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AOML Nutrient Program
C t ib ti  t  NOAA’  i iContribution to NOAA’s mission

Ocean and Climate
Water mass tracer in ocean circulationWater mass tracer in ocean circulation
Quantifying oceanic uptake of CO2

EcosystemEcosystem
Source and transport of nutrient 

li f i i hi (cycling of nutrient within ecosystem (e.g.  
sediment/water)



Outline
Cutting Edge technology development

EPA standard methods
Underway instrumentationUnderway instrumentation
Liquid waveguide

Preeminent ResearchPreeminent Research
Phosphorus cycle in Florida

d hRepeat Hydrography



• nitrate/nitrite
• ammoniumammonium
• silicate
• total N• total N
• total P



Mapping ammonia dispersion in

Amomthammarong & Zhang 2008

Mapping ammonia dispersion in 
an oceanic outfall 

Amomthammarong & Zhang  2008



Sensitivity Enhancement by Liquid Waveguide
Zhang 2006Zhang 2006
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AmmoniumAmmonium

Nitrite

NitrateNitrate

Phosphate



Spatial pattern of nM dissolved phosphate in Florida Bay waterp p p p y
Zhang & Chi, ES&T 2002
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Total Sedimentary Phosphorus in Florida Bay 
Zhang et al, GBC 2004Zhang et al, GBC 2004
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Sequential extraction procedureSequential extraction procedure
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Fractions of P in Florida Bay sediment

Ref-Org
24.3%

Fe-bound

Leachable
8.2%

D-Apatite
4.6%

18.6%

CaCO3-
bound
44.4%



P mining area in central Florida



DIP in coastal water



Parameters essential to model sediment/waterParameters essential to model sediment/water 
exchange of phosphate

1. Distribution coefficient 
Kd = Psediment / PwaterKd  Psediment / Pwater

2. Zero Equilibrium Phosphate Concentration (EPC0) q p ( )
P concentration in water where no exchange of P takes 
place between sediment and water



Sorption experiments to quantify Kd and EPC0

Kd

change in

Kd

adsorption
change in 
sediment P
(um/g) EPC in water (uM)

EPC00

desorption



i i i f i i iTypical sorption isotherms of sediments across sedimentary P gradient 
along the northern coast (stations 1 to 13) in Florida Bay
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Spatial distribution of (a) EPC0 and (b) Pexch in Florida Bay
Zhang &Huang, ES&T 2007 
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Spatial distribution of (a) Kd and (b) FeO in Florida BaySpatial distribution of (a) Kd and (b) FeO in Florida Bay
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EPC0 and Kd as a function of Pexch in Florida Bay0 d exch

Zhang &Huang, ES&T 2007
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Repeat Hydrography CO2/tracer Program 
hydrographic sectionshydrographic sections



Nitrate in N. Atlantic



Outlook & challengesOutlook & challenges

Nutrient Dynamics/Ecosystem FunctioningNutrient Dynamics/Ecosystem Functioning
• Shipboard underway measurement for 

oligotrophic ecosystemoligotrophic ecosystem
• In situ nutrient sensors for time-series 

it i ( l f )monitoring(e.g. coral reefs)
• Developing CRM to Improve accuracy 


