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Monitoring programme of Finnish arable land

Agua regia extractable trace elements in cultivated soils
in 1998

Ritva Mikeld-Kurtto, Merja Eurola and Annukka Laitonen

MTT Agrifood Research Finland, Plant Production Research, Soil and Plant Nutrition, FI-
31600 Jokioinen, ritva.makela-kurtto@mtt.fi

Abstract

This study was part of a three-year (2004-2007) project entitled “Assessment
and reduction of heavy metal inputs into Finnish agro-ecosystems” that was
funded by the Ministry of Agriculture and Forestry in Finland. The aims of the
project were to clarify: 1) agua regia extractable trace elements in Finnish cul-
tivated soils with the international standard method at a national level; 2) aqua
regia and AAAc-EDTA extractable trace elements in the top- and subsoil of
Finnish arable land at selected crop and dairy farms; and 3) field mass balances
of trace elements on the selected crop and dairy farms at the farm level.

The main aim of this study was to produce internationally comparable knowl-
edge on the status of cultivated soils in Finland. From the soil material collected
during the latest sampling process under the national monitoring programme in
1998, 338 samples were selected for this investigation. The sampling sites were
situated evenly over the whole cultivated area in Finland. Samples taken as four
sub-samples from the plough layer were analysed for arsenic (As), cadmium
(Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), seleni-
um (Se), vanadium (V) and zinc (Zn) using aqua regia extraction according to
an international standard method (ISO 11466). General statistical indicators of
the analytical results of trace element concentrations are presented by soil type
groups and by plant cultivation zones. Distributions of the results into the con-
centration classes are shown graphically and geographical distributions of the
trace element concentrations are presented on the thematic maps.

Index words: arsenic, cadmium, chromium, copper, lead, mercury, nickel, sele-
nium, vanadium, zinc, arable soil, soil monitoring, Finland




Viljelymaiden seurantaohjelma Suomessa

Hivenalkuaineiden kokonaispitoisuudet peltomaissa
vuonna 1998

Ritva Mikeld-Kurtto, Merja Eurola ja Annukka Laitonen

MTT Maa- ja elintarviketalouden tutkimuskeskus, Kasvintuotannon tutkimus, Maaperé ja
kasvinravitsemus, 31600 Jokioinen, ritva.makela-kurtto@mtt.fi

Tiivistelméi

Tutkimuksen tavoitteena oli tuottaa kansainvilisesti vertailtavaa tietoa suo-
malaisten viljelymaiden hivenalkuaineista. Aineistona kéytettiin maanéyttei-
td, jotka oli kerétty kansallisen seurantaohjelman viimeisimmaisséd néytteiden
keruussa vuonna 1998. Kyseisesti aineistosta valittiin 338 maandytettd, jotka
edustivat tasaisesti koko Suomen viljeltyd aluetta. Kukin ndyte oli otettu nel-
jand osandytteend pellon muokkauskerroksesta. Néytteistd analysoitiin arseeni
(As), kadmium (Cd), kromi (Cr), kupari (Cu), lyijy (Pb), elohopea (Hg), nikke-
li (Ni), seleeni (Se), vanadiini (V) ja sinkki (Zn). Analyysi tehtiin kansainvali-
sen standardimenetelmén ISO 11466:n mukaisesti kdyttden kuningasvesiuuttoa
(aqua regia). Tuloksista laskettiin tdrkeimmat tilastolliset parametrit maalaji-
ryhmittdin ja kasvinviljelyvydhykkeittdin. Hivenalkuaineiden jakautumisesta
pitoisuusluokkiin muotoiltiin graafiset esitykset ja pitoisuuksien maantieteelli-
sestd jakaumasta teemakartat.

Tutkimus oli osa vuosina 2004-2007 toteutettua, Maa- ja metsétalousministe-
rion rahoittamaa yhteistutkimushanketta ”Raskasmetallikuormitusten arviointi
ja vahentdminen Suomen maatalousekosysteemeissi”. Hankkeen tavoitteena oli
ensinnikin selvittda viljelymaiden raskasmetallipitoisuuksia valtakunnallises-
ti kdyttden kuningasvesiuuttoa. Toiseksi tutkittiin kasvinviljely- ja maidontuo-
tantotilojen viljelymaan raskasmetallipitoisuuksia kuningasvesiuutteesta ja ha-
pan (pH 4,65) ammoniumasetaatti-EDTA -uutteesta siten, ettd niytteet otettiin
muokkauskerroksesta ja jankosta. Kolmanneksi hankkeessa analysoitiin ras-
kasmetallien tilakohtaisia peltotaseita kasvinviljely- ja maidontuotantotiloilla.

Avainsanat: aqua regia, arseeni, elohopea, kadmium, kromi, kuningasvesi,
kupari, lyijy, nikkeli, seleeni, vanadiini, sinkki, viljelymaa, maaperd, seuranta




Foreword

This study was part of a three-year (2004-2007) project entitled “Assessment
and reduction of heavy metal inputs into Finnish agro-ecosystems” (acronym
RAKAS, Project number 310925) that was jointly funded by the Ministry of
Agriculture and Forestry in Finland (MMM) and participating organisations.
The project was coordinated by MTT Agrifood Research Finland, Plant Pro-
duction Research (Ritva Mékeld-Kurtto). Also other scientific staff (Annukka
Laitonen) from the same Department participated in the project. Other partici-
pating organisations were MTT Laboratories (Merja Eurola), Geological Sur-
vey of Finland (Timo Tarvainen, Tarja Hatakka), Evira Finnish Food Safety Au-
thority (Arja Vuorinen, Kimmo Suominen, Riitta Rankanen), Viljavuuspalvelu
Ltd (Pirkko Laakso) and Suomen Rehu Ltd (Juha Salopelto). The project was
monitored by a steering committee consisting of Senior Officer Pirjo Salminen
(MMM), Senior Officer Elina Nikkola (MMM), Dr. Liisa Rajakoski (Ministry
of Trade and Industry in Finland), Senior Officer Titta Pasanen (Evira Finnish
Food Safety Authority), Dr. Matti Verta (Finnish Environment Institute) and Dr.
Kari Kiltild (Suomen Rehu Ltd). Aims of the project were to study the:

1) total content of trace elements in Finnish cultivated soils with the interna-
tional standard method at a national level,

2) total content of trace elements in top- and subsoil of Finnish arable land at
crop and dairy farms, and the effects of the production sector on possible en-
richment or depletion of the trace elements

3) field mass balances of trace elements at a farm level in crop and dairy
farms.

The main aim of this part of the project was to produce internationally compara-
ble analytical results on the trace element contents of Finnish cultivated soils at
a national level. This study was a continuation of the project “Determination of
total and soluble cadmium fractions in cultivated soil for assessing and manag-
ing health and environmental risks, acronym CADMIUM, 2001-2002, Project
number 310901 supported by the MMM. The samples studied were collected
in the national soil monitoring programme of the MTT in 1998. The samples
were extracted with aqua regia according to the international standard meth-
od and analysed for cadmium in the CADMIUM-project. During the RAKAS-
project, lead, mercury, copper, chromium, nickel, zinc, vanadium, arsenic and
selenium concentrations were measured from these soil extracts. The study was
conducted and made at the MTT Agrifood Research Finland, Soil and Plant Pro-
duction, Jokioinen. All the trace element analyses were carried out by the soil
laboratory of the MTT.
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1 Introduction

About 90% of the surface area of Finland is comprised of dry land and about
9% of the land area is comprised of arable land which is about 2 million hec-
tares. The status of Finnish cultivated soils has been studied for agricultural
and environmental purposes. Soil testing started in Finland for more than 50
years ago (Vuorinen & Maikitie 1955, Uusitalo & Salo 2002) and national soil
monitoring over 30 years ago (Sippola & Tares 1978, Ervio, et al. 1990, Mékela-
Kurtto & Sippola 2002).

Finland has one of the oldest soil monitoring programmes for arable land in the
Nordic countries. The first national soil survey on trace elements in arable soils
was made in 1974 (Sippola & Tares 1978). Then, the number of sampling sites
was 2000. In 1987, 1320 of the sites were resampled and the samples analysed
for trace elements (Ervio et al. 1990). The third and latest sampling was made
in 1998. At that time, the samples were collected from 705 sites. Analytical re-
sults were published by Mékeld-Kurtto and Sippola (2002).

Although the number of sampling sites has diminished, the spatial distribution
covers rather well Finnish arable land from the south to the north. In Finnish
soil testing and soil monitoring, macro-elements were determined by extracting
air-dried samples with acid ammonium acetate (Vuorinen & Mikitie 1955) and
micro-elements with acid ammonium acetate -EDTA (Lakanen & Ervio 1971).
These analysis methods have not been in common use in Europe but have been
used globally (Sillanpda 1982, Sillanpdd & Jansson 1992). Concentrations ob-
tained by these methods indicate exchangeable or easily soluble fractions and
thus, also reflect fractions available to plants and mobile to surface and ground
waters. Thematic maps on the spatial distribution of the easily extractable trace
element fractions in Finnish arable land are available on the MTT’s home page
(Mékela-Kurtto et al. 2002).

The main aim of this study was to improve the international comparability of
the Finnish soil data on arable land. Hence, the trace elements in cultivated soils
were analysed for trace elements by using an international standard method
(ISO 11466). This method is based on aqua regia extraction. Concentrations of
the trace elements extracted from the soils in this solution are considered here
as total contents. Soil material to be used for analysis was selected from the lat-
est soil monitoring material in 1998. About half of this soil material, totally 338
samples, covering the whole cultivated area in Finland was selected first for the
cadmium analysis (Mékeld-Kurtto et al. 2003). In the present study, nine other
trace elements, arsenic, copper, chromium, lead, mercury, nickel, selenium, va-
nadium and zinc were to be measured from the same aqua regia extracts.



