m3) during 2013-
2017 for (a) North India, (b) Indo Gangetic Plain , (c) East India (d) Central India, (e) Western
India, , and (f) South India respectively
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Fig. S3. Monthly mean variation of ground RGM (HgI I
g ) concentration (pg/m3) during 2013-

2017 for (a) North India, (b) Indo Gangetic Plain, (c) East India (d) Central India, (e) Western
India, and (f) South India respectively.
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Fig. S4. Monthly mean variation of ground PBM (HgI I
p ) concentration (pg/m3) during 2013-

2017 for (a) North India, (b) Indo Gangetic Plain, (c) East India (d) Central India, (e) Western
India, and (f) South India respectively
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Fig. S5. Contributions of Indian anthropogenic emissions to Hg concentrations during
2013–2017. A) Hg conentration due to Global background and B) Absolute difference (mid-
dle row) and C) percent contribution by Indian American anthropogenic sources (right). Top
row: Total Gaseous Mercury (ng/m3), middle row: Reactive Gaseous Mercury (pg/m3) and
bottom row: Paticulate bound Mercury (pg/m3)
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4. HG WET DEPOSITION

Fig. S6. Comparison of total annual surface precipitation between the GPI IMERG satellite
datasets (0.1 × 0.1, left column), IMD gridded rainfall dataset(Indian Meteorological Depart-
ment) (0.25 × 0.25°, middle column) and MERRA2 (GEOS-Chem) (0.5 × 0.625, right column)
data during 2013-2017.
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Fig. S7. Monthly mean variation of surface precipitation (mm/month during 2013-2017 for
GPI IMERG satellite datasets (green line), IMD gridded rainfall dataset(Indian Meteorological
Department) (blue line) and MERRA2 (GEOS-Chem) (yellow line) data for (a) North India, (b)
Indo Gangetic Plain , (c) East India (d) Central India, (e) Western India , and (f) South India
respectively
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5. HG DRY DEPOSITION
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Fig. S8. Monthly mean variation of dry depositional velocity (cm/s during 2013-2017 for GEM
(Hg0), RGM (HgI I

g ) and PBM (HgI I
p ) for (a) North India (blue color), (b) Indo Gangetic Plain

(yellow color), (c) East India (green color) (d) Central India (cyan color), (e) Western India (pur-
ple color), and (f) South India (red color) respectively
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Fig. S9. Monthly mean variation of RGM (HgI I
g ) dry deposition flux (µg/m2/month) during

2013-2017 for (a) North India, (b) Indo Gangetic Plain, (c) East India (d) Central India, (e) West-
ern India, and (f) South India respectively.
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Fig. S10. Monthly mean variation of PBM (HgI I
p ) dry deposition flux (µg/m2/month) during

2013-2017 for (a) North India, (b) Indo Gangetic Plain, (c) East India (d) Central India, (e) West-
ern India, and (f) South India respectively.

65°E 70°E 75°E 80°E 85°E 90°E 95°E 100°E
Longitude

5°N

10°N

15°N

20°N

25°N

30°N

35°N

40°N

La
ti

tu
de

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Fig. S11. Spatial distribution of annual average leaf area index (m2 /m2) during 2013-2017
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Fig. S12. Contributions of Indian anthropogenic emissions to GEM (Hg 0) dry deposition and
concentrations during 2013–2017. A) GEM deposition and concentration due to Global back-
ground(left) and B) Absolute difference and C) percent contribution by Indian American an-
thropogenic sources . Top row: GEM (Hg 0) dry deposition (ng/m3), middle row:Gaseous
Elemental Mercury (pg/m3) concentration
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