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[bookmark: _Toc143454613]Table S1 Detailed description of the selected mitigation options.
	Sector
	Measures
	Description
	Reduction of Nr emission (%) 
	Implementation cost
	Reference

	Cropland
	EEF
	Purchase and application of these new fertilizers: enhanced efficiency fertilizers (EEFs), which we define here to include slow/controlled-release fertilizers and nitrification and urease inhibitors.
	47% (29-69%)
	Prices for slow/controlled-release fertilizers range from a 50% to a 1200% premium over the price of a traditional N fertilizer. Prices for nitrification and urease inhibitors are 8 to 100% premium above the price of traditional N fertilizer.
	1-4

	
	Amendment
	The use of soil amendments generally is a cost-effective practice. A variety of products are available bagged or bulk for soil amendments. Organic amendments include sphagnum peat, wood chips, grass clippings, straw, compost, manure, biosolids, sawdust, and wood ash. Manure-based compost and plant-based composts may be applied at higher application rates, more effectively improving the soil.
	9% (3-15%)
	The costs associated with soil amendments can be determined by several factors. This includes • Type and quality of the material • Water content of the material • Freight costs based on distance • Spreading/incorporation costs, which depend on • application rates • type.
It is important to also consider labor and financial costs associated with other practices that may need to change in conjunction with amendment application, such as tillage, nutrition, irrigation, and crop protection requirements.
	5-7

	
	Legume
	Legume–cereal rotation is the practice of using the legume to provide complementary inorganic N in the soil for the succeeding crops.
	37% (23-46%)
	Legume rotations require less N input while providing higher yields, and gross margins, therefore assuming negative implementation cost.
	5,8-10

	
	Buffer Zone
	A buffer zone is an area located between a certified production operation or portion of a production operation and an adjacent land area that is not maintained under organic management. A buffer zone must be sufficient in size or other features (e.g., windbreaks or a diversion ditch) to prevent contact by prohibited substances applied to adjacent land areas.
	14% (6-19%)
	219-1578 €/kg or 291 €/ha/yr.
	11-14

	
	Rate
	Optimizing N fertilizer rate based on soil N supply and crop needs. The optimal N application rate for each nation is estimated based on meta-analysis results.
	43% (18-56%)
	Advanced soil testing with variable rate technology (VRT) map building was assumed at $8/acre based on industry information.
	1,15-17

	
	Type
	Shifting from urea to ammonium sulfate/nitrate.
	23% (13-35%)
	Urea's average price at $596 / t. Ammonium Sulphate's recent price at $425/t; Ammonium Phosphate's average price at $723/t.
	

	
	Time
	Splitting fertilizer application into smaller applications throughout the growing season that coincide with the times that the crops most need fertilizer or using GPS technology to identify more precisely where the N requirements are in a particular field.
	-17% (-21-(-3) %)
	Additional applications, especially late-season work, take additional equipment, manpower, and time.
	

	
	Placement
	The minimum depth of the deep placement of fertilizer N was 5 cm below the soil surface, usually supplied at 20cm depth from the soil surface below plants.
	5% (0-8%)
	Mechanized deep placement of fertilizer could save some expensive labor because of high efficiency.
	

	
	New Cultivar
	Adoption of improved crop varieties is an important agronomic tool. Cultivars not only need to be adapted to such agronomic strategies supporting sustainable N management but also must allow such strategies to work optimally.
	-2% (-4-0%)
	Using improved crop varieties is one of the most effective economical means to improve NUE and stabilize yield. Potential cost includes the infrastructure investment.
	18-21

	
	Irrigation
	(drip) fertigation, where mineral fertilizer is supplied via a drip system, provides more appropriate amounts of nutrients (e.g., N) and water to the active plant root zone than does broadcast fertilization.
	37% (23-49%)
	A drip irrigation system costs $2,150 per acre on average, with a typical range of $1,800 to $2,500. Costs associated with installing and maintaining drip irrigation.
	22,23

	
	Tillage
	No-tillage farming is an agricultural technique for growing crops or pastures without disturbing the soil through tillage.
	-11% (-18-3%)
	No-till farming requires some different skills than conventional farming. A combination of techniques, equipment, pesticides, crop rotation, fertilization, and irrigation have to be used for local conditions. Generally, it reduces annual 2/3 fuel and labor investments compared to conventional tillage.
	24-26

	Livestock
	Feeding strategies
	Increase rate of meat and dairy products from livestock, improve nutritional balance of livestock feed, and improve feed digestibility/Lower protein diet, dietary additives.
	10%-35%
	Mainly includes variable operating costs (e.g., energy, water, labor costs, feed and fertilizer price, etc.)
	27-33

	
	Animal housing strategies
	Use of adsorbent, mechanical management (air and manure cleaning systems), floor management, and use of additives and urease inhibitors/Low emission housing (Frequent removal of manure/air scrubber/ biofiltration).
	30%-80%
	Mainly includes investments and fixed operating costs (costs of maintenance, insurance, administrative overhead).
	27,30,33-35

	
	Manure management strategies 
	Cover of stored manure, use of acidifiers and additives, turning of manure piles, reduced crude protein content, aeration in manure piles, and compaction of manure/Manure treatment (separation/additives/slurry acidification/anaerobic digestion)/Covered storage of manure (stockpiling/composting).
	60%-100%
	Mainly includes fixed operating costs (costs of maintenance, insurance, administrative overhead), and variable operating costs (e.g., energy, water, labor costs, and costs of waste disposal, etc.).
	27,28,33,35-38

	Human
	Adipic acid and glyoxal production 
/Catalytic or thermal reduction
	Catalytic reduction (or even reclamation of N2O back into the nitric acid production stream) has been described as a way to remove 95% of the N2O emissions (de Soete, 1993; de Beer et al., 2001).
	95%
	Cost range 15 €/ton Adipic acid product   44€/t N2O.
Cost information provided for catalytic reduction by de Beer et al. (2001) allows separating costs for investment (80.5 €/ton produced annually at a lifetime of 15 years and running costs (8.2 €/ton), which converts into 18 €-cents per t CO2-eq saved making it one of the most cost-effective options to reduce greenhouse gases (all in €-values as of 2013).
	39-42

	
	Nitric acid production/Caprolactam production
Catalytic or thermal reduction 
	Catalytic reduction may, independently or together with abatement of the air pollutant NO2, reduce emissions. Following Kuiper (2001) 80% of N2O emissions can be abated.
	80%
	Cost range 0.72 €/ton Nitric acid product   130€/t N2O. Costs of abatement have been reported for the first stage of catalytic reduction removing 80% of the emissions (Kuiper, 2001). With a lifetime of 15 years, investments of € 1.3 per ton produced annually are required with running costs amounting to € 0.6 per ton produced.
	39,43

	
	Reduced N2O application
	
	20%–34%
	0 € / person
	39

	
	Further N2O reduction in combination with other (liquid) anesthetics
	Using N2O as an anesthetic in combination with other medication.
	53%−68%
	While cost information is unavailable, we assume that this measure is done primarily for medical purposes and therefore no climate-related costs should be accounted for.
	39

	
	Replace N2O with an alternative: e.g. Xe
	Even the remaining emissions can be fully removed if N2O is replaced: 
Nakata et al. (1999) discuss and provide cost information on full replacement by Xenon gas.
	100%
	12€ / inhabitant 200,000€/t N2O.
Nakata et al. (1999) discuss and provide cost information on full replacement by Xenon gas. This being clearly a high-cost measure (200 €/kg N2O originally emitted translates into 12€ / inhabitant, a figure that is scaled down with hospital beds for countries operating less ideal health systems) we still keep it as an option.
	44

	
	Process optimization to increase the N2/N2O ratio in effluent gases
	In line with Hendriks et al. (1998), it is assumed that optimization of process parameters can lead to a decrease in N2O emissions by 40%, without compromising the operating requirements of the facility and specifically without affecting the downstream N content. This measure is understood not to require any specific investment or operating cost.
	40%
	0 € / person 0 €/t N2O
	45

	
	Fluidized bed combustion
	Modifications (afterburner or air staging)
Hendriks et al. (2001) report techniques that can cut emissions from FBCs by 80% through reversed air staging or by the use of an afterburner to remove unwanted N2O. This option “modification in FBC” is able to limit emissions to 4 t N2O/PJ.
	80%
	0.08 €/GJ  1000€/t N2O
Costs derived by Hendriks have been separated into investments and operating costs. For an annual activity of one GJ, investments of 0.54 € and annual costs of 0.047 € (€-value as of 2013 are used throughout this paper) have been derived, with a technical lifetime of 30 years.
	46

	
	the application of natural gas/Using alternative fuels
	DFDE (dual fuel diesel engine) operated with HFO (heavy fuel oil) and NG (natural gas fuel) fuels is the most economical and IMO emission compliance propulsion option. It reduces the dual fuel costs by 1.37 MUS$/trip compared with HFO cost, and emission reduction percentages of 83.30%for NOx. The annual cost-effectiveness for the most economical and emission compliance propulsion option is 6.07 $/kg for reducing NOx.
	83.30%
	6.07 $/kg NOx
	47

	
	CWI
	Continuous water injection
	70%
	Capital cost (3.5$ per kilowatt)
Installation cost (10,000$)
Annual operating cost (16,100$)
	

	
	Low NOx burners (LNB)
	Compared with the classical burners, where the total amount of fuel and air is injected at the same point, low NOx burners modify the way of injecting air and fuel to delay the mixing, reduce the availability of oxygen and reduce the peak flame temperature. LNB retard the conversion of fuel-bound nitrogen to NOx and the formation of thermal NOx, maintaining high combustion efficiency.
	50%
	
	48

	
	Selective catalytic reduction (SCR) 
	The SCR process uses ammonia to convert nitrogen oxides into molecular nitrogen (N2) and water (H2O) in the presence of a catalyst.
	80%–95% 
	Selective catalytic reduction (Residual oil outside ECA – New build):  580 €/t NOx
Selective catalytic reduction (Residual oil outside ECA – Retrofit): 631 €/t NOx
Selective catalytic reduction (Residual oil inside ECA – New build): 435 €/t NOx
Selective catalytic reduction (Residual oil inside ECA – Retrofit): 487 €/t NOx
Selective catalytic reduction (Marine distillates – New build): 506 €/t NOx
Selective catalytic reduction (Marine distillates – Retrofit): 584 €/t NOx
	48,49

	
	Selective non-catalytic reduction (SNCR) 
	Selective non-catalytic reduction is another add-on technique that can be used for controlling NOx emissions. It depends on the injection of ammonia or other reducing agents into the flue gas; the NOx reduction takes place without the use of a catalyst.
	70%
	
	48

	
	Combined NOx Control
	Because SCR and SNCR options apply to different parts of the NOx formation process, it is also possible to combine primary measures such as combustion modification, and secondary options such as SCR or SNCR. In case when SCR is combined with primary measures the resulting removal efficiency (compared to uncontrolled combustion) could reach 90 percent. Because of the lower NOx concentration at the inlet of the SCR plant, the consumption of reaction agents (NH3) is reduced compared with the exclusive use of add-on secondary reduction measure.