2 Material and methods

2.1 Soil samples

The soil samples studied here were collected from 338 sampling sites belong-
ing to the national soil monitoring network in 1998 (Mékel4-Kurtto & Sippola
2002). The sampling sites were situated on arable land representing the whole
cultivated area in Finland (Appendix 1, Fig. 1): 7.7% in the first (I) plant culti-
vation zone which is the southernmost one, 19.5% in the second (I1), 44.1% in
the third (III), 22.8% in the fourth (IV) and 5.9% in the fifth (V) zone, which
is the northernmost one.

The soil samples were taken as four sub-samples from the plough layer as de-
scribed by Mikeld-Kurtto and Sippola (2002). In the laboratory, fresh soil sam-
ples were crushed, homogenized and air-dried at 35°C in an oven with air cir-
culation. Air-dried soils were ground, avoiding disintegration of primary par-
ticles by pressing the soil with a rotating wooden disc through a 2-mm sieve of
hardened steel. The sieved soil was homogenized again and stored at room tem-
perature in cardboard boxes for analyses.

2.2 Soil analyses

Soil samples were analysed for arsenic, cadmium, chromium, copper, lead,
mercury, nickel, selenium, vanadium, and zinc by using aqua regia (AR) ex-
traction according to the international standard method (ISO 11466). The de-
tailed description of the extraction procedure and the analytical results of cad-
mium were published by Mékeld-Kurtto et al. (2003). The same extracts were
used here for the determination of the other nine trace elements. From the aqua
regia extracts arsenic, cadmium, and lead were measured by graphite furnace
atomic absorption spectrophotometer, GF-AAS, (Varian GTA-96 Graphite tube
atomizer, SpectrAA-400 Zeeman), chromium, copper, nickel, vanadium and
zinc by inductively coupled plasma atomic emission spectrophotometer, ICP-
AES (Thermo Jarrel Ash, IRIS Advantage), mercury by automatic Hg-analyz-
er (Varian M-6000A Mercury analyzer, Cetac Technologies Inc.) and seleni-
um by AAS-hydrid device (Varian VGA-76 Vapor generator accessory, Spec-
trA A-300 Plus).

The carbon (C) content of the samples was determined by an automated dry
digestion method (Leco CR-12, St. Joseph, MI, USA), assuming that the sam-
ple contained only organic C. Humus content was obtained by multiplying the
organic C content by 1.73 (Agricultural Research Centre 1986). Soil pH was
measured from the soil-water suspension (1:2.5) (Agricultural Research Centre
1986, Viljavuuspalvelu 2000). To determine a dry matter content of soil mate-



rial, 5 g of a sample was weighed into a quartz dish. The sample was dried at
105°C for 4 h. The dish was allowed to cool in a desiccator for 2 h. The dried
residue in the dish was weighted. Soil type classification was made according
to Aaltonen et al. (1949).

All the samples were analysed in the Soil Laboratory of the MTT Laboratories,
which are accredited testing laboratories (T024). The quality systems follow the
requirements of the standard SFS-EN ISO/IEC 17025. During this study, the
MTT Soil Laboratory participated in comparison tests and also arranged for a
comparison test on the same ten trace elements studied here (Makeld-Kurtto
& Kivistd 2005).

2.3 Statistical analyses

Original soil data was stored in Excel files in the MTT network prime where
backups are driven regularly. Statistical and graphical processing of the data
was performed using SPPS 14 and Excel 2000 software. Analytical results on
the trace element concentrations were used for calculating the most important
statistical indicators by plant cultivation zones and by soil type groups and for
making national thematic maps using the ArcView GIS programme.

3 Results and discussion

According to the particle size distributions (Sippola & Tares 1978) and organic
matter contents (Appendix 1, Table 1 and 2) of Finnish cultivated fields (n = 338)
studied here, 65% were classified to coarse mineral soils, 15% to clay soils (clay
content >30%) and 20% to organic soils (organic matter content >20%). A soil
type distribution of these selected fields was nearly the same as that of Finnish
arable land (Puustinen et al. 1994) and that of the soil material (n = 705) collected
during the monitoring programme in 1998 (Mikeld-Kurtto & Sippola 2002). The
pH values of the fields are presented in Appendix 1 (Table 3 and 4).

A summary on the main statistical indicators on the aqua regia extractable trace
element contents of the soils is found in Table 1. Recently, the aqua regia extrac-
tion has more often been used for analysing soils for trace elements. Hence, other
investigations on the trace element contents of the Finnish arable land obtained by
this method are also available. Hatakka et al. (2007) studied aqua regia extract-
able trace element contents of arable soils on selected crop farms in southwestern
Finland (Table 2) and on selected dairy farms in Ostrobothnia (Table 3). Using the
same method, Mékela-Kurtto et al. (2006) studied cultivated soils in the Tampere
region (Table 4) and Méntylahti and Laakso (2002) in the Mikkeli region (Table
5). Differences in the trace element contents between the regions were mainly
caused by the soil type, deposition and agricultural production sector.
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Table 1. Statistical indicators on aqua regia extractable (ISO 11466) trace ele-
ment contents (mg kg™ dm) in Finnish cultivated fields (n = 338) sampled in the
national soil monitoring in 1998 and analysed in this study.

Element Minimum Median Mean Maximum
As 0.32 2.76 413 17.9*
Cd 0.016 0.153 0.183 0.748
Cr 1.6 22.5 29.4 93.2
Cu 2.7 171 21.2 91.6
Hg 0.008 0.039 0.047 0.143**
Ni 1.2 10.0 13.8 46.4
Pb 2.1 8.6 9.7 57.9
Se 0.03 0.18 0.29 1.40%**
\' 2.7 32.0 39.7 273
Zn 5.7 42.6 54.5 264

* One case 166 mg kg™' dm
** One case 0.949 mg kg™ dm
*** Three cases >1.4 mg kg™' dm (2.3, 3.9 and 5.4)

Various statistical indicators for each trace element studied were separately
presented by the soil type groups and plant cultivation zones (Appendix 1).
Trace element concentrations greatly varied by soil type groups and by plant
cultivation zones. Often, the concentrations were low in coarse mineral soils
while the highest concentrations occurred in the clay soils. Instead, the high-
est concentrations of cadmium, mercury and selenium were measured in the
organic soils. Contents of cadmium and lead were higher in the south than
in the north because of the centralisation of the population, industry, traffic
and their emissions in southern Finland. Regional differences in the trace el-
ement concentrations were also partly due to the differences in the soil types.
The distribution of the fields to various concentration levels are presented by
elements on the histograms in Appendix 2. Spatial distributions of the ele-
ments are shown on the thematic maps (Appendix 3) (Mékeld-Kurtto et al.
2005). Concentrations of arsenic, copper and nickel (Appendix 3, Table 1,
4 and 7) in Finnish cultivated soils geographically seemed to reflect the re-
spective concentrations measured in glacial till by the Geological Survey of
Finland (GSF 1992). Statistical correlations calculated between trace element
contents are found in Appendix 4.

Mean trace element contents increased in the soil material studied here: Hg <
Cd <Se <As <Pb<Ni<Cu<Cr<V<Zn,and in the Earth’s crust (Table
6): Hg = Se <Cd < As <Pb <Cu<Zn <Ni<Cr<V (Sparks 1995). Thus,
the arable land seemed to contain more Se, Cu and Zn than the Earth’s crust.
Instead, the medians of the trace element contents in arable land were lower
than those in the Finnish glacial till (GSF 1992), excluding Pb (Table 6). Dif-
ferences might result partly from the differences in the analysis methods.
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Trace element medians of Finnish cultivated soils were clearly lower than the
respective values in global soils (Sparks 1995) (Table 6). Also, the ranges were
narrower in the Finnish arable soils than in the global arable soils (ISRIC 1989)
(Table 7). However, the Finnish range for Hg was greater than the internation-
al one (ISRIC 1989) and for Se greater than the American range. On average,
the trace element contents of the Finnish cultivated soils seem to be at the same
level as in other Nordic countries (Table 7), but at a lower level than the inter-
national ones in arable land (Table 7).

Comparisons with the Finnish background contents presented in the Ordinance
of the Council of the State in Finland (OCSF 2007/214) (Table 8) indicated ex-
ceeding levels in the Finnish cultivated soils in the case of Cd, Hg, Pb, V and
Zn. Anthropogenic enrichment of Cd, Hg, Pb, and also of Cu and Zn in culti-
vated soils were reported by Tarvainen et al. (2007) depending on the produc-
tion sector. Trace element contents obtained here were also compared with the
critical soil values of the same Ordinance (Table 8). A few cultivated soils in
the present study exceeded the low guide value for arsenic, vanadium and zinc
and even the high guide value for arsenic and zinc. However, the Finnish va-
nadium range was inside the respective American range (Sparks 1995) and the
zinc range inside the American and international ranges (ISRIC 1989). In addi-
tion to this, all the Finnish zinc values were lower than the respective Swedish
limit for polluted soil (Xin 2005) (Table 9).

Table 2. Statistical indicators on aqua regia extractable (ISO 11466) trace el-
ement contents (mg kg™') in the topsoil (plough layer) of 23 fields at five crop
farms in southwestern Finland in 2004. A mean value was not computed if over
50% of element contents were below detection limit (Hatakka et al. 2007).

Element Minimum Median Mean Maximum
As 3.1 6.0 5.9 12
Cd 0.150 0.200 0.227 0.580
Cr 22 67 68 106
Cu 13 29 32 60
Pb 11 20 20 31
Hg* <0.01 0.044 0.047 0.139
Ni 10 33 33 54
Se <0.2 <0.2 - 0.860
\") 31 94 90 167
Zn 46 124 114 165

* Pyrolytic determination
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Table 3. Statistical indicators on aqua regia extractable (ISO 11466) trace ele-
ment contents (mg kg™') in the topsoil (plough layer) of 21 fields at five dairy
farms in Ostrobothnia in 2004. A mean value was not computed if over 50% of
element contents were below detection limit (Hatakka et al. 2007).

