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Method S1: Optimization of reaction conditions and the standard calibration curve
To investigate acid effects on 15NO3– reduction, the following experiment of 15NO3– reduction using zinc powder was performed. 15 mL sample were acidified with 0, 5, 10, 25, 50, 75, 100, 150, 200, 300, 400, and 500 μL 2 M H2SO4, respectively. NO3– was reduced to NH4+ with excessive zinc powder (400 mg) in 50 mL centrifuge tubes 1, and then mixed thoroughly and incubated using the platform shaker at 250 rpm for 60 min at room temperature.
To study the shaking frequency effect on the reaction, 15 mL sample were acidified with 75 μL 2 M H2SO4 and NO3– was reduced to 15NH4+ with excessive zinc powder (400 mg) in 50 mL centrifuge tubes, and then mixed thoroughly and incubated using the platform shaker at 0, 25, 50, 75, 100, 150, 200, 250, 300, 350, and 400 rpm, respectively, for 60 min at room temperature.
To investigate the exact effects of the amount of zinc powder additions on 15NO3– reduction, 15 mL sample were acidified with 75 μL 2 M H2SO4 and 15NO3– was reduced to 15NH4+ with 0, 5, 10, 25, 50, 75, 100, 150, 200, 250, 300, 400, and 500 mg zinc powder, respectively, in 50 mL centrifuge tubes, mixed a platform shaker at 250 rpm for 60 min at room temperature.
The effect of the reduction time on 15NO3– reduction was examined by acidifying 15 mL sample with 75 μL 2 M H2SO4 and reducing the NO3– to NH4+ with 250 mg zinc powder in 50 mL centrifuge tubes, and the tubes were mixed at 250 rpm for different time periods (0, 5, 10, 15, 20, 25, 30, 45, 60, 90, and 120 min) at room temperature.
To study the effect of the salinity on 15NO3– reduction, respective artificial-seawater samples were prepared with salinities of 0, 5, 10, 15, 20, 25, 30, 35, and 40 ppt. Acidify 15 mL sample with 75 μL 2 M H2SO4 and reduce 15NO3– to 15NH4+ with 250 mg zinc powder in 50 mL centrifuge tubes, and the tubes were mixed at 250 rpm for 30 min at room temperature.
To investigate the effect of the temperature on 15NO3– reduction, 15 mL sample were acidified with 75 μL 2 M H2SO4 and 15NO3– was reduced to 15NH4+ with 250 mg zinc powder in 50 mL centrifuge tubes The tubes were mixed at 250 rpm for 30 min at different temperatures (5, 10, 15, 20, 25, 30, 35, and 40 °C) using a thermostated reciprocal shaker (QYC-2102C, Shanghai Fuma Laboratory Instrument Co., Ltd., China).











Method S2: Application of REOX/MIMS
Sediments/soils were collected from six different ecosystems (grassland, forest, paddy, wetland, lacustrine, and estuarine) from Chongming Island, Shanghai, east of China in June 2018 to demonstrate the wide application range of REOX/MIMS in determining gross nitrification and 15NO3– immobilization rates in various ecosystems. At each grassland, forest, paddy, and wetland site, three intact sediment/soil cores (30–50 cm in depth) were collected randomly using 8 cm inner diameter stainless steel soil cylinders. At each lacustrine and estuarine samples site, three intact sediment cores (30–40 cm in depth) were collected with a coring device equipped (8 cm inner diameter) with a core cylinder, a PVC pipe handle and a one-way valve (e.g., a pole version of the HYPOX corer (Gardner et al., 2009)). The distance between cores within the same ecosystem was approximately 50–80 m. All intact sediment/soil cores were sliced at 5 cm intervals in the field, and each core section was placed in respective air-tight, acid-cleaned plastic bags. All samples were stored at 4 °C immediately and taken to the laboratory within 4 h.
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Fig. S1. The application of the REOX/MIMS method for gross nitrification and NO3– immobilization rates measurement using isotope dilution in estuarine, paddy, forest, grassland, and lacustrine soils/sediments. Error bars represent standard error (n = 3). GNR and GNI are the respective rates of gross nitrification and NO3– immobilization. The GNI rates in the estuarine, paddy, and lacustrine samples are are nearly zero or even negative, and thus not shown in this figure.
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Table S1. Gross nitrification and NO3– immobilization rates measured with N isotope dilution method in the study area and other ecosystems
	Location
	Sample type (depth/cm)
	GNR (μg N g-1 d-1)
	GNI (μg N g-1 d-1)
	Reference

	New York State, USA
	Forest soils (0–10)
	0.41–7.56
	0.38–3.07
	(Verchot et al., 2001)

	Southwestern Sweden
	Forest soils (0–5)
	0.1–0.8
	0.1–3.5
	(Bengtsson et al., 2003)

