


The state of lakes in New Zealand

• 36% of lakes rated poor or very poor,
• 28 % rated moderate,
• 36% rated good.

Source;  Larned et al, 2015



Degraded shallow lakes

Modified from MacKay et al. 2015
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The treaty of Waitangi and co-governance
• A treaty between the British and the Māori chiefs
• It recognised Māori ownership of their lands and forests
• Māori have co-governance of natural resources in New

Zealand

• In the context of lake management this means that local
Māori groups (Iwi) need to approve of methods used to
rehabilitate lakes.

• Iwi measure water body health in a holistic, value based
method

• Generally, Iwi groups see adding “chemicals” to water
bodies as being an unhealthy practice



Alum and Allophane

Alum
• Aluminium sulphate (Al2(SO4)3) is a

flocculent and a capping agent
• Probably, the most commonly used

lake geo-engineering product around
the world

Allophane
• Allophane is a naturally occurring clay

mineral found in allophanic soils
• It has a high content of iron and aluminium

giving it a high phosphorus binding capacity
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The lakes

Lake SUVA254
DOC
(mg/L)

Sed TOC
(g/kg)

Sed TP
(g/kg)

Sed TN
(g/kg)

SS
(mg/L)

VSS
(mg/L) TP (ug/L) TN (ug/L) Water pH Lake pH

Waikare 8.39 10.8 29 0.37 2.7 61.8 21.3 56.5 1415 7.29 7.8
Waahi 11.52 7.85 51 0.45 5.2 77.55 15.3 68 1150 7.85 8
Rotomanuka 13.58 21.2 140 1.16 13.5 8.2 3.6 46 1430 7.44 7.3
Milicich 16.52 16.4 105.5 1.1 10.42 5.5 5.5 42 1370 7.56 7.16
Cameron 18.01 51.2 197 4.9 13.4 20 12.7 957 2655 6.53 5.08
Areare 20.76 44.3 137 1.79 9.8 9.1 8.2 150.5 2515 6.48 6.6
Okowhoa 30.4 15.6 83 0.55 7.4 60.6 8.2 219.5 1780 6.79 7.6

High Low

Milicich WaahiRotomanuka WaikareNgarotoAreare Okawhao



The experiment

Phosphorus fractionation
extractions

• Pore water and loosely bound P
(NaCL)

• Redox sensitive P
(NaBD)

• Al oxide and non-reducable Fe
(NaOH)

• Apatite and other inorganic P
(HCl)

• Refractory organic P
(furnacing and HCl)

Gibbs et al (2011) Lukkari et al (2007)

2 days anoxic
1 day rest
2 days oxic
1 day rest
2 days anoxic
1 day rest
2 day oxic

3 replicates of;
Control
Alum
Allophane

Dose rates based on TP in
the top 4 cm of sediment

Using the top 2 cm of sediment



The format of the incubations results

The results of the incubations will be expressed as a % reduction of P flux
from the control
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Aerobic periods and sediment TP

Alum Allophane

R² = 0.4286

R² = 0.4335
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Anoxic periods and sediment TP

Alum Allophane

R² = 0.1331

R² = 0.2378
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Alum Allophane

Aerobic periods and SUVA254

R² = 0.0014

R² = 0.0032
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Alum Allophane

Anoxic periods and SUVA254

R² = 0.0025

R² = 0.017
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Overall percentage reduction across all Lakes

Aerobic period
reduction compared to
controls (% ± SD)

Anoxic period
reduction compared to
controls (% ± SD)

Alum 381 ± 750 130 ± 204

Allophane 296 ± 417 175 ± 265



The format of the P fraction results

Phosphorus fractionation
extractions

• Pore water and loosely bound P
(NaCL)

• Redox sensitive P
(NaBD)

• Al oxide and non-reducible Fe
(NaOH)

• Apatite and other inorganic P
(HCl)

• Refractory organic P
(furnacing and HCl)

Mobile Phosphorus
expressed as % change
from control

Non-mobile Phosphorus
expressed as a % change
from the control



SUVA254 and mobile P fractionations

R² = 0.7851

R² = 0.7456
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SUVA254 and non-mobile P fractionations

R² = 0.3275

R² = 0.0249
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Conclusions and further analysis

• Allophane seems to be a viable natural alternative to
alum

• High total phosphorus in the sediment reduces the
effectiveness of both alum and allophane under anoxic
conditions

• The SUVA254 did not affect P fluxes during the
incubations - which was unexpected

• Increasing SUVA254 decreased mobile P when alum and
allophane were applied - which is the opposite of what
was expected
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