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Overview

Cadmium in Australia
Linking MFA with HHRA
Global implications

Phosphorus in Australia
supply and emission issues

The Murrumbidgee lrrigation Area
Linking P and Cd and biomass energy recovery

Sydney
Peak P
Options for a sustainable future.



Part 1:Cadmium in Australia

Cadmium problems in Australia
Supply of zinc and cadmium to the global economy

Australia




Cadmium: why select this substance?
Health & Environmental concerns

Non-essential bioaccumulative toxic heavy
metal

Acute inhalation: lung edema

Chronic:
Kidney disfunction and disease
Ital Ital disease: soft and weak bones, pain

Prostrate cancer....not now a concern ?
Bioaccumulative -> kidney disease in animals



Cadmium

Application
NiCd battery
Pigment
Coatings

Stabilizers

Minor Uses (alloys)

- Intentional uses

Usage Level (%)

79% Increasing...

11% decreasing...

7% decreasing...

2% decreasing...

1%



Cadmium: unintentional uses

Sources of exposure to an average non-smoking European 2005

Cadmium source exposed Total percentile in the
environment
Phosphate Fertilisers 33 %
Fossil Fuel Combustion 20%
Iron & Steel Production 12%
Natural Sources 20%
Non-Ferrous Metals 4%
Cement Production 6.7%
Cadmium Application 0.3%

Incineration 1.0%



Cadmium: Supply for intentional uses

6000

5000

& Py
4000

Cadmium not
Intentionally mined as an
ore

Cadmium as a by-
product of zinc ore
concentration and

smelting o e e

Linked to demand for
zinc, increasing at
4%p.a....zinc smelting
Increasingly in Asia...so
supply of Cd increasing |
at 4% p.a.

= 2000
H

1000

Cd refining countries...related to zinc smelting



Cadmium: Supply related to unintentional uses

Cadmium source exposed Total percentile in
the environment to

Phosphate fertilizers: non-smokers in EU

EU < 60..40..20mg Cd/Kg P,O,

(EU <25..17..8.5 mg Cd/kg P) Phosphate Fertilisers 33 %

Australia < 300mg Cd/Kg P, generally < 100mg

Cd/kg P

USA : 85 mg Cd/kgP Fossil Fuel Combustion 20%

Japan < 8mg Cd/kg P

China? Proposed...8mg Cd/kg P... actual??

Thailand? Iron & Steel Production 12%
When low Cd phosphate rock depleted?

Coal fired electricity production: Natural Sources 20%
OECD (not USA)....reduce ..Kyoto
China, India...increase

Non-Ferrous Metals 4%

Iron and Steel:

OECD...constant Cement Production 6.7%
China...increasing

Cement production: Cadmium Application 0.3%
OECD...constant, reducing

China...increasing ) )
Incineration 1.0%
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Australia: Zinc and cadmium reserves

Cadmium:;

18% of global reserves
of Cd (& Zn)

Tahle 3. Cadmium reserves and reserve base, vearend 2000

[In metric tons, contained cadmium. All data are rounded
to two sigmificant digits: because of independent rounding,

thev mav not add to totals shown. Plachv, 2001]
Reserves

United States 90,000

Anstralia 110,000

Canada

China

Germany

Japan

Kazalkhstan

Mexico

Russia 16.000

Other countries 240,000

World totals

Zinc Reserves:

Australian reserves: 42Mt
(18%, highest in world)

Global reserves” 228Mt
World zinc production: 9.6MT
Australian zinc mine output:

2005: 1.4MT

2011: 1.9MT

15 — 20% of global supply



Cadmium flows in Australian economy, 1998 (tonnes Cd)
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Plus cadmium contaminated
Zinc sulphate trace elements

producticn

Cadmium in Agriculture
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Cadmium emissions:
unintentional use flows included (NPI)

Cadmium emissions from industrial sources in Australia 1998/99
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Conclusions

Exports of cadmium are the major flows
Zinc concentrates
Coal
Where is the sink for Cadmium?
In Australia, regions associated with:
Agriculture,
power generation,

zinc smelting
Any unacceptable health risks?