Element Minimum Median Mean Maximum
As 1.0 2.6 3.1 11
Cd 0.020 0.100 0.112 0.240
Cr 9 22 25 59
Cu 3.5 13 14 38
Pb 2.4 6.8 6.7 14
Hg* 0.011 0.025 0.033 0.079
Ni 3.7 8.7 11 21
Se 0.230 0.310 0.422 0.880
\') 1" 40 43 135
Zn 16 35 42 72

* Pyrolytic determination

Table 4. Statistical indicators on aqua regia extractable (ISO 11466) trace ele-
ment contents (mg kg™' dm) in the topsoil (plough layer) of 15 fields at thirteen
farms in the Tampere region (Makela-Kurtto et al. 2006).

Element Minimum Median Mean Maximum
As 2.90 3.90 4.06 6.80
Cd 0.13 0.20 0.21 0.35
Cu 15.3 21.2 22.7 35.5
Cr 26.9 45,5 48.1 73.5
Ni 9.21 19.7 20.6 344
Pb 8.43 12.0 12.5 17.2
\" 47.9 60.3 64.4 94.5
Zn 715 103 107 152
Se 0.14 0.20 0.20 0.32

Table 5. Ranges of aqua regia extractable (ISO 11466) trace element contents
(mg kg™") in agricultural soils (n = 312) in the Mikkeli region in 2000 and Finnish
limit values for “Clean Soil” proposed by Mantylahti and Laakso (2002).

Mikkeli 2000 »Clean Soil”2002
Mineral soils Organic soils
Element - - . .
(n =274) (n=38) Mineral soil Organic soil
Range Range Limit Limit
As 0.85-29.4 0.45-20.2 10 10
Cd 0.045-0.426 0.033-0.305 0.3 0.3
Cr 6.6-45.6 3.9-19.9 70 70
Cu 4.9-33.0 4.0-51.9 35 35
Pb 3.1-18.4 2.5-42 20 20
Hg 0.046-0.291 0.046-0.184 0.10 0.15
Ni 3.6-18.3 1.6-10.7 35 25
Zn 9.9-95.0 5.4-40.5 100 100
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Table 6. Trace element contents in Finnish arable soils (n = 338)", global soils?,

American soils®, Earth’s crust* and glacial till in Finland®.

Finnish Finnish Global American Earth’'s Finnish
Median' Range' Median?  Range?® crust  glacial till
mg kg ! mg kg ' mgkg”' mgkg Mean* Median®
dm dm mgkg™' mgkg
As 2.8 0.32-18 6 0.10-40 1.5 2.6
Cd 0.153 0.016-0.748 0.35 0.01-2 0.11 n.a.
Cr 23 1.6-93 70 5-1,500 100 60
Cu 17 2.7-92 30 2-250 50 20
Pb 9 2.1-58 35 2-300 14 2.5
Hg 0.039 0.008-0.949 0.06 0.01-0.50 0.05 n.a.
Ni 10 1.2-46 50 2-750 80 24
Se 0.180 0.030-5.4 04 <0.1-4.3% 0.05 n.a.
\' 32 2.7-273 90 3-500 160 79
Zn 43 5.7-264 90 1-900 75 57

"Present study; 2Sparks 1995: global soils; 3Sparks 1995: American soils; “Sparks 1995:
Earth’s crust; and SGSF 1992.

Table 7. Mean total contents of trace elements (mg kg™' dm) in the plough layer
of arable soils in Finland (present study), Sweden (Eriksson et al. 1997) and
Norway (Amundsen et al. 1995) and national and international (ISRIC 1989)
ranges (n = number of samples).

Finland Sweden Norway
1998 1988-95 1985 oY
Mean Mean Mean (Range)
(Range) (Range) (Range) g
n 338 1720 1500 ]
4 4
As (0.32-18) (<0.1-78.9) - (0.1-40)
0.18 0.22 0.22
Cd (0.016-0.748) (0.02-2.20) (0.01-1.0)
29 19 27
e (e (1.3-68) (5-500)
21 14 19
o erey (1.1-102) (2-100)
Pb (2.1-58) (3.6-100) (2-200)
0.05 0.04 0.05
Hg (0.008-0.95) (<0.01-0.59) (0.1-0.5)
NI (1.2-46) (0.7-110) (5-500)
Se 0.29 0.31 ] ]
(0.03-5.4) (0.03-13)
v 40 35 ) )
(2.7-273) (2-202)
55 56 64
Zn (5.7-264) (5-185) (10-300)
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Table 8. Background, threshold, low guide and high guide contents (mg kg™')
of trace elements for the evaluation of soil contamination and restoration in
Finland (OCSF 2007/214).

Background Threshold Low guide High guide

content” content content content
As 1(0.1-25) 5 50 (e) 100 (e)
Cd 0.03 (0.01-0.15) 1 10 (e) 20 (e)
Cr 31 (6-170) 100 200 (e) 300 (e)
Cu 22 (5-110) 100 150 (e) 200 (e)
Hg 0.005 (<0.005-0.05) 0.5 2 (e) 5(e)
Ni 17 (3-100) 50 100 (e) 150 (e)
Pb 5(0.1-5) 60 200 (h) 750 (e)
Se - - - -
Vv 38 (10-115) 100 150 (e) 250 (e)
Zn 31 (8-110) 200 250 (e) 400 (e)

*measured in fine-grained glacial till, (¢) = based on ecological criteria; (h) = based on
health criteria

Table 9. Reference values for trace element contents (mg kg™ dm) in Swedish
soils. Reference values are the 90th percentiles of levels measured in connec-
tion with the Swedish Geological Survey’s (SGS) geochemical soil survey, and
with the Environmental Protection Agency’s (SEPA) soil sampling of the urban
environment (Xin 2005).

SGS SEPA* Swedish limit
Moraine* Moraine Sedlm?ntary
soils

As 10 10 7 15

Cd 0.3 0.15 0.4
(.:r (valid if Cr VI 30 45 120
is not present)

CrVi 5

Cu 100

Pb 20 25 25 80

Hg 0.1 0.2 1

Ni 20 25 30 35

Se

\% 40 60 120

Zn 60 70 100 350

Maintylahti and Laakso (2002) made a relatively large study of the trace element
contents in the cultivated soils in the Mikkeli region. Based on their research re-
sults (Table 5), they proposed limit values for the “Clean Soils” in Finland (Ta-
ble 5). The limit values are nearly the same for mineral and organic soils. The
limit value for mercury is higher and for nickel lower for organic soils than for
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mineral soils. Approximately 20% of copper and nickel contents, 15% of cad-
mium and zinc contents and 5% of arsenic, chromium, lead and mercury con-
tents obtained in the present study exceeded the “Clean values”. It is worth not-
ing that the clay soils in southern Finland are much richer in trace elements than
the coarse mineral soils in the Mikkeli region.

Currently, there are no official limit values for trace elements particularly for
cultivated soils in Finland. There are separate limit values for arable land in
Canada (Table 10). Due to the similarity in climate and soil formation in Cana-
da and Finland, it was reasonable to compare the Finnish trace element contents
with the respective Canadian limit values (CCME 2003). As Table 10 shows, all
the cadmium, lead, mercury, and nickel contents in the Finnish cultivated soils
studied here were lower than the Canadian limits. Some exceeding values oc-
curred in the case of arsenic, copper, selenium, vanadium and zinc. Instead, 7%
of the Finnish soils contained chromium more than is allowed in Canada (Table
10). In Sweden, a guideline value for chromium in polluted soils is 120 mg kg™!
dm and is valid only if Cr VI is not present (Xin 2005) as seen in Table 9. The
Finnish maximum for the chromium content was 93 mg kg! and clearly lower
than the Swedish limit. In addition, there is a limit value for Cr VI in Sweden
(Xin 2005), which is 5 mg kg™! dm.

Table 10. Canadian limit values for arable land (CCME 2003) and percentages
(%) of Finnish soils (n = 338) under (Class 1) and above (Class 2) the limits.

Element Limit value for Class 1 Class 2
arable land in
Canada % %
mg kg dm

As 12 98 2
Cd 14 100 0
Cr 64 93 7
Cu 63 98 2
Pb 70 100 0
Hg 6.6 100 0
Ni 50 100 0
Se 1 97 3
\' 130 > 99 <1
Zn 200 99 1

3.1 Arsenic

Statistical indicators of the arsenic contents measured here in cultivated soils
are presented in Appendix 1 (Table 5 and 6). The contents varied from 0.32 to
18 mg kg™! dm. The mean of the whole study material was 4.1 and the median
2.8 mg kg! dm. More than 50% of the analytical results were between 2 and 4
mg kg'! dm and more than 95% <10 mg kg' dm. Clay soils had notably higher
arsenic concentrations than the other soil types. The lowest concentrations oc-
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curred in coarse mineral soils. Also, research results obtained by Hatakka et al.
(2007) showed that As contents were higher in the clay soils than in the coarse
mineral soils. Due to the clay soils, the biggest concentrations were found in
southern Finland (the plant cultivation zones I and II) where the mean arsenic
contents were twice the means in other parts of Finland (the zones I11-V). Spa-
tially, low arsenic values occurred in cultivated soils in eastern and northern
Finland similar to the way as they occurred in glacial till (GSF 1992).

According to Méntylahti and Laakso (2002), the mean and median concentra-
tion of aqua regia extractable As in the cultivated soils in the Mikkeli region
was 3.2 and 2.9 for mineral soils and 4.4 and 2.8 mg kg'! for organic soils. Due
to coarse mineral soils, As contents in the Mikkeli region were rather low, on
average. However, relatively high values, like 35 mg kg™ in a mineral soil also
occurred.

