e -

. - .
Marta Marmirolit, Brett Robir nthl Bolans, Bren: Clothier2,§teve Green?,
Carlo van den Dussel2 NE ' g ;

o
|

Research &3- 1SS
ersity of Parma, >4




> HortResearch

Phytoremedlatlon as ador Ofe
Phytopreventlon

Phytoremedlatlon can come
handytosolve pollution

preblems al ready existing: Is
there a way'it can helpto
prevent these problems to
show up? g
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Agrlculture IS a

starfng pomt
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Dairy féffluent"disposal: GuUIrENt
practice

- Directly'intd waterways #

e Onto pasture to improve grc_)wth







Dairy effluent in the envirdonment

NO3 — 100 mg/kg — groundwater contamination
NH4 7 50 mg/kg — surfacefrtnoff
K —200 mg/kg — indugced Mglj:_deficie'ncies

Pb, Cu, Zn traces — azccumtpj'latior{ in soilé afid/or crops

DOC - 100 mg/kg 7.faci'iitateI.rﬁetal_,,leé(:hing -




W John Greenwoeod Blue-green algal bloom, Lake Hakanoa
h . AT TS .




Financial iNgentives for sustainable efflaent
: disposal
ThedResourcesManagement Act(1991)*

Purpose - (1) The purpose ofithis Act Is to promote the«*
sustainable management of matural and physical
resources ' 4

(2) Inithis Act, “sustainable’management’”means
managing the use, development, and protection of
natural and physical resources . while £

(c) Avoiding, remed-ying,-"‘“or' mitigating any adverse
effects of activities on the eavironment.




Couldfa st8growind’tree spemes%
> & ; '
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e Tolerant to local
conditions

— Rainfall re-
Evapotrapspiration evaporated

<«—— from leaves

I
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| e Rapid growth
Contaminant and
water extraction

* High water use

7 contaminant degradation
<+— metal stabilisation

eExtract or enhance the
Plant uptake of degradation of the target
groundwater contaminant
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Other problems related to
Agrlculture and farming

canspanifron.. .
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Control Effluent irrigated
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Green house experiment

Fa

18 Iysumeters

12 planted with Salix kan"ayunagy clones (a
speciesvery resistant to pﬁthogens)

6 control non Maﬁtedvly3|meters

Treatments: 2L effluent a day=T1, 1L effluent a
day=T2, 0,5L of effluent a day=T3, only water-TO;
three replicates for each treatment

Effluent collected from Massey da,try fai’m N°4,
Palmerston North NZ+ |
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Green house experiment

Fa

Water for 'irrigaton was, supplied aécording to the
seasonal.and growth needs J

Effluent Was applled for 1()0 days, after Ieavmg 7
the plants stand for 35 days In;the buckets for
acclimation

Weekly activities:‘eollect Ieachates measure
shoot length, count leaves, collect Ieayes
samples ' 4

Destructive flnal samplre 14 Feb 2005

7
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Effectiof ’gfﬂuent on WI||OW 15 '/’rr’aass
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Daily effluent appllcatlon
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NDBand NHZ from IysmTet
lecheates after 100 days of &ffluent

appication % IS
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Criticalquestions

Replar and*willow (phreatophytes) are palatable
forage species that have apositive growth
response.to dairy efquent

What,area of trees’is needed tosdisposerof the
effluent?

How do the costs compareto pesture disposal?

What are the likely longsterm effects?
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Décision Support System

. Supple technical program that Works
for gold, and works just as'well for
wastewaters: how to dispose of

“something® (metaly nutrient, ecc..) and
have back a revenue

- For dairyshed effluent we cah JLISt say
“pecunia non olent |




CLIMATE

SUBSTATE

¢
P e

CONTAMINANT

CONTAMINANT
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-plant uptake
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ECONOMIC

-phytorem.
-alternative
-lInaction







"3

o

The’aprocess of’ phytoextractlo e
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Nitrogen in soil is affected bysplants =
roots, microbes, humicgubstances, DOC
and climate
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Respigation Volatijjsatio