Region of concern:
Lake Macquarie, 150km north of Sydney
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Linking MFA with Health Risk Assessment

Society Activities

Substance Flow
Analysis
{SFA)

Imports Jiu 0 - oduc Consurmption

I
I
I
J

Environmental
Fate and Sediment
Transpotrt

Health Risk
Assessment

(H RA} Plants

Hurnans




Risk assessment:
Speers Point residents

Conservative, does not include: | RegionallNationai |
Coal fired power generation emissions Localleve e
Ingestion of molluscs and fish from Lake Ginksatins
Macquarie

Provisional Tolerable Weekly Intake

(FAO/WHO):

7ugCd/kg body weight

Deposition Appligation Appligation Appli¢ation
4

Safe daily Actual Daily Multiplier of
dose dose safe dose

mgCd/d mgCd/d

Root uptake
(2)

Child [0.018 [0.255 |14X

contact
(5)

Adult 10.07 [0.16 |2.3X _

tion (7) FOOd Conc\
The average values used in EU studies do e —
Not show up these site specific problems




Conclusions

Integration of MFA with human health risk
assessment can identify critical regions of risk prior
to observation of chronic damage

Australia has some regions where risk from chronic
kidney disease and cancer related diseases Is
unacceptable...epidemiological studies should be
undertaken here.

Australia iIs a major exporter of cadmium, where
supply > demand for intentional uses:

where is the sink for this cadmium ?

IS this acceptable ?

what management of this substance is necessary?



Part 2: Phosphorus

system boundary - )
“regional economy” .- ENVIRONMENT

e e trade
: commie -
waste i .
2 _ household qanagememq Z

agriculture

ANTHROPOSPHERE

soil water




Why select Phosphorus?

Inputs

Non-renewable resource

Essential for nutrition of organisms

How long do we have left?
Outputs:

Eutrophication problems

Associated contamination with cadmium
Assoclated Issues:

Nutrient cycling v's biomass energy recovery?



Input constraints: Supply of P

Fertilizer 80%, detergents 12%, animal feeds 5%

% of total (1996): Production

United States 34
China 16
Morocco 16
Russia 6
South Africa 2
Tunisia 5
Jordan 4
Iraq -
Braazil 3
Peru -
All other countries 14

Total P5Og (million tonnes) 38

3,600-8,000

Potential
Reserves
7-13
2-10

63

7-10
3-22

1

1-3

=

1-2

11,000-22,000

Geological
Resources

25
9
50
9

3
1-2
1-2
2-3
-
1-2

30,000

Source: United States Geological Survey, International Fertilizer Industry Association and British Sulphur

Australia 1Mt of P,O. per year, 2.5% of global consumption




Fig. 4. Scenarios of P,Og5 consumption Mt/year

300

250 Scenarios of P20g5 consumption
200 O 2.5%

150 | 2%

100 E most
.
50 N = likely

E 3%

- o &

1996/ 2000/ 2010/ 2020/ 2030/ 2040/ 2050/ 2060/ 2070/
1997 2001 2011 2021 2031 2041 2051 2061 2071

B 2% [ 25% [ ]3% [ most likely

Fig. 5: Lifetime of reserves

100

: most
Lifetime at different scenarios = Jikely
of 7000 M t P20s5 reserves m 2%

B 25%

1996/ 2000/ 2010/ 2020/ 2030/ 2040/ 2050/ 2060/ 2070/
1997 2001 2011 2021 2031 2041 20561 2061 2071

B 2 | ]25% [ | 3% [ most likely

Lifetime

Current reserves:
7 000Mt P,O,

60 — 110yrs

Potential reserves:
<22 000Mt P, O
300 years??
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Output constraints: eutrophication




Murrumbidgee Irrigation Area (MIA)

Murrumbidgee Irrigation Area
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MIA at Griffith
vineyards, orchards, rice




Feedlot cattle and abattoir




Rice ., COIn...grain export




Wine .. and fruit juices ...

Griffith and District Wineries

YWine produced from the Griffith area accounts for over 15% of Australia’s yield. and 70% of

wine produced in Mew South YWales. Our wineries are consistently producing award winning
Pevelopment premium wines, with a number receiving increasing international acclaim for the guality of their

wines. De Bortoli. Casella, Riverina Estate and McWilliam's Wines all rate in Australia’s ten

largest wineries for tonnage produced

Listed helow are just some of the fine wineries which have given Griffith it's reputation as the

food and wine capital of western NSV
and Cultural

Library » De Bortoli Wines

® The Cranswick Estate VWines
o Casella VWines

s Warburn Estate

e [ William's Wines

o Orlando Wines

# Dal Broi Family Wines

# Beelgara Wines

& Westend Wines

o fappacosta Estate VWines

ad Warks = Nugan Estate

Development

fisitors Centra De Bortoli Wines
Ce Bortoli Wines was established in 1928 and has grown to a storage capacity of well aver 20 million litres. This is produced from over 40,000