	Power plant sector (PP): Combustion modification (CM) – existing plant 65%; CM + SCR – existing plant 80%   
Industrial boilers (IN_BO) and furnaces (IN_OC):  CM - Solid Fuels /Oil& Gas: 50%; CM+SCR:80%; CM+SNCR:70%
Residential and Commercial (DOM): CM:50%
	Cost of Combined Measures (CM+SCSR) for an Existing Brown Coal Fired Plant: 1.148 thousand ECU/ton NOx
	48

	
	Exhaust gas recirculation (EGR)
	EGR reduces the partial pressure for oxygen and the combustion temperature, leading to reduced NOx formation. EGR is a proven NOx control technique for light-duty gasoline and diesel vehicles. In heavy-duty trucks, EGR has shown to increase wear rates and oil contamination, resulting in higher maintenance expenses and shorter engine life. After initial difficulties the EGR is also considered as a viable option for heavy-duty engines. 
	80%–85%   
	
	48,49

	
	Catalytic reduction
	A catalytic converter enables and accelerates the chemical conversion of CO, VOC and NOx to CO2, H2O and N2 at temperatures well below that at which it would occur spontaneously. The oxidation of CO and VOC is facilitated by completing the combustion process, nitrogen oxides are catalytically reduced. 
	Gasoline 4-stroke passenger cars and LDV3-way catalytic converter: 85% 
Diesel passenger cars and LDV: 80% 
Heavy duty vehicles：Natural gas/Gasoline：85%
	
	48

	
	Using alternative fuels
	Two are the main alternative fuels that can be used for ships. One is the methanol and the other is the liquid petroleum gas (GPL). If methanol is combined to Exhaust Gas Recirculation, NOx can be reduced as much as 50%. However, methanol is a more expensive fuel than distillate and its use requires modification to engine injection system and fuel storage. Liquid petroleum gas is a low sulfur fuel that combined with the use of pilot injection can reduce the NOx emissions by 60%. The main problem is the storage that can compromise safety on board (Sudiro and Bertucco, 2008).
	Biodiesel: 5-70% 
Methanol: 75% LNG: 70-85%  
	
	50-56

	
	Emulsified fuel
	It reduces pollutant emissions by adding water on fuel. Producing a more complete combustion with lower fuel consumption it cut the amount of NOx, CO and PM. It has been in use since 1984 on stationary low speed diesel engine plants. However, smaller ships could have spatial problem, because additional equipments are needed for generating the water/fuel mixture. Larger fuel pumps and water tank are some example. In theory, large reduction of NOx is possible, but the reduction rate is proportional to the amount of water added to the fuel. MAN B&W reports that for each 10% of water added a 10% NOx reduction can be achieved (MAN B&W, 2004).
	20%–50% 
	
	49,50

	
	Internal Engine Modification (IEM)
	Generally, they are defined “Internal Engine Modification” (IEM) and are oriented to optimize combustion, improve air charge characteristics or alter the fuel injection systems thank to engine modification. Large parts of them aim to cut NOx emissions reducing peak temperature and pressure in the cylinder.
	Advanced IEM: 30%-40%
	Basic IEM (slide valves, 2-stroke slow speed only):  9 (€/t NOx)
Average IEM:  40 (€/t NOx)

IIASA (2007)
	50

	
	Miller cycle
	It is the Miller Cycle Technology that reduces the compression ration, high pressure turbo-changing, variable air inlet valve timing and charge-air cooling. Reducing the temperature in the combustion chamber, it allows cutting down NOx emissions. Wartsila has applied this technology reaching 35% reduction of NOx emissions (Wartsila, 2004a).
	20%-50%
	
	50

	
	Humid Air Motor (HAM)
	It is an alternative to water injection that uses seawater to add water vapour to the combustion air. Based on decrease of combustion temperature it reduces the NOx formation up to 80% (Eyring, et al., 2005).
	80%
HAM technology:  40%–65%  
	Humid air motors (new build):  225(€/t NOx)
Humid air motors (retrofit):  279(€/t NOx)

IIASA (2007)
	49,50,57

	
	Water injection
	It is a promising approach for NOx reduction, because reduce the combustion temperature adding of water to the combustion process. Using a valve, it cools the combustion chamber during or before combustion, by injecting water directly into the cylinder (Wartsila, 2004a).
Direct Water Injection: It injects the water into the engine cylinders right after fuel injection (Sarvi, 2004).
	Water Injection:  50 – 60%
Water Injection + EGR: 70% 
DWI technology: 42%–70% 
	Direct water injection: 363(€/t NOx)

IIASA (2007)
	49,50

	
	Innovative/advanced septic systems
	I/A septic system technologies mitigate nitrogen primarily by converting it, through biochemical processes, to N2.
Innovative/advanced septic systems are on-site wastewater treatment systems that use advanced technologies to treat and dispose of wastewater. These systems are designed to provide higher treatment efficiencies and to reduce the impact of onsite wastewater disposal on the environment. I/A septic systems are an important option for sustainable onsite wastewater treatment and disposal, particularly in areas where centralized sewer systems are not available or are not cost-effective.
	69%
	Capital Cost 
low case / base case / high case
$6,110 / $13,400 / $25,000 new
$6,110 / $12,480 / $25,000 retrofit
(AquaPoint 2008; Cape Cod Winwater Work Co. 2014; Miller 2014; Rowland 2014; Shea Concrete 2014; Short et al. 2014; Siegmund Environmental 2014)
O&M Cost 
(low case / base case / high case)
$550 / $950 / $1,750
(David J. Burnie Septic Services 2014; Rowland 2014; Short 2014; Siegmund Environmental 2014)
	58

	
	Diversion toilet
	A diversion toilet, also known as a urine-diverting toilet or a split toilet, is a type of toilet that separates urine and feces at the source. This type of toilet typically has two separate compartments: one for feces and one for urine.
	95%
	Capital Cost 
low case / base case / high case
$850 / $1,210 / $1,440 toilet
$2,670 / $3,200 / $4,170 tank
(Ecovita n.d.; Jaffe 2014; RS Means 2013; “Separett Waterless Toilets” n.d.)
O&M Cost 
(low case / base case / high case)
$130 / $170 / $220 flush
$195 / $280 / $360 dry
(Noe-Hays 2014; assumed) 
	58

	
	Composting toilets with conventional septic system
	A compost toilet, also known as a composting toilet or a dry toilet, is a type of toilet that uses the natural process of decomposition to break down human waste into compost. Rather than using water to flush waste into a septic or sewage system, a compost toilet separates liquid and solid waste and processes it on-site.
	95%
	Capital Cost 
low case / base case / high case
$6,150 / $8,340 / $10,530
(Clivus Multrum 2013a; RS Means 2013)
O&M Cost 
(low case / base case / high case)
$100 / $150 / $200
(Clivus Multrum 2013b; Sunmar 2013)
	58

	
	Blackwater digestion and pressure or vacuum sewers
	Blackwater digestion and pressure or vacuum sewers are two separate wastewater management technologies that can be used together in certain contexts. Blackwater digestion involves the decomposition of human waste and other organic matter in a digester, which produces biogas and a stabilized effluent that can be used for fertilization or discharge. Pressure or vacuum sewers, on the other hand, involve the use of pressurized or vacuumed pipes to transport wastewater from individual homes or buildings to a treatment plant or disposal site.
	99%
	Capital Cost 
low case / base case / high case
$8,450 / $9,710 / $10,960
(Kinstedt 2012)
O&M Cost 
(low case / base case / high case)
$500 / $640 / $780
(Kinstedt 2012)
	58

	
	Denitrifying Bioreactors 
	Denitrifying bioreactors enhance the natural process of denitrification in a practical way to treat nitrate-nitrogen (N) in a variety of N-laden water matrices. The focus of this article is on denitrifying bioreactors for treatment of nitrate-N from agricultural water discharge.
	40%±26%
	2.39–15.17$ kg-1 NO3-N
	59,60

	
	Bioreactor
	The bioreactor removed 9.9 kg NO3--N/hayr, representing an overall 30.3% NO3--N removal rate when incorporating all flow and overflow events and an estimated cost of AUS$17.83 (US$13.14) for each kg NO3-N removed.
	30.3%
	US$13.14/kg NO3--N
	61

	
	Pipe bioreactor
	A denitrifying woodchip bioreactor is simply a channel filled with a source of carbon (e.g. woodchips, corn husks), which promotes microorganisms to transform NO3- into gaseous forms of nitrogen mostly dinitrogen gas (N2), through the process of denitrification. Incomplete denitrification can produce the greenhouse gas nitrous oxide (N2O) as a byproduct.
	14.8%
	A$28 to A$378 /kg NO3--N
	62

	
	Drainage water management
	DWM is the practice of artificially raising the outlet elevation of a drainage system to potentially reduce drainage volume and nutrient loss.
	9% - 25%
	2.71$ kg-1 NO3--N
	59,63,64
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Table S2 SDGs and the targets that are relevant to nitrogen waste.
	
	Goals or targets in the 2030 Agenda for Sustainable Development
	Level of 
relevance
	Explanations
	Sample references

	Goal 1. End poverty in all its forms everywhere

	1.1
	By 2030, eradicate extreme poverty for all people everywhere, currently measured as people living on less than $1.25 a day
	Low
	Reducing nitrogen waste, improve nitrogen fertilizer utilization, increase food production, help increase the income of farmers and vulnerable groups, and eliminate extreme poverty.
	(1) Rodríguez-Espinosa T, Papamichael I, Voukkali I, et al. Nitrogen management in farming systems under the use of agricultural wastes and circular economy[J]. Science of The Total Environment, 2023, 876: 162666.
(2) Chen X, Cui Z, Fan M, et al. Producing more grain with lower environmental costs[J]. Nature, 2014, 514(7523): 486-489.
(3) Awan A G, Shahzad B. Relationship between poverty and environmental degradation in Pakistan[J]. Global Journal of Management, Social Sciences and Humanities, 2018, 4(1).

	1.2
	By 2030, reduce at least by half the proportion of men, women and children of all ages living in poverty in all its dimensions according to national definitions
	Low
	the same as described in 1.1.
	the same as 1.1.

	1.5
	By 2030, build the resilience of the poor and those in vulnerable situations and reduce their exposure and vulnerability to climate-related extreme events and other economic, social and environmental shocks and disasters
	Moderate
	Reducing nitrogen waste could help to achieve this target via increasing nitrogen use efficiency would not only bring agronomic and environmental benefits, but also economic improvements.
	(1) Pires M V, da Cunha D A, de Matos Carlos S, et al. Nitrogen-use efficiency, nitrous oxide emissions, and cereal production in Brazil: current trends and forecasts[J]. PLoS One, 2015, 10(8): e0135234.

	Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture

	2.1
	By 2030, end hunger and ensure access by all people, in particular the poor and people in vulnerable situations, including infants, to safe, nutritious and sufficient food all year round
	High
	Secure global food production by optimizing fertilization and management, an increase in nitrogen use efficiency would improve productivity and product quality.
	(1) Pires M V, da Cunha D A, de Matos Carlos S, et al. Nitrogen-use efficiency, nitrous oxide emissions, and cereal production in Brazil: current trends and forecasts[J]. PLoS One, 2015, 10(8): e0135234.
(2) He G, Liu X, Cui Z. Achieving global food security by focusing on nitrogen efficiency potentials and local production[J]. Global Food Security, 2021, 29: 100536.
(3) Kaizzi K C, Byalebeka J, Semalulu O, et al. Maize response to fertilizer and nitrogen use efficiency in Uganda[J]. Agronomy journal, 2012, 104(1): 73-82.

	2.2
	By 2030, end all forms of malnutrition, including achieving, by 2025, the internationally agreed targets on stunting and wasting in children under 5 years of age, and address the nutritional needs of adolescent girls, pregnant and lactating women and older persons
	High
	Enhancing grain output with nitrogen fertilizer management helps eradicate nutrient shortages. N also influences the cereal nutritional quality through its effect on the grain protein content.
	(1) Mueller N D, Gerber J S, Johnston M, et al. Closing yield gaps through nutrient and water management[J]. Nature, 2012, 490(7419): 254-257.
(2) Kaizzi K C, Byalebeka J, Semalulu O, et al. Maize response to fertilizer and nitrogen use efficiency in Uganda[J]. Agronomy journal, 2012, 104(1): 73-82.

	2.3
	By 2030, double the agricultural productivity and incomes of small-scale food producers, in particular women, indigenous peoples, family farmers, pastoralists and fishers, including through secure and equal access to land, other productive resources and inputs, knowledge, financial services, markets and opportunities for value addition and non-farm employment
	High
	Reducing nitrogen waste achieves this goal by improving food productivity and farmer income through nitrogen fertilizer management.
	(1) Mueller N D, Gerber J S, Johnston M, et al. Closing yield gaps through nutrient and water management[J]. Nature, 2012, 490(7419): 254-257.
(2) Ciceri D, Allanore A. Local fertilizers to achieve food self-sufficiency in Africa[J]. Science of the Total Environment, 2019, 648: 669-680.