Particularly high As concentrations in glacial till, and pore ground water have
been detected by the GSF (1992) in the Tampere region due to the high As con-
centration in the soil parent material. However, As contents of cultivated soils in
that region were at a normal national level (Mékelad-Kurtto et al. 2006, Makela-
Kurtto et al. 2007a).

According to the OCSF 2007/214, background As contents in soil may vary
from 0.1 to 25 mg kg'!'. Only one site in the national monitoring programme
1998 (in the plant cultivation zone II) had an exceptionally high arsenic con-
tent, 166 mg kg™! dm, and exceeded the background values. This site was a real
exception, a “hot spot” because it was about 40 times bigger than a mean con-
centration of the whole country and may be a sign of pollution. In this site, the
soil type was coarse mineral soil, with an organic carbon (C) content 7.02% and
pH(H,O) of 5.71. Also, the contents of most other elements (Cd 0.456, Cr 55.92,
Cu 27.55,Ni 26.53, V 73.26, Zn 89.29, Se 0.40, Hg 0.091 and Pb 9.3 mg kg! dm)
were above the national mean levels. The As source could not be clarified.

The arsenic figures for the Swedish agricultural soils during the period of 1988-
1995 were 4.0 and 3.2 mg kg'! dm (Eriksson et al. 1997). In Sweden, arsenic
contents in the plough layer closely varied in relation to the As content in the
subsoil. An arsenic range for international arable land varied from 0.1 to 40 mg
kg dm (ISRIC 1989).

Mintylahti and Laakso (2002) proposed a 10 mg kg™! for a “Clean Soil” value
for As in arable soil. More than 95% of the As contents obtained here were low-
er than the proposed value. In Canada, the environmental quality guideline for
arsenic in agricultural soils is 12 mg kg'! (CCME 2003). In Finland, As contents
in about 1% of the cultivated soils studied exceeded Canadian guideline value.
In Sweden, the limit value for As is 15 mg kg' dm (Xin 2005).
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3.2 Cadmium

Aqua regia extractable Cd contents in the Finnish cultivated soils varied from 0.016
to 0.748 mg kg! dm (Table 1). In general, the range of background values in soils is
narrow, between 0.01-0.15 mg kg'' (OCSF 2007/214). However, the Finnish cadmi-
um range of arable land was clearly lower than the respective international range,
0.01-1.0 mg kg™' dm (Table 6) (ISRIC 1989). A median Cd concentration in cultivat-
ed soils in Finland was 0.15, in Sweden 0.18 (Eriksson et al. 1997) and in Norway
0.14 mg kg'! dm (Amundsen et al. 1995) (Table 7). The range of the soil cadmium
contents was quite large in other European countries (AROMIS 2005).

Analytical results for cadmium are shown by the soil type groups and plant culti-
vation zones in Appendix 1 (Table 7 and 8). The highest mean Cd concentrations
(0.30 mg kg'! dm) were found in organic soils and the lowest (0.14 mg kg™! dm) in
coarse mineral soils. Clay soils contained Cd 0.22 mg kg™ dm, on average. Culti-
vated soils in the Mikkeli region had a Cd mean for mineral soils of 0.10 and for
organic soils 0.28 mg kg! (Mintylahti & Laakso 2002). Fields (n = 23) in crop
farms in the southwestern Finland contained cadmium 0.23 mg kg! and fields (n
= 21) in Ostrobothnia 0.11 mg kg! (Hatakka et al. 2007), on average. Differences
were mainly caused by the soil types. In the Tampere region, the mean cadmium
content was 0.21 mg kg! dm (Mikeld-Kurtto et al. 2006).

The mean cadmium content measured here for the soil material collected in 1998
(0.18 mg kg'! dm) was lower than the mean (0.21 mg kg) for the soil material col-
lected in the monitoring programme in 1974 (Sippola & Mékela-Kurtto 1986).
This could be an indicator of the decrease of Cd inputs from P-fertilizers and from
atmospheric Cd deposition. Since 1980, the use of low-cadmium Finnish apatite
from the Siilinjarvi mine has increased in the production of P-fertilizers in Finland,
thus decreasing the Cd content in Finnish P-fertilizers. AAAc-EDTA extractable
Cd concentrations increased from 1974 to 1987 by 30% (Ervi6 et al. 1990), but lev-
elled from 1987 to 1998 (Mékeld-Kurtto & Sippola 2002), particularly because Cd
inputs from fertilizers radically diminished. Scenarios obtained by the dynamic
EU-model calculations indicated (Louekari et al. 2000) that if low-Cd P-fertilizers
could be used for fertilization in Finland in the future as well, no Cd would accu-
mulate in Finnish cultivated soils.

The threshold value for soil Cd in Finland is 1 mg kg (OCSF 2007/214). All the
Cd contents measured here remained under this value. In Canada, the Cd limit for
arable soils is 1.4 mg kg"' (CCME 2003) and in Sweden for all soils 0.4 mg kg™!
dm (Xin 2005). In Finland, Méntylahti and Laakso (2002) proposed 0.3 mg kg™!
for a limit value for “Clean Soil” to be applied for arable land. Over 75% of the Cd
contents obtained here were lower than the “Clean Soil” value. The distribution
of the soils to the different Cd concentration classes are presented in a histogram
(Appendix 2, Fig. 2).
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The spatial distribution of Cd contents is described on the thematic map (Ap-
pendix 3, Fig. 2). The Cd contents were higher in the south than in the north,
due to soil types and anthropogenic reasons. The thematic map on the aqua re-
gia extractable cadmium was quite similar to the respective map on the AAAc-
EDTA extractable cadmium (Mikeld-Kurtto et al. 2002).

3.3 Chromium

For the soils studied, chromium contents varied from 1.6 to 93 mg kg dm, with
a mean of 29 and a median of 23 mg kg'! dm (Table 1). The Cr concentration
in the soil is known to be greatly dependent on the parent material. A normal
background range in soil for Cr is between 6 and 170 mg kg' (OCSF 2007/214)
and globally arable soils between 5 and 500 (ISRIC 1989). The Earth’s crust
contains about 100 mg kg™! Cr (Sparks 1995) and glacial till in Finland 60 mg
kg (GSF 1992). In Finland, the threshold value for Cr is 100 mg kg'! (OCSF
2007/214). All the Cr contents measured in this study were within the natural
background range. In Sweden, agricultural soils contained 21 mg kg (Eriks-
son et al. 1997) chromium and in Norway 28 mg kg™! (Amundsen et al. 1995),
on average. Higher Cr contents occurred in other European countries (AROMIS
2005).

The Canadian limit value for Cr in the cultivated soils is 64 mg kg”' dm (CCME
2003) and the Finnish “Clean Soil” value 70 mg kg' dm (Mintylahti & Laak-
50 2002). About 95% of Finnish soils studied can be considered as “clean”. The
Swedish limit for total Cr is 120 mg kg! dm, if no Cr VI is present and for Cr
VI 5 mg kg dm (Xin 2005).

In clay soil areas in Finland, the mean Cr concentration was over twice as high
as in the areas of coarse mineral soils or in organic soils (Appendix 1, Table 9).
Hence, the highest mean values were observed in cultivation zones I and II (Ap-
pendix 1, Table 10). According to Hatakka et al. (2007), Cr contents in south-
western Finland was 68 mg kg™ and in Ostrobothnia 25 mg kg™!. In the Mikkeli
region, a mean Cr concentration for mineral soils was 18 mg kg™ and for organ-
ic soils 15 mg kg™! (Méntylahti & Laakso 2002), on average. Low values in the
Mikkeli region can be clarified by the small number (3) of the clay soils there.
In the Tampere region, the respective Cr value was 48 mg kg dm (Mikeld-
Kurtto et al. 2006).

The thematic map (Appendix 3, Fig. 3) showed that high Cr contents occurred
in the southwestern clay areas, but also in cultivated soils in northern Finland,
where glacial till also had high Cr contents (GSF 1992). In Sweden, the Cr con-
centration in the plough layer correlated well with the Cr concentration in the
subsoil, indicating that high Cr concentrations in cultivated soils in most cas-
es originates from the soil parent material (Eriksson et al. 1997). The present
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study shows that chromium was clearly connected to the clay and thus, highly
correlated to nickel, vanadium and zinc (Appendix 4, Table 1).

3.4 Copper

The Cu contents of the national soil monitoring material varied from 2.7 to 92
mg kg™! dm, the median and mean being 17 and 21 mg kg! dm, respectively (Ap-
pendix 1, Table 11 and 12). According to the OCSF 2007/214, the background Cu
contents in soil may vary from 5 to 110 mg kg and the threshold value for Cu
is 100 mg kg''. All the Cu contents measured here were of normal background
range. Internationally, Cu contents in cultivated soils varied between 2 and 100
mg kg'! dm (ISRIC 1989). Mintylahti and Laakso (2002) proposed 35 mg kg™!
as a “Clean Soil” value for arable land. More than 80% of the soils studied con-
tained Cu less than 35 mg kg! dm (Appendix 2, Figure 4). In Canada, the lim-
it value of Cu for arable soils is 63 mg kg! dm (CCME 2003). About 2% of the
Cu contents measured here exceeded this value. The Swedish limit for soil Cu is
100 mg kg™ dm (Xin 2005).

The Cu contents were the highest in the organic soils and lowest in the coarse
mineral soils (Appendix 1, Table 11 and 12). A variation in the concentrations
between the plant cultivation zones seemed to be dependent mainly on the soil
type distribution. Clay soils in southern Finland seemed to be rich in Cu accord-
ing to Hatakka et al. (2007). A spatial distribution of aqua regia extractable Cu
(Appendix 3, Figure 4) had similarities with that of AAAC-EDTA extractable
Cu of the larger monitoring soil material in 1998 (Mikeld-Kurtto et al. 2006).
Also, some regional similarities could be found between the Cu contents in gla-
cial till (GSF 1992) and Cu contents in the cultivated soils in southwestern, east-
ern and northern Finland.