N-leaching
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Substrate and management ':“l'ﬂatellnputsl Dutputsl : e 10 1N T
Date R ainfall ETo
1932001 A6 e
1982002 |0 5.0 Wg---- FEse N SSSCEHESE S Eaae SESSEHERSES G T it SoEsE
[ELETEE 15,6 d ﬁ::::::::::i: E S N S S S S S RS SR RO R
1382004 |0 5.0 E"’“' """ i 0 R R ettt il Ll e IR Ll i Rk et i FoEeSTS
IS2005 |13 46 e RS M A N S B o SRt SRS I SO N S R
1982006 |94 4.3 S| o S N . I O P N S|
1932007 4.2 4.4 @ edo - LT = U EEETEEEE ESEEEEY BN BE T CE PR TP T R s S B A TP r----1-
1952008 |0 5.9 - TS I TR R S T BT IR TR RN P &
1982003 |0 51 . ! | el L) L ol ol W R G L e L L e
1982010 1] B7 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4500 5,000 5500 6000 6500 7000 7500
1382011 |0 B0 Day
1982012 |0 5.4
1932013 |0 E.2
1932014 |11 31 , ,
1982015 |0 £.4 I I
1982016 |0 4.3 3 [
1932017 |0 0.4 = '_
1982018 |06 5.9 = ]
1952019 |01 45 o :
1932020 |0 5.9 '
1932021 1] 51
1982022 |0 41
1982023 40 40 500 1,000 1,500 2,000 2,500 3,000 3,500 4000 4500 5000 5500 000 6500 7,000 7 500
1922024 |1.4 33 —
Climate data
bzed Llel Climate data file Total number of days
Anerage annual rainfall (rmm) 1153 T atal Rainfall [
L=ty L=t St Average annual ETo [rmm) Total ETo [rm)
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Substrate and management | Climate I Inputs I Dutputsl
—File control —Imigation —Contaminant addition—————————
2 R egime R egime

Current scenario & No imgation y
4 f+ Mo additian

" To meet evapotranspiration

" Periodically

= Peniodically

Harizan Mo,

Tupe .
M ax depth From [DOY] :

D ensity ) Ta [DOY)
k.[diff] 0z
i 43
Wic 43
Wi 16
Wpwp 12

AT

{7) awnjoa gj0 |

Irmigation (mm’)
i

—Planting, harvesting and coppicing | 1 Subsztrate propertie

~ %) 120
R otation period 13 =1 b mepena o 2]

=T 20
% crop removed 100 — Avg. marcropore len. [om)

Cappicing [ Rainfall infiltration 32 | 190
No Rotation v

Mo. of zubstrate horizos

Max. substrate depth [cm)
I _I
[ray of planting

Daw of harvest I1 oo

Waolume (L)
=
() aunoa e |




Parafneterisation: contaminant

Substrate and managementl Climate  Inputs | Dutputsl

Contarninant | Flant properties I E conomic and Site management |

—Contaminant diztribution

"3

&f" ” : o

. f.gf-ﬁ

Solubilizing agent

Concentration profile

depth (cm)

concentration {mgfkg)

total contaminant (mg/kg)

Soluble contaminant

[

Contaminant

Total [rma/ka)

Soil additive [mgfkag)

.
L

—_
L

T
1
1
1
1

1
1
1
1
1
1

+
1
1
1
1
L

=1

—
1,550
time (days)

soluble cortminant {mol)

a

b axirnurm 0% L -

=1

Mirurmin 1003211 —
b airnumn 1003 |5

Mirirnum 0% |30

Contaminant solubiliby

! Bl

—Cantamination

{* Surface contamination
" Contamination at depth
" Uritorm [contamination)

" Unitorm [backaraund anly)

Y'ear af addition 1.335

[™ Solubilizing agent added

=l

Half life: [d]

kA in zoil [modkag)

B ackground [mgdka)

Si-bound [maskag)

Snoluble [mafL)

Soluble+chelate gL

Chelate half life [d]

k&Y groundweater [mg

Flant max. [mokag)

Biakd. T hresh. [moka)

R.AF.

