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This PDF file includes:

1. Supplementary Figures. S1 to S14

Fig. S1 The relationship between vadose zone depth and nitrate concentration in North
Coast (NC) and South West (SW). (a) The relationship between Lg(GW depth + 1) and
Lg(NO3") in North Coast. (b) Correlations between Lg(GW depth + 1) and Lg(NO3") in
South West.

Fig. S2 The relationship between Eh and (a) NO3™ and (b) DOC values in Chinese
groundwater.

Fig. S3 Relationship between nitrate concentration and its isotopes in wells at different
depths. (a-d) The isotopic composition of §'°N-NOs™ and §'80-NOs" values are utilized
to identify potential NOs3™ sources, with typical range of isotope sources adapted from
Carrey, et al. ! and Kendall, et al. 2. Mixing processes are illustrated by §!°N-NOs™ and
1/NOs” (e-h), while removal process (including denitrification or assimilation) are
demonstrated through §'"°N-NO;™ versus Ln(NO3") (i-1).

Fig. S4 Sankey diagram displaying the synchronous distribution of class I and I wells
in differential ecoregion, population density, land use, and nitrate.

Fig. S5 Responses of well water nitrate concentration to inputs of (a) agricultural N
fertilizer, (b) TN wastewater, and (c) ammonia wastewater in different economic
regions. The data were obtained from the National Bureau of Statistics of the People’s
Republic of China (http://www.stats.gov.cn) and averaged over the last two decades.

Fig. S6 Trend of agricultural N fertilizer usage, and the discharge of TN wastewater,



and ammonia wastewater from 2000 to 2020. Blue hexagon, yellow quadrilateral, and
green circle represent agricultural N fertilizer (left-Y axis), TN wastewater (right-Y
axis), and ammonia wastewater (right-Y axis), respectively. The data were obtained
from the National Bureau of Statistics of the People’s Republic of China
(http://www.stats.gov.cn).

Fig. S7 The relationship between §'°N-NOs™ and §'80-NO;™ values in Chinese
groundwater. Apart from the study by Yang, et al. , there is a clear positive correlation
between 8'°N-NO; and §'®0-NOs™ values in Chinese groundwater, indicating that
denitrification plays a significant role in this context. Meanwhile, Yang, et al. > also
noted that the region is substantially influenced by denitrification. Therefore, it can be
concluded that nitrogen removal in Chinese groundwater is primarily controlled by
denitrification processes.

Fig. S8 Spatial patterns of nitrate concentration at different groundwater depth. (a) GW
depth <20m. (b) 20 < GW depth <50 m. (c) 50 < GW depth < 100 m. (d) GW depth >
100 m. The nitrate concentrations were grouped into 17 categories to generate a color
gradient, where light and dark colors represent low and high values, respectively.

Fig. S9 The country was divided into eight regions based on economic regions based
on the economic development and geographical conditions. North Coast (NC, including
Beijing, Hebei province, Shandong province, and Tianjin), Middle of Yellow River
(MYR, including Henan province, Inner Mongolia, Shaanxi province, and Shanxi

province), North East (NE, including Heilongjiang province, Jilin province, and


http://www.stats.gov.cn/

Liaoning province), South West (SW, including Chongqing, Guangxi province,
Guizhou province, Sichuan province, and Yunnan province), East Coast (EC, including
Anhui province, Jiangsu province, and Zhejiang province), North West (NW, including
Gansu province, Ningxia province, Qinghai province, Tibet, and Xinjiang province),
Middle of Changjiang River (MCR, including Hubei province, Hunan province, and
Jiangxi province), South Coast (SC, including Fujian province, Guangdong province,
Hainan province, Hongkong, Macao, and Taiwan province).

Fig. S10 Spatial distribution of elevation in China. The elevation dataset was provided
by the Ecological Forecasting Lab of National Aeronautics and Space Administration
(NASA) Ames Research Center (http://ecocast.arc.nasa.gov/) with a spatial resolution
of I km x 1 km.

Fig. S11 The spatial distribution of different land use types, including natural (forest,
grassland, waters, and others), cropland (cropland), and urban (settlement). The data
were provided by the Data Center for Resources and Environmental Sciences, Chinese
Academy of Sciences (RESDC) (http://www.resdc.cn) with a spatial resolution of 1 km
x 1 km.

