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Summary
Cadmium (Cd) is a heavy metal present in varying amounts in soils. Human beings are exposed to it via diet
beeause plants take it up and include in faDdehains. Ttcan aecumulate in the body over deeades. Long term
exposure of even low Cd eontent in faDd can lead to ehronic toxicity that can cause renal diseases. This

paper presents sustainableCd managementstrategiesto reduce Cd eontentin soils in the long fUlland to
minimize Cd eontent in agriculturai erors. Analyses show that regulations to reduee Cd in agrieultural inputs
on the nationalleveI and voluntary measures by Swedish farmers union and other agriculturai organizations
have shown promising efforts to minimize Cd in soils. Measures taken in national and internationallevels to
reduee Cd emissions have decreased atmospherie deposition of Cd, hut still it is the biggest souree of Cd in
the Swedish soi!. Applieation of low-Cd agrieultural inputs in different farmiands shows a marginal inerease
of Cd in soi!. In eomparison with high-Cd agrieultural inputs they are eapable to eorreet Cd balanee and to
reduee the Cd eontent in soils in the long fUll.Applieation of different Cd management strategies on different
erors grown in different soil-Cd and pH leveIs have shown different effeets. For winter and spring wheat
grown in neutral soil, liming is redueing Cd uptake. But Dat,barley, rye, earrot and potato grown in aeidie
soils have shown that liming with low-Cd liming material can deerease Cd eontent in these erors.
Applieations of organie matter and N fertilizer (neutral in reaetion behaviour for neutral soils and slightIy
basie in reaetion behaviour for aeidie soils) give minor deerease of Cd eontent in all erors. Use of low-Cd P
fertilizer give a marginal inerease of Cd eontent in the erors. Variety selection in cage of earrot, barley and
rye shows minor hut not significant difference in Cd content in the cage of Swedish varieties. In the cage of
winter wheat, oat, spring wheat and potatoes cultivation of low Cd varieties has deereased Cd eontent.
Sustainable eadmium management strategies have shown a probable deerease of Cd uptake in erors and
eorrespondingly reduetion of Cd related health effeets in the general population via food.

Key words: Cadmium, agrieultural inputs, regulations, eadmium eontent in crop, human health effeets,
and sustainable Cd management strategies
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1 Introduction
Of all the non-essential heavy metais, cadmium (Cd) has attracted most attention due to its relative mobility
in the soil-plant system and potential toxicity to humans. Some of the Swedish agriculturai soils, like those in
many other countries, by nature contain relatively high amounts of Cd. At the same time, long range air
pollution (atmospheric Cd deposition) and other types of anthropogenic inputs are promoting the content and
availability of Cd in soils which lead to more accumulation of Cd in plants such as cereals, vegetables, and
grass (animal feed). Since it is absorbed by plants and included in food-chains, all human populations are
exposed to Cd via the diet. In Sweden 70% of the total Cd intake by diet is normally from cereals, potatoes
and vegetables (Hedlund et al. 1997). Besides food smokers are additionally exposed to high concentration
of Cd in tobacco leaves. Cd can accumulate in the human body over decades, leading to concerns that
consumption of foods containing relatively high levels of Cd may result in chronic toxicity that can cause
diseases like renal disease, kidney failure etc. (lärup et al. 1998, Suwazono et al. 2000). In Sweden 1% of the
women with low body iron stores and smokers have relavent adverse healthehhects associated with Cd.
Based on the potential for food-chain transfer of Cd, WHO set a maximum provisional tolerable intake limit
of 1 /lg Cd/kg body weight per day, i.e., 60-70 /lg/day for an adult person (WHO, 1972). A maximum limit
value of 100/lg Cd/kg in cereal grains, pulses and oilseeds (for international trade) has been suggested by
CODEX committee (FAOIWHO, 1993). There is also a limit of Cd in grain for baby food that is, 20 /lg /kg.
It has been experienced that some of Swedish farmers are harvesting Grops that contain Cd above the
acceptable limit and they are not able to sell their products for human consumption, which in tum leads to a
lower price. Recent medical researchers are concerned that long-term exposure even a low content of Cd in
food can lead to chronic toxicity to humans. Concentration of Cd in food for human consumption should
therefore be as low as possible to avoid Cd related health effect in population (Åkesson 2000). Soil Cd
concentration is the most important factor influencing crop Cd content. It is therefore important to reduce the
Cd input to soils in agro-ecosystems. However, it is also important to implement management practices
which can reduce Cd availability and produce minimum levels of Cd in food, both on a short and long term
basis, while at the same time maintaining steady and reasonable Gropproduction.
1.1 Objectives and scope ofthe study
The purpose of this paper is to discuss and analyse how to
Reduce Cd content in soils in the long-ron
Minimize Cd content in agricultural crops
Strategies exploring the possibilities to achieve the above, through
* Regulations
* Liming
* Application of organic matter
* Low Cd P fertilizer and optimum dose
* Selection ofN-fertilizer and optimum dose
* Selection of Gropspecies and varieties
The main area of this study is to explore possibilities of minimizing Cd in some important human edible
crops (wheat, oats, carrot, potato etc.) grown in Sweden, as they are the main contributors of Cd in the
human body for the general non-smoking population.
In this study seven examples of farmiands are discussed with different soil Cd and pH leveis. These are used
for different Grops with an effort to minimize Cd content in Grops under different Cd management strategies.
These farmiands are hypothetically chosen, hut relevant to some of the Swedish soil conditions. It is also
considered that all farmiands soils are mineral soils and that agriculturai practice is conventionaI. It was not
possible to conduct field experiment within the time limit of this thesis, hut would be meaningful, ifpossible.
Without field experiments it is difficult to quantify the effect of different management strategies on soils and
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crops' Cd concentration. But, available literature in this field has been used to analyse the effects of Cd
management strategies and the consequences in soil and crop Cd concentrations. In the analyses qualitative
terms have been used instead of quantitative due to lack of concrete (field) data.
Anthropogenic sources of Cd increase the concentrations of Cd in soil, and are taken up by crops. Same
regulations, voluntary agreements and negotiations that are involved to minimize Cd in agriculturai input and
lowering Cd in atmospheric emission are discussed here. Same management strategies such liming (with low
Cd liming materials), application of organic matter, application of low-Cd P-fertilizer, selection of N
fertilizer, and selection of low Cd crop species and varieties are considered to minimize Cd in crops, but
involve costs for the farmer. Conventionai farming practices use these inputs in different soil conditions to
maximize crop yields. In same cases Cd management in soil in order to minimize Cd in crops would involve
a great cost to the farmer. The costs and profits of such management practices have been explained in
qualitative terms (more expenses, maTe costs, maTe profit, less profit etc.), not in exact numerical values,
because without field experiment it is difficult to quantify an analysis of the farm economy under different
soil conditions for different crops.
Except, for the Cd management strategies discussed in this study there are also management practices
involved in crop procution that are not discussed in this paper. Cd in the faDd chain can also be reduced
through measures in the industry process, e.g. by avoiding cereal grain structures which are high in Cd
concentrations. These are not discussed in this thesis. In this paper, it is discussed that acid precipitation is a
cause of solubility and availability of Cd to be taken up by growing crops. No discussion is included in this
paper on how to combat acid deposition. Readers are referred to read the book "Recovery from acidification
in the natural environment- Present knowledge and the future" edited by Warfvinge and Bertills (2000) for a
discussion on measures to deal with this problem.
1.2 Materials and methods
An overview of causes of Cd pollution of Swedish agriculturai soils and risk to human health, and also
possibilities to minimize Cd in crops has been discussed with the aid of relevant document obtained from
journals, articles, books, thesis, personal communication and online resources. In order to describe the major
actors and factors influencing Cd input to soil and uptake inta plant and the entry inta the human body a
casualloop diagram (CLD) is presented in figure 2. Other CLDs are illustrated in figure 5, 6 and 7 in order to
systematically analyse the interactions of other components discussed in this study. A CLD is the mental
model for describing the key elements and their interrelationships (Ford, 1999). A "+" sign in the CLD
indicates that the item at the tail of the arrow and the item at the head of the arrow change in the same
direction (i.e., if the tail increases, the head increases; if the tail decreases, the head decreases). On the other
hand, "-" sign express that there is an opposite relationship between the two variables ofthe tail and head of
the arrow.
Different Cd management strategies have been applied to minimize or change the concentrations of Cd in
soil and crops (discussed in chapter 7.1 and 7.2). The effects of strategies that change the concentration of Cd
in soil and crops have been expressed by theoretical qualitative terms denoted by "+" "-" , O, N.A sign
(because it is very difficult to quantify the effects without field experiment). Here, "+" means good/positive
effect (decrease of soil or crop Cd content), "-" means bad/negative effect (increase of soil or crop Cd
content), "O" means no effect, and "N.A." means not applicable. Increasing or decreasing number of "+" or
"-" sign indicate the intensity of effects.

Chapter 1

2

LUMES 2000/2001 - Master's Thesis

A.T.M. Mustafa Kamal

1.3 Outline of the study
The pareT is organised in nine related charters in addition to the introduetion. The second chapter eovers the
background of the study whieh describes Swedish agrieulturallandseape, main eror produetions, eonditions
of agriculturai soils and the major actors and faetors influeneing Cd input in soil, uptake inta plants and entry
inta human body. The third chapter deals with the deseription of Cd addition in soil from natural and
anthropogenie sourees. Chapterfour describes ehanges of Cd in soil solution and outflow from soil by eror
uptake and leaehing. The fifth chapter presents the balanee of Cd between Cd influx in soil and outflow
from the soil, the concentrations of Cd in different erors. Effeets of Cd on human health through diet are
diseussed. Farmers' profits depending on Cd eoneentration in grains and same voluntary regulation on Cd
content of eereals is also diseussed. Chapter six describes same regulations of Cd in agrieultural inputs to
reduee Cd addition in arable land and also regulations conceming lowering of atmospherie Cd deposition in
soils. These regulations are part of sustainable Cd management in agrieultural systems. The seventh chapter
eontaining a diseussion on same Cd management strategies and their applieations on different farmiands
with different Cd and pH levels where winter wheat, oat, earrot, barley, rye, potato, and spring wheat are
grown. The effeets of these strategies on the Cd levels of soils and erors are diseussed. Chapter eight
eoneentrates on the eonstraints of implementing sustainable Cd management strategies on farmers leve!,
beeause of the re1ated eosts. In the ninth chapter same general suggestions and reeommendations are
diseussed about sustainable Cd management. Finally chapter ten eontains eonclusions derived from the
study.

Charter 1

3

LUMES 2000/2001

-

Master' s Thesis

AToM. Mustafa Kamal

2 Background of the study
2.1 Swedish agriculturallandscape and trop production
Sweden is one of the largest countries in Europe with an area of 450,000 sq km. Hs total land area is about
41.4 million ha (excluding large lakes and watercourses). The total ofarable land amounts to about 3 million
ha (7.5% of the total land area), forestland consists of2203 million ha (59.9% of the total land area), pasture
about 550,000 ha (1.5%) and the rest is mountain areas and impediment (Swedish Board of Agriculture
2000). The natural conditions for agriculture vary widely throughout the country. The growing season grans
from 240 days in the south to 120 in the north due to temperature variation. Variations of soils characteristics
are also found from upiand to lowland locationsoMore than 60% of the arable land is situated on the fertile
plains of the southem and central Sweden (SEPA, 1999).
Crop production is dominated by grasses and clover cultivated in most parts of the country. About 45% of
the arable lands comprise of grain cultivationo Oil seed production is located in the southem part of the
country. Potatoes are grown throughout the country and sugar beets in the southem part. Sweden is self
sufficient in the production of grain and sugar beets. Most of the agriculturai farms are family business. The
farms are usually small in the northem parts of the country, while most of the large farms are located on the
southem plains (Swedish Board of Agriculture, 2000).

