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Heavy metals

“Heavy metals” is not a rigorous term that all
agree on — “contaminants” or “impurities” or
“potentially toxic elements” perhaps better
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Some elements of potential concern in
agriculture are not “heavy metals” e.qg.
arsenic (As), fluorine (F)




Potentially toxic elements

Rufus Chaney’s “Soll Plant Barrier” concept
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Key metal risk pathways - cadmium

- Soll - Plant > Human v

- Soll -» Plant x

- Soll - Micro-/Macroorganism x
- Soll > Water —» Organism x

- Soill - Water — Plant - Human

Our main concern with Cd in agriculture is food
chain contamination
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Cadmium

The critical organ is
the kidney

Calyx minor £

Medullary -
substance—p-




Ital Ital disease

Fig. 5 Multiple Looser’s zones of the ribs in an ltai-itai disease patient, autopsied material
I

Disease a result of
Irrigation of rice crops
with Cd-polluted
wastewater



International Food Standards

e Maximum Levels (MLs) are set by joint
FAO/WHO Food Standards Program, and
health risks are evaluated by the Joint Expert
Committee on Food Additives (JECFA)

e CODEX MLs are developed to ensure quality
In traded food commodities and prevention of
non-tariff barriers to trade

codex alimentarius commission
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Cadmium in agriculture

e Cadmium is unigue amongst the trace
elements in that it appears to be taken up
readily by plants (despite being non-
essential for crops)

o Applications at low levels to agricultural
solls are widespread

e Removal from soll is not cheap or easy




Cadmium chemistry

e Present mostly as Cd?* in soils

e Combines readily with Cl- and SO, to form
soluble complexes

e Precipitates as CdS in reduced solls (e.g. rice
paddies)

e Solubility is pH dependent — more soluble in acid
solls

e Does not get readily “fixed” in soll (like P, Zn, Pb)

e Similar ionic radius to Ca?* so can substitute for
Ca?* infon minerals, root uptake, etc.
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Soll factors affecting crop Cd uptake

o Solil Cd content — total and/or “available”
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Note total Cd in soil is still a useful predictor if combined
with other factors e.g. pH, OM, Zn, CI




Soil factors affecting crop Cd uptake

o Soll pH — Cd solubility is greater at low pH
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Soil factors affecting crop Cd uptake

o Soll salinity — Cd solublility and plant uptake
IS greater with increased Cl concentrations
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Soll factors affecting crop Cd uptake

e Zinc can compete for Cd uptake at root uptake sites
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Factors affectingACd concentration of crops
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Controlling Cd in agriculture

1. Know your sources of Cd — geogenic or
anthropogenic?

2. Know the distribution of Cd In solls
(horizontally and vertically)

3. Understand soll and crop factors controlling
Cd accumulation in your systems

4. Develop mitigation strategies based on (1)
to (3) above




1.Know your sources of Cd —
geogenic or anthropogenic?




Cadmium sources In solls

I

[
Atmosplheric inputs

[

Fertilizer

Anthrogemc

| Contaminated B wa @™o
| irrigation water EESSEES R
1 €.9g. mining

Weathering

amendments e

[

I .
1 Soill
I

| & wastes



Sources of Cd in agricultural systems - Australia

o Determine the major sources of Cd input to soil in
fertilizers, manures, wastes, atmospheric sources —
long term trials
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Sources of Cd in agricultural systems - Australia

EDTA-extractable Cd (mg/kg)
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2. Know the distribution of Cd in solls
(horizontally and vertically)




Cadmium distribution in soils - Europe

e Distribution may gives clue as to origin — geogenic or

anthropogenic
mg'kg
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Cadmium distribution in solls - Ireland

e Distribution may gives clue as to origin — geogenic or
anthropogenic
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Cadmium distribution — vertical (depth)

e Gives clues as to the source/s of Cd

e Critical knowledge for developing management
practices — shallow or deep?

Anthropogenic? Geogenic?