R.&4.F. Dec.Const.

Leaf/Stem Qua.

k&% in plant [maska)

—Mumber of goil contaminants

Walue [US$ka)

Motes

Contaminant degradation

B L
[T =1
1 1

concentration {maghag)
° 3

Brett Robinson

100

1.4

1500

1000

03

01

7

100

1]

Mo chelate

100

no chelate

brobinzoni@hortresearch.co.nz
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Substrate and managementl Elimate Inputs | Elutputsl

Contaminant  Flant properties I Economic and Site managemment I

.-'.J"'H

Root distribution

wlaximum pos. metal extracted

Maximum possible plant metal conc.

204

1
]
1
]
]

Depth {cm)
M e
o &

1
1
1

T
1
1

1
1
1
1

=
1

Contaminant

T atal [madlkal

Z 1,500
1,000

300 4

0
T | I LA

I}I}I]E I}I]1 I}I}15 I}I}Z I]I]-25
Root fraction

max. metal extracted (ko
=

]
"extractable™ metal (mgikg)

Flant metal conc. {mg

T
10
"extractable™ metal (mgikg

o 10 ] 5

Soil additive [mokg)

Half life [d]

MAN in 2oil [mgdlg]

Backaground [ma/lkal

Si-bound [maska)

Soluble [mosL]

Soluble+chelate [mosL

Chelate half life [d) 100

—Biomasz propertie
=
=l
=l
;I

b airnuarn root depth [z 33
100

annual bioms. prod. in I =1
leaves Ii -
Decay Depth [cm]) 1

=l
11.000 —

Foot diztribution const.

Biok at canopy clozure [kg/hal

M&W groundwater [mag, 1.4

~Initial growth condition

Puatential biomaszs production [t/ha) 19.32

Patential water use [mm] 5

Awg. init. #tractable [zoil+root profiles) 0.814

121.9
2 355

[nitial plant metal conc. [mgdkg)

Initial metal extracted by crop (kg

Flant max. [maka) 1500

Biakd. Thresh. [mgdkg] | 1000

R.AF. 03

R.&.F. Dec.Const. 0.1

Leaf/Sterm Hua. 7

100 100

Yalue [US$ka) 1] 1]

BioM at planting [ka/hal [200 =

Mates Mo chelate | no chelate

plant [contaminant] X plant biomass

total water-use x solil-solution [contaminant]

|'D ays when trees are bare [DOY—

120 S, 43

Fraom

CTop COETMCIErT [72] 1 =1
I=T|

Mo, of days from bud-burst ko full leaf 20 =~

Zero transpiration during winter [

Brett Robinzon  brobinzon@hartrezearch. co.nz




- g 25, P —— " o
Pargmelterisationgeconomicvariables:.

I [0 =T 1T e T

Substrate and managementl Climate  [nputs I Elutputsl

Enntaminantl Plart properties  Econamic I

—Phytoremediation Best altemative technology

—Prafit generation from: Capping Total [mg/kg)
leaves Technology type | Sal additive (ma/kg)

sterms Cozt [$000 US ./ ha) I'I an :II Half life [d]
leaves and stems ) o || M&W in zoil [mglkg)
skl Time needed [pears) |'| — Background (ma/ka)

metal and biomaszs Si-bound [mgdkg)
(glnlyl= Bezt alternative technology Saluble [madL)

; ' ' ' Soluble+chelate [mgsL
Plant use |4 = Chelate half lfe [d] |5
Cost of site azsessment ($000 US) I25 = I &y groundwater (mag.) 1.4

: ID =" = Flant max. [mafkg] 1500
Grozs biomazs value [$U5./1) = 5] Bio. T hresh, (marka) | 1000

Contaminant

|
Cost of planting [$US/ha) [7000 RAF, ik
|
Cost of praduchion [$U5hadr) I-IEDI:I = e A ¥ F.A.F. Dec.Const. 0.1