2.2 Conditions of Swedish agricultural soils
Most parts of Sweden were covered with ice during the latest glacial period. Within this time gran relatively
thin soils have been formed due to slow weathering of the granitic bedrock. As a result, most Swedish soils
are naturally roar in base cations (weakly buffered) and have low pH values, making them vulnerable to
additions of acidifying substances (Parkman and Iverfeldt, 1998). The organic matter content of Swedish
agriculturai soils is relatively high and average value is 6.2% (organic soils included), but mineral soils have
about 2-4% organic matter contentsoLess than 5% of the soils have roar content of organic matter «2%)
(Eriksson et al. 1997).The highest potassium content in agriculturai soils is found in area with clay soils in
Östergötland and eastem Svealand (ibid.). About 51 % of the Swedish arable soil has very good supply of Pnutrient (>8 mg P/lOOg soil) due to heavy application in the rast decades (SEPA, 2000). The average pH
value of arable soil (plough layer) is about 6.3. 30% of the total soil has pH value below 6.0 and in 10% of
the surface soils the pH value is 5.6 or below (Eriksson et al. 1997). The average total Cd content in plough
layer of agricultural soil (at 0-20 cm depth) is 0.23 mg Cdlkg, DW with a variation from 0.02 mg/kg DW to
2083mg/kg DW (ibid.). About 8 % of the total arable land has a Cd level maTethan 0.4 mg/kg DW that may
risk unhealthy levels in crops (SEPA, 2000). In the plough layer/top-soil (0-20 cm) Cd content is 24% higher
compared with the sub-soil layer that indicates additional input is from other sources (anthropogenic)
(Eriksson et al. 1997). The distribution of Cd in plough layer of Swedish arable is given in figure 1.
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Figure 1.. Cadmium levels in the plough layer of Swedish soi/s (source.. Eriksson et al. 1997)

2.3 Analyses of the major actors and factors influencing Cd input in son, uptake into plant
and entry into human body by a casualloop diagram (CLD)
A casual loop diagram (CLD) is used in order to systematically analyse the dynamie properties and
behaviour of each component in a system and also to comprehend the interactions of these components in the
system (Ford, 1999). A "+" sign in the CLD indicates that the item at the tail of the arrow and the item at the
head of the arrow change in the same direction (Le., if the tail increases, the head increases; if the tail
decreases, the head decreases). On the other hand, "-" sign express that there is an opposite relationship
between the two variables of the tail and head of the arrow. In this section a CLD is used to describe the
major actors and factors influencing Cd input in soil, uptake into plant and entry into human body (figure 2),
In the CLD it is shown that the Cd content of soil increases due to the natural occurrence of soil from Cd rich
paTent material and from the atmospheric deposition of Cd and use of Cd containing P-fertilizer, manures,
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sewage sludge and liming materials (detailed discussion in chapter 3). The Cd content of soil solution
increases with increasing Cd content in soil and Cd solubility that increase the leaching of Cd as weIl as plant
uptake. The leaching and plant uptake reduce the content of soil Cd. An increase of soil pH, organic matter
and day content decreases the solubility of Cd that decrease the Cd content of soil solution. The decrease of
soil pH, organic matter and day content cause the opposite effects. The soil pH sometimes decreases with
increasing precipitation and acid deposition (detailed discussion in section 4). Increased plant uptake of Cd
increases the Cd concentrations of cereals, vegetables and animal feeds (detailed discussion in section 5.2).
Increased Cd content increase the negative human health effects and also by smoking due to high
concentration of Cd in tobacco (detailed discussion in section 5.3). Increased Cd content in animal feeds,
grains and straw increase the Cd content in manures. When Cd concentration of grain exceeds the maximum
aIlowable for human consumption farmers are not aIlowed to seIl. In that case they have to seIl it for cattle
consumption and in this case their profit decrease (detailed discussion in section 5.4).
Natural occurences of Cd

Atmospheric deposition of Cd

Cd in P fertilizer
sewage sludge

Precipitation and acid deposition

~+\+K.+
Cd in liming material
materials
+

~

+ Cd content in so1!'~

-

Soil pH

tlay c~ntcnt Organicm~

~

.

Cdleaching ~Cd

+~

) \

solubility

~

ffi soi!

manures

~
Pl-:tUP-

S~UtiO

Ground water 'Cd concentration
Cd conc. in cereals, vegetables & animal feeds

N~

Cd eone. in

tobaceo

human

health

effeets

/
+

Farmer's profit
Figure 2: An illustration of the major actors andfactors
and entry into the human body
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3 Cadmium influx in soils
There are different sources of Cd influx inta soils and among them the following causes are considered and
these are discussed in the following section:
A) Natural occurrences
B) Anthropogenic sources
1) Atmospheric deposition of Cd
2) Phosphorus fertilizer
3) Manures
4) Sewage sludge
5) Liming materials

3.1 Natural occurrences of Cd
Parent material of a soil is a natural source that largely determines the Cd content like other nutrients. Apart
from parent material, soils acquire Cd from the atmospheric deposition originating from other natural
sources. Among these, the eruption of vakanDes is important (Finish Ministry of Agriculture and Forestry,
1997 and Traina, 1999). But the natural atmospheric Cd deposition in soil is very low compared with that of
anthropogenic origin (McLaughlin and Singh, 1999).
Most parts of Sweden are mainly dominated with sedimentary magmatic bedrock (Hellstrand and Landner,
1998). Soils that have originated from Cd-rich parent materials (Cambrian bedrock, alum shales and same
sandstones) are usually rich in Cd (ibid.). The highest Cd levels are found in areas dominated by Cambrian
bedrock (Söderström and Eriksson, 1996). Soils of Jämtland, Österlen in Skåne, same parts of Östergötland
and Närke have shown elevated Cd levels due to origin from this source (Eriksson et al. 1995).
3. 2 Anthropogenic

sources of Cd

In addition to natural sources soils receive Cd from anthropogenic activities. In this study, these sources of
Cd have been discussed in terms of:
1) Atmospheric deposition of Cd
2) Phosphorus fertilizer
3) Manures
4) Sewage sludge
5) Liming materials
Except the first Olle the other four are main agriculturaI inputs which contain Cd as impurities and their
application in arable land add Cd inta soils.
3.2.1 Atmospheric

Cd deposition

Since the beginning of the 20th century, technological development has substantially increased the
anthropogenic use of Cd (production, use and post use of Cd containing products as an intended or non
intended component) like other metaIs. As a result, Cd emissions in the environment as weIl as deposition in
soils have increased. Amospheric emissions of Cd comprise of sources like metalliferrous mining and
smelting, refining non-ferrous metaIs, metal using industries (i.e., production of iron, steel, and other metals
from recycling scrap metals), production of phosphate fertilizers, cements, etc., general urban and industriaI
emissions, fossil fuels & coal combustion, incineration and disposal of Ni-Cd batteries and municipal waste
(Bergbäck and Jonsson, 1998). In the atmosphere both aerosol (main forms of aerosol size Cd-particles are
oxide, sulphide, sulphate and chIoride) and fine (larger than aerosol size) Cd-particles from anthropogenic
activities are found. The aerosol size Cd-particles can be transported very long distances and then be
deposited onto soil and vegetation as both wet and dry deposition. As a result, emission sources in Olle
country may contaminate surface soils in other distant countries (AIloway and Steinnes, 1999).
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In Sweden the Cd emissions (to atmosphere) from point sources was estimated to be less than 5 tonnes in
1990, but total airbome deposition was about 20 tonnes, which indicates transboundary Cd transported into
the country (OECD, 1994). Although atmospheric Cd input may be small compared to the total soil pool, the
metat is largely retained in the top-soil and may be subsequently taken up by plants (Moolenaar and
Lexmond, 1999). In Sweden, in arable land the average atmospheric Cd deposition rate is 0.39 g/ha/y with a
variation ranging from 0.1 g /ha/y (in the northem parts) to 0.5 g/ha/y (in southem parts) during 1993-1995
(Hellstrand and Landner, 1998). The dry and wet deposition of Cd on the aerial part of plant may be
absorbed and may even exceed the uptake from soil. This kind of Cd absorption is found to be significant in
wheat grain and straw (Moolenaar and Lexmond, 1999).

3.2.2 Phosphorous

fertilizers

Phosphorous fertilizer has been a major source of Cd to cultivated soils. Phosphorous fertilizer can contain
up to 300 mg Cd/kg P (AlIoway and Steinnes, 1999). The amount of Cd added to soils depends on the type
and rate of P fertilizer application. The average Cd content in European P-fertilizers is 138 mg/kg (Finish
Ministry of Agriculture and Forestry, 1997).In Sweden, the maximum allowable Cd-limit in the P-fertilizers
is 100 mg Cd/kg of phosphorus. In the country, the average commercial P fertilizer application rate has
increased since World War II as a whole, but has been decIining since 1974 due to sharp rise in phosphorus
price and the awareness of production economics (Hellstrand and Landner, 1998). Phosphorus has been
continuously applied to soils in amounts that are more than compensating for those removed by the harvest
(Andersson et al. 1998). The reduction of the use ofP-fertilizers as well as reduction of Cd in P fertilizer has
resulted in a decIine in the Cd influx (figure 3). Since, 1988the average P-fertilizer application rate in arable
land is 20 kg P/ha/y in Sweden (Statistics Sweden, 2001). In 1999 the average Cd in put in arable soil from
P-fertilizer is as low as 0.12 g/kg/ha (Kjellquist, 2000 ).
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---.------.---.----------

s:,O

2,d

r

f--

,1,2

1,0
0,0

8

m
~

~

m
~

~

m
~

2

~~

m g
m
~

m
~

m ~ ~

m
~

m
~

m
~

g

m
~

m g
m
~

m
~

m R ~
m
~

m
~

m
~

~ ~

m
-

m
-

&.
m
-

~
-

Figure 3: The influx o/Cd to arab le land from P-fertilizer application in Sweden in g/ha/y from
1905-1990 asfive-year averages and after that a single year, 1999 (source:Kjellquist, 2000)
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3.2.3 Manures
In Sweden manures are used as a source of organic matter and plant nutrients. Animal manures contain Cd
due to the occurrence of the meta1in water, fadder and in feeds. Its lise in agricu1tura11andmeans that Cd is
circu1ating back to the soil. Use of manure va1uein Sweden increased main1y after the rise of commercia1
fertilizers price in 1974. In EC countries around 1985 the Cd 10ad from manures to the cu1tivated soi1swas
12- 25% of the tota110ad on average (Finish Ministry of Agriculture and Forestry 1997). In 1995 in Sweden
the influx of Cd from manure to cu1tivated soi1son average was 0.05 glha/y with a variations between crop
production zones ranging from 0.03 to 0.08 g Cdlha/y (Hellstrand and Landner, 1998). However, in practice
the manure is not spread even1yto all cultivated soi1s.

3.2.4 Sewage sludge
Sewage sludge is an important source of nitrogen, phosphorus and other essentia1nutrient elements for crop
production and a1soas organic matter for soil. It a1socontains Cd and other heavy meta1s.The concentration
of Cd in sewage sludge is dependent on the waste minimizing techno10gies(Alloway and Steinnes, 1999). In
Sweden the limit of Cd in sewage sludge in order to be permitted as fertilizer on arab1eland has been fixed to
a maximum va1ueof2mg Cd/kg dry matter in1998, which was previous1y4 mg Cd/kg dry matter (Swedish
Govemment, 1998). In 1995 the average Cd input in agricu1tura1soi1from sewage sludge was 0.03 glha/y in
the country (Hellstrand and Landner, 1998).

3.2.5 Liming materials
In Sweden acidifying pressure due to acid fallout and application of acidifying fertilizers as well as 10w
buffering capacity of soi1s has decreased pH. Liming materials are used to increase the soil pH levels to
optimum range as well as to counteract the wash out ofbase cations. Liming materials contain Cd and its lise
can increase Cd content in soil. In Sewden the Cd content of timing materials varies from less than 0.05 mg
to 0.5 mg/kg CaO (Skånska Lantmånnen, 1999). The average Cd content in lime is 0.15 mg per kg CaCO3
that corresponds to 0.27 mg/kg CaO (Andersson, 1992). In Sweden, the average timing rate as well as the
amount of Cd influx in soils due to timing from 1994-1998 is given in the Ta1be 1 (Statistics Sweden, 2000).
Table].. Input of Cd in soil from liming in different years