The mean Cu contents in the Finnish, Swedish (Eriksson et al. 1997) and Norwe-
gian (Amundsen et al. 1995) arable soils were of the same level, but lower than
the mean in the Earth’s crust (Sparks 1995). The Cu contents in other European
countries could be higher than those in the Nordic countries (AROMIS 2005).

3.5 Lead

Lead contents in the fields studied here ranged from 2.1 to 58 mg kg™! dm (Ta-
ble 1). A natural background range varies from 0.1 to 5 (OCSF 2007/214). It is
obvious that in the 1900’s, Pb emissions from traffic have increased Pb contents
in soils all over the world. In Finland, Pb emissions from traffic have decreased
dramatically since the 1970’s and fell to the nearly zero-level after 1994, when
unleaded gasoline was used in all motor vehicles (Mékeld 1996).
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According to ISRIC (1989), Pb contents in arable soils varied between 2 and
200 mg kg™ internationally. A threshold value for Pb presented in the Ordinance
mentioned above is 60 mg kg™!. Thus, all the Pb contents obtained here for cul-
tivated soils were under the threshold value. The limit value for Pb in agricul-
tural soils in Canada is 70 mg kg™! dm (CCME 2003). In Sweden, the limit val-
ue for Pb in soils is 80 mg kg™! dm (Xin 2005). In Finland, a “Clean Soil” must
not contain more than 20 mg kg™! Pb (Méntylahti & Laakso 2002). More than
95% of the soils studied here could be considered as “Clean Soil”.

The mean and median of the fields was 8.6 and 9.7 mg kg! dm, respectively
(Table 1). The Earth’s crust contains about 14 mg kg' Pb (Sparks 1995). The
natural occurrence of lead in soils is strongly related to the composition of the
bedrock (Kabata-Pendias & Pendias 1984). The mean Pb content in arable soils
in Sweden (Eriksson et al. 1997) was 17 mg kg'! dm and in Norway 24 mg kg’!
(Amundsen et al. 1995). The Pb content in Finnish soils was clearly lower than
in the Swedish or Norwegian soils, on average. In areas of high traffic density
in Europe, high Pb contents were also reported (AROMIS 2005).

Clay soils clearly contained more Pb than the coarse mineral soils or organic
soils (Appendix 1, Table 13 and 14). According to Hatakka et al. (2007) arable
soils on crop farms in southwestern Finland contained 20 mg kg and arable
soils on dairy farms in Ostrobothnia contained 6.7 mg kg! Pb, on average. In
the Tampere region, the mean Pb content was 13 mg kg dm (Mikel4-Kurtto
et al. 2006) and in the Mikkeli region, the median of the mineral soils was 7.7
and the organic soils was 11 mg kg™! (Mintylahti & Laakso 2002). The main
reasons for higher contents in the south were the clay soils, traffic and to some
extent the production sector, as well. A decreasing trend from the south to the
north could be seen in Table 14 (Appendix 1) and on the thematic map Figure
5 (Appendix 3).

3.6 Mercury

In the national soil monitoring material in 1998, a range of Hg contents was
from 0.008 to 0.143 mg kg' dm (Table 1), but in one case, the Hg content was
as high as 0.949 mg kg' dm. Background values in soils vary between 0.005
and 0.05 mg kg™! (OCSF 2007/214). The Earth’s crust contains about 0.05 mg
kg! Hg (Sparks 1995). According to ISRIC (1989), Hg contents of arable soils
may vary internationally from 0.1 to 0.5 mg kg! dm.

In this study, the Hg median and mean was 0.039 and 0.047 mg kg™! dm, respec-
tively. Mercury tends to appear more in organic than in clay or coarse mineral
soils (Appendix 1, Table 15 and 16). Organic soils had twice as much Hg as min-
eral soils, on average. Mikeld-Kurtto and Sippola (1986) studied Hg contents
of the selected cultivated soils (n = 361) collected during the 1974 monitoring
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programme. Based on their studies, organic soils (n = 98: a mean 0.116 mg kg™!)
contained more Hg than clays (n = 48: a mean 0.049 mg kg™') or coarse mineral
soils (n = 215: a mean 0.048 mg kg™'). In addition to this, they reported differ-
ences in the Hg contents between the soil types inside the organic soils. The Hg
mean for Carex peat samples (n = 51) was 0.134, mould samples (n = 39) 0.103
and Sphagnum Carex peat samples (n = 8) 0.060 mg kg!. High Hg contents in
organic soils could be clarified partly by the low volume weight of these soils.

Also, the national thematic map on mercury contents in 2004 is presented (Ap-
pendix 3, Fig. 6.). According to the map, the highest contents seemed to occur
in the peat regions (Kurki 1972). Hatakka et al. (2007) reported a mean Hg con-
tent of 0.047 mg kg™! in southwestern Finland and 0.033 mg kg™! in Ostroboth-
nia. Méntylahti and Laakso (2002) reported an Hg median of 0.060 for mineral
soils and 0.200 mg kg™ for organic soils in the Mikkeli region. In general, Hg
contents in the Mikkeli region were relatively low, and the range for organic
soils was lower than for mineral soils.

In Sweden, cultivated soils contained 0.04 mg kg™! dm Hg (Eriksson et al. 1997)
and in Norway 0.05 mg kg'' dm (Amundsen et al. 1995) on average. Thus, Hg
contents in Nordic countries seem to be at the same level. Obviously, the abun-
dance of peat soils and the high organic matter content of arable soils in Fin-
land and the Nordic countries resulted to higher Hg levels than those reported
from other countries (ISRIC 1989).

The threshold content of Hg for the Finnish soils is 0.5 mg kg™! and the low guide
content 2 mg kg (OCSF 2007/214). About 75% of mineral soils but less than
25% of organic soils studied in the present study remained under the threshold
value (Appendix 1, Table 15). In Sweden, the limit value for polluted soil is 1
mg kg'! dm (Xin 2005) and in Canada, for agricultural land 6.6 mg kg'! (CCME
2003). A Finnish “Clean Soil” value for mineral soils is 0.10 and for organic
soil 0.15 mg kg'! (Mintylahti & Laakso 2002). Based on this, only a few fields
in this study could be considered “Clean”. The biggest source of Hg into the
cultivated soils has been Hg containing pesticides (Mékeld-Kurtto 1987, 1998).
However, the use of Hg as an active ingredient in pesticides was banned in Fin-
land in 1990. In Sweden, the Hg content in the plough layer was 2.5 times that
of the subsoil (Eriksson et al. 1997) indicating anthropogenic accumulation of
Hg in arable soil.

3.7 Nickel

A Ni range of the Finnish arable soils in 1998 was from 1.2 to 46 mg kg™! (Table
1), while the respective international range was from 5 to 500 mg kg™' (ISRIC
1989). According to the OCSF 2007/214, natural Ni contents in soils vary be-
tween 3 and 100 mg kg!. According to this study, arable soils contained Ni 14
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mg kg! in Finland, 12 in Sweden (Eriksson et al. 1997), and 21 mg kg™ in Nor-
way (Amundsen et al. 1995), on average. The mean Ni in the Finnish glacial till
is 24 (GSF 1992) and in the Earth’s crust is about 80 mg kg™ (Sparks 1995).

A mean Ni content in clay soils was twice that in other soil types (Appendix 2,
Table 17 and 18). Nickel abundance was clearly connected to clay soils. Hence,
Ni was highly correlated to chromium and vanadium (Appendix 4, Table 1). Ni-
rich arable land was situated in the southwestern, eastern and northern parts of
Finland (Appendix 3, Fig. 7), like Cr- and V- rich soils. Ni-rich soils were in the
same areas as Ni-rich glacial till (GSF 1992).

Ni contents in Finnish cultivated soils have been reported to range between 10
and 54 mg kg™ in southwestern Finland and between 3.7 and 21 in Ostroboth-
nia (Hatakka et al. 2007), between 9.2 and 34 mg kg”' dm in the Tampere region
(Mikeld-Kurtto et al. 2006) and between 1.6 and 18 mg kg! in the Mikkeli re-
gion (Méntylahti & Laakso 2002). In this study, the highest Ni contents spatial-
ly occurred in the clay area of southwestern Finland, as presented in thematic
map on Ni (Appendix 3, Fig. 7).

A Finnish threshold value for Ni is 50 mg kg' (OCSF 2007/214). It is the same
as the limit value for Ni for arable soils in Canada (CCME 2003). All the Ni
contents obtained in this study were under 50 mg kg!. The low guide value of
the OCSF 2007/214 is 100 mg kg''. However, the limit value in Sweden is very
low, 35 mg kg™! (Xin 2005). Méntylahti and Laakso (2002) proposed 35 mg kg™!
for the highest Ni content for “Clean Mineral Soils” and 25 mg kg™! for “Clean
Organic Soils”. On this basis, at least 80% of the fields studied here seem to be
“Clean Soil” (Appendix 2, Fig. 7).

3.8 Selenium

Selenium contents in Finnish cultivated soils in 1998 varied widely, from 0.03
to 5.4 mg kg! dm (Table 1). However, 95% of the coarse mineral soils, clay soils
and organic soils contained less than 0.34, 0.55 and 1.17 mg kg' dm Se (Appen-
dix 2, Table 19 and 20), respectively. Organic soils had three times higher Se
content than coarse mineral soils, on average. A mean Se content for the whole
country was 0.29 mg kg'' dm (Table 1). In Sweden, the average content of Se in
arable fields was 0.31 mg kg™ (Eriksson et al. 1997). The global median is 0.4
and the American range <0.1 - 4.3 mg kg™!' (Sparks 1995). In Canada, the envi-
ronmental quality guideline for Se in arable land is 1 mg kg™! dm (CCME 2003).
About 3% of Finnish agricultural soils studied here had the Se content higher
than the Canadian guideline value.