	2.4
	By 2030, ensure sustainable food production systems and implement resilient agricultural practices that increase productivity and production, that help maintain ecosystems, that strengthen capacity for adaptation to climate change, extreme weather, drought, flooding and other disasters and that progressively improve land and soil quality
	High
	Reducing nitrogen waste can increase agricultural productivity and yields, help maintain ecosystems, and mitigate climate change.
	(1) Savci S. Investigation of effect of chemical fertilizers on environment[J]. Apcbee Procedia, 2012, 1: 287-292.
(2) Al-Kindi, S.G., Brook, R.D., Biswal, S. et al. Environmental determinants of cardiovascular disease: lessons learned from air pollution. Nat Rev Cardiol 17, 656–672 (2020). 
(3) Adegbeye M J, Reddy P R K, Obaisi A I, et al. Sustainable agriculture options for production, greenhouse gasses and pollution alleviation, and nutrient recycling in emerging and transitional nations-An overview[J]. Journal of Cleaner Production, 2020, 242: 118319.

	2.a 
	Increase investment, including through enhanced international cooperation, in rural infrastructure, agricultural research and extension services, technology development and plant and livestock gene banks in order to enhance agricultural productive capacity in developing countries, in particular least developed countries
	Low
	Through international cooperation, a rational distribution of nitrogen fertilizer, the advancement of agricultural technology, and the reduction of nitrogen waste can be achieved.
	(1) Masso C, Baijukya F, Ebanyat P, et al. Dilemma of nitrogen management for future food security in sub-Saharan Africa–a review[J]. Soil Research, 2017, 55(6): 425-434.
(2) Ciceri D, Allanore A. Local fertilizers to achieve food self-sufficiency in Africa[J]. Science of the Total Environment, 2019, 648: 669-680.

	Goal 3. Ensure healthy lives and promote well-being for all at all ages

	3.1
	By 2030, reduce the global maternal mortality ratio to less than 70 per 100,000 live births
	Low
	Pregnant women's health depends on getting enough nutrients. Additionally, pre-eclampsia and hypertensive disorders of pregnancy (HDP), all of which are strongly linked to an increase in maternal mortality, are connected with prenatal exposure to nitrogen dioxide and PM2.5 (ammonia is one of the precursors of PM2.5).
	(1) Ward M H. Too much of a good thing? Nitrate from nitrogen fertilizers and cancer[J]. Reviews on environmental health, 2009, 24(4): 357-363.

	3.2
	By 2030, end preventable deaths of newborns and children under 5 years of age, with all countries aiming to reduce neonatal mortality to at least as low as 12 per 1,000 live births and under‑5 mortality to at least as low as 25 per 1,000 live births
	Low
	Newborns and children under the age of five need consume enough food to maintain good health.
	(1) Ward M H. Too much of a good thing? Nitrate from nitrogen fertilizers and cancer[J]. Reviews on environmental health, 2009, 24(4): 357-363.
(2) Machin A B, Nascimento L F C. Efeitos da exposição a poluentes do ar na saúde das crianças de Cuiabá, Mato Grosso, Brasil[J]. Cadernos de saúde Pública, 2018, 34.
(3) Santana J C C, Miranda A C, Yamamura C L K, et al. Effects of air pollution on human health and costs: Current situation in São Paulo, Brazil[J]. Sustainability, 2020, 12(12): 4875.

	3.3
	By 2030, end the epidemics of AIDS, tuberculosis, malaria and neglected tropical diseases and combat hepatitis, water-borne diseases and other communicable diseases
	Low
	Reducing nitrogen waste helps reduce the incidence of tuberculosis due to PM2.5 and NOx exposure, while reducing the incidence of waterborne diseases.the transformed ecological environment is reshaping social structures and reorganizing sexual, domestic and economic partnerships in ways that significantly increase their vulnerability to HIV/AIDS.
	(1) Ward M H. Too much of a good thing? Nitrate from nitrogen fertilizers and cancer[J]. Reviews on environmental health, 2009, 24(4): 357-363.
(2) Mojola S A. Fishing in dangerous waters: Ecology, gender and economy in HIV risk[J]. Social science & medicine, 2011, 72(2): 149-156.

	3.4
	By 2030, reduce by one third premature mortality from non-communicable diseases through prevention and treatment and promote mental health and well-being
	Moderate
	Reducing nitrogen waste (NH3, NOx) reduces the risk of cardiovascular disease and related mortality, as well as the incidence of asthma attacks and respiratory symptoms.
	(1) Vallero D A. Fundamentals of air pollution[M]. Academic press, 2014.
(2) Townsend A R, Howarth R W, Bazzaz F A, et al. Human health effects of a changing global nitrogen cycle[J]. Frontiers in Ecology and the Environment, 2003, 1(5): 240-246.

	3.7
	By 2030, ensure universal access to sexual and reproductive health-care services, including for family planning, information and education, and the integration of reproductive health into national strategies and programmes
	Low
	Reproductive health is improved by reducing nitrogen waste.  Semen quality, particularly sperm DNA damage, morphology, and motility, may be impacted by exposure to air pollution, including PM2.5, PM10, NOx, and NO2.
	(1) Jurewicz J, Dziewirska E, Radwan M, et al. Air pollution from natural and anthropic sources and male fertility[J]. Reproductive Biology and Endocrinology, 2018, 16: 1-18.
(2) Kumar S, Sharma A, Thaker R. Air pollutants and impairments of male reproductive health-an overview[J]. Reviews on Environmental Health, 2021, 36(4): 565-575.

	3.9
	By 2030, substantially reduce the number of deaths and illnesses from hazardous chemicals and air, water and soil pollution and contamination
	High
	Reducing nitrogen waste helps reduce air, water and soil pollution,excessive Nr in air and water are linked to problems associated with human health mainly, respiratory ailments, cardiac disease, and several cancers. 
	(1) Mueller N D, Gerber J S, Johnston M, et al. Closing yield gaps through nutrient and water management[J]. Nature, 2012, 490(7419): 254-257.
(2) Townsend A R, Howarth R W, Bazzaz F A, et al. Human health effects of a changing global nitrogen cycle[J]. Frontiers in Ecology and the Environment, 2003, 1(5): 240-246.

	Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all

	4.4
	By 2030, substantially increase the number of youth and adults who have relevant skills, including technical and vocational skills, for employment, decent jobs and entrepreneurship
	Low
	The implementation of nitrogen reduction measures will increase the skills needed for employment, decent work and entrepreneurship.
	(1) Waddington H, Snilstveit B, Hombrados J, et al. Farmer field schools for improving farming practices and farmer outcomes: A systematic review[J]. Campbell systematic reviews, 2014, 10(1): i-335.
(2) Huffman W E. Decision making: The role of education[J]. American Journal of Agricultural Economics, 1974, 56(1): 85-97.

	4.7
	By 2030, ensure that all learners acquire the knowledge and skills needed to promote sustainable development, including, among others, through education for sustainable development and sustainable lifestyles, human rights, gender equality, promotion of a culture of peace and non-violence, global citizenship and appreciation of cultural diversity and of culture’s contribution to sustainable development
	Low
	Reducing nitrogen waste contributes to sustainable development, sustainable lifestyles, and global citizenship.
	the same as 4.4.

	Goal 5. Achieve gender equality and empower all women and girls

	5.a 
	Undertake reforms to give women equal rights to economic resources, as well as access to ownership and control over land and other forms of property, financial services, inheritance and natural resources, in accordance with national laws
	Low
	This can be achieved by increasing women's participation in environmental decision-making, reducing nitrogen waste, improving water and agricultural management, and mitigating environmental degradation caused by nutrient pollution.
	(1) Farnworth C R, Stirling C, B. Sapkota T, et al. Gender and inorganic nitrogen: what are the implications of moving towards a more balanced use of nitrogen fertilizer in the tropics?[J]. International Journal of Agricultural Sustainability, 2017, 15(2): 136-152.
(2) Dobermann A, Nelson R, Beever D, et al. Solutions for sustainable agriculture and food systems[J]. Sustainable development solutions network, 2013.

	Goal 6. Ensure availability and sustainable management of water and sanitation for all

	6.1
	By 2030, achieve universal and equitable access to safe and affordable drinking water for all
	High
	Reducing nitrogen waste in shallow groundwater and surface water resources could help to achieve this target. Leakage of Nr to aquatic ecosystem not only contaminates drinking water supplies but also contribute to eutrophication, resulting in harmful algal blooms and dead zones in marine ecosystems.
	(1) Conley D J, Paerl H W, Howarth R W, et al. Controlling eutrophication: nitrogen and phosphorus[J]. Science, 2009, 323(5917): 1014-1015.
(2) Van Puijenbroek P, Beusen A H W, Bouwman A F. Global nitrogen and phosphorus in urban waste water based on the Shared Socio-economic pathways[J]. Journal of environmental management, 2019, 231: 446-456.

	6.2
	By 2030, achieve access to adequate and equitable sanitation and hygiene for all and end open defecation, paying special attention to the needs of women and girls and those in vulnerable situations
	High
	Reducing open defecation and improving safely managed sanitation services can help reduce nitrogen waste.
	(1) Strokal M, Kroeze C. Nitrous oxide (N2O) emissions from human waste in 1970–2050[J]. Current Opinion in Environmental Sustainability, 2014, 9: 108-121.
(2) Kulak M, Shah N, Sawant N, et al. Technology choices in scaling up sanitation can significantly affect greenhouse gas emissions and the fertiliser gap in India[J]. Journal of Water, Sanitation and Hygiene for Development, 2017, 7(3): 466-476.

	6.3
	By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing release of hazardous chemicals and materials, halving the proportion of untreated wastewater and substantially increasing recycling and safe reuse globally
	High
	There is significant potential to reduce emissions from sanitation and wastewater systems through recovery of energy and nutrients contained in waste, while also providing indirect reduction of emissions through renewable energy production and reduced dependency on fossil-based chemical fertilisers.
	(1) Li W W, Yu H Q, Rittmann B E. Chemistry: Reuse water pollutants[J]. Nature, 2015, 528(7580): 29-31.
(2) Sigurnjak I, Michels E, Crappé S, et al. Utilization of derivatives from nutrient recovery processes as alternatives for fossil-based mineral fertilizers in commercial greenhouse production of Lactuca sativa L[J]. Scientia horticulturae, 2016, 198: 267-276.

	6.4
	By 2030, substantially increase water-use efficiency across all sectors and ensure sustainable withdrawals and supply of freshwater to address water scarcity and substantially reduce the number of people suffering from water scarcity
	High
	Achieving this target could reduce nutrient pollution in water systems via improving water use efficiency in agriculture and upgrading the pipe networks of domestic wastewater that reduce nitrogen waste.
	(1) Obaideen K, Shehata N, Sayed E T, et al. The role of wastewater treatment in achieving sustainable development goals (SDGs) and sustainability guideline[J]. Energy Nexus, 2022, 7: 100112.
(2) Quemada M, Gabriel J L. Approaches for increasing nitrogen and water use efficiency simultaneously[J]. Global Food Security, 2016, 9: 29-35.

	6.5
	By 2030, implement integrated water resources management at all levels, including through transboundary cooperation as appropriate
	Low
	Integrated water resources management can reduce nitrogen waste in water bodies.
	(1) Obaideen K, Shehata N, Sayed E T, et al. The role of wastewater treatment in achieving sustainable development goals (SDGs) and sustainability guideline[J]. Energy Nexus, 2022, 7: 100112.
(2) Tong Y, Wang M, Peñuelas J, et al. Improvement in municipal wastewater treatment alters lake nitrogen to phosphorus ratios in populated regions[J]. Proceedings of the National Academy of Sciences, 2020, 117(21): 11566-11572.

	6.6
	By 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands, rivers, aquifers and lakes
	Moderate
	This can be achieved by reducing nitrogen loss from water systems by restoring the natural functions of water-related ecosystems, such as nutrient retention mechanisms, in support of Goals 6.1 and 6.2.
	(1) Abbasi H N, Lu X, Xu F, et al. Wastewater treatment strategies in China: An overview[J]. Sci. Lett, 2016, 4(1): 15-25.

	6.a 
	By 2030, expand international cooperation and capacity-building support to developing countries in water- and sanitation-related activities and programmes, including water harvesting, desalination, water efficiency, wastewater treatment, recycling and reuse technologies
	Low
	Nitrogen waste can be reduced through international cooperation to improve water efficiency, wastewater treatment, and water recovery and reuse technologies.
	(1) United Nations Children’s Fund (UNICEF) and World Health Organization (WHO). Progress on household drinking water, sanitation and hygiene 2000–2017: special focus on inequalities[J]. 2019.
(2) World Health Organization. Progress on household drinking water, sanitation and hygiene 2000-2017: special focus on inequalities[M]. World Health Organization, 2019.