Year
1994
1995
1996
1997
1998

Use oflime (kg CaOlha)
67
74
86
75
55

Cd input (g Cdlha)
0.018
0.019
0.023
0.020
0.014

Thus, the average input of Cd from lime to arable soils is about 0.02 g/haly. But in sugar producing
districts (plain districts-South Götaland and South east Götaland), additional Cd input is 0.13 g/haly
due to application of sugar mill lime and most of the Cd is recycled by using sugar mill lime
(Hellstrand and Landner, 1998). Farmers using sugar mill lime with no sugar beet in crop rotation
will add 0.33-0.4 g Cdlhaly (Skånska Lantmånnen, 1999).
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4 Cd in son solution and outflow from son
The level of Cd uptake in erors as weIl as leaehing of Cd from soils is related to the eoneentration of Cd in
soil solutions. Moreover, the Cd eoneentration in soil solution is mainly dependent on the total Cd
eoneentration in the soil and the solubility of Cd in soil. The solubility of Cd also varies with pH, organie
matter and day content (Eriksson et al. 1996). It has been explained in the mental model (CLD) (figure 2).
Soil pH is the controlling faetor that aeeount for 72% of the total variation of the distribution of Cd between
the solid and solute (Finish Ministry of Agrieulture and Forestry, 1997). Soils with a low pH generally have
signifieantly higher amounts of soluble Cd than soils with a high pH (Eriksson, 1988 and MeLaughlin and
Singh, 1999) (explained more detailed in seetion 7.1.1). Inereases of organie matter content deerease the
solubility of Cd in soil solution due to its (organie matter) high eation exehange capacity and Cd binding
ability (Davis and Coke, 1980) (detailed explanation in seetion 7.1.2). The concentrations of Cd in soil
solution also depend on day content due to its adsorption capacity and in fine textured soil Cd solubility is
lower (due to high day content) than in eoarse textured soil (due to low day content) (Street et al. 1977).
Applieation of fertilizers (mostly with aeidifying effeets) can deerease soil pH slightly whieh inereases Cd
eoneentration in soil solution and is untaken by erors (detailed explanation in seetion 7.1.3 and 7.1.4). Use of
timing materials in aeidie soils (small to moderate amounts) generally deerease the Cd in soil solution by
inereasing pH, hut larger doses inerease Cd content due to ealcium present in liming material whieh eompete
with Cd to be adsorbed for adsorbent sites of soil partides (detailed explanation in seetion 7.1.1). Eriksson et
al. (1996) found that Cd uptake in erors is positively eorrelated with preeipitation during the growing season
in Sweden due to inereased solubility of Cd. Deposition of aeidifying substanees sueh as sulfurie aeid and
nitrie has greater effeet in inereasing the effeet of Cd solubility in soil beeause it depresses the soil pH
(Notter, 1993). This phenomenon is more predominant in the southem parts of Sweden than the northem
parts and enhanees the mobility and availability of Cd to erors and leaehing out of Cd from soil (Hellstrand
and Landner 1998). Warfvinge and Wright (2000) pointed out that due to geographiealloeation Sweden
itself is responsible for 10 to 20% of aeidifieation in the country and the rest is due to origin beyond its
boarders.
The main outflow of Cd from the agriculturai soil is by eror absorption and leaehing. Hellstrand and
Landner (1998) ealculated the average effluxes/outflow of Cd from soil by erors absorption for the year
1995, whieh is 0.10 g Cdlha/y with a great variation, from nil (zero) in the produetion districts in Norraiand
to 0.34 g Cdlha and year in the plain distriets in south Götaland (Hellstrand and Landner, 1998). Andersson
(1992) measured that in Sweden the average Cd leaehing rate from topsoils is 0.06 g Cdlha. Due to leaehing
the content of Cd in soil should have decreased, hut the input is bigger. Leaehing of Cd through soil profile
has the potential for contamination of ground water (Kookana and Naidu, 1998).
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5 Effects of Cd influx
In Sweden, Cd pollution has some effeets on agro-eeosystem, human health and farmers' profit These are
diseussed in this seetion.
5.1 Balance of cadmium between influx and outflow
The Cd balanee (CdM) in agricultural soils is the result of influxes of Cd from atmospherie deposition
(Cdad), P-fertilizer (Cdf), liming materials (Cdl), manures (Cdm) and sewage sludge (Cdss) minus effluxes
of Cd from soils through erors removal (Cder), and leaehing (Cdl) (the natural sourees of Cd in soil is not
included here). This can be illustrated by the following formula:
CdLit= (Cdad + Cdf + Cdl + Cdm + Cdss) - (Cdcr + Cdle)
The average Cd balance in Swedish agricultural soils between supply and removal of Cd per ha per year is
summarized as:
g/ha/y
a) Cd input
0.39 (see charter 3.2.1)
Atmospheric deposition
p -fertilizer
0.12 (see charter 3.2.2)
0.02 (see charter 3.2.5)
Liming
Manures
0.05 (see charter 3.2.3)
0.03
(see charter 3.2.4)
Sewage sludge
Total
0.61
b) Cd outflow
Cropremoval
0.10 (seechapter4)
Leaching
0.06 (see charter 4)
Total
0.16
Balance
0.45
It is apparent that annual average of Cd balance in agriculturaI soil is 0.45 g/ha/y. So, if and unIess the Cd
addition from anthropogenic sources decreases the Cd load in soil would increase.

5.2 Concentrations of Cd in Swedish agriculturaI trops
Cd has no beneficiaI effects in agricultural crops. It is considered as a contaminant to both food and feed.
The Cd concentrations of major Swedish agricultural crops (dry weight) are presented in table 2.
Table 2: Concentration of Cd in major agriculturaI products in Sweden flg/kg dry weight

Crop (grains)/produet
Winter wheat
Spring wheat
Durum wheat
Rye
Barley
Oat
Oils-seeds
Potato
Sugar beets
Carrot

Mean
43
69
200
17
27
36
82
53
176
300

Minimum-maximum
8-207
14-163
50-400
8-36
8-108
7- 194

-

60-850

References
Eriksson and Söderström, 1996
Obom et al. 1995
Johansson, 1997
Jorhem and Sundström, 1993
Andersson, 1992
Eriksson, 1990b
Andersson, 1992
Obom et al. 1995
Andersson, 1992
Jansson and Obom, 2000

From the table 2 it is seen that the variation of mean Cd content in different crops vary widelyas weIl as the
difference between minimum and maximum values within each crops is broad. In general, root crops
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(carrots, sugar beets, etc.) and vegetables (mainly lettuce and spinach) have higher Cd concentration in dry
matter than grain crops (Landner et al. 1996, Grant et al. 1999). The Cd concentrations in same agriculturai
foodstuffs (fresh weight) in Swedish markets are presented in the table 3.
Table 3: Concentration in same agriculturalfoodstuffs
Sundström, 1993)

in Sweden (flglkgfresh

Mean
22
17
46
17
130
25

Product
Carrot
Potato
Buckwheat
Rye flour
Wheat bran
Wheat flour extracted

weight) (source: Jorhem and

Minimum
4
8
46
8
76
14

Maximum
48
46
47
36
250
47

5.3 Human health effects
Exl!osure
In Sweden the average normal daily dietary intake of Cd is 15 flg/day, but there are great individual variation
due to differences in energy intake and dietary habits (Järup et al. 1998). Generally, less than 5% of Cd from
diet is absorbed by the body (ibid.). The main influxes of Cd in Swedish diet are shown in figure 4.
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Figure 4: The main influxes of Cd in Swedish diet (source: Petersson-Grawe,

2000)

Apart from the diet general people are also exposed to Cd in ambient air. If the Cd concentration of air is 10
ng/m3 (both indoor and outdoor air) and daily inhalation rate of an adult is 15 m3the average intake of Cd
from the air would be 0.15 flg and of which about 25% would be absorbed in body (OECD, 1994). [Cd
concentrations in ambient air normally fall within the range 0.1-4.0 ng/m3 in rural areas and in urban or
industrial areas it is 2.0-150.0 ng/m3(OECD, 1994)]. Although diet is the main source of Cd exposure for all
population, but smakers are additionally exposed due to the high concentration of Cd in tobacco leaves
(Elinder et al. 1983, Vahter et al. 1991 and Åkesson, 2000). Smoking 20 cigarettes daily leads to an
inhalation of 2-4 flg Cd/day and of which 25-50% is absorbed (OECD, 1994).
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When Cd is absorbed, it is possibly bound either in the albumin of blood and transported to the liver or
transported from the intestinai tract to the kidney. Cd excretion rate from the body is very slow and it occurs
mainly via urine. Most of the body burden of this element is retained in the kidneys and liver. The half-life of
Cd in human kidney is about 10-30 years (Järup et al. 1998). Women frequently have higher concentrations
of Cd in kidney as well as in blood and urine (Whittemore et. al. 1991 and Baecklund et al. 1999) than men
because of low body iron stores (Järup et al. 1998). Järup et al. (1998) mentioned thai women (of
childbearing age), smakers and people habitually eating a diet rich in Cd are probably the highest risk groups
of population.
Health effects

The kidneys are the critical organs thai accumulate Cd and renal tubular damage is probably the critical
health effect of Cd exposure both in general (long-term exposure) and occupationally exposed population
(Järup et at. 1998 and Suwazono et al. 2000). Generally tubular damage leads to deterioration of kidney
function and health (Norberg et al. 1985 and Järup et al. 1998). It is said thai in Sweden, 1% of the women
with low body iron stores and smakers have relevant adverse renal effects associated with Cd, exposed on
average daily dietary Cd. If the average daily intake of Cd increases to 30 J..lg/day,about 1% the population
of the country would have Cd related tubular damage and in the case ofwomen (with low body iron stores)
the quantity would be as high as 5% (Järup et al. 1998). There is growing evidence thai the skeletal damage
in the form of osteoporosis may be a critical effect of Cd exposure (Norberg et al. 1985, Kjeiiström 1986,
Järup et al. 1998 and Åkesson 2000). Åkesson (2000) mentioned thai osteoporosis and augmented risk of
fractures are related to increasing urinary Cd even at reasonably low environmental exposure leveis. In
Scandinavian countries osteoporosis is a very important public health problem like other countries in the
world. Women have a greater risk of developing Cd induced osteoporosis especially in older women because
ofachieving a high Cd dose (Järup et at. 1998).
5.4 Farmers' profit
In Sweden, the concentration of Cd in soils above, 0.4 mg/kg soil (dry weight) has been considered as Cd
polluted soil due to risk of unhealthy Cd concentration in crops grown on it and 8% of the total arable soils
belongs to this category (SEPA, 2000). The regional Lantmännen associations (supply and crop marketing)
have also issued a voluntary limit for Cd in agriculturai soil thai is 0.30 mg Cd/kg soil (dry weight)
(Hellstrand and Landner 1998). The association also mentioned thai wheat grown on soils meeting this
criterion can be sold under the trade mark "Svenskt Sigill" (Swedish Seal) without any check of the Cd
content in the grains (ibid.). The amount ofland with Cd concentrations above 0.3 mg/kg soil (dry weight) is
17% of the total arable land (SEPA, 2000). Grain crops grown in these areas need to be analysed and in these
cases, farmers ray for analysis. Farmers encounter restrictions in producing grain crops for human
consumption in these locations. Since Cd concentrations in grain above 100 J..lgCd/kg (fresh weight) is not
accepted for human consumption, the grains can be sold as animal feed where prices are lower compared
with human faDd.
As a voluntary measure to minimize Cd exposure via diet most of the Swedish faDd industries (e.g. Cerealia
group) do not accept grain containing maTe than 80 J..lgCd/kg (Börjesson, 2001, personal communication).
Since cereal and other agriculturai crops mainly are responsible for the human body burden of Cd,
sustainable Cd management strategies are necessary to reduce Cd content in crops as well as in soils.
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6 Sustainable management of cadmium in agriculturai systems
Sustainable agriculture is related to environment, agronornie, ethical and socio-economic cancerns among
others. Agenda 21, released by the UN Conference on the Environment and Development (UNCED), held in
Rio de Janeiro in 1992, placed greater emphasis on achieving sustainability in agriculture. There is serious
growing cancern throughout the world about the sustainability of agriculture, and the impact of agriculture
on the global as weIl as local environment. Sweden introduced Agenda 21 for environmental protection to
sustainab1e development in agriculturai and other fields (Swedish Ministry of the Environment, 1997). In
Sweden and other developed countries, high levels of agricultural inputs are used in crop production system
to increase efficiency of output per tillit of resources input that now contributes to environmental problems.
Sustainable agriculture requires that pollution is minimized and the processes are as efficient as possible
(Robinson, 1999). Olle of the objectives of Swedish agri-environment programme is to minimize the
negative effects of agriculturai inputs in the environment (Eklund, 1999). Minimization of Cd addition in soil
is thereby a part of achieving sustainable agriculture.
There are same regulations imposed by the Swedish government and voluntary agreements between
industries and authorities to reduce anthropogenic use of Cd. Since human beings are exposed to Cd through
agriculturai crops, reduction of Cd in the agriculturai input is a part of sustainable Cd management strategy.
In the following section same legislative aspects of sustainability are discussed that cancern the reduction of
Cd in agricultural inputs in Sweden.