Fig. S12 The Map of China showing the population density (person km™) and the “Hu
Huangyong” Line. The “Hu Huanyong” Line is known as a Chinese geographic
boundary between the less-developed and sparsely-populated Western area and the
high-developed and densely-populated Eastern area’. The data were provided by the

Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences


http://ecocast.arc.nasa.gov/

(RESDC) (http://www.resdc.cn) with a spatial resolution of 1 km x 1 km.

Fig. S13 Spatial pattern of mean annual precipitation values for the period 1982 ~2015.
The data were obtained from the China Meteorological Administration (CMA)
(http://data.cma.cn/) with a spatial resolution of 0.25° x 0.25°.

Fig. S14 The Map of China showing mean annual temperature values for the period
1982 ~ 2015. The data were obtained from the China Meteorological Administration

(CMA) (http://data.cma.cn/) with a spatial resolution of 0.25° x 0.25°.



2. Supplementary Tables S1 to S6

Table S1. The variations of nitrate and its isotopes state at different groundwater depths
and ecoregions.

Table S2. Spatially continuous environmental variables considered in the analysis and
prediction of nitrate concentrations in groundwater. The relative importance of 66
variables for groundwater nitrate concentrations was determined by regression
forecasting using random forests. The columns marked * (P < 0.05) and ** (P < 0.01)
represent drivers have significant impacts on nitrate concentrations; at the equator, 30”
is approximately equal to 1 km; “=" represents no unit.

Table S3. Isotopic composition of four potential NO3™ end-members used in MixSIAR
model.

Table S4. Proportional contribution of nitrate sources of different groundwater depths
estimated using MixSIAR model.

Table S5. Numbers of samples in different economic zones from 2000 to 2020 (N =
3163). Note: some groundwater sampling sites do not directly provide sampling time.
Table S6. Numbers and proportion of samples in different categories of groundwater

depths, location, ecoregions, land use types, and population density.
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Fig. S1 The relationship between vadose zone depth and nitrate concentration in North

Coast (NC) and South West (SW). (a) The relationship between Lg(GW depth + 1) and

Lg(NOs") in North Coast. (b) Correlations between Lg(GW depth + 1) and Lg(NO3") in

South West.
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Fig. S2 The relationship between Eh and (a) NO;™ and (b) DOC values in Chinese

groundwater.



80 - = 80 - - - 80 - . 80 - ~
(a) :‘\lmmphunu .\()3-: 20m (Shﬂl]OW) (b) :A\mmphcl’lc _\IIJ;ZP S0m (Medlum) (C) :Auhmphu ic NU{:SO 100:m (Deep) (d) :,’\nnmphcm N(){: 100 m (VEI}’ deeP)
404 404 1) “0\.\;-3.\@ 40
i seer O Sy
, ré T
0 of : @1 . ! 0
B1 A |
s 9]
40 NOTHmg L\'Q) 401 NO; (mg L™ 40
0 10 20 45 826 010 20 45 8% 0 10 20 45 826 0 10 20 45 826
=20 0 20 40 =20 0 20 40 =20 0 20 40 =20 0 20 40
8N-NO; (%) 81 N-NO,™ (%o) §1N-NO;™ (%o) B N-NO,™ (%o)
(e) FittedCl'R]e <20 m (Shallow) () A 20~ 350 m (Medium) (2) 50 ~ 100 m (Deep), (h) > 100 m (Very deep)
40 9‘5% onfidence interval | 404 40- 40
] A y=-2.89x+ 1133 | y=-0.06x + 8.41
20 ZAN RP=005 20 y=044x + 6.106 20 R=001
3 ——ﬁ‘r—R:glA"A mﬁ% = ﬁ é§
0 0 A = 0 A
JAN
GW depth (m GW depth (m GW depth (m GW depth (m
20 0 5 10 15 20 20 20 28 35 43 50 20 S0 63 75 88 100 20 100 163 225 288 350
0.0 0.0 02 23 226 2258 0.0 0.0 0.2 23 226 2258 00 0.0 02 23 226 2258 0.0 0.0 02 23 226 2258
I/NO; (mg L) 1/NO; (mg L) 1/NO, (mg L) 1/NO; (mg L)
(i) ’< 20 m (Shallow) (_]) 20 30 m (Medium) (k) 50 ~ 100 m (Deep) (]) > 100 m (Very deep)
40 404 404 40
< ¢ <&
y=—l.05x+9.5& .’
Z20 R?=005 e 204 y= 1'2559‘@0 204 y=-0.19% + 6.38 20 ¥=002x+8.37
= e RaSER R.=0.0 o R =001
- & « N2 & de =0.02
o O 2
= <><> Y — & >
PN ZEFCHY | o © ’
© @ : ﬁ i i o)
W depth (ni GW depth (m) GW depth (m GW depth (m
20 0 5 10 15 20 20 20 28 35 43 50 20 50 63 75 88 100 20 100 163 225 288 350
-6.5 225 1.5 55 -6.5 =25 1.5 5.5 -6.5 =25 1.5 55 -6.5 =25 1.5 55
Ln(NO;y) (mg L) Ln(NO;) (mg L) Ln(NO;) (mg L) Ln(NO;) (mg L)

