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1. Introduction: General Background

• Tidal flat, a key factor on ecosystem service value resulting in restoration and climate change 
• Loss of 13,000 km2 tidal flat of the Yellow sea since1950s due to reclamation 

► Reclamation area since 1950’s 



1. Introduction: General Background

• 1% annual loss of tidal flats; ~9,700 km2 loss expected in the 2020s 
• Total carbon stock in three area of west coast of Korea (2.8 à 0.024 x 106 MgC, 99% loss)  
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1. Introduction: General Background

► Brief overview of Marine Ecosystem services in Korea 

•  Provisioning (Wild fish for food) 
•  Regulating (Climate; C stock, Erosion; EPS, shear stress, Purification; stock/removal) 
•  Cultural (Recreation, leisure, etc.) 
•  Supporting (Primary production; MPB p.p, Nutrition; MPB d13C, d15N) 



1. Introduction: General Background

► Ecosystem services (ES) assessment 

• Purification of organic matter deals with N burial, denitrification, and P burial in tidal flat 

• Important value of N burial and denitrification 

ES 
Biophysical impact Data sources 

(ref.) Measurement index 
indicator Data Unit 

Nitrogen 
burial 

N removal by 
burial 

Annual sedimentation rate  
(m yr-1) x  

Sediment volume  
(m2 ha-1) x  

Sediment density  
(kg m-3) x 

Organic N content(%) 

Kg (N) ha-1 y-1 Temmerman et a
l. 2004 

- Annual sedimentation rate (m yr-1) 
- Organic N content (wt %) 
- Volume of sediment (m2 ha-1) 
- Dry density of sediment (kg m-3) 

Denitrific
ation 

N removal by 
denitrification 

Intertidal area: 140-437 
 Kg (N) ha-1 y-1 

Middelburg et al
. 1995a 

Broekx et al. 20
11 

- Denitrification rate (mmol N m-2 yr-1) 

Phosphor
us burial 

P removal by 
burial Intertidal area: 4-56 Kg (P) ha-1 y-1 

Vymazal 2007 
Broekx et al. 20

11 
Adams et al. 20

12 

- Annual sedimentation rate (m yr-1) 
- Organic P content (wt %) 
- Volume of sediment (m2 ha-1) 
- Dry density of sediment (kg m-3) 



2. Materials and Methods

► Study area: West coast of Korea 

• 8 regions of Korean tidal flats for purification value and primary productivity 

• Performed with various habitat characteristics to enhance resolution for tidal flat value 
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Daebudo (DB
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2. Materials and Methods

► Measurement of N burial and denitrification 

Core sediment sampling Surface sediment sampling 
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EA-IRMS, MIMS analysis 

• Analysis of N burial and denitrification from surface and core sediment 
• Denitrification was assessed using MIMS (Membrane Inlet Mass Spectrometer) 



2. Materials and Methods

► Primary production of microphytobenthos (MPB) : Oxygen Electrode 

• Use of oxygen electrode for measuring MPB productivity of photosynthetic oxygen  



2. Materials and Methods

► Primary production of microphytobenthos: Diving PAM II 

Fluorescence 

• Methods of measuring MPB biomass by fluorometer during photosynthetic activity in MPB 



3. Results and discussion

► Purification efficiency in the west coast of Korea 

• Difference of N buried amount according with regions and habitats 

• the vegetation area showed higher nitrogen stock and/or denitrification rate than bared area  

• muddy tidal flats were showed higher purification efficiency than sandy tidal flats 
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3. Results and discussion

• Great denitrification observed in ND sand flat which is supplied by organic matter and oxygen 

• Difference of amounts of N buried among the regions relatively than habitats 

► N burial, denitrification 

Nitrogen Stocks (Mg N ha-1) 
Region Vegetated flat Bare flat Mean 

GH 5.9 (±1.4) 6.0 (±0.8) 5.9 (±0.9) 

GS 2.6 (±0.2) 2.3 (±1.0) 2.4 (±0.7) 

JD 2.9 (±0.2) 2.7 (±0.3) 2.8 (±0.2) 

ND 1.4 (±0.3) 1.3 (±0.1) 1.4 (±0.2) 

GH 
GS 
JD 
ND 

Ganghwa
 (GH) 

Gomso
 (GS) 

Nakdong river 
(ND) 

Jeungdo 
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ND GH JD GS ND GH JD GS 
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3. Results and discussion

► MPB biomass and productivity: Spatial variation 

• Spatial variation of MPB productivity is influenced by diverse environmental factors 

• Higher productivity of Chl-a production in Korea 2.2 mg C (mg Chl-a)-1 h-1 than China 



3. Results and discussion

► Primary productivity in Korea – Diving PAM II 

• The primary productivity of tidal flats in Korea; 2.4-19.8 g C (mg Chl a)-1 yr-1 

• 1,9 times higher than the global average primary productivity values, which is 3.9 times 

higher than the Wadden Sea region 

*Literature 
reviews 

*This study 



3. Results and discussion

• Purification of organic matter capacity in tidal flat: LOI, TOC, TN, COD assessment   
• Analysis along with sediment type, tide, fertilizer conc., and microbial community 

► Purification efficiency of tidal flat: a mesocosm study 



3. Results and discussion

• Total N removal up to 52% (bioturbated flat + 1% fertilizer)  

• N was rapidly purified within 3 days (bioturbated > bare > vegetated) 

► Mesocosm study: natural purification 
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4. Further study

• Results of mesocosm: Comparison in denitrification along with seasons and habitats 

• Purification capacity of tidal flat in extremely changed environment 

• Containing of 4 Individual tubs under control of tub size, tide and wave 

► Mesocosm study mimicking marine environment  



5. Summary

Donggum Island, Gwanghwa 

ü  Higher N stock and/or denitrification rate than bared areain the vegetated area 
than bared area, and as well mud flat > sand flat 

 

ü  Tidal flat demonstrated purification capacity to remove TN up to 52% within 7 days 
in the mesocosm study 

 

ü  Primary productivity in Korean tidal flat is 2.4-19.8 g C (mg Chl a)-1 yr-1 
 

ü  The primary productivity of tidal flats has been found to be 1,9 times higher than 
the global average primary productivity values, which is 3.9 times higher than the 
Wadden Sea region 
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Indoor mesocosm (oil-coated gravel on sand) 

Outdoor mesocosm: sedi. sampling 

Outdoor mesocosm: nutrient dosing Outdoor mesocosm: oiled sediment + purification techniques 

Indoor mesocosm: self-purification 

Indoor mesocosm (sand only) 