The spatial distribution of the Se contents in Finnish arable soils is presented
on the thematic map (Appendix 3, Fig. 8). In the Vaasa region, there seems to

23



be fields containing more Se than elsewhere in Finland. Regionally, Se content
varied from 0.14 to 0.32 mg kg™! dm in the Tampere region (Mikeld-Kurtto et
al. 2006), from <0.2 to 0.86 in southwestern Finland and from 0.23 to 0.88 mg
kg! in Ostrobothnia (Hatakka et al. 2007). It would be very important to moni-
tor the Se content in cultivated soils in Finland because several grams annual-
ly per hectare via the mineral fertilizers and feed stuffs of Se is added into the
soils (Eurola et al. 2007, Mikela-Kurtto et al. 2007b).

3.9 Vanadium

Vanadium is a common element in the lithosphere and this trace element had
a large concentration range in the cultivated soils in 1998. The contents varied
between 2.7 and 273 mg kg™! dm (Table 1). In unpolluted soils, V contents vary
from 10 to 115 mg kg™' with a mean of 38 mg kg' (OCSF 2007/214). The mean
V content in the Finnish glacial till is 79 mg kg! (GSF 1992) and in the Earth’s
crust 160 mg kg!' (Sparks 1995). The mean of arable soils in Finland was 40
mg kg'! dm (Table 1). A respective figure for the Swedish soils was 35 mg kg™!
(Eriksson et al. 1997). The global median is 90 and the American range 3 - 500
mg kg™! (Sparks 1995).

The official threshold value for soil V in Finland (OCSF 2007/214) is 100 mg
kg™!. The low guide content is 150 and the high guide content 250 mg kg™'. To-
tally, there were seven cases of Finnish soils exceeding the threshold value and
one case exceeding even the high guide value. In Sweden, the soil limit value
for V is 120 mg kg'!' (Xin 2005). The Canadian limit for agricultural soils is 130
mg kg'' dm (CCME 2003). Two cases measured here exceeded the Canadian
limit value (Table 10 and APPEDIX 2, Fig. 9).

Vanadium occurred more in clay soils than in coarse mineral soils or organic
soils (Appendix 1, Table 21 and 22). The contents in clay soils were almost twice
or even three times as high as in the other soil types. Hence, the spatial distri-
bution of the V contents (Appendix 3, Fig. 9) reflects the spatial distribution of
the clay soils, too. Vanadium was highly correlated to Cr and Ni and to some
extent to zinc (Appendix 4, Table 1) because clays are rich in all these elements.
the clay effect could also be seen in the regional distribution of V contents ob-
tained in other investigations. Arable soils in southwestern Finland contained
90 mg kg! of vanadium, in Ostobothnia 43 mg kg! (Hatakka et al. 2007) and
in the Tampere region 64 mg kg'! dm (Mikeld-Kurtto et al. 2006).

3.10 Zinc

Of the trace elements studied here, zinc was the most abundant trace element in
the Finnish cultivated soils in 1998, with a median and a mean of 43 and 55 mg
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kg™! dm, respectively (Table 1). The median Zn value for the Finnish glacial till
is 57 mg kg™! (GSF 1992). The Zn contents obtained in this study ranged from
5.7 to 264 mg kg' dm. According to ISRIC (1989), Zn contents in arable soils
vary between 10 and 300 mg kg!. Natural background values in Finland vary
between 8 and 110 mg kg' (OCSF 2007/214). Totally, 28 soils studied here ex-
ceeded the natural background range, four soils exceeded the threshold value,
200 mg kg'!, and even one exceeded the low guide value, 250 mg kg! (OCSF
2007/214). A mean for Zn in Swedish cultivated soils is 56 mg kg"! dm (Eriksson
etal. 1997) and in Norwegian soils 64 mg kg! dm (Amundsen et al. 1995).

The highest Zn contents appeared in clays and the lowest ones in organic soils
(Appendix 1, Table 23 and 24). That results in high correlations of Zn to Cr, Ni
and V (Appendix 4, Table 1). Also, other investigations show that Zn contents
are high in clay soils, 90 mg kg™!, on average, in southwestern Finland, as com-
pared to the respective value in coarser mineral soils, 43 mg kg™! in Ostroboth-
nia (Hatakka et al. 2007). However, an exceptionally high mean value, 107 mg
kg! dm, was found in the arable soils in the Tampere region (Mikel4-Kurtto
et al. 2006).

The Canadian limit value for arable soils is 200 mg kg' dm (CCME 2003) which
is the same as the Finnish threshold value (OCSF 2007/214). In Sweden, the soil
limit value for Zn is 350 mg kg™! dm (Xin 2005). The Finnish “Clean Soil” val-
ue for agricultural soils is 100 mg kg™! (Mintylahti & Laakso 2002). Practical-
ly all the organic soils, and about 90% of the mineral soils were “Clean” in this
study (Appendix 1, Table 23).

The thematic map on Zn (Appendix 3, Fig. 10) indicates that southwestern Fin-
land, including the Tampere region, had relatively high Zn contents in the ar-
able soils. High Zn contents that occurred in the clay area in the southwestern
Finland clearly came out in the spatial distribution of Zn.

4 Conclusions

This study was the first nationwide survey on aqua regia extractable trace el-
ements in Finnish cultivated soils. The survey consisted of a relatively large
number of sampling sites and trace elements that were determined by using an
international standard method. This study gives an opportunity to compare the
trace element contents of Finnish arable soils directly with the respective inter-
national and other national values.

Trace element contents in Finnish cultivated soils were of the same level as in

other Nordic countries, but lower than those reported in many other Europe-
an countries.
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When the trace element contents were compared to the respective natural back-
ground contents measured in the Finnish fine-grained glacial till, elevated con-
tents seemed to occur in the cases of Cd, Pb and Hg in the cultivated soils. Ob-
viously, the main reasons were anthropogenic, atmospheric deposition for Pb,
P-fertilizers for Cd and pesticides for Hg. However, Cd and Pb contents in Finn-
ish arable land were internationally low.

This nationwide trace element survey forms a fundamental basis for a moni-
toring programme on Finnish arable land. To recognize and manage health and
ecological risks, it is important to follow up the trace element trends in culti-
vated soils in the coming years.

5 Summary

This study was part of a three-year (2004-2007) project entitled “Assessment and
reduction of heavy metal inputs into Finnish agro-ecosystems” that was funded by
the Ministry of Agriculture and Forestry in Finland. The aims of the project were
to clarify: 1) aqua regia extractable trace elements in Finnish cultivated soils with
an international standard method at a national level; 2) agua regia and AAAc-
EDTA extractable trace elements in the top- and subsoil of Finnish arable land at
selected crop and dairy farms; and 3) field mass balances of trace elements on the
selected crop and dairy farms at the farm level.

The soil samples studied here were collected from 338 cultivated fields during the
Finnish monitoring programme in 1998. The sampling sites were situated evenly
on arable land all over the cultivated area in Finland: 7.7% being in the first and
southernmost plant cultivation zone (I); 19.5% in the second (II); 44.1% in the third
(I1I); 22.8% in the fourth (IV) and 5.9% in the fifth (V) zone. Of the soils studied,
65% were classified to coarse mineral soils, 15% to clay soils (clay content >30%)
and 20% to organic soils (organic matter content >20%). The pH values of the fields
are presented, too. The soil samples were analysed for arsenic, cadmium, chromi-
um, copper, lead, mercury, nickel, selenium, vanadium, and zinc by using agua re-
gia extraction according to the international standard method (ISO 11466).

Medians and 90 percentile ranges (between 5% and 95%) of the trace element con-
tents measured here were for Cd 0.15 (0.05-0.42), Cr 23 (7-67), Cu 17 (5-51), Pb 9
(4-18), Hg 0.04 (0.02-0.09), Ni 10 (4-34), Se 0.18 (0.08-0.71), V 32 (11-85) and Zn 43
(14-133) mg kg! dm. Trace element concentrations greatly varied by the soil types
and by the plant cultivation zones. Often, the concentrations were low in the coarse
mineral soils while the highest concentrations occurred in the clay soils. Howev-
er, the highest concentrations of cadmium, mercury and selenium were measured
in the organic soils. Contents of cadmium and lead were higher in the south than
in the north because of the high population density, intensive industry and traf-

26



fic and their emissions in southern Finland. Regional differences in the trace ele-
ment concentrations were also partly due to the differences in the soil types. Con-
centrations of arsenic, copper and nickel in Finnish cultivated soils geographically
seemed to reflect the respective concentrations measured in glacial till. Statistical
indicators of the trace elements are presented by soil type groups and by plant cul-
tivation zones. The distribution of the trace elements into the concentration class-
es are shown graphically on histograms and geographical distributions on the the-
matic maps.

Mean trace element contents increased in the soil material: Hg < Cd < Se < As <
Pb <Ni < Cu < Cr <V <Zn. The Finnish arable land seemed to contain more Se,
Cu and Zn than the Earth’s crust, on average. Mean trace element contents of the
Finnish cultivated soils were at the same level as in other Nordic countries. How-
ever, the contents were low when compared internationally, particularly with the
contents of Cd and Pb.

Majority of the Cd, Hg and Pb contents measured here exceeded the natural Finn-
ish soil background contents measured in fine-grained glacial till. Obviously, the
main reasons for the accumulation of these trace elements were the earlier anthro-
pogenic inputs into the soil from the atmosphere (Pb), P-fertilizers (Cd) and pesti-
cides (Hg), respectively. In addition, about 10% of Zn contents and some cases of
V contents were higher than the Finnish natural values.