Fig. S3 Relationship between nitrate concentration and its isotopes in wells at different depths. (a-d) The isotopic composition of §'°N-NOjs™ and



5'80-NO; values are utilized to identify potential NOs™ sources, with typical range of isotope sources adapted from Carrey, et al. ! and Kendall, et
al. 2. Mixing processes are illustrated by §'N-NOs™ and 1/NOs" (e-h), while removal process (including denitrification or assimilation) are

demonstrated through §'°N-NO;™ versus Ln(NO3") (i-1).



X
q
<
ol
&
T
z
%
=
- - £
s T
3 &
=
| =
‘f;&’ 9 ~
3 PR
) \
: X\ /. o
o8 . o~
& S
S D)=
Z
g g
S g .
@) : § <
- § 2
X
s
AL
GW depth Ecoregion Population densit Land use Nitrate
p g p y

Fig. S4 Sankey diagram displaying the synchronous distribution of class I and II wells in differential ecoregion, population density, land use, and

nitrate.
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Fig. S5 Responses of well water nitrate concentration to inputs of (a) agricultural N fertilizer, (b) TN wastewater, and (c) ammonia wastewater in
different economic regions. The data were obtained from the National Bureau of Statistics of the People’s Republic of China

(http://www.stats.gov.cn) and averaged over the last two decades.
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Fig. S6 Trend of agricultural N fertilizer usage, and the discharge of TN wastewater,
and ammonia wastewater from 2000 to 2020. Blue hexagon, yellow quadrilateral, and
green circle represent agricultural N fertilizer (left-Y axis), TN wastewater (right-Y
axis), and ammonia wastewater (right-Y axis), respectively. The data were obtained
from the National Bureau of Statistics of the People’s Republic of China

(http://www.stats.gov.cn).
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Fig. S7 The relationship between §'°N-NOs™ and §'80-NO;™ values in Chinese
groundwater. Apart from the study by Yang, et al. 3, there is a clear positive correlation
between 8'°N-NO; and §'®0-NOs™ values in Chinese groundwater, indicating that
denitrification plays a significant role in this context. Meanwhile, Yang, et al. * also
noted that the region is substantially influenced by denitrification. Therefore, it can be

concluded that nitrogen removal in Chinese groundwater is primarily controlled by

denitrification processes.
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Fig. S8 Spatial patterns of nitrate concentration at different groundwater depth. (a) GW

depth < 20m. (b) 20 < GW depth < 50 m. (c) 50 < GW depth < 100 m. (d) GW depth >

100 m. The nitra



te concentrations were grouped into 17 categories to generate a color gradient, where

light and dark colors represent low and high values, respectively.
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Fig. S9 The country was divided into eight regions based on economic regions based
on the economic development and geographical conditions. North Coast (NC, including
Beijing, Hebei province, Shandong province, and Tianjin), Middle of Yellow River
(MYR, including Henan province, Inner Mongolia, Shaanxi province, and Shanxi
province), North East (NE, including Heilongjiang province, Jilin province, and
Liaoning province), South West (SW, including Chongqing, Guangxi province,
Guizhou province, Sichuan province, and Yunnan province), East Coast (EC, including
Anhui province, Jiangsu province, and Zhejiang province), North West (NW, including
Gansu province, Ningxia province, Qinghai province, Tibet, and Xinjiang province),
Middle of Changjiang River (MCR, including Hubei province, Hunan province, and