	6.b 
	Support and strengthen the participation of local communities in improving water and sanitation management
	Low
	Supporting and strengthening local community participation in improving water and sanitation management can help reduce nitrogen waste.
	(1) Dickin S, Bayoumi M, Giné R, et al. Sustainable sanitation and gaps in global climate policy and financing[J]. NPJ Clean Water, 2020, 3(1): 24.

	Goal 7. Ensure access to affordable, reliable, sustainable and modern energy for all

	7.1
	By 2030, ensure universal access to affordable, reliable and modern energy services
	Low
	Increasing the proportion of the population using clean fuels and technologies could help reduce nitrogen waste.
	(1) Nižetić S, Djilali N, Papadopoulos A, et al. Smart technologies for promotion of energy efficiency, utilization of sustainable resources and waste management[J]. Journal of cleaner production, 2019, 231: 565-591.
(2) Chien F, Sadiq M, Li L, et al. The role of sustainable energy utility, natural resource utilization and waste management in reducing energy poverty: Evidence from South Asian countries[J]. Utilities Policy, 2023, 82: 101581.

	7.2
	By 2030, increase substantially the share of renewable energy in the global energy mix
	Low
	Increasing the proportion of renewable energy can help reduce nitrogen waste.
	(1) Wan, J., Gu, J., Zhao, Q. & Liu, Y. COD capture: a feasible option towards energy self-sufficient domestic wastewater treatment. Sci. Rep. 6, 25054 (2016).
(2) Kesicki F, Walton M. Water Energy Nexus: excerpt from the World Energy Outlook 2016[J]. International Energy Agency, 2016.

	7.3
	By 2030, double the global rate of improvement in energy efficiency
	High
	Improving efficiency improvement rates can help reduce NOx emission.
	(1) Nižetić S, Djilali N, Papadopoulos A, et al. Smart technologies for promotion of energy efficiency, utilization of sustainable resources and waste management[J]. Journal of cleaner production, 2019, 231: 565-591.
(2) Chien F, Sadiq M, Li L, et al. The role of sustainable energy utility, natural resource utilization and waste management in reducing energy poverty: Evidence from South Asian countries[J]. Utilities Policy, 2023, 82: 101581.

	7.a 
	By 2030, enhance international cooperation to facilitate access to clean energy research and technology, including renewable energy, energy efficiency and advanced and cleaner fossil-fuel technology, and promote investment in energy infrastructure and clean energy technology
	Low
	The use of bioethanol production systems as an alternative to gasoline has become a means of reducing greenhouse gas (GHG) and other pollutant emissions (NOX).
	(1) Gu B, Ge Y, Ren Y, et al. Atmospheric reactive nitrogen in China: sources, recent trends, and damage costs[J]. Environmental science & technology, 2012, 46(17): 9420-9427.
(2) Boddey R M, Soares L H B, Alves B J R, et al. Bio-ethanol production in Brazil[J]. Biofuels, solar and wind as renewable energy systems: benefits and risks, 2008: 321-356.

	7.b 
	By 2030, expand infrastructure and upgrade technology for supplying modern and sustainable energy services for all in developing countries, in particular least developed countries, small island developing States and landlocked developing countries, in accordance with their respective programmes of support
	Low
	The provision of sustainable modern energy services can help reduce nitrogen waste.
	the same as 7.a.

	Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all

	8.1
	Sustain per capita economic growth in accordance with national circumstances and, in particular, at least 7 per cent gross domestic product growth per annum in the least developed countries
	Low
	Economic growth in the least developed nations is typically more dependent on increases in agricultural production than it is in developed nations.By improving nitrogen usage effectiveness, reducing nitrogen waste boosts agricultural yield.
	(1) Sobota D J, Compton J E, McCrackin M L, et al. Cost of reactive nitrogen release from human activities to the environment in the United States[J]. Environmental Research Letters, 2015, 10(2): 025006.
(2) Zhang X, Gu B, van Grinsven H, et al. Societal benefits of halving agricultural ammonia emissions in China far exceed the abatement costs[J]. Nature communications, 2020, 11(1): 4357.

	8.2
	Achieve higher levels of economic productivity through diversification, technological upgrading and innovation, including through a focus on high-value added and labour-intensive sectors
	Low
	Social and economic costs and consequences of Nr pollution are associated with high and rising expenses for health care, treatment of drinking water and wastewater, restoration of damaged aquatic systems, investments to implement agricultural best management practices, unemployment and loss of revenue related to lowering in fishing and ecotourism industries.
	(1) Katz B G. Nitrogen Overload: Environmental Degradation, Ramifications, and Economic Costs[M]. John Wiley & Sons, 2020.

	8.4
	Improve progressively, through 2030, global resource efficiency in consumption and production and endeavour to decouple economic growth from environmental degradation, in accordance with the 10‑Year Framework of Programmes on Sustainable Consumption and Production, with developed countries taking the lead
	High
	The agroindustrial sector, through the various waste management schemes and energy generation strategies, has a chain of employment opportunities and income generation that can transform economies and improve livelihood.
	(1) Frey D F. Economic growth, full employment and decent work: The means and ends in SDG 8[J]. The International Journal of Human Rights, 2017, 21(8): 1164-1184.
(2) Onu P, Mbohwa C. Green supply chain management and sustainable industrial practices: bridging the gap[C]//Proceedings of the international conference on industrial engineering and operations management. 2018: 786-792.

	8.10
	Strengthen the capacity of domestic financial institutions to encourage and expand access to banking, insurance and financial services for all
	Low
	credit and risk are factors holding back investment by smallholders in climate-resilient technologies and practices.
	(1) Barnett B J, Barrett C B, Skees J R. Poverty traps and index-based risk transfer products[J]. World Development, 2008, 36(10): 1766-1785.

	Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation

	9.1
	Develop quality, reliable, sustainable and resilient infrastructure, including regional and transborder infrastructure, to support economic development and human well-being, with a focus on affordable and equitable access for all
	Low
	Achieving this target  may increase nitrogen pollution  via increasing reactive N emissions  from fossil fuel  combustion by  developing the industrial  sector and the  transportation network.
	(1) Gu B, Ge Y, Ren Y, et al. Atmospheric reactive nitrogen in China: sources, recent trends, and damage costs[J]. Environmental science & technology, 2012, 46(17): 9420-9427.
(2) Chen N, Hong H, Huang Q, et al. Atmospheric nitrogen deposition and its long-term dynamics in a southeast China coastal area[J]. Journal of Environmental Management, 2011, 92(6): 1663-1667.

	9.2
	Promote inclusive and sustainable industrialization and, by 2030, significantly raise industry’s share of employment and gross domestic product, in line with national circumstances, and double its share in least developed countries
	High
	Reactive nitrogen emissions from the burning of fossil fuels may increase if industry's employment and GDP share is significantly increased, necessitating sustainable industrialization.
	(1) Cembureau C S I. Sustainable cement production: Co-Processing of alternative fuels and raw materials in the European Cement Industry[J]. Europe, 2009, 2: 1-6.

	9.3
	Increase the access of small-scale industrial and other enterprises, in particular in developing countries, to financial services, including affordable credit, and their integration into value chains and markets
	Low
	Financial services can facilitate access to advanced technologies and wastewater treatment facilities to reduce nitrogen pollution.
	(1) Barnett B J, Barrett C B, Skees J R. Poverty traps and index-based risk transfer products[J]. World Development, 2008, 36(10): 1766-1785.

	9.4
	By 2030, upgrade infrastructure and retrofit industries to make them sustainable, with increased resource-use efficiency and greater adoption of clean and environmentally sound technologies and industrial processes, with all countries taking action in accordance with their respective capabilities
	High
	Improving industries to improve their sustainability and use resources more efficiently will help reduce NH3, NOx, N2O emissions.
	(1) Li J, Wei W, Zhen W, et al. How green transition of energy system impacts China's mercury emissions[J]. Earth's Future, 2019, 7(12): 1407-1416.
(2) Lee C T, Lim J S, Van Fan Y, et al. Enabling low-carbon emissions for sustainable development in Asia and beyond[J]. Journal of Cleaner Production, 2018, 176: 726-735.

	9.5
	Enhance scientific research, upgrade the technological capabilities of industrial sectors in all countries, in particular developing countries, including, by 2030, encouraging innovation and substantially increasing the number of research and development workers per 1 million people and public and private research and development spending
	Low
	Research and development of nitrogen reduction measures need to strengthen scientific research and enhance the technical capacity of the industrial part.
	(1) Lee J J, Gemba K, Kodama F. Analyzing the innovation process for environmental performance improvement[J]. Technological forecasting and social change, 2006, 73(3): 290-301.
(2) Zhu J, Fan Y, Deng X, et al. Low-carbon innovation induced by emissions trading in China[J]. Nature communications, 2019, 10(1): 4088.

	9.a 
	Facilitate sustainable and resilient infrastructure development in developing countries through enhanced financial, technological and technical support to African countries, least developed countries, landlocked developing countries and small island developing States
	Low
	the transition of a country from a specific management system to a more advanced/efficient one depends on several factors like technological advancement, policies and legislative laws, environmental and socio-economic issues in addition to people's awareness and acceptance, governmental motivation, financial sustainability, and infrastructure.
	(1) Okot-Okumu J, Nyenje R. Municipal solid waste management under decentralisation in Uganda[J]. Habitat international, 2011, 35(4): 537-543.

	9.b 
	Support domestic technology development, research and innovation in developing countries, including by ensuring a conducive policy environment for, inter alia, industrial diversification and value addition to commodities
	Low
	Research and development of nitrogen reduction measures need to strengthen scientific research and enhance the technical capacity of the industrial part.
	the same as 9.a.

	Goal 10. Reduce inequality within and among countries

	10.1
	By 2030, progressively achieve and sustain income growth of the bottom 40 per cent of the population at a rate higher than the national average
	Low
	By reducing nitrogen waste to increase food production, increase employment opportunities, etc., and promote the income growth of people at the bottom.
	(1) Rodríguez-Espinosa T, Papamichael I, Voukkali I, et al. Nitrogen management in farming systems under the use of agricultural wastes and circular economy[J]. Science of The Total Environment, 2023, 876: 162666.
(2) Chen X, Cui Z, Fan M, et al. Producing more grain with lower environmental costs[J]. Nature, 2014, 514(7523): 486-489.
(3) Awan A G, Shahzad B. Relationship between poverty and environmental degradation in Pakistan[J]. Global Journal of Management, Social Sciences and Humanities, 2018, 4(1).
(4) Frey D F. Economic growth, full employment and decent work: The means and ends in SDG 8[J]. The International Journal of Human Rights, 2017, 21(8): 1164-1184.
(5) Onu P, Mbohwa C. Green supply chain management and sustainable industrial practices: bridging the gap[C]//Proceedings of the international conference on industrial engineering and operations management. 2018: 786-792.

	Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable

	11.1
	By 2030, ensure access for all to adequate, safe and affordable housing and basic services and upgrade slums
	High
	Achieving this target could reduce nitrogen waste in water systems via reduced open defecation by expanding the sewage network coverage, depending on the nutrient treatment efficiency of the sewage systems.
	(1) Tong Y, Bu X, Chen C, et al. Impacts of sanitation improvement on reduction of nitrogen discharges entering the environment from human excreta in China[J]. Science of the Total Environment, 2017, 593: 439-448.
(2) Kanter D R, Bartolini F, Kugelberg S, et al. Nitrogen pollution policy beyond the farm[J]. Nature Food, 2020, 1(1): 27-32.

	11.2
	By 2030, provide access to safe, affordable, accessible and sustainable transport systems for all, improving road safety, notably by expanding public transport, with special attention to the needs of those in vulnerable situations, women, children, persons with disabilities and older persons
	Low
	Expanding public transportation and building sustainable transportation systems are conducive to reducing NOX emissions.
	(1) Rodrigues D S, Santos N A. Growth Acceleration Program (PAC): a descriptive study of active and passive waste[J]. Scientific Editorial Board, 2018: 84.