6.1 Regulations of Cd in agricultural inputs to minimize Cd influx in soil
The main agricultural inputs that add Cd to Swedish soils discussed in section 3.2.2, 3.2.3, 3.2.4 and 3.2.5.
How regulations can reduce Cd contents of these inputs will be discussed here. In Sweden besides
govemment regulations, there are same voluntary agreements between fertilizer and road industries to
reduce Cd in soil as weIl as in crops. The main regulations are as follows:
a) Regulations to reduce Cd in phosphorus fertilizer
b) Regulations of Cd in animal feed to reduce Cd in manures
c) Regu1ations to reduce Cd in sewage sludge for applications in agriculturallands
d) Regulations to reduce Cd in liming materials

6.1.1 Regulations to reduce Cd in phosphorus fertilizer
There are no EV-wide provisions on Cd content of P fertilizers and the Directive on fertilizers does not
contain any provisions for Cd levels (National Chemicals Inspectorate, 1997). Sweden has its own
regulations regarding maximum Cd limits in P-fertilizers. According to the Swedish Code of Statutes, SFS
1985:839 the official and legally binding maximum limit of Cd in P-fertilizer is 1O0mgper kg ofphosphorus
(P) (Hellstrand and Landner, 1998). The agricultural market actors including fertilizer suppliers, farmers'
organizations and retail suppliers support the regulations. Swedish farmers are also concerned in reducing Cd
in faDd. The Swedish farmers supply and crop marketing organization ("Svenska Lantmännen") as a
voluntary measure sells fertilizers that contain maximum 25 mg Cd/kg P (Skånska Lantmännen 2000). In the
country there are same trade related regulations like environmental taxation on Cd levels in P-fertilizers
trading. As per the Swedish Code of Statues, SFS 1984:409 "an environmental fee is raised for Cd
concentrations between 5 and 100 mg Cd/kg P, which amounts at 30 SEK per g" (Hellstrand and Landner,
1998). This regulation implies that fertilizer producers and traders have issued a "Cd guarantee" saying that
same of their main products contain less than 5 mg Cd/kg P. At present, in Sweden P-fertilizer application
rate is 20 kg P/ha/y (Statistics Sweden, 2001). Assuming this application rate with reduction from 100 down
to 5 mg Cd/kg P means an important step forward for sustainable Cd management in agriculture. In Sweden
collective approaches from farmers, fertilizer manufactures and suppliers have set use of low-Cd P fertilizer.
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of Cd in animal feed to reduce Cd in manures

Animal manures contain Cd due to the occurrence of the metal in the natural components of animal feeds
and phosphate additives (Cd as impurities) in feeds (Landner et al. 1996). In animal feed the Cd content is
normally regulated as a maximum content of Cd in feed and feed mixture (ibid.). For EV countries EV
Directive 74/63/EEC already have set a maximum aIlowable Cd content in inorganic feed phosphates, which
is 10 mg/kg (ibid.). In Sweden the maximum aIlowable Cd content in animal feed phosphorous is set at 0.5
to 5 mg/kg in complete feed and feed mixtures (88% of the dry mater contents) (ibid.). Recently, Cd contents
in cattle manures have decreased about two fold partly due to reduced Cd content in P fertilizer used for feed
grain and grass production and partly reduction in atmospheric deposition (Steineck et al. 1999).
In Sweden there is environmental tax on the Cd content in P-fertilizer. In this tum imposes taxation on
certain levels of Cd in raw feed phosphates that could be a guarantee to reduce Cd levels in feed. Regulations
can lower Cd levels in manures, however it is not sure how much it would be. The ideal of such a goal is to
avoid long term accumulation of this metal in soil via manures. This could be Olle important aspect in
creating of sustainable agriculturaI system.

6.1.3 Regulations to reduce Cd in sewage sludge for applications in agriculturallands
In Sweden, there is a regulation on Cd content in sewage sludge to be used in agricultural fields. As per
Swedish Code of Statutes, SFS 1985:840 that is "sewage sludge for agriculturaI uses may not be offered for
sale or transferred if a certain cadmium content is exceeded" (National Chemicals Inspectorate, 1995). In the
country the concentration of Cd in sludge and its application in agriculturallands has resulted in limitation
for sludge use in farming land since large doges have been applied (recommended annual average rate of
application is 1 tonne dry weight/ha) (Andersson, 1992). Only a minor portion of the total cultivated land has
been subjected to sewage sludge application (ibid.). The federation of Swedish Farmers (LRF) stopped the
spreading of Sewage sludge on cultivated land in 1990 due to high metal contents and uncertainties about
anthropogenic chemicals in it (Eksvärd, 1996). In 1995 an agreement has been reached among Swedish
Environmental Protection Agency (SEPA), Federation of Swedish Farmers (LRF) and Swedish Water and
Wastewater Work Association (VAV) about the content of metals and organic matter and maximum
allowable Cd load from sludge spread over per hectare of land (ibid.). The limit of Cd in sewage sludge on
arable land has been fixed to a maximum value of 1.75 mg Cd/ha/y from 1995-2000, and arter 2000, this
limit would be 0.75 mg Cd/ha/y (Swedish Govemment, 1998). This is a breakthrough in order to reduce Cd
content in Sewage sludge and reduction of Cd in soil. In Sweden, the main dairy and cereal industries do not
accept products from farms using sludge as voluntary measures to avoid risk of Cd and other inorganic and
organic chemicals (Svensson 2001, personal communication).

6.1.4 Regulations to reduce Cd in liming materials
In Sweden there is no regulation by Swedish Code of Statutes on maximum Cd content in liming materials.
There are same national efforts to reduce Cd in lime. The agricultural market actors like farmers'
organizations and liming material suppliers have taken voluntary measures to available low-Cd liming
materials in the agrochemical-market. The Swedish farmers supply and crop marketing organization
(Lantmännen) as a voluntary measure is selling same liming materials that contain less than 0.05 mg Cd/kg
CaO (Lantmännen Växtodiaren, 2001). This is an important effort to reach a balance between influx and
outflow of Cd to soils as weIl as minimizing Cd in crops.
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6.2 Regulation concerning Iowering of atmospheric deposition of cadmium in soiI
In the section 3.2.1 the sources of atmospheric emissions of Cd and deposition on soil have been discussed.
Lowering of atmospheric Cd deposition implies that the Cd emissions from those sources should be lowered.
In Sweden, to reduce the total lise of hazardous chemicals a "Law on Products Hazardous to Health and to
the Environment (SFS 1973:329)" was introduced in 1973. This was the start of Swedish regulatory attempts
to reduce the lise of Cd (Nilsson, 1990). Cd has been banned for lise in most products in Sweden since 1982,
and exemption is made only for SOfiespecified areas of applications (ibid.). Hs lise in pigments, stabilizers,
and plating has been estimated to decrease by about 90% (imported products included) (OECD, 1994). The
Cd pigments are now used mainly in art paints, in the production of certain glass and ceramic materials and
very small amount in special plastics (ibid.). Since the end of the 1980s there are regulations for labelling
recycling symbols in Ni-Cd batteries and separate collection of used batteries and products containing such
batteries for recovery and disposal (ibid.). The lise of Cd alloys has also reduced as a voluntary measure by
industries due to the lise of copper alloys as a substitute (ibid.). The regulations are obligatory for industries
to make alternatives instead of Cd. In the beginning, the phase out of Cd in Sweden had technical and
economic effects due to lack of good alternatives. This ultimately forced industries and importers to find safe
technologies so as not to cause a risk to the environment (National Chemicals Inspectorate1, 1997).
In the resolution of January 1988 for its allies the EC/EU council has addressed "a community action
programme to combat environmental pollution by cadmium". This resolution stresses the reduction in usage
of all sources of Cd and also its lise limited to certain cages where there are no substitute alternatives
(National Chemicals Inspectorate, 1997).
This implies that national and international approaches have brought about the decrease in the anthropogenic
lise of Cd. Cd policy is a limited means and is instrumental in solving the atmospheric Cd emission
problems. In combining this policy with energy policy, industriai policy etc. a more promising situation may
be possible. In northern and Western Europe countries, an improvement of general air quality due to
decreasing emissions of dust from main industries, fossil fuels, and other sources has gradually declined the
atmospheric Cd deposition (and other heavy metais) rate in Sweden since 1968/70 (Ruhling and Tyler,
200 l). This situation may be achieved due to combined efforts of all environmental policies in Sweden and
West European countries. In section 3.2.1 and 5.1 it is found that atmospheric deposition of Cd in Swedish
arable soil is the biggest source, its further reduction would decrease the Cd balance in soil as well as
availability to crops.
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7 Sustainable Cd management strategies to influence the soil Cd balance
and minimize Cd uptake in crops
7.1 Cd management strategies to influence the soil Cd balance and minimize
Cd uptake in crops
Increasing Cd contents of arable soils have been considered to pose a health risk to humans in Sweden.
Eriksson et al. (1996) and McLaughlin and Singh (1999) stated that a general increase in soil-Cd leve! would
result in a general increase in crop-Cd leve!. Cd has reactions and interactions with soil components,
essentiai micro- and macro-nutrients, non-essential metais, plant, c1imate and management factors which
affect transfer of Cd through the food chain. Soil-Cd level (from parent materials and anthropogenic sources)
and soil pH are the main factors that influence the Cd uptake by plants (Eriksson et al. 1996). In the soilplant system, Cd management is difficult because of the variable relationship between Cd accumulation in
soils and translocation to plants and the food chain (McLaughlin and Singh, 1999). However, sustainable Cd
management strategies to work against future increases in soil and plant Cd levels would be to minimize Cd
inputs to soil as weIl as measures to reduce Cd-uptake by plant (Eriksson et al. 1996 and McLaughlin and
Singh, 1999).
There are different management factors that can influence soil and plant Cd contents. Among them the
following management strategies are considered in this study to reduce Cd content in soil and agricultural
crops of Sweden:
1. Liming (with low Cd liming material and optimum dose)
2. Application of organic matter
3. Low Cd P- fertilizer and optimum dose
4. Selection of N fertilizer and optimum dose
5. Selection of low Cd species and variety
Among the above strategies, the first four are involved in soil management practices to reduce availability of
Cd for crops and the fifth one is the choice of low Cd variety to reduce Cd uptake in edible parts in crops.
Management practices in order to minimize Cd in crops would involve more costs for farmers. The costs and
profits of such management practices have been explained in qualitative terms (more expense, more costly,
more profit, less profit etc.), not by exact numerical value, because without field experiment it is difficult to
quantify farm economy under different soil conditions for different crops. All of the strategies and costs and
profits of such management practices are also explained by casual loop diagram (CLD) (figure 5) and
discussed in detail in the following section.
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Figure 5: CLD illustrates the Cd management strategies to achieve the minimum Cd content in soils and
Grops. The words written in hold letter and marked by dark arrow are the strategies. Soil-Cd content
decreases with use of low-Cd P-fertilizer, low-Cd timing materials, and low-Cd organic matter (from
manure, sewage sludge or other sources). Use of timing material, organic matter and selection ofNfertilizer
(less efJects on Cd solubility) decrease the solubility as welt as Cd content in soil solution. Selection of low
Cd Grop species/varieties for cultivation decreases Cd concentration in grains and vegetable etc. Dotted
arrow illustrates that use of these strategies increase framers' cost and decrease profits.
7.1.1 Liming
Soil pH is one of the important factors that determines short-term and long-term variations in solubility and
plant availability of Cd in soil (Eriksson, 1988 and Eriksson et al. 1996). Cd is very mobile at pH values
below 4.6, fairly mobile from 4.6 to 6.6 and moderately mobile from 6.7 to 7.8. Generally the concentration
of Cd in soil solution decrease with increasing soil pH because of negative charge of soil adsorbent surface
increases and Cd as weIl as other metals and hydrogen ions compete to be bind for sorption sites. Generally
liming has been found to be effective in counteracting acid production and influencing the retention of Cd as
weIl as decrease crop uptake (Maclean, 1976 and Re and Singh, 1995). The mechanism of lime action is
explained in figure 6 through a casualloop diagram (CLD) to show the competition for adsorption surface of
soil particles (e.g., H+versus Cd and other metals ion on exchange sites) and solution-adsorbed amount Cd
equilibrium etc.
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Figure 6: CLD explains the mechanism of lime action

About 30% of the total agriculturai soil in Sweden has pH less than 6.0 (Eriksson et al. 1997) and timing is
reeommended for soils that have pH value less than 6.0 (Eriksson et al. 1996). In this paper low-Cd timing
materials have been eonsidered for timing of aeidie soils as one of the strategies to reduee Cd uptake by
erors. Its use would cause marginal inerease of Cd in soils, hut in eomparison with high Cd liming materials
it may minimize Cd balanee in soil. Some of the low Cd timing materials available in the Swedish agromarket is given in table 4.
Table 4: Same of the liming materials
Växtodiaren, 2001)
Origin
Company and
produet
Sala
Magnedol, Omya
Nordkalk Bas
Ignaberga
Do
Nordkalk Bas 4
Do
Nordkalk Plus
Do
Nordkalk Bas 12
Do
Nordkalk Plus
Oxelösund
Merox

available in the Swedish agro-market (source: Lantmännen
Liming materials

Total CaO, %

Cd eontent (mg Cd/kg)

Crasher dolomite
Crashed lime stone
Mg-erashed
Lime powder
Crashed dolomite
Dolomite powder
M-lime

54
49
51
49
58
60
50

<0.5
0.4
0.3
0.4
<0.05
<0.05
<0.01

Normally it is found that small to moderate amounts of lime applieation cause a deerease in Cd levels in
erors, hut high timing rates inerease Cd levels due to Ca-Cd eompetition for adsorbent sites (ealcium is
stronger eompetitor than Cd) (Christensen, 1984). So, optimum amounts of timing are important. In neutral
soils (Cd-rieh) timing inereases the availability of Cd in soils to be taken up by plant due to the displaeement
of Cd from soil adsorbed sites by Ca ion of timing materials.
In Sweden farmers whose soil pH is less than 6.0 usually praetiee the usages of lime materials. Only part of
the timing eosts would be seen as eosts for redueing Cd availability to plants.

