
Within-lake measurements of phosphorus 
bioavailability: a multimethod approach 

1 Saeed, H.,1 Hartland, A., 1 Mucalo, M and 2Hamilton DP
1 University of Waikato, New Zealand 

2 Griffith university, Australia  

Session: Lake Water Quality 



× Importance of Phosphorus as key growth limiting nutrient 

×wŜŘŦƛŜƭŘ Ǌŀǘƛƻ  ΧΦ ! ŘŜǘŜǊƳƛƴŀƴǘ ƻŦ ǇƘȅǘƻǇƭŀƴƪǘƻƴ ŀōǳƴŘŀƴŎŜ ŀƴŘ 
community composition 

P cycling in lakes-Recap of principles



Within lake phosphorus cycle ïconventional wisdom
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What composes the P continuum? 

×CƛƴŜ άǎŜŘƛƳŜƴǘέ 
suspended in the 
water column

×Colloids are 
particles with one 
dimensions between 

1nm to 1˃ m

×High surface : 
volume

Hartland, Lead et al. 2013, The environmental significance of natural nanopartcles  

Atomic clusters Colloids Macroscopic particles 



Research Questions: 

üIs colloidal P available for phytoplankton? (and)  

üWhich operational P fraction is the most meaningful for this 
άōƛƻŀǾŀƛƭŀōƛƭƛǘȅέΚ 



Operationally defined P fractions
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Research methods

×Total Phosphorus (TP) =  all P forms (particulate + dissolved) 

×Actual analysis 

ÅStrong acid dissolution of entire water sample to convert  all forms of P to 
orthophosphate 

ÅAnalysis through Flow Injection Analyser (FIA) Molybdenumblue



×Total Dissolved Phosphorus        (filtered at < 0.45 m˃) 

Normally done by acid digestion- FIA

×Our analysis 

Inductively coupled plasma mass spectrometry (ICPMS) 

Research methods



× Dissolved reactive phosphorus (DRP) 

often considered as soluble or bioavailable (orthophosphates)  

× Actual analysis 

Filter water samples in the field within 5 minutes of sampling

Analysed  through Flow injection analysis (No digestion required)  

Research methods



×Ultrafiltration 

Physical separation process through 
regenerated cellulose filter discs 

(used 100kDa MWCO) in N2 environment 
= cut of ~ 3-5 nm

Filtrate analysed through ICPMS-
difference between fractions informs 
colloidal distribution of Phosphorus 

ÅReminder colloids < 2˃m in diameter 

Research methods



Research methods 
×Diffusive Gradients in Thin  

films (DGT)

×Integrated measurement 
more representative than 
grab samples

×Better sensitivity, 
selectivity and        short 
equilibrium time than other 
traditional passive sampling 
techniques (e.g. dialysis 
bags)   



DGT- principle 

× Ions diffuse through the 
diffusive gel and are bound 
by the resin layer 
(ferrihydrite) 

×Diffusive gel is separated 
from the bulk solution by a 
membrane filter 

×Ions move by molecular 
diffusion and the 
concentration is reduced to 
zero by the resin layer

Bulk solution 

Ions

(2-5nm pore size)



What DGT’s measure?

ÅFree ions (DRP) 

Å +  inorganic complexes

Å + weak organic complexes

Å(Diviset al, 2007, Sierra et al 2017)



Calculating ╒╓╖╣

Å¦ǎŜǎ CƛŎƪΩǎ ƭŀǿ ƻŦ ŘƛŦŦǳǎƛƻƴ ǘƻ ŘŜǘŜǊƳƛƴŜ 
solution concentrations

Å# ὓῳὫȾὈὸὃ

ÅM is mass of analyte  in the binding layer

ÅῳὫthickness (filtermembrane + diffusive 
gel)

ÅD is diffusion coefficient of analyte at 
specific temp. 

Åt is deployment time

ÅA is area of the exposure window (cm) 

Davison, W,. Zhang , H ,. Progress in understanding the use of diffusive gradients in thin films (DGT)τBack to 
basics, Env. Chem. 2012. 



Study site 
ÅLake Ngapouri 

ÅSmall (0.19Km2), monomictic, 
eutrophic lake

ÅTaupoVolcanic Zone

ÅDmax= 24.5m 

ÅStable thermal gradient 
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Lake physiochemistry 

×Surface water temp. 9 oC-23 oC
(CTD based measurements) 

×Thermocline started to 
establish in November and 
mixed in July 

×Chl-a (based on CTD mounted 
probe) shows blooms in Sept 
Mar and Oct  



Results P distribution- March 

Colloids = 0.45˃m filtrate ς100 kDa
filtrate
Dominantly colloidal (between 3 and 
450 nm diameter)

R² = 0.9783
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Results  P distribution- October

0

0.02

0.04

0.06

0.08

0.1

0.12

0 0.5 1 1.5 2 2.5

P
 (m

g
 L

-1
)

Elemental P from ICPMS (mg L-1)

DRP

C DGT

October-2016
DGT available P is same as DRP

R² = 0.9883

0

0.5

1

1.5

2

2.5

0 0.5 1 1.5 2 2.5

C
o

llo
id

a
l P

 (
m

g
L-1
)

Elemental P from ICPMS (mgL-1)

colloidal P

/ƻƭƭƻƛŘǎ ŎŀƴΩǘ ŜƛǘƘŜǊ Ǉŀǎǎ ǘƘǊƻǳƎƘ 
diffusive gel or are in more stable 
composition 



Interpretation

Resin 
gel

Diffusion layer

P
P

Bulk solution

P

March
-P colloids were labile
-likely Fe oxide 
reduction releasing P
October
-P colloids not labile or 
too large
-probably not labile

PP

Filter membrane 



Conclusions 

× Dissolved concentration (< 0.45 m˃) of P in Lake Ngapouri is 
dominantly  colloidal 

×Composition of colloids (and redox conditions) determine the 
bioavailable pool of P 

× 5D¢Ωǎ ƎƛǾŜ ǊŜƭƛŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ōƛƻŀǾŀƛƭŀōƭŜ t Ǉƻƻƭ ŀƴŘ 
P dynamics
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Thank you 

Questions ?  

European water framework program has made the determination of 
bioavailable fraction of contaminants mandatory and recommends the 
use of Passive samplersand bioavailability models ( The European 
Parliament and the council of European union, 2013) 

Contact  
hs173@students.Waikato.ac.nz