	11.3
	By 2030, enhance inclusive and sustainable urbanization and capacity for participatory, integrated and sustainable human settlement planning and management in all countries
	Low
	Increase in Nr emissions with the high demand for food, energy, and housing by a fast-expanding population.
	(1) Smil V. Global population and the nitrogen cycle[J]. Scientific American, 1997, 277(1): 76-81.
(2) van Beek C L, Meerburg B G, Schils R L M, et al. Feeding the world's increasing population while limiting climate change impacts: linking N2O and CH4 emissions from agriculture to population growth[J]. environmental science & policy, 2010, 13(2): 89-96.

	11.5
	By 2030, significantly reduce the number of deaths and the number of people affected and substantially decrease the direct economic losses relative to global gross domestic product caused by disasters, including water-related disasters, with a focus on protecting the poor and people in vulnerable situations
	Low
	The lack of basic infrastructure for sewage treatment and disposal systems leads to the release of waste in water bodies, affecting the quality of aquatic resources and water supply of an entire region. These alterations not only provoke chemical changes in the composition of aquatic bodies, but also economic effects on the riverside dwellers who make their living from there.
	(1) Bustamante M M C, Martinelli L A, Pérez T, et al. Nitrogen management challenges in major watersheds of South America[J]. Environmental Research Letters, 2015, 10(6): 065007.
(2) Martinelli L A, Krusche A V, Vicgoria R L, et al. Effects of sewage on the chemical composition of Piracicaba River, Brazil[J]. Water, Air, and Soil Pollution, 1999, 110: 67-79.

	11.6
	By 2030, reduce the adverse per capita environmental impact of cities, including by paying special attention to air quality and municipal and other waste management
	High
	NH3, NOX emissions affect air quality, and improving municipal waste management can reduce nitrogen waste.
	(1) Vasanthi P, Kaliappan S, Srinivasaraghavan R. Impact of poor solid waste management on ground water[J]. Environmental monitoring and assessment, 2008, 143: 227-238.
(2) Gu B, Zhang L, Van Dingenen R, et al. Abating ammonia is more cost-effective than nitrogen oxides for mitigating PM2. 5 air pollution[J]. Science, 2021, 374(6568): 758-762.

	Goal 12. Ensure sustainable consumption and production patterns

	12.1
	Implement the 10‑Year Framework of Programmes on Sustainable Consumption and Production Patterns, all countries taking action, with developed countries taking the lead, taking into account the development and capabilities of developing countries
	High
	Sustainable consumption and production could help halve global nitrogen waste.
	(1) Zhang X, Davidson E A, Mauzerall D L, et al. Managing nitrogen for sustainable development[J]. Nature, 2015, 528(7580): 51-59.

	12.2
	By 2030, achieve the sustainable management and efficient use of natural resources
	High
	The excessive and irrational application of fertilizer can lead to negative economic and environmental consequences, such as high production costs, depletion of energy resources, and environmental pollution (GHG emissions and N leaching).
	(1) Elkhalifa S, Al-Ansari T, Mackey H R, et al. Food waste to biochars through pyrolysis: A review[J]. Resources, Conservation and Recycling, 2019, 144: 310-320.
(2) Iyamu H O, Anda M, Ho G. A review of municipal solid waste management in the BRIC and high-income countries: A thematic framework for low-income countries[J]. Habitat International, 2020, 95: 102097.
(3) Naqvi S R, Prabhakara H M, Bramer E A, et al. A critical review on recycling of end-of-life carbon fibre/glass fibre reinforced composites waste using pyrolysis towards a circular economy[J]. Resources, conservation and recycling, 2018, 136: 118-129.

	12.3
	By 2030, halve per capita global food waste at the retail and consumer levels and reduce food losses along production and supply chains, including post-harvest losses
	High
	Reducing the N in human consumption by dietary change, with large consequences for crop and livestock production.
	(1) Billen G, Lassaletta L, Garnier J, et al. Opening to distant markets or local reconnection of agro-food systems? Environmental consequences at regional and global scales[M]//Agroecosystem Diversity. Academic Press, 2019: 391-413.
(2) Leip A, Caldeira C, Corrado S, et al. Halving nitrogen waste in the European Union food systems requires both dietary shifts and farm level actions[J]. Global Food Security, 2022, 35: 100648.

	12.4
	By 2020, achieve the environmentally sound management of chemicals and all wastes throughout their life cycle, in accordance with agreed international frameworks, and significantly reduce their release to air, water and soil in order to minimize their adverse impacts on human health and the environment
	High
	Achieving environmentally sound management of wastes helps to reduce nitrogen losses and their negative effects on human health and the environment.
	(1) Meng J, Lu Y, Wang T, et al. Life cycle analysis of perfluorooctanoic acid (PFOA) and its salts in China[J]. Environmental Science and Pollution Research, 2017, 24: 11254-11264.

	12.5
	By 2030, substantially reduce waste generation through prevention, reduction, recycling and reuse
	High
	Reducing nitrogen waste can significantly reduce waste generation through prevention, emission reduction, recycling and reuse.
	(1) Leip A, Ledgard S, Uwizeye A, et al. The value of manure-Manure as co-product in life cycle assessment[J]. Journal of environmental management, 2019, 241: 293-304.
(2) Nowak B, Nesme T, David C, et al. To what extent does organic farming rely on nutrient inflows from conventional farming? [J]. Environmental Research Letters, 2013, 8(4): 044045.

	12.8
	By 2030, ensure that people everywhere have the relevant information and awareness for sustainable development and lifestyles in harmony with nature
	Low
	Raising public awareness can help reduce nitrogen waste.
	(1) Chiu A S F. Sustainable consumption and production policy options in Asia and the Pacific[J]. Procedia-Social and Behavioral Sciences, 2011, 25: 413-418.

	12.a 
	Support developing countries to strengthen their scientific and technological capacity to move towards more sustainable patterns of consumption and production
	Low
	Strengthening scientific and technological capacity helps to improve waste treatment rates and reduce nitrogen emissions.
	(1) Nižetić S, Djilali N, Papadopoulos A, et al. Smart technologies for promotion of energy efficiency, utilization of sustainable resources and waste management[J]. Journal of cleaner production, 2019, 231: 565-591.

	12.c 
	Rationalize inefficient fossil-fuel subsidies that encourage wasteful consumption by removing market distortions, in accordance with national circumstances, including by restructuring taxation and phasing out those harmful subsidies, where they exist, to reflect their environmental impacts, taking fully into account the specific needs and conditions of developing countries and minimizing the possible adverse impacts on their development in a manner that protects the poor and the affected communities
	Low
	Efforts to reduce air pollution increase the production cost of manufacturers.
	(1) Fujii H, Managi S, Kaneko S. Decomposition analysis of air pollution abatement in China: empirical study for ten industrial sectors from 1998 to 2009[J]. Journal of Cleaner Production, 2013, 59: 22-31.
(2) Granovskii M, Dincer I, Rosen M A. Air pollution reduction via use of green energy sources for electricity and hydrogen production[J]. Atmospheric Environment, 2007, 41(8): 1777-1783.

	Goal 13. Take urgent action to combat climate change and its impacts

	13.1
	Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters in all countries
	Moderate
	Reducing agricultural nitrogen emissions would help mitigate climate change.
	(1) Wollenberg E, Richards M, Smith P, et al. Reducing emissions from agriculture to meet the 2 C target[J]. Global change biology, 2016, 22(12): 3859-3864.
(2) Anas M, Liao F, Verma K K, et al. Fate of nitrogen in agriculture and environment: agronomic, eco-physiological and molecular approaches to improve nitrogen use efficiency[J]. Biological Research, 2020, 53(1): 1-20.

	13.2
	Integrate climate change measures into national policies, strategies and planning
	High
	Reducing agricultural nitrogen emissions would help mitigate climate change.
	the same as 13.1.

	13.3
	Improve education, awareness-raising and human and institutional capacity on climate change mitigation, adaptation, impact reduction and early warning
	Low
	Raising public awareness can help reduce nitrogen waste.
	(1) Chiu A S F. Sustainable consumption and production policy options in Asia and the Pacific[J]. Procedia-Social and Behavioral Sciences, 2011, 25: 413-418.
(2) Campbell B M, Hansen J, Rioux J, et al. Urgent action to combat climate change and its impacts (SDG 13): transforming agriculture and food systems[J]. Current opinion in environmental sustainability, 2018, 34: 13-20.

	13.a 
	Implement the commitment undertaken by developed-country parties to the United Nations Framework Convention on Climate Change to a goal of mobilizing jointly $100 billion annually by 2020 from all sources to address the needs of developing countries in the context of meaningful mitigation actions and transparency on implementation and fully operationalize the Green Climate Fund through its capitalization as soon as possible
	Low
	Achieving this target could reduce nitrogen waste by sharing knowledge, expertise, technical and financial resources on nitrogen management with the enhanced Global Partnership for Sustainable Development.
	(1) Houlton B Z, Almaraz M, Aneja V, et al. A world of cobenefits: solving the global nitrogen challenge[J]. Earth's future, 2019, 7(8): 865-872. 
(2) Liang X, Lam S K, Zhang X, et al. Pursuing sustainable nitrogen management following the “5 Ps” principles: Production, People, Planet, Policy and Partnerships[J]. Global Environmental Change, 2021, 70: 102346.

	13.b 
	Promote mechanisms for raising capacity for effective climate change-related planning and management in least developed countries and small island developing States, including focusing on women, youth and local and marginalized communities
	Low
	Local institutions and networks are important in fostering climate action. Farmers’ groups, producer groups, water use associations, women’s groups and other such groups need a strong voice to demand the needed services from service providers, and to negotiate with often powerful private sector players.
	(1) Wise R M, Fazey I, Smith M S, et al. Reconceptualising adaptation to climate change as part of pathways of change and response[J]. Global environmental change, 2014, 28: 325-336.
(2) Dowd A M, Marshall N, Fleming A, et al. The role of networks in transforming Australian agriculture[J]. Nature Climate Change, 2014, 4(7): 558-563.

	Goal 14. Conserve and sustainably use the oceans, seas and marine resources for sustainable development

	14.1
	By 2025, prevent and significantly reduce marine pollution of all kinds, in particular from land-based activities, including marine debris and nutrient pollution
	High
	The increased availability of plant nutrients in aquatic ecosystems has resulted in diverse environmental problems, ranging from groundwater pollution, loss of habitat and biodiversity, hypoxia, proliferation of harmful algal blooms (HAB), and fish kills.
	(1) Beusen A H W, Bouwman A F, Van Beek L P H, et al. Global riverine N and P transport to ocean increased during the 20th century despite increased retention along the aquatic continuum[J]. Biogeosciences, 2016, 13(8): 2441-2451.
(2) Diaz R J, Rosenberg R. Spreading dead zones and consequences for marine ecosystems[J]. science, 2008, 321(5891): 926-929.

	14.2
	By 2020, sustainably manage and protect marine and coastal ecosystems to avoid significant adverse impacts, including by strengthening their resilience, and take action for their restoration in order to achieve healthy and productive oceans
	Moderate
	The loss of biodiversity caused by human-induced eutrophication has impacted on the fishing economy with a decline in fish catch.
	(1) Kayombo S, Jorgensen S E. Experience and lessons learned brief for Lake Victoria[J]. 2003.
(2) Lowe S, Browne M, Boudjelas S, et al. 100 of the world's worst invasive alien species: a selection from the global invasive species database[M]. Auckland: Invasive Species Specialist Group, 2000.
(3) Beusen A H W, Doelman J C, Van Beek L P H, et al. Exploring river nitrogen and phosphorus loading and export to global coastal waters in the Shared Socio-economic pathways[J]. Global Environmental Change, 2022, 72: 102426.

	14.3
	Minimize and address the impacts of ocean acidification, including through enhanced scientific cooperation at all levels
	Moderate
	The discharge of untreated sewage into surface water results in serious problems related to nutrient enrichment, acidification, eutrophication, and loss of biodiversity, which bring environmental and human health concerns.
	(1) Erisman J W, Galloway J N, Seitzinger S, et al. Consequences of human modification of the global nitrogen cycle[J]. Philosophical Transactions of the Royal Society B: Biological Sciences, 2013, 368(1621): 20130116.
(2) Vitousek P M, Aber J D, Howarth R W, et al. Human alteration of the global nitrogen cycle: sources and consequences[J]. Ecological applications, 1997, 7(3): 737-750.