7.1.2 Application of organic matter
Since the availability of Cd to eror is mostly re1atedto the availability of Cd in the soil solution, it eould be
possible to reduee availability by inereasing the adsorption of Cd by soil solid phase. Applieation of organie
matter has been thought to playan important roIe in inereasing adsorption of Cd (through eation exehange
eapaeity) on adsorbent surfaee of soil solids (organie matter inereases adsorbent surfaee of soil solids) and
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binding of Cd (organie eomplex formation) (Andersson and Nilsson, 1974, Davis and Coke, 1980 and Grant
et. al. 1999).

Manure and sewage sludge can be osed as a source of organic matter. Plough down of straw and
crop residues of previous harvest can also incorporate organic matter. The mechanism of organic
matter is explained in figure 7 by a casualloop diagram (CLD).
Organic matter

~

Adsorbent surface ofsoil solids

Cd in soil solution

Ad_'loo ofed '0)0'1"

Figure 7: CLD of the mechanism of organic matter to reduce plant available Cd in soil

The applieation of organie matter may reduee plant uptake maTeeffieiently in sandy than in clayey soils even
though the exehangeable Cd do not differ between the two soils (Eriksson, 1988). The amount ofCd-organie
eomplex formation inereases with inereasing pH (Eriksson 1990a and Grant et al. 1999). Organie matter also
modifies pH influeneed (below pH 6) Cd levels in soil solution by binding Cd in highly aeid soils. In
addition, at neutral soil (around pH 6.5) addition of organie matter has great ability to reduee solubility and
uptake of Cd by plants espeeially in mineral soils due to high eation exehange capacity and eomplex
formation ability with Cd (Eriksson, 1988).
Use of organie matter espeeially from sewage sludge and manure sourees would cause marginal inerease of
Cd in soils, on the other hand it would cause minor deerease of Cd in erors. In Sweden keeping organie
matter content in mineral soil at or above 4-5% is generally reeommended at improve soil physieal and
ehemieal properties. Farmers who have livestock on the farm have maTe organie matter to utilize in their
eropland in reasonable eosts. Farmers who don't have livestock on their farms they also can utilize organie
matter by ineorporating eror residues of the previous harvest.
7.1.3 Low-Cd P fertilizer and optimum dose
P-fertilizer is added to the soil to produce higher eror yield and quality. It eontains different levels of Cd
depending on different phosphorus fertilizers available in the agro-market. Applieation of P fertilizer may
influenee Cd eoneentration in the soil solution (availability) and eror uptake direetly through Cd addition as
a eontaminant or indireetly through its effeets on soil pH, inereased fertilizer salt eoneentration and eror
growth (Grant et al. 1996 and Grant et al. 1999).

Inereased fertilizer salt eoneentration inereases the solubility of Cd direetly by displacement of exehangeable
Cd ian present on soil solid and indireetly by displacement of exehangeable hydrogen ian to deerease soil pH
that can cause Cd uptake in erors (Andersson, 1976 and Taylor and Percival, 2001). Right seleetion and
right amount of P fertilizer utilization in soil may deerease Cd in erors as well as ensure optimal erop yields.
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Different phosphate sourees may differentiaIly influenee Cd availability. Applieation of slightly aeidie P
fertilizer enhanees the solubility and availability of Cd through weakly aeidifieation effeet on soil. On the
other hand neutral P-fertilizer may reduee Cd uptake in erors as eompared with slightly aeidie fertilizer.
Therefore, P- fertilizers that have relatively high plant Pavailability, hut have lower effeet on the availability
of Cd for erors may be effeetive to seleet in terms of short input of Cd in the food ehain (Grant et al. 1996
and Grant et al. 1999). With inereasing P-fertilizer applieation rate eror Cd content inerease and also soil Cd
levels slightly inerease in the long ron (Andersson and Siman, 1991).
In Sweden, the average eommereial P fertilizer applieation rate has inereased since World War II, hut has
been deelining since 1974 (Hellstrand and Landner, 1998). Phosphorus had eontinuously been applied to the
soil in amounts that is more than eompensating for those removed by the harvest (Andersson et al. 1998).
About 51 % Swedish arable soil has a very good supply of P-nutrient (>8 mg P/lOOg soil) due to heavy
applieation in the rast decades (SEPA, 2000). Similar effeets are also observed in Danish soils (Rubaek and
Sibbesen, 2000). In these soils Cd input from P fertilizers as weIl as uptake in erors eould be redueed by
utilizing minimum levels of P-fertilizers for optimum yields for the next 5-15 years (Svensson, 2001,
personal eommunieation). The low Cd P-fertilizers available in the Swedish agro-market is given in table 5.
P-fertilizer eould be use as single nutrient fertilizer or in eombination with other nutrient like N and K
elements. When it is used in eombination with other nutrient, N and K in that ease, the effeet of the other
nutrient for Cd solubility should be considered.
Table 5: Same fertilizers available in the Swedish agro-market (source: Skånska Lantmännen, 2000)

Fertiliser
N fertilizer

P fertilizer
K fertilizer
PK

NP
NK
NPK

Urea
Hydro N28
Chilesap
Hydro KS
Hydro Axan
Hydro ProBeta N
P20
Kalisalt
Kalimangnesia
Hydro PK 13-13
PK 7-25
PK 5-17
OptiCrop 27-5-0
DAP NP 18-20
Hydro NK 20-15
Unika
BASF NPK 20-4-8 S
H NPK SB 20-3-5
OptiCrop 17-4-13
Hydro ProBeta NPK
Pro Magna 11-5-18
NPK 8-5-19 mikro

pH reaetion in
soil
Slightly aeid
Neutral
Slightly basie
Do
Slightly aeid
Do
Neutral
Do
Do
Do
Do
Do
Slightly aeid
Aeid
Neutral
Slightly basic
Slightly aeid
Neutral
Slightly aeid
Do
Do
Do

Cd content
(mg Cd/kg P)
O
O
O
O
O
O
21-25
O
O
21-25
<12
<5
<5
<5
O
O
6-10
<5
<5
<5
<5
13

Placement of P-fertilizer may also influenee Cd aeeumulation in erors and in the soil. Banded placement of
P-fertilizer inereases the fertilizer effieieney in erors. It optimises eror produetion and inereases
aeeumulation of Cd in plants eompared to broadeast applieation of an equivalent amount of fertilizer.
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Although, broadeast placement of equivalent amount ofP-fertilizer produce lower Cd accumulation in plant,
but in order to Teachthe same eror produetion, higher amounts ofP-fertilizer have to be applied and it would
lead to higher Cd aeeumulation in the soil. Use of low Cd P-fertilizer through banded plaeement teehnique
would reduee total amount of fertilizer required to optimise eror yield as well as would lead to lowering
long-term addition of Cd to the soil system (Grant et al. 1996, MeLaughlin et al. 1996 and Grant et al. 1999).
Use of low-Cd P fertilizer would cause minor increase of Cd in soil, but in eomparison with high Cd
fertilizer it may minimize Cd balanee in soil. Low-Cd P fertilizer is more expensive than high-Cd P-fertilizer
and also neutral P fertilizer is more expensive than slightly aeidie one (Hansson, 2001, personal
eommunieation). It is mentioned thai lise oflow-Cd fertilizer would inerease farmers' eost.

7.1.4 Selection of nitrogen fertilizer and optimum dose
Nitrogen fertilizer is added to the soil to inerease crop yield and quaiity. However, Cd availability in soil
solution and eror uptake is influeneed through effeets on soil pH, beeause of its reaetion behaviour (aeidic,
neutral or basie) (Andersson, 1976). The stronger the aeidifying effect the Cd in soil solution would be
higher and availability to erors. Most of the fertilizers eontaining ammonium have a weak aeidifying effeet
on the soil due to their nitrification and its lise inereases the eror uptake of Cd (Eriksson 1990e, Eriksson
1990a, and Mitehell, 1997). On the other hand, lise of nitrate-N eould produee lower plant Cd due to its
alkaline (basie) reaetion in soils (Eriksson 1990a and Eriksson, 1990c). Neutral N fertilizers have less
effeets on Cd solubility in soil and reduee Cd uptake in erors in eomparison with aeidie ones. Therefore,
neutral and basic N fertilizers thai produee lower plant Cd eoneentrations in soil may be effeetive to reduee
the input of Cd in the food ehain. The nitrogen fertilizers available in the Swedish agro-market are given in
table 5. Nitrogen fertilizer could be used as a single nutrient fertilizer or in eombination with other nutrients
like P and K depending on soil eharaeteristies especially pH and eror eharaeteristies. Soils high in plant
available Cd (low soil pH) should be fertilize with neutral or slightly basie N-fertilizer.
Inereasing N fertilization rates also generally inerease the solubility and plant uptake of Cd direetly by
displaeement of exehangeable Cd ion from soil solid by N-fertilizer salt and also indireetly by displaeement
of exehangeable hydrogen ion thai tends to deerease soil pH (Andersson, 1976, Eriksson 1990e and Mitehell,
1997). The Cd eontents in wheat grain (variety: Dragon) inerease with inereasing N-fertilizer applieation rate
is shown in figure 8.
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Figure 8: Cd contents in wheat grain (variety: Dragon) increase with increasing Nfertilizer application rates (source: Jönsson, 2001, personal communication)
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Fertilization may also influence plant ability (passively) to take up Cd from the soil due to influence on plant
growth parameters such as roat alone (Grant et al. 1996 and Mitchell, 1997). From discussion above it is
apparent that selection of slightly basic N fertilizer for acidic soils, neutralIbasic for neutral soil and overall
right amount (optimum) of N fertilizer utilization in soil may minimize Cd in crops as weIl as ensure optimal
crop yields.
In the Swedish fertilizer market basic and neutral N-fertilizer are maTe expensive than acidic Olles (Hansson
2001, personal communication). Their lise will increase farmers' cost. Farmers' cost also increase with
fertilization rate.