: tons of fruit crushed annually to produce almaost 3 million cases of wine.
re & Design




Biowaste:
grape marc from wmerles




Rice straw bales




‘ Composting of biowaste




Whole system of materials flows containing P

- | URBAN SOIL |
Food wastel Landfill | Efflu

Leaching Leaching

e e o o e e e e o S B B e

Y Y Y A\ J
Surface and ground water

nt

Air emission from
burning crop residue Atmoshere |
depsition Imported crops |
Imported crops |
| v Export crops | N
| i »
| 3 |
| Crops > Export Fodder I
| Feed Mill I >
1 Grazing crops o Fodder 1
| Bedding rice straw . |Animal Export animals | "
| Crops production " production | "
Ferilizer eedlot runoff W h 4 Exported food waste | -
- - M . . l -
Limel {Including Soil) anure and bedding Animal to abattoir > g Goods Export googp
1 Crops \ , |Processing  Goods : -
Gvpsum Manure Piggery wastewater Commercial & |
| \ wastewater |
| household |
Food waste dumped on lang 1
Irrigation water [« 4 sewage I
I Ll
| I Effluent Treatment wastewater fewat SEWER |
| " Rice straw Lagoon woskewaler |
| /7 Effluent |
I h 4 ‘L Food waste sewage I
Compost Composting [* | WWTP |
I Plant »” Garden waste MSW I
I Runof Leaching Sludge I
' i
|

I
I
L




P flows through the MIA 2006

Imported goods

Air ernission fram burni

Exported crops

Crops tofeedmill

Grazing crop
56 -
Rice straw Anirmal Exported animal

]

1

1

d—-—‘m production — 500

Exported animaltfeedStuff (food by-product) |

1

1

]

1

Crop production
bhosphate ferilizer (including soif

Feedlot runoff Animal to abattoir

120
\T—‘ﬁﬁﬁwasteto + Good
beddingto crrop piggern m distribyution E}{pud pr:dQE =1
Food products |
26 >Food products
Zropstofood Faood

; cormmercial and
racessin
k) H d household e @
Wastewater Imported food

Sewale

.‘

&0
Foodwaste

Plogery
wiagtewat

v
Treatment —<20
Irrigation water - 53 lagoon 4—@— astewatgrto
Effluent +30 Wastewaterto
60
T o
Rice straw Sludge

Cormposting [* 28
plant Food processing waste
5.4
Gardenwaste to

Sewarage
system

I]
Manure and b‘er%f]mtj

organic wase

4K
Foodprotessing

Landfill Urban soil

Run-off Leaching leachate




P flows through the MIA 2006

rounded off

Faw material

Crop
production

and =oil All biomass

processing,

landfill and
other land Exported food

All recycled organic




Summary of P flows
MIA 2006

Inputs: 3471t P 100%

Outputs:
Food goods: 2920t P 84%
Emissions to environment: 112t 3%

Stock accumulation: (mostly soil) 483t 13%
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Soils 1=519kg/ly o =223kg/yr Stock (soils) = +296kg/ly (57% of input)
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Figure 2: Cadmium flow in the Murrumbidgee Irrigation Area (MIA) for current situation (kg'y)
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Conclusions on MIA study

Phosphorus:
>75% of P flows out with agricultural goods
Need to track and return these P flows

High level of P cycling from biowaste in current
situation...drought effects

Energy recovery via anaerobic digestion (CH,) and pyrolysis
gives extra 2.5% of input P returned to soils.

Cadmium:;

High accumulation of input into soils...associated with mineral P
fertilizer, 60% of input builds up in solls.

Use of pyrolysis on biowaste returns P, diverts Cd to
Landfill...but only for the 2.5% of input P to region.

Biowaste from towns in the region are insignificant in terms of P
and Cd, and bioenergy resources...except for NiCd batteries.



