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Annual global mean temperature anomalies 
(relative to 1850–1900) from 1850 to 2023. Data 
are from six data sets (State of the Global 
Climate 2023, WMO)

Global CO2 emission of total shipping from 2012 
to 2018 (Fourth Greenhouse Gas Study 2020, 
IMO)

Target:
Reduce total annual 
shipping GHG 
emissions by at least 
50% by 2050 compared 
to 2008 levels (IMO, 
2023)

Alternative fuels:
• Ammonia
• Methanol
• Ethanol
• Hydrogen
• Etc.

Assessments:
• Engine and fuel system
• Emission reduction
• Safety
• Environmental impacts
• Costs
• Etc.



The toxicity of ammonia is considered a greater 

concern than its flammability (Duong et al., 2023)

Ammonia release

Liquid ammonia 
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The remainder may 
pool on the ground or 
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Outlines

• Model, data and criteria

• Potential impacts of toxicity of ammonia on coral and fish

• Results



A numerical model (EUTRO) combining hydrodynamic module and 

biochemical module has been established

• Resolution 
• Space: ~60 m at Banyan, 300-400 m at Raffles Reserved Anchorage

• Time step: 3 mins
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There are 9 state variables, 53 parameters, 25 
processes included in the biochemical module.

EUTRO model in MIKE  

Mesh



Simulation of current



Simulation of ammonia dispersion



Validation of EUTRO model

Simulation of sea surface level compared with 

observation of  tide gauge (Tanjong Pagar)

Simulation of dissolved oxygen (DO) compared 

with observation by Martine et al. (2021)

Correlation coefficients exceeding 0.6 and RMSE lower than 0.3 indicate 

a very good performance of EUTRO. 

Observation data: Dissolved oxygen gauge observation dataset with a high resolution of 10 minutes at the 
Kusu Island of Singapore (103.86°E, 1.226°N) (https://doi.org/10.21979/N9/2FQEGW). 

https://doi.org/10.21979/N9/2FQEGW


Coral reef distribution in Singapore

Receptors:
• Coral
• Fish

Singapore Strait

https://coralreef.nus.edu.sg/singapore.html 

https://coralreef.nus.edu.sg/singapore.html


Water quality Criteria

Ammonia

Nitrate

NEA ASEAN

None 0.07 mg N/L 
(criteria)

Definition Concentration 
(mg-N/L)

Rationale

Ambient 0.007
Observation (Martin et al. 
2022)

LC50 for coral 0.057 Toxic to coral (Bussapakorn et 
al. 2019)

LC50 for fish 0.21 Toxic to fish (Okelsrud and 
Pearson, 2007)

Our adopted definition: Ammonia

NEA ASEAN

20 mg-N/L
(criteria)

0.06 mg N/L 
(criteria)

Definition Concentration 
(mg-N/L)

Rationale

Ambient 0.028
Observation (Martin et al. 
2022)

ASEAN 0.06 ASEAN criteria

NEA 20 NEA criteria

Our adopted definition: Nitrate



Demonstration of ammonia lethal concentration for coral and fish 

Singapore

LC 50 fish

LC 50 coral
Ambient



• The areas affected by LC50 for coral in the jetty is twice as large as that in the oceanic area.

• The areas affected by LC50 for fish remain small in both the jetty and the oceanic area.

• The LC50 for coral persists for 3 days in the jetty, but only for 7 hours in the oceanic area.

• The duration of adverse impacts in the jetty is significantly longer compared to the oceanic area.

Scenario 1: Different release locations

Environmental 
concentration

LC50 for coral LC50 for fish

Flowrate: 500 m3/h

Release duration: 180 seconds

Release time:  13:18 on 19 March 2024 (Low tide)



Scenario 1: Different release locations

• Jetty: 
• Still water
• Limited affected areas but 

prolonged duration of lethal 
concentration

• Oceanic area:
• Running water 
• Extensive affected areas but short 

duration of lethal concentration



Second-derived environmental impacts
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Flowrate: 500 m3/h

Release duration: 180 seconds

Release time:  13:18 on 19 March 2024 (Low tide)

• Nitrate nitrogen and dissolved oxygen 

concentrations increase obviously in the jetty 

but are not clearly observed in the oceanic 

areas.

Second-derived environmental impacts

NO3-N Dissolved oxygen

ASEAN criteria NEA criteria 10-15 mg/l 15-20 mg/l Above 20 mg/s



% dissolved 

in seawater

Duration of 

exposure to 

> LC50 coral 

(hrs)

Peak ammonia 

concentration 

(mg-N/L)

10% 15.2 2.3

20% 20.7 4.5

30% 32.2 6.8

50% 43.2 11.3

70% 59.7 15.7

100% 82.7 16.2

• As the percentage of ammonia dissolution 
decreases, both the exposure time to ammonia 
LC 50coral concentration and peak ammonia 
concentration decreases.

Scenario 2: Different release quantities

Banyan jetty:

Different percentage of ammonia is released.



Conclusions

• Ammonia dispersion near the jetty is relatively slow due to low 
current speeds and the obstruction by the jetty. Ammonia lethal 
concentration for coral can last from one to several days, depending 
on the release amount. 

• In the oceanic areas, ammonia disperses more rapidly due to stronger 
currents, where the lethal concentration for coral lasts only a few 
hours.

•  As the amount of ammonia released into the sea decreases, the toxic 
effects of ammonia gradually diminish. 

• A continuous increase in ammonia release over time could lead to a 
rise in the risk of algal blooms, particularly near the jetties.
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Thanks for your attention!
Any comments are welcome!
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