7.1.5 Selection of crop species and varieties
Crop species and variety differ widely in their ability to absorb, accumulate and translocation of Cd to the
edible parts due to their genetic characteristics (Bailey et al. 1996, Grant et al. 1996, Landner et al. 1996,
and McLaughlin and Singh, 1999). Same crop species such as durum wheat, and sunflower seed have high
Cd levels in grains (>0.1 mglkg DW, the Codex limit) campare with those of rye, barleys, and Dats (Bailey
et al. 1996). Other than these carrot, potatoes and sugar beets also contain significant amount of Cd in edible
part.
Cd concentration may differ widely among cultivars within a species due to genetic variation (McLaughlin
and Singh, 1999). Accumulation of Cd by crops as weIl as their distribution in different parts differ among
varieties within the same species (Andersson and Pettersson, 1981). Plants takeupe Cd hut most of it may be
retained in roats and smaller quantity is translocated to leaves, stem and grain. McLaughlin and Singh (1999
P-155) showed that higher concentrations of Cd are present in roats of Dats, soybean, alfalfa, maize and
tomato than other parts of the plants. In wheat and Dathigher Cd concentration is found in straw than in the
grain (Andersson and Petersson, 1981). Differences also found within the grain. The grain coat has higher Cd
than the endosperm.
Crops (such as potatoes, durum wheat, sunflowers, peanut and vegetables) prone to Cd accumulation should
be cultivated on soils that contain high plant available Cd (McLaughlin and Singh, 1999).
Since crop varieties differs greatly in the genetic tendency to accumulate Cd, plant breeders have made
progress in reducing grain Cd in several crops. Using "marker gene" durum wheat lines have been screened
and isolated with Cd content 30 to 60% below the high Cd lines. Currently all Canadian durum lines in
registration tests have Cd levels potentially lower than the proposed Codex levels of 0.1 mglkg (Bailey et al.
1996 and McLaughlin and Singh, 1999). In Sweden, Austrian durum wheat varieties with low Cd content are
grown (Svensson 2001, personal communication). Thus, Cd uptake in crops can be controlled to same extent
through selection of crop species and variety. Research to develop low-Cd varieties would be continued.
Growing of high-Cd varieties with high yield would not be profitable because grain with Cd content above
acceptable limit cannot be sold for human consumption. Selection of low-Cd variety with lower yielding
capacity in same cases can be profitable for farmers. There are crops and varieties that genetically absorb
less Cd both on low and high soil-Cd level. They can be used in combination with management strategies in
order to efficiently reduce Cd in crops. So, variety selection in terms of east and profit is an important matter
for farmers.
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7.2 Application of management strategies for different crops grown in different
son-Cd and pH levels
In Sweden the main erors grown for human eonsumption are wheat, barley, rye, oat, oil seed, earrot and
potatoes. These erors absorb different levels of Cd under different field eonditions and management aspeets.
In this study seven (7) tyres of farmlands are seleeted and considered whieh have different Cd and pH levels.
Under these eonditions seven different erors are ehosen for eultivation with a possibility to minimize Cd
content by applying the Cd management strategies (diseussed in charter 7.1). It is mentioned that fields and
erors are chosen hypothetieally, but relevant for same of the Swedish soil eharaeteristies. It is also assumed
that all seleeted farmiands have mineral soils and agrieultural praetiee is eonventionaI. The erors seleeted for
different farmiands with different soil and Cd levels are given below:
Parmiand 1: Crop: Winter wheat
Soil: Neutral
Cd level in soil: Medium high
Parmiand 2: Crop: oat
Soil: Slightly aeidie
Cd level in soil: Medium high
Parmiand 3: Crop: Carrot
Soil: Medium aeidie
Cd level in soil: Medium high
Parmiand 4: Crop: Barley
Soil: Slightly acidie
Cd level in soil: Medium high
Parmiand 5: Crop: Rye
Soil: Medium aeidie
Cd level in soil: High
Parmiand 6: Crop: Potatoes
Soil: Aeidie
Cd level in soil: High
Parmiand 7: Crop: Spring wheat
Soil: Neutral
Cd level in soil: Medium high
The effeets of the strategies individually and/or eolleetively influenee the eoneentration of Cd in soils and
erors. Without field experiment it is very diffieult to quantify the effeet of the strategies on soils and erors'
Cd leveis. But, available literature in this field has been used to analyse the effeets of Cd management
strategies and to understand eonsequenees in soils and erors Cd eoneentration. The effeets of strategies that
ehange the eoneentration of Cd in soil and erors have been express ed by theoretieal qualitative terms by "+"
H_" , O, N.A. sign. Here, "+" means good/positive effeet (deerease of soil or eror Cd eontent), "-" means
bad/negative effeet (inerease of soil or eror Cd eontent), "O" means no influenee, and "N.A" means not
applieable. Inereasing or deereasing number of "+" or "-" sign indieates the intensity of effeets. All the
qualitative expressions are given the table: 6.
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Table 6: Changes in the concentrations of Cd in soil and Grop expressed in different
qualitative terms
+ + + Very good/positive effeet (Substantiai deerease of soil or eror Cd content)
+ + Good /positive effeet (Decrease of soil or eror Cd content)
+
Marginal (+) positive effeet (Minor deerease of soil or eror Cd content)
Marginal (-) /negative effeet (Marginal inerease of soil or eror Cd content)
Bad/negative effeet (Inerease of soil or eror Cd content)
- - - Very bad/negative effeet (Substantial inerease of soil or eror Cd content)
O
No influenee on soil or eror Cd content
N.A. Not Applieable
Applieation of these strategies for different erors grown in different farmlands soil eonditions and their
effeets on soil and eror Cd contents are diseussed in the following sections.

7.2.1 Winter wheat
Winter wheat is an important eror grown in Sweden. The average Cd content of winter wheat is 43 Jlg/kg dry
weight with a variation from 8-207 Jlg/kg dry weight (Eriksson and Söderström, 1996).
In this study, farmiand chosen to grow winter wheat has neutral pH and medium high Cd content. The effeets
of strategies on soil and eror Cd content are shown in table 7.
Table 7: The ejJects of strategies on soil and winter wheat Cd content grown in neutral soil

Strategies

Effeets on soil Cd eont.

Effeets on eror Cd
eont.
N.A.
+

N.A.
Liming
Organie matter
Low-Cd P fertilizer
O
Seleetion of N fertilizer
N.A.
Seleetion of variety
* Explanation of different signs is mentioned in table 6 (ehapter 7.2)

+
++

Discussion and suggestions
In neutral soilliming has limited effeet to reduee Cd uptake in wheat. On the other hand, it may inerease the
Cd availability to plant due to exchange of Cd jon from soil adsorbed sites by Ca jon of liming material
(diseussed in charter 7.1.1). So liming would leave some Cd addition in soil and increase of Cd content in
winter wheat and it would also inerease farmer's cost. Considering this, liming is not applieable to reduee Cd
uptake in winter wheat grown in neutral soil that has medium-Cd content.
The management of aetivity of Cd in soil solution can be used to reduee Cd uptake in winter wheat. Organie
matter has high adsorption capacity and its lise will tend to reduce the availability of Cd jon in the soil
solution in the short and long term and therefore, reduees plant availability of Cd (Andersson and Nilsson
1974, Eriksson 1990a, and Grant et al. 1999, discussed in charter 7.1.2). H is mentioned that organie matter
contains small amount of Cd, and hence, its lise would add minor amount of Cd in soils hut at the same time,
it may have a decreasing effeet on Cd uptake in winter wheat grain.
Commercial P-fertilizer is added to soils to produce higher winter wheat yield and quality. Hs applications in
the long mn may inerease Cd eoncentration in erors due to Cd addition.( diseussed in charter 3.2.1 and
7.1.2). But the effeet can be minimized by seleeting low-Cd P-fertilizer together with avoiding excess P-
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fertilizer application and also seleeting fertilizer source that has minimal effect on the solubility and
availability of Cd for crop (neutral reaction in soil) (discussed in charter 7.1.3). Since the farmiand soil pH is
neutral it could be logical to use one of the low-Cd neutral P-fertilizer «5 mg Cd/kg, mentioned in table 5)
to minimize solubility effect on Cd.
N-fertilizers are normally applied to grain crop cultivation to produce higher yield. However, due to addition
of N-fertilizer SOfie soil functions such as pH and ionic strength may be affected and interact with plant
growth parameters such as root growth and extraction of Cd by plant from soil solution (Mitchell 1997,
Eriksson 1990c, discussed 7.1.4). Uptake of Cd in winter wheat grain can be minimized by selection of Nfertilizer in terms of reaction behaviour and amounts. Since, the farmiand soil pH is neutral it could be
effective to use neutral or basic N-fertilizer (mentioned in table 5) to minimize solubility of Cd and uptake
by winter wheat. Within these two groups ofN-fertilizers use ofbasic (alkaline) fertilizer is more effective in
lowering soluble Cd levels and plant uptake than neutral one (discussed in charter 7.1.4). But, it is more
expensive than neutral N-fertilizer (Hansson, 2001 personal communication). In 1997 Jönsson in a field
experiment on winter wheat (variety-Kosack) round that Cd concentration in grain is associated with Nfertilization application rate (Jönsson, 2001, Personnal commumication,), shown in table 8. Since, increasing
N-fertilization generally increases the solubility of Cd and extract of more Cd by root, it would be logical to
apply optimum dose ofN-fertilizer fixing optimal grain yield target to minimize Cd in winter wheat grain.
Table 8: The Cd content in grains of winter wheat in different N fertilization
(Jönsson, 2001, personal communication)

N fertilization rate (kg/ha)
50
100
150

rate

Cd content in grain (mg/kg DW)
0.025
0.030
0.035

Variety selection is arealistic strategy to reduce Cd accumulation in edible portion of crops. Cultivars
differing in Cd uptake in grain has been reported for a number of winter wheat varieties in Sweden.
Andersson and Pettersson (1981) round that winter wheat cultivar "Holme" have 15-24% lower Cd content
than the other three cultivars "Starke II", "Solid" and "Hildur" depending on regional variation. It has been
reported that the average Cd contents of different winter wheat varieties are different (Johansson, 1997), and
it is given the table 9.
Table 9: The average Cd contents in grains of different winter wheat varieties grown in Sweden (Johansson,
1997)

Variety
Grain Cd
cont. in
mg/kg DW

Folke
0.042

Kosack
0.041

Stava
0.037

Gunbo
0.041

Starke
0.059

Solid
0.052

Odin
0.056

Protal
0.056

Rental
0.058

Hildur
0.059

From the table it is round that winter wheat varieties like- Stava, Kosack, Gunbo and Folke have Cd content
0.037-0.042 mg/kg (dry weight), while Portal, Rental and Hildur have 0.056-59 mg Cd/kg (dry weight), it
would be logical to select a variety from the earlier group to reduce Cd intake in human diet.
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7.2.2 Oat

i;

Oats are grown in all kinds of soils in Sweden. The average Cd content of oat grain is 36Jlglkg dry weight,
with a variation from 8 to 108 Jlg/kgDW (Eriksson, 1990b).
In this study, farmiand chosen to grow oat has slightly acidic pH and medium high Cd content. The effects of
strategies on soil and crop Cd content are shown in table 10.
Table 10: Ejfects of strategies on soil and oat Cd content grown in slightly acidic soil

Strategies
Liming
Organic matter
Low Cd P fertilizer
Selection of N fertilizer
Selection of variety

Effects on soil Cd conto

O
N.A

Effects on crop Cd conto
++
+

+
++

*Explanation of different signs is mentioned in table 6 (chapter 7.2)
Discussion and suggestions
I:

Eriksson et al. in 1990 round that Cd contents in oat increase with increasing soil acidity. Liming to elevate
pH towards neutral level from slightly acidic conditions has good effect to reduce Cd in soil solution and
uptake of Cd in crops (discussed in chapter 7.1.1). Increasing the soil pH by liming can significantly
decrease the Cd concentration in oat. He and Singh (1995) also round the similar effect on oat grown in loam
soi!. Since liming materials contain Cd, lise of low Cd liming materials would add minor amount of Cd in
soil and on the other hand, it would decrease Cd content in oat grain. Hs lise may also increase farmer' s
costs. In Sweden, liming is a normal practice for crop cultivation in this kind of soil and only part of the
liming costs should be perceived as costs for Cd reduction.
Since, the Cd content of the soil is medium high, the controI of activity of Cd in soil solution can be used to
reduce Cd uptake by oat. Organic matter can be used to reduce the activity of Cd jon in the soil solution and
therefore, reduces plant availability of Cd. In mineral soils the Cd adsorption capacity of the soil solid
increases as the organic matter content increases and as a result, decrease the Cd content of oat (discussed
maTe detail, see chapter 7.1.2 and 7.2.1). Use of organic matter will give a minor increase of Cd in soil and
marginal decrease of Cd in oat.
Fertilization with Cd-containing P-fertilizers generally has greater affect on Cd solubility and uptake by oat
when grown at low pH soil (He and Singh, 1995). Since, the soil pH is slightly acidic it could be logical to
lise low-Cd neutral P-fertilizer «5 mg Cd/kg, mentioned in table 5) to minimize the availability effect of Cd
on oat. H is mentionable that low-Cd P-fertilizer is costlier and its lise will increase farmer's cost (Hansson
2001, personal communication). Cd concentrations of oat grain increase with increasing P-fertilizer
application rate grown in sandy and loam soils (He and Singh, 1995). H can be minimized by applying
optimum amount of P-fertilizer through accurate soil P testing and fixing optimal grain yield target for
sustainable production. Optimum (right) amount ofP-fertilization application can reduce cost in comparison
to excess fertilization. For maTedetails see chapter 7.1.4. Use of low Cd P-fertilizer may have effects on the
minor increase of Cd both in soil and crop.
Uptake of Cd in oat grains can be minimized by selection of N-fertilizer in terms of chemical form (acidic,
neutral or alkaline reaction behaviour in soil) and amounts. Since the soil pH is slightly acidic it could be
effective to lise basic N-fertilizer (mentioned in table 5) in lowering soluble Cd levels and uptake in oat. But,
it is maTe expensive than neutral N-fertilizer (Hansson 2001, personal communication). Increasing N-

Chapter 7.2

27

AT.M. Mustafa Kamal

LUMES 2000/2001 - Master' s Thesis

fertilization generally increases the solubility of Cd and crop uptake (discussed in chapter 7.1.4 and 7.2.1) it
would be rationai to apply optimum dose offertilizer to minimize Cd in Datgrain as weIl as farmer's costs.
Selection of variety is a rationai strategy to reduce Cd accumulation in edible portion of crops. Cultivars
differences in Cd content in grain have been reported for a number of Dat varieties in Sweden. Johansson
(1997) submitted a report to the Swedish Board for Forest and Agriculturai Research where he showed
average Cd content variation in grain of different varieties of Dat for the year 1994-1996. It is given in the
table 11.
Table 11: The Cd con tent in grains of different oat varieties grown during 1994-196 in Sweden