0-10 cm ﬁ 0-10cm
10-25 cm % 10-25 cm
*

25-50cm QO 25-50 cm *
50-100cm n 50-100 cm
0.0 1.0 2.0 3.0 0.0 1.0 2.0 3.0
Total soil Cd (mg/kQ) Total soil Cd (mg/kg)

—
Easier to manage




3. Understand soil and crop
factors controlling Cd
accumulation In your systems




Understanding crop Cd uptake

o Conduct paired soll/crop surveys — measure
key soll attributes that affect Cd uptake

o Sample and analyse long-term
fertilizer/lime/waste/irrigation trials — gives
clues as to major Cd sources

o Sample and analyse crop variety trials —
provides information to develop
management strategies




Soll factors affecting crop Cd uptake

e Chloride effects greater than pH effects

0.250 T Extractable Cl (mg kg1)
A A © <250
m, " 250-500
0.200 7 A >750

Tuber Cd concentration (mg kg1 FW)




Understanding crop Cd uptake

o Sample/analyse crop variety trials
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Understanding crop Cd uptake

e Examine uptake In field

Examining the effects of cadmium,
copper and zinc metal salts

Soil - Plant - Human (Cd)
Soil - Plant & Microorganism (Cu, Zn)

Examining the effects of
biosolids




Vietnam & Thailand
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Two components examined




Food chain Cd risk for wheat grain

Wheat grain cadmium

Critical soil Cd concentration (mg/kg)




Biosolids Cd bioavailability # soluble Cd

Log BCF
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Proposed soll guideline values for total Cd In
soll for biosolids reuse In agriculture

pH Clay content (%)

5 25 50

mg Cd/kg soil

4.5 0.3 0.9 1.6
5.5 0.6 1.1 1.8
6.5 0.9 1.4 2.1
7.5 1.1 1.6 2.3
8.5 1.4 1.9 2.6




4. Develop mitigation strategies




Mitigation strategies

e Conduct experimental programs to determine
amelioration strategies to minimize Cd uptake

Change cultivar/crop type

Add competing ions e.g. Zn
Liming — topsoil/subsoil (difficult)
Add sorbents (in situ remediation)

Add other ameliorants to soil

e Provide farmers with the information




Experimental approach

e Need robust Cd analytical capability
o Pot Cd trials # field Cd behaviour

o Cd solubility # Cd bioavailability

o Cd-spiked soils # indigenous soil Cd

e Solution culture # soil culture

Field trials are always preferable to
laboratory/glasshouse trials




Mitigation strategies — liming (field trials)
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Chart1
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Sheet1

		Site		1		2		3		4		5		6		7		8		9

		Unlimed		0.03		0.16		0.04		0.07		0.03		0.08		0.14		0.18		0.02

		Limed		0.03		0.17		0.05		0.10		0.04		0.07		0.16		0.23		0.02






Liming Is not always successful — why?

o Ca?* competition for Cd?* sorption sites?

e Liming reduces availability of trace
elements - 1Zn TCd?

e Time is needed for lime dissolution in

Soils?
Fig. 3. Effects of liming on
120 " cadmium levels in spring wheat
1 1 grain from three experimental sites
Ostuna (o, 2 years, p=0.06), Bro
(M, 1 year) and Eckerud (x, 1
year, p=0.06). Means and standard
deviations, based on results from
I T T one year and two years respecti-
| vely, are shown. The treatments

[
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-
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8 8 3 2 8%

g 32
5

. ® »  w were unlimed (10), limed to 55
(20), 70 (30) and 100% (40) base
saturation.




Mitigation strategies — adding Zn
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Mitigation strategies — sorbents




Mitigation strategies — sorbents

Cadmium concentration (mg/kg)

0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

Peanut kernel Cd

Control

Crop
residue

Mill mud Lime Potassium  Feedlot Zinc
Sulphate  manure

OYear of application ®Residual - Year 2

1}

Combined
Lime+Zn

+ Manure
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Mitigation strategies — phytoremediation?

Using oilseeds = EDTA to remove
Cd from soils

Safflower Mustard Safflower Mustard

------- mg/kg ------ =--=-----= g/hQ --------
Control  0.46 0.40 1.18 3.64 Removal too low
+EDTA 0.52 0.31 1.61 2.86 to reduce tuber Cd
LSD e )2 J e — 1.05 -------

(P<0.05)

O




Mitigation strategies — educating farmers

Managing cadmium .Y

in potatoes for quality 0
produce: 2nd edition

CSIRO

Consumer demand for quality
products is increasing.

Concern about the presence of
chemical impurities has resulted
in monitoring and research into
food quality in Australia.

Cadmium has been identified as

a potantial concern. Consumer demand for quality products is increasing.