All the Finnish Cd, Pb and Hg contents were lower than the respective Canadian
limit values for agricultural soils. However, 7% of Cr contents, 3% of Se contents,
2% of As and Cu contents and about 1% of V and Zn contents exceeded the re-
spective Canadian limit values.

When the trace element contents were compared to the “Clean Soil” values pro-
posed for the Finnish cultivated soils, about 95% of As, Cr and Pb contents, 75-
80% of Cd, Cu, Ni and Zn contents, but only a few cases of Hg contents could be
classified as a clean soil.

This study was the first nationwide survey on aqua regia extractable trace ele-
ments in Finnish cultivated soils. The survey consisted of a relatively large number
of sampling sites and trace elements that were determined using an internation-
al standard method. This study gives an opportunity to compare the trace ele-
ment contents of the Finnish arable soils directly with the respective internation-
al and other national values. Although trace element contents obtained here were,
in general, low, there were also a number of soils with elevated contents. This na-
tionwide trace element survey forms a fundamental basis for the monitoring pro-
gramme on Finnish arable land. To recognize and manage health and ecological
risks, it is important to follow up the trace element trends in cultivated soils in the
coming years.
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8 Appendixes

Appendix 1

Soil type group
o Coarse mineral soil
e Clay sml

® Organic soil

Figure 1. Sites (n = 338) of cultivated Finnish fields sampled in the national soil
monitoring in 1998 and analyzed for trace elements in this study. Plant cultiva-
tion zones (I-V) of Finland.
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Table 1. Statistical indicators of humus contents (% in dm) by soil type groups
in Finnish cultivated fields sampled in the national soil monitoring in 1998. Min
= minimum, Max = maximum, Mean = mean, Std = standard deviation, n =
number of samples and % = percentiles.

Humus Statistical indicators

Soil type group Min 5% 25% 50% 75% 95% Max Mean Std n
Coarse mineral

21 28 41 561 73 14 20 6.3 35 219

soils

Clay soils 20 24 39 54 6.8 10 14 5.6 25 51

Organic soils* 20 21 31 45 61 79 83 47 20 68

All together 20 29 43 59 12 61 83 14 19 338

*One case <20% in cultivation zones of II (13% in dm), III (3.4% in dm) and IV (12 % in dm)

Table 2. Statistical indicators of humus contents (% in dm) by soil type groups
and by cultivation zones (I-V) in Finnish cultivated fields sampled in the national
soil monitoring in 1998. Min = minimum, Max = maximum, Std = standard de-
viation, n = number of samples.

Humus Cultivation zone Average
Soil type group | Il 1 v \%
Coarse mineral n 8 34 106 56 15 219
soils
Median 4.6 4.9 5.2 4.9 6.5 5.1
Mean 6.6 6.5 6.2 6.2 6.7 6.3
Std 5.0 3.5 3.2 3.7 3.5 3.5
Min 2.7 2.8 21 2.2 2.8 21
Max 18 15 18 20 14 20
Clay soils n 17 21 13 51
Median 5.0 4.7 7.0 54
Mean 5.6 4.9 6.9 5.6
Std 2.8 1.8 2.8 2.5
Min 2.7 22 20 2.0
Max 14 10 11 14
Organic soils n 1 1 30 21 5 68
Median 66 30 42 56 75 45
Mean 66 32 43 55 69 47
Std 9.8 18 21 18 20
Min* 66 13 3.4 12 37 3.4
Max 66 45 76 83 81 83
All together n 26 66 149 77 20 338
Median 5.0 5.4 6.4 6.1 7.6 5.9
Mean 8.2 10 14 20 22 14
Std 12 11 17 25 29 19
Min 2.7 2.2 20 22 2.8 2.0
Max 66 45 76 83 81 83

*One case <20% in cultivation zones of II (12.8% in dm), III (3.4% in dm) and IV (12.1% in
dm)
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Table 3. Statistical indicators of pH(H,0) by soil type groups in Finnish cultivat-
ed fields sampled in the national soil monitoring in 1998. Min = minimum, Max
= maximum, Mean = mean, Std = standard deviation, n = number of samples
and % = percentiles.

pH Statistical indicators

Soil type roup Min 5% 25% 50% 75% 95% Max Mean Std n
Coarse mineral

47 51 55 59 62 67 7.0 59 05 219

soils

Clay soils 48 53 57 60 64 6.7 7.3 6.0 05 51
Organic soils 39 44 50 52 55 6.0 6.4 52 05 68
All together 39 49 54 58 62 6.7 7.3 58 06 338

Table 4. Statistical indicators of pH(H,0) by soil type groups and by cultivation
zones (I-V) in Finnish cultivated fields sampled in the national soil monitoring in
1998. Min = minimum, Max = maximum, Std = standard deviation, n = number
of samples.

pH Cultivation zone Average
Soil type type | Il | \Y \%
Coarse mineral 8 34 106 56 15 219
soils
Median 6.4 5.8 5.9 5.9 5.4 5.9
Mean 6.3 5.9 6.0 5.8 5.5 5.9
Std 0.6 0.5 0.4 0.5 0.5 0.5
Min 5.5 5.0 5.0 4.7 4.8 4.7
Max 7.0 7.0 7.0 6.8 6.4 7.0
Clay soils n 17 21 13 51
Median 6.2 6.0 6.0 6.0
Mean 6.1 6.0 6.0 6.0
Std 0.6 0.4 0.5 0.5
Min 4.8 5.2 5.2 4.8
Max 7.3 6.7 71 7.3
Organic soils n 1 1 30 21 5 68
Median 5.4 53 5.2 5.1 4.7 5.2
Mean 5.4 5.4 53 5.1 4.9 5.2
Std 0.3 0.5 0.5 0.6 0.5
Min 5.4 5.0 3.9 43 44 3.9
Max 5.4 6.0 6.4 6.4 5.9 6.4
All together n 26 66 149 77 20 338
Median 6.3 5.8 5.8 5.6 5.3 5.8
Mean 6.1 5.8 5.8 5.6 5.4 5.8
Std 0.6 0.5 0.5 0.6 0.6 0.6
Min 4.8 5.0 3.9 43 4.4 3.9
Max 7.3 7.0 7.1 6.8 6.4 7.3
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Table 5. Statistical indicators of aqua regia extractable contents (mg kg™' dm) of
arsenic by soil type groups in Finnish cultivated fields sampled in the national
soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean, Std =
standard deviation, n = number of samples and % = percentiles.

As Statistical indicators

Soil type group Min 5% 25% 50% 75% 95% Max Mean Std n
Coarse mineral

032 0.72 156 240 358 6.92 166 3.61 11.2 219

soils

Clay soils 1.98 235 574 779 912 122 179 751 3.16 51

Organic soils 069 099 193 253 360 9.05 16.8 3.30 266 68
All together 0.32 088 1.79 276 459 942 166 4.13 9.28 338

Table 6. Statistical indicators of aqua regia extractable contents (mg kg™' dm) of
arsenic by soil type groups and by cultivation zones (I-V) in Finnish cultivated
fields sampled in the national soil monitoring in 1998. Min = minimum, Max =
maximum, Std = standard deviation, n = number of samples.

As Plant cultivation zone of Finland Average
Soil type group I I 1 1\ \Y
Coarse mineral n 8 34 106 56 15 219
soils
Median  3.84 3.53 234 153 1.80 2.40
Mean 4.05 8.80 2.81 202 3.14 3.61
Std 1.76 27.8 1.79 139 364 11.2
Min 1.35 1.79 073 032 0.38 0.32
Max 6.98 166 106 559 146 166
Clay soils n 17 21 13 51
Median  8.10 8.55 5.14 7.79
Mean 8.56 8.20 5.02 7.51
Std 3.04 2.99 2.30 3.16
Min 5.48 2.04 1.98 1.98
Max 17.9 14.6 7.88 17.9
Organic soils n 1 11 30 21 5 68
Median  8.89 2.83 313 217  1.01 2.53
Mean 8.89 4.06 3.71 253 1.24 3.30
Std 2.83 3.14 119 0.64 2.66
Min 8.89 1.19 0.79 1.00 0.69 0.69
Max 8.89 9.42 16.8 559 229 16.8
All together n 26 66 149 77 20 338
Median  6.79 4.54 248 199 155 2.76
Mean 7.18 7.82 3.18 216 2.67 413
Std 3.37 20.0 226 135 325 9.28
Min 1.35 1.19 0.73 032 0.38 0.32
Max 17.9 166 16.8 559 146 166
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Table 7. Statistical indicators of aqua regia extractable contents (mg kg™' dm) of
cadmium by soil type groups in Finnish cultivated fields sampled in the national
soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean, Std =
standard deviation, n = number of samples and % = percentiles.

Cd Statistical indicators

Soil type group Min 5% 25% 50% 75% 95% Max Mean Std n
Coarse 0.016 0.042 0.079 0.116 0.177 0.309 0.641 0.138 0.088 219
mineral soils

Clay soils 0.085 0.105 0.156 0.196 0.249 0.441 0.624 0.222 0.107 51
Organic soils 0.073 0.127 0.211 0.289 0.372 0.509 0.748 0.298 0.130 68
All together 0.016 0.047 0.096 0.153 0.231 0.416 0.748 0.183 0.120 338

Table 8. Statistical indicators of aqua regia extractable contents (mg kg~' dm) of
cadmium by soil type groups and by cultivation zones (I-V) in Finnish cultivated
fields sampled in the national soil monitoring in 1998. Min = minimum, Max =
maximum, Std = standard deviation, n = number of samples.