_ — LeafStern Guo. 7
Cozt of ashing [$115 /) IEI =1 MY i plant [madkg) {100

I =
Cost of recoveny [$U5 ton of ash) a = Yalue [US5$kal 10000
Motes Mo Chelate

=
digh -y biomaszs [%] I-I L =
—LCozts of inachon

-1.010.138
-1.210,138

I =
Loss of productivity [$US /hadr) 0 =1 -1.410.1354
= -1610,135
Fieputation ¢ Goodwil ($000 LIS) [10 e ||| |
I 1000 = & 20101354
Legal / Litigation [$000 L15] N | & o1z

=
Future costs (8000 US) |0 = 24101384
-2610,135
~Interest Hate EEUTEER I o o - N\ S

In credit [%) Ial_:lI Ir debt [%] IE_j

-—-

Brett Robinzon  brobinzoni@hartrezearch.co.nz
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Leaching to groundwater
s - - - O S—— T—— A
S — A —
S — A —
S — A —
P N TRRL
Substrate and management I Climate I lnputs  Dutputs | - SEE 4: SEE E— ------
i E PSP ey S
el et . Final conc. profie | E ceaoo R
Contaminant [kag) Water [mm] = o L
~Inital = Lo
5 i i
Added to substrate A 12472 E R R e
Inital zoil loading  UGEAL 860.0 8 .i - 5. ......
- n Conc. (mafke 1. U U S I I
—Final o o
Removed in cropl(z)] 1.706 6704 Leaching to groundws: - ‘: T E' T
Remaining in substr. m 686.9 E SO : :‘: : : : :': : : :
Leached DA m ::EI 3 T Qo
i — i
Decayed (UL ﬁ i 1557 1555 1929
- 1995 200 Time (years)
~Iriial - Final Time (years | SRR 1
Y (0000 0.000 - _
Phytoremediation = Alternatives S
2 — |z . &
¥ E B b || s AN Fsaom S
. ) = 68 100004 - -2 g-a---| || D i -
o Leaching to groundwater = L JErreE BN S | bl SRS S a
¢ WMf-—Tgp - = 20000 - - Ao S s - N 2
¢ I E i || B : &
[ZIS R 195 200 o 195 2000 195 200 ] 2000 ﬁ
%,m | . Time (yearzs) Time (yearz) Time (years) x Time (years)
e e .
Sl B ] IB j General data
3 Calcul B b et IKu:upu |5 =
EECERE iy alculate [~ Show permizsible mits | Area name Land area [hal =T
T R
[io] o .
B and R s T . [ Simulate without crop ]
e . [ ] . . Economics caloulated on a
LEEE  pREEEk EEEEEEEE EEEEEEE b Sirmulation date & Per hectare basis
’ Contaminant name Fram [year, DO e j1—;l To [pear,DOY) 2.002 /g 365 =] " Tatal area basis
.-'-'
Loy E Progress Save results to spreadsheet |




Conclus,ions

Each farm is unique in the characterlstlcs of soall,
agronomical practice and climate

The'BSS'is a mechanistic'model that takes mto
consideration.thesmain Vafiable affecting
Nitregen and ‘metal leaching into,soil and water
due to wastewater. disposal onto agricultural land

EXisting models may not be'suitablefordairy
effluents because they do not con3|der DOC and

N

There may also be con,cerns for metals transport
from soil to groandwater |




WI||OWS may provVide"an expc)sure
' pathway for Cd

o




Future chaLJenges de,termmmg nutrlents and
metalconténts of plant used for wastewater |
disposals

- 4

Leaf cadmium concentrations in 15 willow clones
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Soil Cd=0.3 ug/g
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Clone numbers
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Electron Image 1
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Take homemessage

e

e

* Dairy farms are getting,lacger and the problem of
disposing of wastewaters is becoming urgent
Green-house IyS|meters expenment with WI||OW

stands can simulate léaching and-plant growth
under. dairy shed effuent |rr|gat|on

Datafrom green- -house experiment are
Instrumental to shape a suitable DS$fto help
farmers to follow an erjwrorfmental Solihd and
cost effective dl»spoéal of wastewaters
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