	Alberta, Canada
	Forest soils (0–20)
	0.27–2.87
	0–0.05
	(Cheng et al., 2012)

	Fujian Province, China
	Forest soils (0–10)
	0.12–0.65
	0.11–0.74
	(Zhu et al., 2013)

	Queensland, Australia
	Forest soils (0–10)
	0.03–4.53
	0.03–3.42
	(Zhao et al., 2015)

	Chongming Island, China
	Forest soils (0–10)
	1.89–6.14
	2.83–10.07
	This study 

	California, USA
	Grassland soils (0–9)
	0.89–1.98
	1.29–3.39
	(Davidson et al., 1991)

	Alberta, Canada
	Grassland soils (0–20)
	1.37–5.96
	0–0.19
	(Cheng et al., 2012)

	Southern Germany
	Grassland soils (0–10)
	0–5.52
	–
	(Wang et al., 2014)

	Chongming Island, China
	Grassland soils (0–10)
	1.29–3.37
	2.08–5.94
	This study 

	Saskatchewan, Canada
	Wetland sediments (0–15)
	1.0–4.5
	–
	(Bedard-Haughn et al., 2006)

	Jiangsu province, China
	Wetland sediments (0–10)
	0.51–7.37
	-0.17–0.06
	(Jin et al., 2012)

	Tomales Bay, USA
	Wetland sediments (0–25)
	2.6–7.16
	–
	(Yang et al., 2016)

	Chongming Island, China
	Wetland sediments (0–10)
	1.07–3.95
	–
	This study 

	Ibaragi Prefecture, Japan
	Paddy soils (0–5)
	0–56.8
	–
	(Zhou et al., 2012)

	Jiangsu Province, China
	Paddy soils (0–20)
	1.31–26.6
	0–0.96
	(Lan et al., 2014)

	Heilongjiang province, China
	Agricultural soils (0–20)
	0.87–8.30
	0.03–0.46
	(Li and Lang, 2014)

	Jiangsu Province, China
	Paddy soils (0–20)
	8.66±0.11
	0.03±0.02
	(Chen et al., 2016)

	Chongming Island, China
	Paddy soils (0–10)
	0.85–3.07
	–
	This study 

	Aarhus, Denmark
	Lacustrine sediments (0–2)
	0.33–0.65
	–
	(Rysgaard et al., 1993)

	Chongming Island, China
	Lacustrine sediments (0–10)
	0.52–1.20
	–
	This study

	Tama estuary & Otsuchi Bay, Japan
	Estuarine sediments (0–1)
	0.14–5.28
	–
	(Sumi and Koike, 1990)

	Königshafen, Island of Sylt, Germany
	Estuarine sediments (0–5)
	0.06–1.57
	–
	(Jensen, 1996)

	Chongming Island, China
	Estuarine sediments (0–10)
	0.46–1.17
	–
	This study 



























Table S2. Comparison of the analytical performance of the proposed method with other reported analysis methods for determination of 15NO3– in water samples
	Analysis system
	Reaction mechanism
	Reduction rate
	LOD
	RSD
	Analysis time
	Volume
	Cost
	Range
	Reference

	
	
	(%)
	(uM)
	(%)
	(min per sample)
	(mL)
	
	(μM)
	

	IRMS
	

	95
	–
	<4
	~15
	50
	High
	≤100
	(Laughlin et al., 1994)

	IRMS
	

	–
	–
	–
	~15
	50
	High
	0–10
	(Hojberg et al., 1994)

	FT-IR
	

	>98
	0.5
	9
	45
	40
	Low
	0–60
	(Kieber et al., 1998)

	R-CFMS
	

	–
	–
	≤3
	~8
	5
	–
	0.66–67.1
	(Russow, 1999)

	HPLC
	

	102
	–
	–
	>40
	15
	Low
	–
	(Carini et al., 2010)

	GC-MS
	

	–
	~0.5
	–
	~15
	1–10
	–
	0.5–1000
	(Isobe et al., 2011)

	SPIN-MIMS
	

	–
	–
	<0.8
	~15
	1.5
	Low
	–
	(Eschenbach et al., 2017)

	SPIN-MIMS
	

	–
	–
	<1.7
	~10
	1.5
	Low
	–
	(Eschenbach et al., 2018)

	MIMS
	

	92.3–94.8
	~0.1
	1.49±0.87
	~5
	15
	Low
	0.5– 500
	This study


Note: FT-IR means an analysis system consisted of a Mattson Polaris, a Balston CO2/H2O filtering system, and a WinFIRST data acquisition system installed on an IBM-compatible PC; SPIN-MIMS means an automated sample preparation unit for inorganic nitrogen coupled to a membrane inlet quadrupole mass spectrometer.
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