Concern about the presence of chemical impurities has resulted
in monitoring and research into food quality in Australia.
This publication is an initiative of the Cadmium has been identified as being of potential concern.
National Cadmium Minimisation Commitiee
www.cadmium-management.org.au

Compiled by Cooperative Research Cenire for Seil & Land Managemeni and CSIRO Land and Water
ISEN | ATEI62 120 - 6 AGCROSIM - 2nd Edigion 699




Mitigation strategies — extension of BMPs

Cd accumulating Low Cd Cd excluding
cultivar fertilizer cultivar
Chloride in Better quality Crop
High Cd irrigation irrigation water residue__s
fertilizer water Lime v

fertilizer

VVY camum

CADMIUM

® ®
Alkaline ® @ o'::sla;?gt%::

soil High clay
soil

Zinc
deficiency




Cadmium In cocoa




Cadmium in cocoa products

o Cocoa products have higher Cd
concentrations than many other crop foods

» Human intake of cocoa is low, so that human
health risks from exposure to Cd through
cocoa consumption are low and “not of
concern” by FAO/WHO(JECFA 2013 meeting)

o However no CODEX ML for cocoa or cocoa
products has been set yet, so exporting
countries could be affected by some country
standards (e.g. EU)




3.2.7

Cadmium in cocoa products

CODEX proposed MLs for Cd are

PRODUCT ML of Cd (mg/kg)

Cocoa liquor 3.0

Cocoa powder 4.0

EU proposed MLs for Cd (mg/kg) are

Specific cocoa and chocolate products as listed below (*°)
— Milk chocolate with < 30 % total dry cocoa solids

— Chocolate with < 50 % total dry cocoa solids; milk chocolate
with = 30 % total dry cocoa solids

— Chocolate with = 50 % total dry cocoa solids

— Cocoa powder sold to the final consumer or as an ingredient in
sweetened cocoa powder sold to the final consumer (drinking
chocolate)

0,10 as from 1 January 2019
0,30 as from 1 January 2019

0,80 as from 1 January 2019

0,60 as from 1 January 2019



Cadmium distribution in cocoa solls - Ecuador

ESCALA DE IMPRESION CONTENIDO DE 'CADMIO' EN SUELOS EN
ZONAS CACAOTERAS DEL ECUADOR

e Otz & (AAiittacao
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Cadmium distribution In cocoa solls
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Cadmio,( mg/kg-1)
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Figura 2. Contenidos de Cd en profundidad en 32 suelos dedicados al cultivo de cacao en las

provincias de Los Rios y Manabi. Epoca seca, 2008.
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Understanding crop Cd uptake - Cocoa

Table 6

Relationship between soil parameters and Cd concentration in cacao beans for the 0-5 and

5-15 cm depth.

Soil properties R? Soil properties R?

(0-5cm) (5-15cm)

M3, EC, pH. % clay, 0.77 M3, total C, % clay, 0.84
total C, TR, CEC pH, TR, EC, CEC

M3, EC, pH. % clay, total C TR  0.77 M3, total C, % clay, pH, TR, EC 0.84

M3, EC, pH. % clay, total C 0.77 M3, total C, % clay, pH, TR 0.84

M3, EC, pH. % clay 0.76 M3, total C, % clay, pH 0.82

M3, EC, pH 0.76 M3, total C, % clay 0.79"+

M3, EC 0.73%+ M3, total C 0.72

Momenclature:; TR = total recoverable Cd, Total C = total carbon, CEC; = effective cation
exchange capacity, EC = electrical conductivity.
* P<0.05.
* Best model.




Conclusions

e Cadmium poses a key concern as it is not highly
toxic to plants or soil organisms, but accumulates in
foods posing risks to human health

o Control of Cd in agricultural systems needs a
combined approach to understanding soil factors
leading to high Cd uptake (risk prediction), as well as
Intervention strategies to ameliorate soils (risk
reduction)

o Field-based experimentation is essential to develop
farmer-ready management strategies

O




Conclusions

Ecuador has a well established research program
examining Cd in cocoa soils

High risk areas have been identified and Cd
distribution in soils both spatially and to depth is
known — however a whole of country geochemical
survey Is needed

Some remediation strategies have been trialled but
more work is needed to develop highly effective
strategies using a combination of ameliorants

Ongoing interventions at FAO/WHO CODEX are
essential to ensure “sensible” MLs are adopted




Muchas Gracias!
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