	14.4
	By 2020, effectively regulate harvesting and end overfishing, illegal, unreported and unregulated fishing and destructive fishing practices and implement science-based management plans, in order to restore fish stocks in the shortest time feasible, at least to levels that can produce maximum sustainable yield as determined by their biological characteristics
	Low
	Overfishing and destructive fishing can cause a lot of nitrogen waste in Marine organisms.
	(1) Güney T. Governance and sustainable development: How effective is governance?[J]. The Journal of International Trade & Economic Development, 2017, 26(3): 316-335.

	14.6
	By 2020, prohibit certain forms of fisheries subsidies which contribute to overcapacity and overfishing, eliminate subsidies that contribute to illegal, unreported and unregulated fishing and refrain from introducing new such subsidies, recognizing that appropriate and effective special and differential treatment for developing and least developed countries should be an integral part of the World Trade Organization fisheries subsidies negotiation4
	Low
	Political system will affect the implementation of nitrogen waste management measures.
	(1) Güney T. Governance and sustainable development: How effective is governance?[J]. The Journal of International Trade & Economic Development, 2017, 26(3): 316-335.

	14.7
	By 2030, increase the economic benefits to small island developing States and least developed countries from the sustainable use of marine resources, including through sustainable management of fisheries, aquaculture and tourism
	Low
	Nitrogen pollution not only provoke chemical changes in the composition of aquatic bodies, but also economic effects on the riverside dwellers who make their living from there.
	(1) Martinelli L A, Krusche A V, Vicgoria R L, et al. Effects of sewage on the chemical composition of Piracicaba River, Brazil[J]. Water, Air, and Soil Pollution, 1999, 110: 67-79.

	14.a 
	Increase scientific knowledge, develop research capacity and transfer marine technology, taking into account the Intergovernmental Oceanographic Commission Criteria and Guidelines on the Transfer of Marine Technology, in order to improve ocean health and to enhance the contribution of marine biodiversity to the development of developing countries, in particular small island developing States and least developed countries
	Low
	The improvement of Marine technology is conducive to the treatment of nitrogen waste.
	(1) Nižetić S, Djilali N, Papadopoulos A, et al. Smart technologies for promotion of energy efficiency, utilization of sustainable resources and waste management[J]. Journal of cleaner production, 2019, 231: 565-591.

	14.c 
	Enhance the conservation and sustainable use of oceans and their resources by implementing international law as reflected in the United Nations Convention on the Law of the Sea, which provides the legal framework for the conservation and sustainable use of oceans and their resources, as recalled in paragraph 158 of “The future we want”
	Low
	The transition of a country from a specific management system to a more advanced/efficient one depends on several factors like technological advancement, policies and legislative laws, environmental and socio-economic issues in addition to people's awareness and acceptance, governmental motivation, financial sustainability, and infrastructure.
	(1) Okot-Okumu J, Nyenje R. Municipal solid waste management under decentralisation in Uganda[J]. Habitat international, 2011, 35(4): 537-543.

	Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss

	15.1
	By 2020, ensure the conservation, restoration and sustainable use of terrestrial and inland freshwater ecosystems and their services, in particular forests, wetlands, mountains and drylands, in line with obligations under international agreements
	High
	Both NH3 and NOx contribute to the overall nitrogen load in the atmosphere, which can lead to nitrogen deposition in various forms. Nitrogen deposition bears the potential to diminish biodiversity. Increased yield could be an incentive to limit agricultural expansion that in some cases could release degraded land for nature indirectly.
	(1) Lambin E F, Meyfroidt P. Global land use change, economic globalization, and the looming land scarcity[J]. Proceedings of the national academy of sciences, 2011, 108(9): 3465-3472.
(2) De Vries W, Römkens P, Kros J, et al. Impacts of Nutrients and Heavy Metals in European Agriculture. Current and Critical Inputs in Relation to Air[J]. Soil and Water Quality, 2022: 72.
(3) Liu L, Xu W, Lu X, et al. Exploring global changes in agricultural ammonia emissions and their contribution to nitrogen deposition since 1980[J]. Proceedings of the National Academy of Sciences, 2022, 119(14): e2121998119.


	15.2
	By 2020, promote the implementation of sustainable management of all types of forests, halt deforestation, restore degraded forests and substantially increase afforestation and reforestation globally
	Moderate
	By effectively managing nitrogen waste and reducing its negative effects, such as eutrophication and pollution, it can contribute to the conservation and sustainable use of terrestrial ecosystems, including forests.
	(1) Högberg P. Nitrogen impacts on forest carbon[J]. Nature, 2007, 447(7146): 781-782.
(2) Janssens I A, Dieleman W, Luyssaert S, et al. Reduction of forest soil respiration in response to nitrogen deposition[J]. Nature geoscience, 2010, 3(5): 315-322.

	15.3
	By 2030, combat desertification, restore degraded land and soil, including land affected by desertification, drought and floods, and strive to achieve a land degradation-neutral world
	Moderate
	In agricultural systems with too little use of N, there tends to be a continual loss of soil productivity and consequent land degradation.
	(1) Greenland D J. The sustainability of rice farming[M]. Cab International, 1997.
(2) De Vries W, Römkens P, Kros J, et al. Impacts of Nutrients and Heavy Metals in European Agriculture. Current and Critical Inputs in Relation to Air[J]. Soil and Water Quality, 2022: 72.

	15.4
	By 2030, ensure the conservation of mountain ecosystems, including their biodiversity, in order to enhance their capacity to provide benefits that are essential for sustainable development
	High
	The productivity of terrestrial ecosystems is mostly limited by nitrogen, and is also affected by anthropogenic nitrogen deposition. Nitrogen deposition bears the potential to diminish biodiversity.
	(1) LeBauer D S, Treseder K K. Nitrogen limitation of net primary productivity in terrestrial ecosystems is globally distributed[J]. Ecology, 2008, 89(2): 371-379.

	15.5
	Take urgent and significant action to reduce the degradation of natural habitats, halt the loss of biodiversity and, by 2020, protect and prevent the extinction of threatened species
	High
	Nitrogen deposition bears the potential to diminish biodiversity. The loss of biodiversity caused by human-induced eutrophication has impacted on the fishing economy with a decline in fish catch.
	(1) Kayombo S, Jorgensen S E. Experience and lessons learned brief for Lake Victoria[J]. 2003.
(2) Lowe S, Browne M, Boudjelas S, et al. 100 of the world's worst invasive alien species: a selection from the global invasive species database[M]. Auckland: Invasive Species Specialist Group, 2000.

	15.8
	By 2020, introduce measures to prevent the introduction and significantly reduce the impact of invasive alien species on land and water ecosystems and control or eradicate the priority species
	Low
	The discharge of untreated sewage into surface water results in serious problems related to nutrient enrichment, acidification, eutrophication, and loss of biodiversity, which bring environmental and human health concerns.
	(1) Vitousek P M, Aber J D, Howarth R W, et al. Human alteration of the global nitrogen cycle: sources and consequences[J]. Ecological applications, 1997, 7(3): 737-750.

	15.a 
	Mobilize and significantly increase financial resources from all sources to conserve and sustainably use biodiversity and ecosystems
	Low
	Achieving this target could reduce nitrogen pollution in water systems via financial support to conserve ecosystems which supports Targets 15.1, 15.2 and 15.3.
	

	Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and build effective, accountable and inclusive institutions at all levels

	16.1
	Significantly reduce all forms of violence and related death rates everywhere
	Low
	Working to achieve optimal N application, that when combined with other improved management and supportive policies and markets, could help to reduce conflict. 
	(1) Taeb M. Agriculture for Peace: Promoting agricultural development in support of peace[J]. 2004.

	16.6
	Develop effective, accountable and transparent institutions at all levels
	Low
	This can be achieved by increasing the pressure for transparency and monitoring in the implementation of environmental policies, thereby reducing nitrogen waste.
	(1) Smith L E D, Siciliano G. A comprehensive review of constraints to improved management of fertilizers in China and mitigation of diffuse water pollution from agriculture[J]. Agriculture, Ecosystems & Environment, 2015, 209: 15-25.

	16.8
	Broaden and strengthen the participation of developing countries in the institutions of global governance
	Low
	local institutions and global organizations place increasing emphasis on protecting the environment, including air quality.
	(1) Ioan C C, Carcea M I. AWARENESS AND ENVIRONMENTAL ATTITUDE IN THE CONTEXT SUSTAINABLE DEVELOPMENT WITHIN A KNOWLEDGE-BASED SOCIETY[J]. Environmental Engineering & Management Journal (EEMJ), 2013, 12(8).
(2) Zhang K, Wen Z. Review and challenges of policies of environmental protection and sustainable development in China[J]. Journal of environmental management, 2008, 88(4): 1249-1261.
(3) Steel B S. Thinking globally and acting locally?: environmental attitudes, behaviour and activism[J]. Journal of environmental management, 1996, 47(1): 27-36.

	Goal 17. Strengthen the means of implementation and revitalize the Global Partnership for Sustainable Development

	17.6
	Enhance North-South, South-South and triangular regional and international cooperation on and access to science, technology and innovation and enhance knowledge-sharing on mutually agreed terms, including through improved coordination among existing mechanisms, in particular at the United Nations level, and through a global technology facilitation mechanism
	Low
	Efforts to promote best agronomic management practices and the use of appropriate technologies contribute to the achievement of the knowledge and technology transfer component of SDG 17.
	(1) Dobermann A. Looking forward to 2030: nitrogen and the sustainable development goals[C]//Proceedings of the International Nitrogen Initiative Conference, Melbourne (). 2016: 5.

	17.7
	Promote the development, transfer, dissemination and diffusion of environmentally sound technologies to developing countries on favourable terms, including on concessional and preferential terms, as mutually agreed
	Low
	Efforts to promote best agronomic management practices and the use of appropriate technologies contribute to the achievement of the knowledge and technology transfer component of SDG 17.
	the same as 17.6.

	17.8
	Fully operationalize the technology bank and science, technology and innovation capacity-building mechanism for least developed countries by 2017 and enhance the use of enabling technology, in particular information and communications technology
	Low
	Efforts to promote best agronomic management practices and the use of appropriate technologies contribute to the achievement of the knowledge and technology transfer component of SDG 17.
	the same as 17.6.

	17.9
	Enhance international support for implementing effective and targeted capacity-building in developing countries to support national plans to implement all the Sustainable Development Goals, including through North-South, South-South and triangular cooperation
	Low
	Achieving this target could reduce nitrogen waste through North-South, South-South and tripartite cooperation to share knowledge, expertise, technical and financial resources in nitrogen management.
	(1) Houlton B Z, Almaraz M, Aneja V, et al. A world of cobenefits: solving the global nitrogen challenge[J]. Earth's future, 2019, 7(8): 865-872.
(2) Liang X, Lam S K, Zhang X, et al. Pursuing sustainable nitrogen management following the “5 Ps” principles: Production, People, Planet, Policy and Partnerships[J]. Global Environmental Change, 2021, 70: 102346.

	17.14
	Enhance policy coherence for sustainable development
	Low
	Enhance coherence in sustainable development policies could help halve global nitrogen waste. Nitrogen pollution are also influenced by political and institutional factors.
	(1) Cunha-Zeri G, Ometto J. Nitrogen emissions in Latin America: A conceptual framework of drivers, impacts, and policy responses[J]. Environmental Development, 2021, 38: 100605.
(2) INMS website: https://www.inms.international/about_INMS
(3) FAO website related to nitrogen waste: https://www.fao.org/climatechange/news/detail/en/c/1366252/

	17.16
	Enhance the Global Partnership for Sustainable Development, complemented by multi-stakeholder partnerships that mobilize and share knowledge, expertise, technology and financial resources, to support the achievement of the Sustainable Development Goals in all countries, in particular developing countries
	Low
	Achieving this target could reduce nitrogen waste by sharing knowledge, expertise, technical and financial resources on nitrogen management with the enhanced Global Partnership for Sustainable Development.
	the same as 17.9.