Variety
Grain Cd
contoin
mglkg DW

Svea
0.071

Vital
0.068

Freja
0.063

Vera
0.062

Adam
0.062

Petra
0.071

Sang
0.078

Galopp
0.112

Diana
0.113

Cultivars - Vera, Freja and Adam contain less Cd in grain and it would be logical to select one of the low-Cd
cultivars for cultivation to reduce Cd intake in human diet. Variety selection and other management
strategies together can reduce grain Cd content of Dat.
7.2.3 Carrot
Carrots have relatively high Cd concentrations compared with other vegetables and tuber crops (like
potatoes). Carrots contribute a preferential portion of adult dietary intake of Cd in Sweden. Jansson and
Öbom (2000) in their field investigation throughout Sweden round that the average Cd concentration was
300 Jlglkg dry weight (0.033 mglkg fresh weight) with a wide range of variation, 60-850 Jlglkg DW.
Farmiand chosen to cultivate carrot possesses medium acidic pR and medium high Cd content. The effects of
strategies on soil and crop Cd contents are shown in table 12.
Table 12: The effects of strategies on soi/ and carrot Cd content grown in medium acidic soi/

Effects on soil Cd conto
Effects on crop Cd conto
Strategies
+++
Liming
+
Organic matter
Low Cd P fertilizer
+
O
Selection of N fertilizer
O
N.A
Selection of variety
*Explanation of different sign is mentioned in table 6 (chapter 7.2)
Discussion and suggestions
Carrots grown on acidic soils normally accumulate higher Cd than on neutral soils. In acid soil liming to
maintain a neutral pR level can reduce the solubility and availability of Cd to carrots on a relatively shortterm basis. Liming in small doses could be very effective while larger dose can have opposite effects on Cd
availability and uptake by crop (discussed in chapter 7.1.1). Increasing the soil pR by liming significantly
decrease the Cd concentration in carrots and the same effect was also observed by Re and Singh (1995).
Liming has decreased carrot roat Cd contents by 50% in Australia (Sparrow and Salardini, 1997). It is also
round that liming to sludge-amended soils up to pR 7.0 significantly reduce Cd concentration in carrot
(Rooda and Alloway, 1996). Other actions ofliming have been discussed more in detail in chapter 7.1.1. Use
of low Cd liming materials will add minor amount of Cd in soil but it will also decrease Cd uptake in carrots
substantially.
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As the Cd content of the farmIand soil is medium high and it (Cd) is relatively soluble in medium acidic pH
application organic matter may be effective to reduce solubility of Cd and thereby, to decrease uptake of
carrot. Other actions of organic matter have been discussed in detail in chapter 7.1.1 and 7.2.2. Use of
organic matter would cause a minor increase of Cd in soil hut a marginal decrease of carrot Cd content.
Carrot naturally need higher doges of P-fertilizer for its growth and yield. H is also prone to Cd
accumulation. In Sweden, carrots are intensively cultivated with large amount of P fertilizer (50 Kg Plha)
(Jansson and Öbom, 2000). Fertilization with Cd-containing P-fertilizers in low pH soil generally have more
pronounced effect on Cd concentration in carrots than at higher soil pH (He and Singh, 1995). But the effect
can be minimized by seleeting low Cd P-fertilizer together with avoiding excess P-fertilizer application and
seleeting fertilizer reaction behaviour in soil (neutral) (discussed in chapter 7.1.3 and 7.2.2). Since, the soil
pH is medium acidic it could be realistic to lise low-Cd neutral P-fertilizer «5 mg Cdlkg, mentioned in table
5) to minimize solubility effect on Cd. Low-Cd neutral P-fertilizer available in agro-market is costlier and its
lise will increase farmer's cost (Hansson 2001, personal communication). Hs lise may cause marginal
increase of Cd both in soil and carrot.
In this farmIand, selection of basic N-fertilizer and lise of optimum fertilizer are applicable to reduce Cd
solubility and uptake in carrots. The effects of selection and lise of N fertilizer in this soil and carrots are
similar to that of chapter 7.2.2. This will increase farmer' scosts.

Variety selection is a logical strategy to reduce Cd accumulation in edible portion of crops. Carrots varieties
available in Sweden have no significant difference in Cd content except grown under different soil
conditions (such as soil pH, organic matter content and soil Cd) (Jansson and Öbom, 2000). So, in this
regards, variety selection would not be effective.

7.2.4 Barley
Barley is Olleof the cereal crops grown in Sweden. The average Cd content ofbarley grain is about 24 ~glkg
dry weight (Andersson, 1992). Cd content of barley grain increase with increasing soil Cd levels as well as
with applied Cd sources. Cd content of barley grain increase with increasing soil cd as well as with applied
sources (contaminant) (Singh and Myer, 1998).
FarmIand chosen to cultivate barley possesses slightly acidic pH and medium high Cd content. The effects of
strategies on soil and crop Cd contents are shown in table 13.
Table 13: Effects of strategies on soil and barley Cd content grown on slightly acidic soil

Strategies
Liming
Organic matter
Low Cd P fertilizer
Selection of N fertilizer & doge
Selection of variety

Effects on soil Cd cont.
O
N.A.

Effects on crop Cd cont.
++
+
+
O

* Expression of different signs is given in table 6 (chapter 7.2)

Discussion and suggestions
Liming to rise pH up to neutralleveI would reduce the solubility of Cd in soil and thereby, uptake by barley
would decrease. Effects of timing on the farmIand soil and barley are similar as discussed in chapter 7.2.2.
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Organic matter has high cation exchange and binding capacity for Cd and its lise tends to reduce the activity
of Cd ion in the soil solution and therefore, reduces uptake of Cd in barley. The effects of application of
organic matter in this farmiand grown for barley are similar as discussed in charter 7.2.2.
Since the farmiand soil Cd level is medium high and pH condition is slightly acidic, low-Cd neutral P-

fertilizer « 0.05mglkgP, mentionedin table5) maybe usedto minimizeCd sourceseffecton solubilityand
availability of Cd for barley (discussion is similar as discussed in charter 7.2.2). H is worth mentioning that
low-Cd neutral P-fertilizer is costlier and its lise will increase farmer' s costs.
Since the farmiand soil pH is slightly acidic it could be applicable to lise neutral N-fertilizer to minimize
solubility effect of Cd and uptake by barley (discussion is similar as discussed in charter 7.2.2).

Variety selection is a wise strategy to reduce Cd accumulation in edible portion of crops. Barley cultivars
grown in Sweden have an average Cd content in grain is about 24 Jlglkg DW (Andersson, 1992). Since the
average Cd level in barley grain is far below that of the Codex limit value (0.1 mglkg DE) as well as the
acceptable limit of cereal industries it would be the rationai to lise the existing cultivars. The above
management strategies may give further reduction of Cd levels in barley grain without extra cost for cultivar
selection.
7.1.5 Rye
Rye is Olle of the cereal crops grown in Sweden. The average Cd content of rye grain is about 17 Jlglkg dry
weight with a variation up to 36 Jlglkg DW (Jorhem and Sundström, 1993) that is less than Codex limit.

Farmiand chosen to cultivate rye has medium acidic pH and high Cd content. The effects of strategies on soil
and crop-Cd contents are shown in table 14.
Table 14: Effects of strategies on soit and rye Cd content grown in medium acidic soit

Effects on soil Cd cont.
Effects on crop Cd cont.
Strategies
++
Liming
+
Organic matter
Low Cd P fertilizer
+
O
Selection of N fertilizer
O
N.A
Selection of variety
*Explanation of different sign is mentioned in table 6 (chapter 7.2)
Discussion and suggestions
Liming has good effects to bring up pH to neutral leve! from medium acidic pH condition and to reduce
solubility in soil and uptake of Cd in crops (see charter 7.1.1). Application oflow Cd timing materials in this
farmiand would have positive effect to decrease Cd content in rye. The effects of timing in this cage is
similar to that discussed in charter 7.2.2.
Organic matter has high sorption capacity for Cd in soil solution. Hs lise will tends to reduce the activity of
Cd ion in the soil solution and therefore, reduces plant availability of Cd (see charter 7.1.2). Since the Cd
content of the farmiand is high, application of organic matter may reduce uptake of Cd in rye by lowering Cd
solubility. Discussion and suggestions are similar like that of charter 7.2.2.
Commercial P-fertilizer is applied for rye cultivation. Hs application increases uptake of Cd in the crop to a
small extent due to presence as contaminant in fertilizer (see charter 7.1.3). As the farmiand soil is of
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medium acidic and has high Cd content lise oflow Cd neutral P-fertilizer may be effective to minimize the
Cd in soil solution as weIl as uptake in rye. Discussion and suggestions are similar like in charter 7.2.2.

The effects ofN-fertilizers on Cd solubility in soil depend on their reaction behaviour as acidic, neutral and
basic and amount of fertilizer applied (discussed in charter 7.1.4). Uptake of Cd in rye grain can be
minimized by selection ofbasic N-fertilizer and applying the correct amount. Discussion and suggestions are
similar like that of charter 7.2.2.
Rye cultivars grown in Sweden are Esprit, Amilo, Apart and Picasso, but all of them have an average Cd
content in grain is of about 17 Jlg/kg DW (Jorhem and Sundström, 1993). Variety selection would not show
decreased Cd content in grain.
7.2.6 Potato
Potato is an important tuber crop grown in Sweden and the average Cd content of potatoes is ab out 53 Jlg/kg
dry weight (Öbom et al. 1995). It contributes a preferential portion (19%) of dietary intake of Cd in Sweden
(Petersson-Grawe, 2000).

FarmIand chosen to cultivate potato has high Cd content and acidic pH condition. The effects of strategies on
soil and crop Cd-contents are shown in table 15.
Table 15: Effects of different strategies on soil and potato Cd content grown in acidic soil

Strategies
Liming
Organic matter
Low Cd P fertilizer
Selection of N fertilizer
Selection of variety

Effects on soil Cd cont.

-

-

Effects on crop Cd cont.
+++
+

-

-

O
N.A.

+
+++

* Explanation of the different sign is mentioned in table 6 (chapter 7.2)
Discussion and suggestions
Potatoes grown on acidic soils normally accumulate higher Cd than on neutral soils. In acidc soilliming to
maintaining a favourable pH range can cause a substantiaI decrease of Cd uptake in tuber crops. Liming in
small doses could be very effective white large dose can have opposite effects on Cd availability (see
charter 7.1.1). Öbom and Jansson in 1998 found that the Cd content of potato increase at higher
rate of of liming. Liming has decreased potatoes Cd contents by about 30% Australia (Sparrow and
Salardini, 1997). In another experiment in Australia, significantly reductions in potatoes Cd concentrations
were round after timing of soil (Maier et al, 1996). Discussion and suggestion in this regard is similar with
charter 7.2.3.
In acidic soil with high Cd content has relatively higher Cd content in the soil solution. Organic matter
application would tend to reduce the activity of Cd ian in the soil solution by sorption mechanism (discussed
in charter 7.1.2). Discussion and suggestions to influence soil Cd level and minimize Cd content in potato is
similar with charter 7.2.3.
Potatoes naturally need higher doses of P-fertilizer for their growth and yield. Potatoes are prone to Cd
accumulation (Grant et al. 1999). Fertilization with Cd-containing P-fertilizers in low pH soil generally have
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immediate affect on Cd uptake in potatoes. Discussion and suggestions in this regard are similar with charter
7.2.3.
N fertilizer has influence on solubility of Cd in soil (discussed in charter 7.1.4). Since the farm soil pH is
acidic it would be logical to lise basic neutral N fertilizer in order to decrease Cd solubility and uptake in
potatoes. In this respect discussion and suggestions are similar in charter 7.2.2.

Cd uptake is partly under genetie influenee and variety seleetion is an advantageous strategy to
reduee Cd aeeumulation in edible portion of erors. Potato varieties available in Sweden are Bintje,
Asterix, Eloge, King Edward, Sava and Ukama (Petersson-Grawe et al. 2001). The average Cd
eontents of these varieties are shown in table 16.
Table 16: Concentration
Grawe et al. 2001)

of Cd in different varieties of potato, flg Cd/Kg, dry weight (source: Petersson-

Variety
Bintje
Asterix
Eloge
King Edward
Folva
Sava
VImma

Mean
70
55
60
35
30
65
40

Minimum - maximum
40-100
30-80
50-70
20-50
20-40
55-80
30-50

Table 16 shows thai all these varieties contain lower Cd concentrations than the variety Bintje. The average
Cd concentrations and range of variety "Folva" is below the others. So, it would be logical to select this
cultivar for cultivation to reduce Cd intake in human diet.

7.2.7 Spring wheat
Spring wheat is Olle of the cereal crops grown in a limited area of Sweden. The average Cd content of spring
wheat is about 43 Ilg/kg DW with a variation 14-163 Ilg/kg dry weight (Öbom et al. 1995).