Sydney department stores




Sydney households




Domestic waste to disposal: LF

some garden waste to composting...little food waste
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‘ P flows through Sydney 2000

Substance;
1

flow: P |
Y ear 2000,

Manure

Household garden left over

Animal feed

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
Animédl
1
1
1
1
1
1
1

Food prod
Detergent

Fertiliser

Others

—_—

Water Atmosphere
(325 ) Sp
u :
110 69 !
1
:
1
v Compost plant - Stored in crops = 552 i
L 1
Agriculture sector 570 i
(including soils) 760 Y= | :
570 Other soils !
Xxxxx + 1057 » Grease trap :
N2 > !
1
COICPDES. > :
prou C: 2900000 + 490 !
Fertiliser Ocean outfall I
1
|
Effluent |
Commerce sector
_@ P Sewage system and 25 - !
treatment plant <
Surface water i
1
] (T |
G O——@ O ’
21 67 |
< :
1
@7 772+ 100 :
Stormwater '
@& :
- G
v |
1
< 1
1
Household sector . |
Landfill Groundwater < > |
0.61
7+ 127 583 77+ 812 M+ MM |
1
1




Summary of P flows
Sydney 2000

Input: 5992t

Output:
Effluent to ocean: 2911t 48% 61%
Solid waste to landfill: 801t 13%

Stock accumulation in soils (and then some
to food goods): 2280t 39%




Overall P flows

What happens when the P runs out?



Peak P and beyond

1830 — 1870: depletion of natural fertility of
solls in Europe and North America

1835: 100t guano from Peru to England

1847 220,000t imported to England
... guano imperialism”



Synthetic fertilizers...

1840: Liebig...importance of NPK to soll fertility

1843: Laws invented “superphosphate” fertilizer,
from phosphate rock (sedimentary and igneous)

2008: after 165 years, have 100 — 300 years of
phosphate rock remaining...approaching Peak P

....what will our great grandchildren do...??




‘ In the 1800s The Europeans raided the
Napoleanlc battlefields for bones..

g ,’_“”
"rf ".#

What options do we have’?’?




Our cities...
P In food waste and garden waste to LF
11% of the original P into Agriculture



‘ No organic solid waste to landfill

Retain biomass waste P at household

W R \’%

g ik ‘1I | ¥i
p "| N .: |
| A & Bl ;







Or

Central treatment of source separated solid biomass waste

""'Neig"hbourhoods Cities




Or

mechanical biological treatment of residual waste to disposal....???

Recycled Renewable High Quality
products energy compost




Our cities
P In wastewater
40% of the original P into agriculture



Urine separating toilets

50% of P In household wastewater from urine

(20% of original P to agriculture that is lost to the ocean)

- superstructure

. || pedestal

chamber




Biosolids from STW

Heavy metal contamination???

Need to look at load on soil from all inputs, not just
concentrations in biosolids (sludge)

Alternative sewerage systems ??

Especially for cities with infrastructure being newly
established.

Where is the P coming from??

Efficiency of animal protein: Cereal to meat ratio
Poultry: 3:1
Pigs: 4.5:1
Cattle: 6:1



Water recycling and P recovery options

1) Maximum water recycling with additional Biological Nutrient Removal (BNR) at all ocean
plants in Sydney,

2) Install urine separation in all households in Sydney,

3) Install greywater treatment and recycling systems in all households in Sydney,
4) Install composting toilets in all households in Sydney,

5) No household fertilisers used,

6) All households move to use of P-free detergents,

7) All households consume no excess phosphorus in diet (following the current
dietary pattern),

8) All households consume no excess phosphorus in diet and everyone adopts a
vegetarian diet,

9) Combined scenarios[1]
9.1) Combined scenarios 5, 6, and 7,
9.2) Combined scenarios 2 and 3,
9.3) Combined scenarios 2, 5, 6, and 7,
9.4) Combined scenarios 3, 5, 6, and 7,
9.5) Combined scenarios 3 and 4,
9.6) Combined scenarios 3, 4, 6, and 7.

[1] These combined scenarios are chosen to show the effects of different degrees of
changing human behaviour together with changing the wastewater management systems.
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Substance
flow: P Water
Year 2000 -

Note:
?7?7? represents
unknown data,

Manurc +/- represents an
increase/decrease

of stock

() - ()

Food prod Ocean outfal _
Food prod - - Efﬂuent
Detergent -

o ®® C > o ]

ot 0 =

ther etergent - -

gard



Conclusions

Peak P Is as important as Peak oll

Or more so....there are no “solar” options for P
Need detailed material flow analysis studies
of agriculture and consumption in cities, to

identify opportunities to more efficiently use P

Optimise related to biomass energy use and non-concentration of
cadmium in recycled nutrients.

Need to better design our sewerage and solid
waste systems....not only health protection.






Cadmium in Agriculture:
component goods and associated processes

o, Cadmium flow through limestone




¢. Cadmium flow through phosphate
fertilisers
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