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Phytoremediation as a for of 
“Phytoprevention”

PhytoremediationPhytoremediation can come can come 
handytohandyto solve pollution solve pollution 
problems already existing. Is problems already existing. Is 
there a way it can help to there a way it can help to 
prevent these problems to prevent these problems to 
show up?show up?
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Agriculture is a Agriculture is a 
startngstartng pointpoint
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Dairy effluent disposal: current 
practice

• Directly into waterways

• Onto pasture to improve growth
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Dairy effluent in the environment

• NO3 – 100 mg/kg – groundwater contamination

• NH4 – 50 mg/kg – surface runoff

• K – 200 mg/kg – induced Mg deficiencies

• Pb, Cu, Zn traces – accumulation in soils and/or crops

• DOC – 100 mg/kg – facilitate metal leaching
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Increasing N-loading on waterways
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Financial incentives for sustainable effluent 
disposal

The Resource Management Act (1991)

Purpose – (1) The purpose of this Act is to promote the 
sustainable management of natural and physical 
resources

(2) In this Act, “sustainable management” means 
managing the use, development, and protection of 
natural and physical resources … while

(c) Avoiding, remedying, or mitigating any adverse 
effects of activities on the environment.
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Could fast-growing tree species be used?
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Plant uptake of 
groundwater

• Tolerant to local 
conditions

• Rapid growth

• High water use

•Extract or enhance the 
degradation of the target 
contaminant
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Other problems related to 
Agriculture  and farming 

can span from…



…rough Bison in US
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Celestial Lagoon

So it is important to train the 
cows when to urinate
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to disciplined cows in New Zealand
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Salix
branches
and 
leaves are 
palatable
fodder for
cows.
They also
supply
minerals
as Mg and 
Ca

Mmhuu!
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Green house experiment

•• 18 18 lysimeterslysimeters
•• 12 12 plantedplanted withwith SalixSalix kanayunagykanayunagy clonesclones (a (a 

speciesspecies veryvery resistantresistant toto pathogenspathogens))
•• 6 control non 6 control non plantedplanted lysimeterslysimeters
•• TreatmentsTreatments: 2L : 2L effluenteffluent a day=T1, 1L a day=T1, 1L effluenteffluent a a 

day=T2, 0,5L of day=T2, 0,5L of effluenteffluent a day=T3, a day=T3, onlyonly water=T0; water=T0; 
threethree replicatesreplicates forfor eacheach treatmenttreatment

•• EffluentEffluent collectedcollected fromfrom MasseyMassey dairydairy farmfarm N°4, N°4, 
PalmerstonPalmerston NorthNorth, NZ, NZ
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•• Water Water forfor irrigatonirrigaton waswas suppliedsupplied accordingaccording toto the the 
seasonalseasonal and and growthgrowth needsneeds..

•• EffluentEffluent waswas appliedapplied forfor 100 100 daysdays, after , after leavingleaving
the the plantsplants stand stand forfor 35 35 daysdays in the in the bucketsbuckets forfor
acclimationacclimation

•• WeeklyWeekly activitiesactivities: : collectcollect leachatesleachates, , measuremeasure
shootshoot lengthlength, , countcount leavesleaves, , collectcollect leavesleaves
samplessamples

•• Destructive final sample: 14 Destructive final sample: 14 Feb.Feb. 20052005

Green house experiment
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Effect of effluent on willow biomass
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NO3 and NH4 from lysimeter
lecheates after 100 days of effluent
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Total NO3 is almost 100 times higher than total NH4
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Critical questions

•• Poplar and willow (Poplar and willow (phreatophytesphreatophytes) are palatable ) are palatable 
forage species that have a positive growth forage species that have a positive growth 
response to dairy effluent.response to dairy effluent.

•• What area of trees is needed to dispose of the What area of trees is needed to dispose of the 
effluent?effluent?

•• How do the costs compare to pasture disposal?How do the costs compare to pasture disposal?

•• What are the likely longWhat are the likely long--term effects? term effects? 
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Decision Support System

• Supple technical program that works 
for gold, and works just as well for  
wastewaters: how to dispose of 
“something” (metal, nutrient, ecc..) and 
have back a revenue

• For dairy shed effluent we can just say 
“pecunia non olent”
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M2+

M2+

Atlanta, 2005



Transpiration “T (L dTranspiration “T (L d--1 1 )”)”

ContaminantContaminant
in soil solution “C (mg L in soil solution “C (mg L --11)”)”

The process of phytoextraction
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Trees Pasture
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Parameterisation: climate
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Parameterisation: substrate
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Parameterisation: contaminants
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Parameterisation: plant properties

plant [contaminant] x plant biomass .

total water-use x soil-solution [contaminant]R.A.F. ≈
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Parameterisation: economic variables
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PhytoDSS - outputs
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Conclusions

•• Each farm is unique in the characteristics of soil, Each farm is unique in the characteristics of soil, 
agronomical practice and climateagronomical practice and climate

•• The DSS is a mechanistic model  that takes into The DSS is a mechanistic model  that takes into 
consideration the main variable affecting consideration the main variable affecting 
Nitrogen and metal leaching into soil and water Nitrogen and metal leaching into soil and water 
due to wastewater disposal onto agricultural landdue to wastewater disposal onto agricultural land

•• Existing models may not be suitable for dairy Existing models may not be suitable for dairy 
effluents because they do not consider DOC and effluents because they do not consider DOC and 
N N 

•• There may also be concerns for metals transport There may also be concerns for metals transport 
from soil to groundwaterfrom soil to groundwater
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Willows may provide an exposure 
pathway for Cd
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Future challenges: determining nutrients and 
metal contents of plant used for wastewater 

disposal
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Preliminary SEM/EDX screening of 
sections from willow branches

C O Ca

CdZnKCuMg
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Take home message

•• DairyDairy farmsfarms are getting are getting largerlarger and the and the problemproblem of of 
disposingdisposing of of wastewaterswastewaters isis becomingbecoming urgenturgent

•• GreenGreen--househouse lysimeterslysimeters experimentexperiment withwith willowwillow
standsstands can simulate can simulate leachingleaching and and plantplant growthgrowth
under under dairydairy shedshed effuenteffuent irrigationirrigation

•• Data from Data from greengreen--househouse experiment are experiment are 
instrumental to shape a suitable DSS to help instrumental to shape a suitable DSS to help 
farmers to follow an environmental sound and farmers to follow an environmental sound and 
costcost effectiveeffective disposaldisposal of of wastewaterswastewaters
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