	17.17
	Encourage and promote effective public, public-private and civil society partnerships, building on the experience and resourcing strategies of partnerships
	Low
	Achieving this target could reduce nitrogen waste by sharing knowledge, expertise, technical and financial resources on nitrogen management with the enhanced Global Partnership for Sustainable Development.
	the same as 17.9.
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Table S3 Interactions between mitigation options and SDGs.
	Mitigation Options
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	Reference

	Cropland

	EEF
	+ 
(medium confidence)
	+ 
(high confidence)
	± 
(high confidence)
	
	
	+ 
(high confidence)
	
	+
(low confidence)
	
	
	
	+ 
(high confidence)
	± 
(high confidence)
	+ 
(medium confidence)
	
	
	
	(1) Thapa R, Chatterjee A, Awale R, et al. Effect of enhanced efficiency fertilizers on nitrous oxide emissions and crop yields: A meta‐analysis[J]. Soil Science Society of America Journal, 2016, 80(5): 1121-1134.
(2) Li T, Zhang W, Yin J, et al. Enhanced‐efficiency fertilizers are not a panacea for resolving the nitrogen problem[J]. Global Change Biology, 2018, 24(2): e511-e521.

	Amendment
	+ 
(medium confidence)
	+ 
(high confidence)
	± 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	
	+ 
(high confidence)
	± 
(high confidence)
	+ 
(medium confidence)
	+ 
(medium confidence)
	
	
	(1) Liu Q, Zhang Y, Liu B, et al. How does biochar influence soil N cycle? A meta-analysis[J]. Plant and soil, 2018, 426: 211-225.
(2) Wang Y, Villamil M B, Davidson P C, et al. A quantitative understanding of the role of co-composted biochar in plant growth using meta-analysis[J]. Science of the total environment, 2019, 685: 741-752.

	Legume
	+ 
(medium confidence)
	+ 
(high confidence)
	
	
	
	+ 
(high confidence)
	
	
	
	
	
	+ 
(high confidence)
	+ 
(high confidence)
	
	
	
	
	(1) Ma Y, Schwenke G, Sun L, et al. Modeling the impact of crop rotation with legume on nitrous oxide emissions from rain-fed agricultural systems in Australia under alternative future climate scenarios[J]. Science of the Total Environment, 2018, 630: 1544-1552.

	Buffer Zone
	
	+ 
(high confidence)
	+ 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	
	+ 
(medium confidence)
	- 
(low confidence)
	+ 
(high confidence)
	+ 
(medium confidence)
	
	
	(1) Zak D, Kronvang B, Carstensen M V, et al. Nitrogen and phosphorus removal from agricultural runoff in integrated buffer zones[J]. Environmental science & technology, 2018, 52(11): 6508-6517.
(2) Carstensen M V, Zak D, Van't Veen S G M, et al. Nitrogen removal and greenhouse gas fluxes from integrated buffer zones treating agricultural drainage water[J]. Science of The Total Environment, 2021, 774: 145070.
(3) McEachran A R, Dickey L C, Rehmann C R, et al. Groundwater flow in saturated riparian buffers and implications for nitrate removal[J]. Journal of Environmental Quality, 2022.
(4) McEachran A R, Dickey L C, Rehmann C R, et al. Improving the effectiveness of saturated riparian buffers for removing nitrate from subsurface drainage[R]. 2020. 
(5) Davis M P, Groh T A, Jaynes D B, et al. Nitrous oxide emissions from saturated riparian buffers: Are we trading a water quality problem for an air quality problem?[J]. Journal of environmental quality, 2019, 48(2): 261-269.

	4R
	+ 
(medium confidence)
	+ 
(high confidence)
	+ 
(high confidence)
	+
(low confidence)
	
	
	
	+
(low confidence)
	
	
	
	+ 
(high confidence)
	+ 
(high confidence)
	
	
	
	
	(1) Eagle A J, Olander L P, Locklier K L, et al. Fertilizer management and environmental factors drive N2O and NO3- losses in corn: A meta‐analysis[J]. Soil Science Society of America Journal, 2017, 81(5): 1191-1202.

	New Cultivar
	+ 
(medium confidence)
	+ 
(high confidence)
	
	+
(low confidence)
	
	
	
	+
(low confidence)
	
	+
(low confidence)
	
	+ 
(high confidence)
	
	
	
	
	
	(1) Voss-Fels K P, Stahl A, Hickey L T. Q&A: modern crop breeding for future food security[J]. BMC biology, 2019, 17(1): 1-7.
(2) Crop variety improvement and its effect on productivity: The impact of international agricultural research[M]. Cabi Publishing, 2003.
(3) Lenaerts B, Collard B C Y, Demont M. Improving global food security through accelerated plant breeding[J]. Plant Science, 2019, 287: 110207.

	Irrigation
	
	+
(low confidence)
	+ 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	
	+ 
(high confidence)
	
	+ 
(medium confidence)
	
	
	
	(1) Vuolo F, Essl L, Atzberger C. Costs and benefits of satellite-based tools for irrigation management[J]. Frontiers in Environmental Science, 2015, 3: 52.

	Tillage
	
	± 
(low confidence)
	± 
(low confidence)
	+

(low confidence)
	
	
	
	
	
	
	
	+ 
(medium confidence)
	± 
(high confidence)
	± 
(low confidence)
	+ 
(high confidence)
	
	
	(1) Huang Y, Ren W, Wang L, et al. Greenhouse gas emissions and crop yield in no-tillage systems: A meta-analysis[J]. Agriculture, Ecosystems & Environment, 2018, 268: 144-153. 
(2) Daryanto S, Wang L, Jacinthe P A. Impacts of no-tillage management on nitrate loss from corn, soybean and wheat cultivation: A meta-analysis[J]. Scientific reports, 2017, 7(1): 12117. 
(3) Pittelkow C M, Linquist B A, Lundy M E, et al. When does no-till yield more? A global meta-analysis[J]. Field crops research, 2015, 183: 156-168.

	Livestock

	Manure management strategies 
	
	+  
(high confidence)
	+ 
(medium confidence)
	
	
	+  
(high confidence)
	
	
	
	
	
	+  
(high confidence)
	±  
(high confidence)
	
	
	
	
	(1) Sommer S G, Olesen J E, Petersen S O, et al. Region‐specific assessment of greenhouse gas mitigation with different manure management strategies in four agroecological zones[J]. Global Change Biology, 2009, 15(12): 2825-2837.
(2) Burton C H, Turner C. Manure management: Treatment strategies for sustainable agriculture[M]. Editions Quae, 2003.

	Feeding strategies
	
	+  
(high confidence)
	+ 
(medium confidence)
	
	
	
	
	+ 
(medium confidence)
	
	
	
	+  
(high confidence)
	+  
(high confidence)
	
	+
(low confidence)
	
	
	(1) Gerber P J, Steinfeld H, Henderson B, et al. Tackling climate change through livestock: a global assessment of emissions and mitigation opportunities[M]. Food and Agriculture Organization of the United Nations (FAO), 2013.
(2) Van Middelaar C E, Berentsen P B M, Dijkstra J, et al. Evaluation of a feeding strategy to reduce greenhouse gas emissions from dairy farming: The level of analysis matters[J]. Agricultural Systems, 2013, 121: 9-22.

	Animal housing strategies
	
	+  
(high confidence)
	+ 
(medium confidence)
	
	
	+  
(high confidence)
	
	
	
	
	+ 
(medium confidence)
	
	+  
(high confidence)
	
	
	
	
	(1) Monteny G J, Bannink A, Chadwick D. Greenhouse gas abatement strategies for animal husbandry[J]. Agriculture, Ecosystems & Environment, 2006, 112(2-3): 163-170.
(2) Nielsen L H, Hjort-Gregersen K. Greenhouse gas emission reduction via centralised biogas co-digestion plants in Denmark[C]//International conference: Greenhouse gas emissions from agriculture-mitigation options and strategies. Institute for Energy and Environment, 2004: 183-189.

	Human

	Dietary structure changes
	
	+  
(high confidence)
	+  
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	+ 
(high confidence)
	+ 
(high confidence)
	+ 
(high confidence)
	+ 
(high confidence)
	+ 
(high confidence)
	
	
	(1) Aleksandrowicz L, Green R, Joy E J M, et al. The impacts of dietary change on greenhouse gas emissions, land use, water use, and health: a systematic review[J]. PloS one, 2016, 11(11): e0165797.
(2) Hallström E, Carlsson-Kanyama A, Börjesson P. Environmental impact of dietary change: a systematic review[J]. Journal of cleaner production, 2015, 91: 1-11.

	Reduce food waste
	+
(high confidence)
	+  
(high confidence)
	+
(high confidence)
	
	
	+ 
(high confidence)
	+  
(high confidence)
	
	
	+ 
(low confidence)
	+ 
(low confidence)
	+ 
(high confidence)
	
	+ 
(medium confidence)
	+
(high confidence)
	+
(medium confidence)
	
	(1) Some S, Roy J, Chatterjee J S, et al. Low demand mitigation options for achieving Sustainable Development Goals: Role of reduced food waste and sustainable dietary choice[J]. Journal of Cleaner Production, 2022: 133432.
(2) Dubbeling M, Bucatariu C, Santini G, et al. City region food systems and food waste management[J]. Linking urban and rural areas for sustainable and resilient development. Eschborn: Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, 2016.

	Promoting clean fuels
	
	
	+
(high confidence)
	+
(low confidence)
	
	
	+
(high confidence)
	+
(low confidence)
	+
(high confidence)
	
	+
(high confidence)
	+
(high confidence)
	+ 
(medium confidence)
	
	
	
	
	(1) Chen H, Gu S, Jia C, et al. Effects of Household Clean Fuel Combustion on the Physical and Mental Health of the Elderly in Rural China[J]. Sustainability, 2023, 15(10): 8275.
(2) Sanyal S, Wuebbles D J. The potential impact of a clean energy society on air quality[J]. Earth's Future, 2022, 10(6): e2021EF002558.

	Strengthen vehicle emissions standards
	
	
	+
(high confidence)
	
	
	
	+
(low confidence)
	
	+
(high confidence)
	
	+
(high confidence)
	+
(high confidence)
	
	
	
	
	
	(1) Liu Y H, Liao W Y, Lin X F, et al. Assessment of co-benefits of vehicle emission reduction measures for 2015–2020 in the Pearl River Delta region, China[J]. Environmental pollution, 2017, 223: 62-72.

	Further N2O reduction
	
	
	+
(high confidence)
	
	
	
	
	
	
	
	
	
	+
(high confidence)
	
	
	
	
	(1) Winiwarter, Wilfried, et al. "Technical opportunities to reduce global anthropogenic emissions of nitrous oxide." Environmental research letters 13.1 (2018): 014011.

	Industry

	Low NOx burners 
	
	
	+
(high confidence)
	
	
	
	
	
	+ 
(low confidence)
	
	+
(high confidence)
	+
(high confidence)
	
	
	
	
	
	(1) Srivastava R K, Neuffer W, Grano D, et al. Controlling NOx emission from industrial sources[J]. Environmental progress, 2005, 24(2): 181-197.

	Selective catalytic reduction
	
	
	±
(high confidence)
	
	
	
	
	
	+
(high confidence)
	
	+
(high confidence)
	+ 
(low confidence)
	- 
(medium confidence)
	
	
	
	
	(1) Liang Z, Ma X, Lin H, et al. The energy consumption and environmental impacts of SCR technology in China[J]. Applied energy, 2011, 88(4): 1120-1129.

	Selective non-catalytic reduction 
	
	
	+

(high confidence)
	
	
	
	
	
	+

(high confidence)
	
	+

(high confidence)
	
	- 
(medium confidence)
	
	
	
	
	(1) Van Caneghem J, De Greef J, Block C, et al. NOx reduction in waste incinerators by selective catalytic reduction (SCR) instead of selective non catalytic reduction (SNCR) compared from a life cycle perspective: a case study[J]. Journal of Cleaner Production, 2016, 112: 4452-4460.

	Fluidized bed combustion 
	
	
	+
(high confidence)
	
	
	
	
	
	+
(high confidence)
	
	+
(high confidence)
	
	
	+
(high confidence)
	+
(high confidence)
	
	
	(1) El Sheikh K, Khan M J H, Hamid M D, et al. Advances in reduction of NOx and N2O emission formation in an oxy-fired fluidized bed boiler[J]. Chinese Journal of Chemical Engineering, 2019, 27(2): 426-443.