Farmiand chosen to cultivate spring wheat has neutral pH and medium high Cd content. The effects of
strategies on soil and crop Cd contents are shown in table 17.
Table 17: EjJects of strategies on soil and spring wheat Cd content grown in neutral soi/

Strategies
Liming
Organic matter
Low Cd P fertilizer
Selection of N fertilizer & dose
Selection of variety

Effects on soil Cd cont. Effects on crop Cd cont.
N.A.
N.A
+
+
O
++
N.A.

*Expression of different sign is given in table 6 (chapter 7.2)
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Discussion and suggestions
In neutral soil, liming has bad effect due to influence on solubility of Cd in soil and crop uptake (discussed in
chapter 7.1.1). Liming in neutral soil to cultivate spring wheat would have bad effect on soil and the crop Cd
content. So, in this regard liming is not applicable. Discussion and suggestions are similar like that of chapter
7.2.1.
Organic matter has high affinities for Cd binding and its use tends to reduce the solubility of Cd jon soil and
therefore, reduces plant availability of Cd (see chapter 7.1.2). Application of organic matter in this farmIand
grown for spring wheat would have similar effects on soil and the grain Cd content (as discussed in chapter
7.2.1).
As the farmIand soil pH is neutral it would be logical to use low-Cd neutral P-fertilizer «5 mg/kg mentioned
in table 4) in order to reduce Cd addition as weIl as solubility effects in soil and minimize Cd uptake in
spring wheat (similar discussion like in chapter 7.2.1).
Addition of N-fertilizer influences some soil functions such as pH and ionic strength that make plant-root
able to extract Cd from soil solution (see chapter 7.1.4). Since the farmIand soil pH is neutral uptake of Cd in
spring wheat grain can be minimized by seleeting neutral N-fertilizer and adding optimum doge in order to
reduce solubility effect of Cd in soi!. In this cage discussion and suggestions are similar to those mentioned
in chapter 7.2.1.
Variety selection is arealistic strategy to reduce Cd accumulation in edible portion of crops. Cultivars differ
in Cd uptake in grain has been reported for a number of spring wheat varieties in Sweden. Johansson (1997)
placed a report to the Swedish Board for Forest and Agricultural Research where he showed average Cd
content variation in grain of different varieties of spring wheat for the year 1996. It is shown in table 18.
Table 18: Con tent of Cd in different varieties of spring wheat

Variety
Grain Cd content
(mg/kg DW)

Amethyst
0.05

Thasos
0.045

Dragon
0.059

Dacke
0.061

Sport
0.059

Lavett
0.063

Tjalve
0.066

Hanno
0.066

From the above discussion it is round that spring wheat cultivar - Thasos take up less Cd in grain than others
and therefore, it would be logical to select this cultivar to reduce Cd intake in human diet.
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7. 2.8 Summary of the effects of different Cd management strategies on son-Cd contents
Effects of different Cd management strategies on the Soil-Cd contents of different farmiands are summarised
in the table 19. In acidic soils application oflow-Cd liming materials to bring up pH towards neutrallevels
reduce solubility of Cd in soil and its use will cause minor increase of Cd in these soils. In the cage of neutral
soils, liming materials will not reduce Cd content in crops and use of liming materials is not advisable.
Application of organic matter and low-Cd P fertilizer will cause minor increase of Cd in soil. Selection of N
fertilizer (Cd-free) has no effect on the soil Cd content and that is also the cage with choice oflow or high Cd
crop varieties.
/
Table 19: Summary of the effects of different Cd management strategies on soil-Cd contents
Farmiand
Farmiand soil
Liming (low Cd Organic Low Cd P Selection of Selection
N fertilizer
fertilizer
of variety
(pH and Cd content) liming material) matter
O
N.A.
Neutral
N.A.
1
Medium high
O
N.A.
2
Slightly acidic

3
4
5
6
7

Mediumhigh
Mediumacidic
Mediumhigh
Slightlyacidic
mediumhigh
Mediumacidic
High
Acidic
High
Neutral
Mediumhigh

-

-

-

O

N.A.

-

-

-

O

N.A.

-

-

-

O

N.A

-

-

-

O

N.A.

N.A

-

-

O

N.A

* Explanation of different signs is mentioned in table 6 (chapter 7.2)
Application of low-Cd agricultural inputs in different farmiands shows a marginal increase of Cd in soil. In
comparison with high-Cd agricultural inputs they are capable to correct the Cd balance (i.e. to reduce Cd
content) in soils in the long ron. The Switch from high to low-Cd P fertilizers has reduced the Cd addition of
Swedish soils drastically in the last years.

7.2.9 Summary of the effects of different Cd management strategies on the contents of Cd in
different trops
Effects of the application of different Cd management strategies on the Cd contents of different crops grown
in different soil pH and Cd levels have been summarised in the table 20. These management strategies have
shown a probable decrease of Cd uptake in crops. For winter and spring wheat grown in neutral soil, liming
is not applicable to reduce Cd content, but applications of organic matter and N fertilizer (neutral in reaction
behaviour) give a minor decrease of Cd uptake in crops. Use of low-Cd neutral P fertilizer give only a
marginal increase of Cd. Selections of low Cd Varity for these two crops have shown decreased of Cd
uptake.
Carrot and potato are prone to Cd accumulation and in acidic soil with medium to high Cd leveis, their
accumulation are high. Liming with low-Cd liming materials have shown that it can decrease Cd contents in
carrot, but in cage of potato the decrease of Cd uptake in substantiaI. Application of organic matter, N
fertilizer (slightly basic) has shown minor decrease of Cd in these tow crops. Utilization of low-Cd P
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fertilizer has shown minor increase of Cd uptake due the presence of Cd in the fertilizer. Variety selection in
cage of carrots has no effects to reduce Cd uptake because of varieties available for cultivation in Sweden
have minor, hut not significant difference in Cd content. In the cage of potato, use of low-Cd varieties has
shown substantiai decrease of Cd content.

Table 20: Summary of the effects of different Cd management strategies on the Cd contents of
different GrOpsgrown in different soil pH and Cd levels
Farmiand
1
2
3
4

5

Farmiand soil
(pH and Cd content)
Neutral
Medium high
Slightly acidic
Medium high
Medium acidic
Medium high
Slightly acidic
medium high

Mediumacidic

High
Acidic
High
7
Neutral
Medium high
* Explanation of different signs
6

Liming (low Cd
liming material)
N.A.

Organic
matter
+

Low Cd P
fertilizer

++

Carrot

-

Selection of
N fertilizer
+

Selection of
Variety
++

+

-

+

++

+++

+

-

+

O

Barley

++

+

-

+

O

Rye

++

+

-

+

O

Potato

+++

+

-

+

+++

-

+

++

Crops
Winter
wheat
Oat

+
N.A.
Spring
wheat
is mentioned in table 6 (chapter 7.2)

Oat, barley and rye grown in acidic soils have shown that liming with low-Cd liming materials to bring up
pH towards neutrallevei give a decrease oftheir Cd uptake. Organic matter and selection ofbasic N fertilizer
also has the same the effect. Application of low-Cd neutral P fertilizer shown a minor increase of Cd content
in these crops due to the Cd presence in the fertilizer that directly can be taken up by the crops. Variety
choice to decrease Cd content in the cage of barley and rye have shown no effect because now the varieties
available in Sweden have no significant difference in their average Cd content. In the cage of oat choice of
low-Cd variety has shown decrease of Cd content.
Overall the Cd management strategies have shown that Cd content of these crops can be decreased. That will
reduce Cd related human health effect.
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8 Constraints to implement Cd management strategies
From the above analyses it is apparent that minimizing Cd content in soils and different crops is connected
with several Cd management strategies that involve farmers' expenditures. Due to govemment regulations
and voluntary measures by farmers' supply and food marketing organizations agriculturaI inputs with lowCd content are available in Sweden but are in many cases more expensive. In comparison to the production
cost, there may be reduced profit. This may be a major constraint to implement sustainable Cd management
strategy in farm leveIs. In this regard, govemment subsidy on low-Cd agriculturaI inputs can be an incentive
for farmers to minimize Cd content in soils and crops. The reduced Cd limits introduced by most of the food
companies and industries to avoid Cd related health risk in the general population make it necessary to
produce grain and other crops with low Cd contents. In this regard to increase farmers' awareness involves
many challenges. May be Casual loop diagrams (CLDs) used in this study could assist in transferring
knowledge and awareness to farmers, their advisors, local, regional and national authorities etc. Information
and training for farmers for sustainable Cd management are also essential.
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9 General suggestions and recommendations
Beside the different suggestions mentioned in the different sections for sustainable Cd management, the
following general recommendations are also suggested in this paper:
1) To avoid further increase of the Cd input in Swedish soils low-Cd P-fertilizer, timing materials etc.
should be available in the agro-market at a reasonable price.
2) Emissions of Cd to the atmosphere should be further reduced in order to minimize Cd deposition in
soils and crops.
3) Low-Cd P-fertilizers should be used generally, hut it is especially important on soils high in plantavailable Cd and for crops, which need high doses ofP-fertilizer (like potatoes, sugar beet, carrots)
or for crops those uptake large amounts of Cd (sunflower, spinach and lettuce).
4) At present selection of low-Cd crop species and varieties is indispensable to cultivate in soils that
have high plant available-Cd.
5) Integrated research efforts to develop low-Cd crop varieties are going on and it would be the best
solution to minimize Cd load in human body as well as to decrease the farmer' s cost (because
different soil management practices to reduce plant available-Cd in soil is a matter of cost).
6) Crop-Cd levels increase with soil-Cd leveIs. Therefore, crops (potatoes, durum wheat, peanuts,
vegetable crops) that naturally absorb high Cd should be cultivated in low Cd soil.
7) Organic matter should be used to reduce plant available-Cd. In this case the Cd content of organic
matter should also be low. In mineral soil maintenance of organic matter content at 4-6% can help to
improve soil structure that can substantially adsorb Cd, other heavy metaIs, pesticides etc. This may
slow down the leaching of these in ground and surface water.
8) If timing of acidic soils to minimize plant available Cd is practiced, low-Cd timing materials should
be used in order to avoid direct addition of Cd in soil.
9) N and P fertilizers that are neutral or basic in reaction in soil should be used for crop cultivation in
acidic soil to reduce the availability of Cd to plants.
10) Higher fertilization doses should be avoided because it increases the solubility of Cd directly by
displacement of the exchangeable Cd jons present on soil particles and indirectly by displacement of
exchangeable hydrogen jon to decrease soil pH.
11) Micronutrient status of soils, especially zinc (Zn) controIs the uptake of Cd in crops. Where soils are
marginal to Zn deficit for optimum crop yield accumulation of Cd crops increase. In this case Zn
fertilization is necessary to reduce Cd uptake in crops. But, zinc is already an environmental problem
itself and therefore, its lise should be as optimum as possible.
12) Crop rotation has influence on Cd uptake in crops. For example, wheat grown in rotation arter
legumes uptake more Cd than arter cereals or clover or pastures because legumes have acidifYing
effect on soil, which lead to Cd solubility in soil and also availability to next crop. In this study
seven different crops on different farmIands are discussed. FarmIands where grain crops have been
cultivated the next crop in rotation may be legumes than pastures or other crop (that uptake less Cd)
han grain. Because, the next crop (Le. pastures or clover) arter legume will absorb available Cd from
soil and then for grain crops the availability of Cd in soil would be low.
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10 Conclusions
Human beings are exposed to Cd in agriculturai soil because it is taken up by plants and included in food
chains. Cd concentrations in agriculturai soils and crops can be minimized to some extent by reducing Cd
inputs in agro-systems and by the adoption of efficient Cd management practices to reduce availability of Cd
to crops. In this study it is round thai Swedish government regulations to reduce Cd in agricultural inputs like
P-fertilizer, animal feeds, sewage sludge, liming materials etc. are one step towards minimizing Cd content
in soil. However, voluntary regulations by Swedish agriculturai market actors including farmer suppliers,
farmers unions, and food industries have made further reductions of the inputs of Cd to soil and Cd content
in agricultural products. Atmospheric deposition of Cd has decreased due to measures taken in national and
international levels to reduce Cd emissions. But still it is the biggest source of Cd in Swedish soil and
international efforts are needed to further reduce the deposition. Application of low-Cd agricultural inputs
has shown promising effect to minimize Cd balance in soil. Sustainable Cd management strategies such as
liming of acidic soil (with low-Cd liming materials), application of organic matter (low in Cd) to reduce
plant available Cd, selection ofP (low-Cd) and N-fertilizer sources (neutral or basic reaction behaviour) with
minimum effects on Cd availability and choice of crop varieties (low accumulation in edible part) have
shown probable decreases of Cd uptake in a number of crops. A decrease of Cd content in crops would
reduce Cd related health effects via food. Since soil is a heterogeneous system and Cd management strategies
in different soil conditions for different crops are different, it would need further research.
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