Jiangxi province), South Coast (SC, including Fujian province, Guangdong province,



Hainan province, Hongkong, Macao, and Taiwan province).
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Fig. S10 Spatial distribution of elevation in China. The elevation dataset was provided
by the Ecological Forecasting Lab of National Aeronautics and Space Administration
(NASA) Ames Research Center (http://ecocast.arc.nasa.gov/) with a spatial resolution

of 1 km x 1 km.
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Fig. S11 The spatial distribution of different land use types, including natural (forest,
grassland, waters, and others), cropland (cropland), and urban (settlement). The data
were provided by the Data Center for Resources and Environmental Sciences, Chinese
Academy of Sciences (RESDC) (http://www.resdc.cn) with a spatial resolution of 1 km

x 1 km.
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Fig. S12 The Map of China showing the population density (person km™) and the “Hu
Huangyong” Line. The “Hu Huanyong” Line is known as a Chinese geographic
boundary between the less-developed and sparsely-populated Western area and the
high-developed and densely-populated Eastern area’. The data were provided by the
Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences

(RESDC) (http://www.resdc.cn) with a spatial resolution of 1 km x 1 km.



807 E 907 E 100° E 110° E 120°E 130°E

50° N
50°N

40° N
40°N

30°N
30°N

Mean annual precipitation (mm)

-High: 4217

Z A "‘ | Z

oo-‘ ! ,:?.‘:f‘i}{" —Oo

N -Low: lo 01000 2000 3000 N / S Q
80° E 90" E 100° E 110° E 120° E 130° E

Fig. S13 Spatial pattern of mean annual precipitation values for the period 1982 ~2015.
The data were obtained from the China Meteorological Administration (CMA)

(http://data.cma.cn/) with a spatial resolution of 0.25° x 0.25°.
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Fig. S14 The Map of China showing mean annual temperature values for the period
1982 ~ 2015. The data were obtained from the China Meteorological Administration

(CMA) (http://data.cma.cn/) with a spatial resolution of 0.25° x (0.25°.



2. Supplementary Tables
Table S1. The variations of nitrate and its isotopes state at different groundwater
depths and ecoregions.

See supplementary .xIsx file available https://doi.org/10.6084/m9.figshare.28103579.

Table S2. Spatially continuous environmental variables considered in the analysis and
prediction of nitrate concentrations in groundwater. The relative importance of 66
variables for groundwater nitrate concentrations was determined by regression
forecasting using random forests. The columns marked * (P < 0.05) and ** (P < 0.01)
represent drivers have significant impacts on nitrate concentrations; at the equator,

30” is approximately equal to 1 km; “~" represents no unit.

See supplementary .xIsx file available https://doi.org/10.6084/m9.figshare.28103579.

Table S3. Isotopic composition of four potential NO3™ end-members used in MixSIAR
model.

See supplementary .xIsx file available https://doi.org/10.6084/m9.figshare.28103579.

S°N-NOs 5180-NO3
Sources

Mean SD Mean SD
Atmospheric Deposition 4.6 3.9 54 13.2
Soil Nitrogen 7.5 5.23 -2.0 8.0
Manure & Sewage 15.0 1.2 -2.0 8.0
Chemical Fertilizer 0.0 1.4 -2.3 0.6

Data obtained from Liu, et al. #Ren, et al. >Black and Waring ®Choi, et al. "Curt, et

al. ¥Ding, et al. >Zong, et al. '®Yu, et al. '1.
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Table S4. Proportional contribution of nitrate sources of different groundwater depths
estimated using MixSIAR model.

See supplementary .xIsx file available https://doi.org/10.6084/m9.figshare.28103579.

Table S5. Numbers of samples in different economic zones from 2000 to 2020 (N =
3163). Note: some groundwater sampling sites do not directly provide sampling time.

See supplementary .xIsx file available https://doi.org/10.6084/m9.figshare.28103579.

Table S6. Numbers and proportion of samples in different categories of groundwater
depths, location, ecoregions, land use types, and population density.

See supplementary .xlsx file available https://doi.org/10.6084/m9.figshare.28103579.
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