	Exhaust gas recirculation technology
	
	
	± 
(high confidence)
	
	
	
	
	
	+
(high confidence)
	
	+
(high confidence)
	
	- 
(low confidence)
	
	
	
	
	(1) Andriiovych Kuropyatnyk O, Victorovych Sagin S. Exhaust Gas Recirculation as a Major Technique Designed to Reduce NOх Emissions from Marine Diesel Engines[J]. NAŠE MORE: znanstveni časopis za more i pomorstvo, 2019, 66(1): 1-9.

	Internal engine modifications
	
	
	± 
(high confidence)
	
	
	
	
	
	+
(high confidence)
	
	+
(high confidence)
	
	
	
	
	
	
	(1) Doppalapudi A T, Azad A K, Khan M M K. Combustion chamber modifications to improve diesel engine performance and reduce emissions: A review[J]. Renewable and Sustainable Energy Reviews, 2021, 152: 111683.
(2) Lamas M I, Rodríguez C G, Rodríguez J D, et al. Internal modifications to reduce pollutant emissions from marine engines. A numerical approach[J]. International Journal of Naval Architecture and Ocean Engineering, 2013, 5(4): 493-501.

	Direct water injection
	
	
	+
(high confidence)
	
	
	
	
	
	+
(high confidence)
	
	+
(high confidence)
	
	+ 
(medium confidence)
	
	
	
	
	(1) Sun X, Ning J, Liang X, et al. Effect of direct water injection on combustion and emissions characteristics of marine diesel engines[J]. Fuel, 2022, 309: 122213.

	Humid air motor
	
	
	+
(high confidence)
	
	
	
	
	
	+
(high confidence)
	
	+
(high confidence)
	
	
	
	
	
	
	(1) Arunachalam P, Tuner M, Tunestal P, et al. Humid air motor: a novel concept to decrease the emissions using the exhaust heat[R]. SAE Technical Paper, 2017.
(2) Rahai H R, Center M T. Investigations of the Effect of Humid Air on NOX & PM Emissions of a CNG Engine[R]. METRANS Transportation Center (Calif.), 2016.

	Wastewater

	Controlled drainage
	
	
	+ 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	
	+ 
(high confidence)
	
	+ 
(high confidence)
	
	
	
	(1) Wang Z, Shao G, Lu J, et al. Effects of controlled drainage on crop yield, drainage water quantity and quality: A meta-analysis[J]. Agricultural Water Management, 2020, 239: 106253. 
(2) Helmers M J, Abendroth L, Reinhart B, et al. Impact of controlled drainage on subsurface drain flow and nitrate load: A synthesis of studies across the US Midwest and Southeast[J]. Agricultural Water Management, 2022, 259: 107265.

	Biochar
	
	
	+ 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	
	+ 
(high confidence)
	
	+ 
(high confidence)
	
	
	
	(1) Borchard N, Schirrmann M, Cayuela M L, et al. Biochar, soil and land-use interactions that reduce nitrate leaching and N2O emissions: a meta-analysis[J]. Science of the Total Environment, 2019, 651: 2354-2364.

	Denitrifying Bioreactors 
	
	
	+ 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	
	
	- 
(low confidence)
	+ 
(high confidence)
	
	
	
	(1) Christianson L E, Cooke R A, Hay C H, et al. Effectiveness of denitrifying bioreactors on water pollutant reduction from agricultural areas[J]. Transactions of the ASABE, 2021, 64(2): 641-658.
(2) Rivas A, Barkle G, Stenger R, et al. Nitrate removal and secondary effects of a woodchip bioreactor for the treatment of subsurface drainage with dynamic flows under pastoral agriculture[J]. Ecological engineering, 2020, 148: 105786.
(3) Elgood Z, Robertson W D, Schiff S L, et al. Nitrate removal and greenhouse gas production in a stream-bed denitrifying bioreactor[J]. Ecological engineering, 2010, 36(11): 1575-1580.
(4) Manca F, De Rosa D, Reading L P, et al. Nitrate removal and greenhouse gas production of woodchip denitrification walls under a humid subtropical climate[J]. Ecological engineering, 2020, 156: 105988.
(5) Healy M G, Barrett M, Lanigan G J, et al. Optimizing nitrate removal and evaluating pollution swapping trade-offs from laboratory denitrification bioreactors[J]. Ecological Engineering, 2015, 74: 290-301.

	Constructed wetlands
	
	
	+ 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	+ 
(high confidence)
	
	- 
(low confidence)
	+ 
(high confidence)
	+ 
(high confidence)
	
	
	(1) Wu H, Zhang J, Ngo H H, et al. Evaluating the sustainability of free water surface flow constructed wetlands: methane and nitrous oxide emissions[J]. Journal of cleaner production, 2017, 147: 152-156.
(2) Vymazal J. Constructed wetlands for treatment of industrial wastewaters: A review[J]. Ecological engineering, 2014, 73: 724-751.

	Innovative septic
	
	
	+ 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	+ 
(medium confidence)
	+ 
(medium confidence)
	
	+ 
(high confidence)
	
	
	
	(1) Xuan Z, Chang N B, Wanielista M. Modeling the system dynamics for nutrient removal in an innovative septic tank media filter[J]. Bioprocess and biosystems engineering, 2012, 35: 545-552.
(2) Prins C J, Lustig K W. Innovative septic system management[J]. Journal (Water Pollution Control Federation), 1988, 60(5): 614-620.

	Diversion toilet
	
	
	+ 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	+ 
(high confidence)
	+ 
(medium confidence)
	
	+ 
(high confidence)
	
	
	
	(1) Katukiza A Y, Ronteltap M, Oleja A, et al. Selection of sustainable sanitation technologies for urban slums—A case of Bwaise III in Kampala, Uganda[J]. Science of the total environment, 2010, 409(1): 52-62.
(2) Liu Y, Zhang Q, He L F, et al. Insights into the promotion of urine-diverting toilets based on the fertilizer efficiency of artificial phosphate ore recovered from source-separated urine[J]. Resources, Conservation and Recycling, 2023, 190: 106807.

	Composting toilet
	
	
	± 
(low confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	± 
(medium confidence)
	+ 
(medium confidence)
	± 
(low confidence)
	+ 
(high confidence)
	
	
	
	(1) Anand C K, Apul D S. Composting toilets as a sustainable alternative to urban sanitation–A review[J]. Waste management, 2014, 34(2): 329-343.
(2) Hotta S, Funamizu N. Nitrogen recovery from feces and urine in urine diverting composting toilet system[C]//Dry toilet seminar, Tampere, Finland. 2006.

	Blackwater digestion
	　
	　
	+ 
(high confidence)
	
	
	+ 
(high confidence)
	
	
	
	
	+ 
(high confidence)
	+ 
(medium confidence)
	
	+ 
(high confidence)
	　
	　
	　
	(1) Vlaeminck S E, Terada A, Smets B F, et al. Nitrogen removal from digested black water by one-stage partial nitritation and anammox[J]. Environmental science & technology, 2009, 43(13): 5035-5041.
(2) Wood A, Blackhurst M, Hawkins T, et al. Cost-effectiveness of nitrogen mitigation by alternative household wastewater management technologies[J]. Journal of Environmental Management, 2015, 150: 344-354.
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Table S4 Nitrogen Waste - SDG Indicators List.
	SDG
	Indicator
	Indicator sources
	Optimum (= 100)
	Lower Bound (=0)
	Justification for Optimum
	Source

	1
	Cereal yield (tonnes per hectare of harvested land)
	2018 SDG Index and Dashboards report
	7.0 
	0.2 
	Average of best performers
	World Bank 

	1
	Nitrogen waste damage cost ($/capita)
	Author constructed
	5.2 
	1653.3 
	Average of best performers
	Author evaluation

	2
	Food waste index(kg/capita)
	Author constructed
	0.0 
	0.1 
	Average of best performers
	UNEP

	2
	Cereal yield (tonnes per hectare of harvested land)
	2018 SDG Index and Dashboards report
	7.0 
	0.2 
	Average of best performers
	World Bank 

	2
	Sustainable Nitrogen Management Index (best 0-1.41 worst)
	2018 SDG Index and Dashboards report
	0.0 
	1.2 
	Technical Optimum
	Zhang and Davidson (2019)

	3
	Total NH3 emissions per year(kg/km2)
	Author constructed
	16.3 
	5296.6 
	Average of best performers
	Author evaluation

	3
	Total N₂O emissions per year(kg/km2)
	Author constructed
	0.7 
	509.1 
	Average of best performers
	Author evaluation

	3
	Total NOX emissions per year(kg/km2)
	Author constructed
	3.5 
	8903.0 
	Average of best performers
	Author evaluation

	3
	Total Nitrogen leaching and runoff emissions (kg/km2)
	Author constructed
	6.6 
	2352.6 
	Average of best performers
	Author evaluation

	3
	Annual mean concentration of particulate matter of less than 2.5 microns in diameter (PM2.5) (μg/m³)
	2018 SDG Index and Dashboards report
	6.3 
	87.0 
	Average of best performers
	IHME 

	6
	Anthropogenic wastewater that receives treatment (%)
	2018 SDG Index and Dashboards report
	100.0 
	0.0 
	Technical Optimum
	EPI 

	6
	Total Nitrogen leaching and runoff emissions (kg/km2)
	Author constructed
	6.6 
	2352.6 
	Average of best performers
	Author evaluation

	7
	Population with access to clean fuels and technology (%)
	Global indicator framework
	100.0 
	2.0 
	Average of best performers
	World Bank 

	7
	Industry NOx emission (kg/km2)
	Author constructed
	5.7 
	8863.0 
	Average of best performers
	Author evaluation

	8
	Nitrogen waste damage cost ($/capita)
	Author constructed
	5.2 
	1653.3 
	Average of best performers
	World Bank 

	8
	Nitrogen waste (kg/capita)
	Author constructed
	1.0 
	67.1 
	Average of best performers
	Author evaluation

	9
	Industry NOx emission (kg/km2)
	Author constructed
	5.7 
	8863.0 
	Average of best performers
	Author evaluation

	11
	Annual mean concentration of particulate matter of less than 2.5 microns in diameter (PM2.5) (μg/m³)
	2018 SDG Index and Dashboards report
	6.3 
	87.0 
	Average of best performers
	IHME 

	11
	Anthropogenic wastewater that receives treatment (%)
	2018 SDG Index and Dashboards report
	100.0 
	0.0 
	Technical Optimum
	EPI 

	11
	Nitrogen waste (kg/capita)
	Author constructed
	1.0 
	67.1 
	Average of best performers
	Author evaluation

	11
	Nitrogen waste damage cost ($/capita)
	Author constructed
	5.2 
	1653.3 
	Average of best performers
	Author evaluation

	12
	Anthropogenic wastewater that receives treatment (%)
	2018 SDG Index and Dashboards report
	100.0 
	0.0 
	Technical Optimum
	EPI 

	12
	Nitrogen waste (kg/capita)
	Author constructed
	1.0 
	67.1 
	Average of best performers
	Author evaluation

	12
	Food waste index(kg/capita)
	Author constructed
	0.0 
	0.1 
	Average of best performers
	UNEP

	12
	Sustainable Nitrogen Management Index (best 0-1.41 worst)
	2018 SDG Index and Dashboards report
	0.0 
	1.2 
	Technical Optimum
	Zhang and Davidson (2019)

	12
	Population with access to clean fuels and technology (%)
	2018 SDG Index and Dashboards report
	100.0 
	2.0 
	Average of best performers
	World Bank 

	13
	Total N₂O emissions per year(kiloton)
	Global indicator framework
	0.0 
	407.2 
	Average of best performers
	Author evaluation

	14
	Total Nitrogen leaching and runoff emissions (kg/km2)
	Author constructed
	6.6 
	2352.6 
	Average of best performers
	Author evaluation

	14
	Ocean Health Index: Clean Waters score (worst 0-100 best)
	2018 SDG Index and Dashboards report
	100.0 
	28.6 
	Technical Optimum
	Ocean Health Index 

	15
	Total NH3 emissions per year(kg/km2)
	Author constructed
	16.3 
	5296.6 
	Average of best performers
	Author evaluation

	15
	Total NOX emissions per year(kg/km2)
	Author constructed
	3.5 
	8903.0 
	Average of best performers
	Author evaluation

	15
	Total Nitrogen leaching and runoff emissions (kg/km2)
	Author constructed
	6.6 
	2352.6 
	Average of best performers
	Author evaluation
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