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ABSTRACT

This study examines the European Union (EU)’s policies on managing nitrate contamination in groundwater and provides implications
for the future groundwater management in South Korea. Initiated by the 1991 Nitrate Directive, the EU has pursued a multifaceted
approach to reduce agricultural nitrate pollution through sustainable (‘good’) farming practices, regular nitrate level monitoring, and
designating Nitrate Vulnerable Zones. Further policy integrations, like the Water Framework Directive and Groundwater Directive,
have established comprehensive protection strategies, including the use of pollutant threshold values. Recently, the 2019 Green Deal
escalated efforts against nitrates, aligning with broader environmental and climate objectives. This review aims to explore these
developments, highlighting key mitigation strategies against nitrate pollution, and providing valuable insights for the future sustainable
groundwater nitrate management in South Korea, emphasizing the importance of preventive measures and collaborative efforts to
restore and improve groundwater quality.
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" Nitrate Directive (ND) (1991)

1. Water quality protection

2. Prevention of nitrate pollution

3. Encouraging improved agricultural practices
4. Set Nitrate Vulnerable Zones

._5. Limitation of livestock manure nitrogen load to 170 kg/ha/year )

BRIDGE project (2005-2006)

1. Establish criteria for the 'good status' of groundwater
management and the trend determination of targeted
substances.

2. Set background concentrations for targeted pollutants
and propose methods to derive threshold values for
management objectives.

./

Water Framework Directive (WFD) (2000)

1. The scope of ND application is expanded to consider all
types of water bodies and sources of pollution.

2. Assessing the qualitative state of water to achieve and
maintain the 'Good Status' of the target water body.

3. Watershed based approach applied.

4. Member states will perform trend analysis of targeted
pollutants to achieve a decreasing trend.

5. Report the status of water quality to the Commission every
four years.

Grean Deal (2019)

1. Reducing nutrient losses by
Lat least 50% by 2030

Groundwater Directive (2006) 2. Increase soil fertility

1. Requires regular monitoring and assessment of the
chemical state of groundwater.

2. To establish threshold values for pollutants, including
nitrate concentrations.

3. Member states are required to identify polluted areas,
trace the sources of pollution, and take restoration
measures if necessary.

Fig. 1. Timeline of EU directives aimed at managing nitrate pollution of water, from the 1991 Nitrate Directive to the 2019 Green
Deal, illustrating evolving strategies for groundwater protection and sustainable agricultural practices.
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Rules

- [1s tpollutant] > (QS/DF) X AF?]

. Use the appropriate quality standard, QS.

—

Yes

NS

If ecological risk use environmental quality standards, EQS.
If human health risk use drinking water standards, DWS.

Does appropriate
Investigation show that
conditions for good chemical
status are not met?

2. If dilution factor, DF, not known assume = 1.0
Status = GOOD 3. If attenuation factor, AF, not known assume = 1.0
4. In check for Trends use ALL triggers-consider

\ 4

No need for trend reversal if crossing each trigger

Annotations

Yes ¢

Check for
trends

1) NBL: Natural Background Level
2) TV: Threshold Value

Define O ves

Fig. 2. A schematic diagram showing the process for determining threshold values (modified from Miiller et al., 2006).
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B EU citizen: 237 (38.10%)

B Company/business: 227 (36.50%)

[[] Business association: 41 (6.59%)

[ Public authority: 37 (5.95%)

[ Other: 30 (4.82%)

[ Non-governmental organisation (NGO): 16 (2.57%)
] Arcademic/research Institution: 15 (2.41%)

[ Environmental organisation: 7 (1.13%)

[ Trade union: 6 (0.96%)

[C] Non-EU citizen: 5 (0.80%)

[] Consumer organisation: 1 (0.16%)

Fig. 3. Proportion of participants by category involved in the feedback on the Nitrate Directive (March 7, 2024; modified from EU

Commission, 2024).
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izo.a% 0 60 km
B < NBL of NOs <TV of NOs
>TVofNOs M > DWS of NOs

Fig. 4. a) Land use in South Korea, b) Proportion of groundwater types in four major watersheds of South Korea. Groundwater types
are classified into four groups based on natural background concentrations, threshold values, and drinking water quality standards.
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