Cd Plant cultivation zone of Finland Average
Soil type group I I [ IV \%
Coarse mineral n 8 3 106 56 15 219
soils
Median 0.256 0.177 0.135 0.088 0.050 0.116
Mean 0.246 0.219 0.140 0.092 0.056 0.138
Std 0.112 0.127 0.064 0.045 0.024 0.088
Min 0.084 0.065 0.040 0.016 0.021 0.016
Max 0.435 0.641 0.347 0.242 0.105 0.641
Clay soils n 17 21 13 51
Median 0.195 0.191 0.210 0.196
Mean 0.236 0.209 0.225 0.222
Std 0.127 0.113 0.065 0.107
Min 0.104 0.089 0.085 0.085
Max 0.624 0.519 0.309 0.624
Organic soils n 1 11 30 21 5 68

Median 0.748 0.360 0.308 0.225 0.327 0.289
Mean 0.748 0.371 0.298 0.245 0.270 0.298
Std 0.161 0.101 0.094 0.139 0.130
Min 0.748 0.101 0.129 0.073 0.101 0.073
Max 0.748 0.656 0.510 0.469 0.397 0.748
All together n 26 66 149 77 20 338
Median 0.212 0.196 0.157 0.099 0.063 0.153
Mean 0.259 0.241 0.179 0.134 0.109 0.183
Std 0.154 0.140 0.097 0.092 0.116 0.120
Min 0.084 0.065 0.040 0.016 0.021 0.016
Max 0.748 0.656 0.510 0.469 0.397 0.748
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Table 9. Statistical indicators of aqua regia extractable contents (mg kg™' dm) of
chromium by soil type groups in Finnish cultivated fields sampled in the national
soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean, Std =
standard deviation, n = number of samples and % = percentiles.

Cr Statistical indicators
Soil type group Min 5% 25% 50% 75% 95% Max Mean Std n

Coarse mineral

23 79 13.0 201 34.0 592 925 257 16.7 219

soils

Clay soils 239 334 474 548 656 880 932 572 159 51
Organic soils 16 42 96 158 26.7 466 594 203 141 68
All together 1.6 71 137 225 424 66.6 932 294 20.0 338

Table 10. Statistical indicators of aqua regia extractable contents (mg kg dm)
of chromium by soil type groups and by cultivation zones (I-V) in Finnish cul-
tivated fields sampled in the national soil monitoring in 1998. Min = minimum,
Max = maximum, Std = standard deviation, n = number of samples.

Cr Plant cultivation zone of Finland Average
Soil type group | Il Il v \%
Coarse mineral n 8 34 106 56 15 219
soils
Median  25.7 29.3 18.2 171 37.3 20.1
Mean 24.2 34.2 21.2 24.3 451 25.7
Std 11.3 18.5 11.4 17.9 221 16.7
Min 7.1 9.2 23 4.7 21.7 2.3
Max 43.2 65.2 56.1 74.5 92.5 92.5
Clay soils n 17 21 13 51
Median  58.6 60.1 50.7 54.8
Mean 57.0 62.6 48.8 57.2
Std 16.4 17.2 8.5 15.9
Min 294 324 23.9 23.9
Max 89.3 93.2 56.7 93.2
Organic soils n 1 11 30 21 5 68
Median  10.6 40.1 17.2 13.9 10.3 15.8
Mean 10.6 36.9 19.3 15.7 10.8 20.3
Std 19.0 9.8 11.8 3.0 141
Min 10.6 9.5 41 1.6 6.5 1.6
Max 10.6 59.4 394 445 14.0 59.4
All together n 26 66 149 77 20 338
Median  43.1 447 18.9 16.5 30.2 22.5
Mean 451 43.7 23.2 22.0 36.5 29.4
Std 22.2 22.2 134 16.8 24.4 20.0
Min 71 9.2 23 1.6 6.5 1.6
Max 89.3 93.2 56.7 74.5 92.5 93.2
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Table 11. Statistical indicators of aqua regia extractable contents (mg kg-! dm)
of copper by soil type groups in Finnish cultivated fields sampled in the national
soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean, Std =
standard deviation, n = number of samples and % = percentiles.

Cu Statistical indicators

Soil type group  Min 5% 25% 50% 75% 95% Max Mean Std n

Coarsemineral , 7 44 g6 133 193 319 818 152 95 219

soils

Clay soils 7.4 151 228 281 355 541 609 306 116 51
Organic soils 4.5 5.7 184 275 456 80.0 916 334 217 68
All together 2.7 53 10.3 171 273 512 916 212 155 338

Table 12. Statistical indicators of aqua regia extractable contents (mg kg™ dm)
of copper by soil type groups and by cultivation zones (I-V) in Finnish cultivated
fields sampled in the national soil monitoring in 1998. Min = minimum, Max =
maximum, Std = standard deviation, n = number of samples.

Cu Plant cultivation zone of Finland Average
Soil type group | Il Il IV \%
Coarse minera! n 8 34 106 56 15 219
Median 21.6 15.9 12.2 13.2 12.6 13.3
Mean 20.1 18.8 13.5 14.0 21.4 15.2
Std 7.0 10.3 7.3 7.9 19.6 9.5
Min 8.7 5.8 2.7 3.2 4.2 2.7
Max 28.6 465 474 34.6 81.8 81.8
Clay soils n 17 21 13 51
Median 27.4 324 28.1 28.1
Mean 28.9 33.9 27.3 30.6
Std 10.2 13.8 7.9 11.6
Min 11.8 14.8 7.4 7.4
Max 51.0 60.9 35.8 60.9
Organic soils n 1 11 30 21 5 68
Median  49.9 321 26.0 32.1 26.7 275
Mean 49.9 34.9 29.5 38.4 29.7 334
Std 224 14.9 29.1 20.8 21.7
Min 49.9 5.5 9.2 4.5 5.4 4.5
Max 49.9 74.7 74.6 91.6 53.0 91.6
All together n 26 66 149 77 20 338
Median  25.3 22.9 14.9 15.1 14.6 17.1
Mean 27.0 26.3 17.9 20.7 23.5 21.2
Std 10.9 15.9 11.6 19.7 19.7 15.5
Min 8.7 5.5 2.7 3.2 4.2 2.7
Max 51.0 74.7 74.6 91.6 81.8 91.6
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Table 13. Statistical indicators of aqua regia extractable contents (mg kg-' dm)
of lead by soil type groups in Finnish cultivated fields sampled in the national
soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean, Std =
standard deviation, n = number of samples and % = percentiles.

Pb Statistical indicators

Soil type group Min 5% 25% 50% 75% 95% Max Mean Std n
Coarse mineral

21 43 62 76 97 134 579 83 45 219

soils

Clay soils 66 89 127 156 179 215 230 154 39 51
Organic soils 35 43 74 90 1.2 172 214 97 37 68
All together 21 43 66 86 112 179 579 97 49 338

Table 14. Statistical indicators of aqua regia extractable contents (mg kg-' dm)
of lead by soil type groups and by cultivation zones (I-V) in Finnish cultivated
fields sampled in the national soil monitoring in 1998. Min = minimum, Max =
maximum, Std = standard deviation, n = number of samples.

Pb Plant cultivation zone of Finland Average
Soil type group I Il [ \ Vv
Coarse mineral soils n 8 34 106 56 15 219
Median 10.2 9.8 7.6 6.9 5.1 7.6
Mean 109 10.1 8.1 8.1 6.0 8.3
Std 3.9 2.7 3.0 7.2 2.0 45
Min 47 6.1 3.7 2.1 3.7 2.1
Max 16.7 156 286 57.9 9.9 57.9
Clay soils n 17 21 13 51
Median 16.9 159 13.1 15.6
Mean 172 154 129 15.4
Std 3.8 3.8 3.0 3.9
Min 10.9 8.7 6.6 6.6
Max 23.0 221 18.6 23.0
Organic soils n 1 11 30 21 5 68
Median 18.6 11.8 8.6 9.5 6.5 9.0
Mean 18.6  13.1 8.9 9.4 6.1 9.7
Std 5.2 27 2.8 1.1 3.7
Min 18.6 6.9 3.5 3.5 4.6 3.5
Max 186 214 167 145 7.4 214
All together n 26 66 149 77 20 338
Median 16.3  11.1 8.0 7.6 54 8.6
Mean 153 123 8.6 8.4 6.0 9.7
Std 4.8 4.2 3.2 6.4 1.8 4.9
Min 4.7 6.1 3.5 2.1 3.7 2.1
Max 230 221 286 57.9 9.9 57.9
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Table 15. Statistical indicators of aqua regia extractable contents (mg kg™' dm)
of mercury by soil type groups in Finnish cultivated fields sampled in the na-
tional soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean,
Std = standard deviation, n = number of samples and % = percentiles.

Hg Statistical indicators

Soil type group Min 5% 25% 50% 75% 95% Max Mean Std n
Coarse mineral

0.008 0.016 0.025 0.033 0.044 0.063 0.949 0.040 0.063 219

soils

Clay soils 0.014 0.022 0.035 0.041 0.055 0.072 0.091 0.045 0.017 51
Organic soils 0.011 0.032 0.052 0.068 0.087 0.129 0.143 0.072 0.029 68
All together 0.008 0.017 0.028 0.039 0.055 0.089 0.949 0.047 0.055 338

Table 16. Statistical indicators of aqua regia extractable contents (mg kg™' dm)
of mercury by soil type groups and by cultivation zones (I-V) in Finnish culti-
vated fields sampled in the national soil monitoring in 1998. Min = minimum,
Max = maximum, Std = standard deviation, n = number of samples.

Hg Plant cultivation zone Average
Soil type group | I Il v \Y,
Coarse mineral soils n 8 34 106 56 15 219

Median 0.044 0.038 0.038 0.027 0.025 0.033
Mean 0.043 0.069 0.039 0.028 0.025 0.040
Std  0.012 0.157 0.013 0.010 0.006 0.063
Min  0.025 0.014 0.011 0.008 0.016 0.008
Max 0.056 0.949 0.076 0.060 0.036 0.949

Clay soils n 17 21 13 51
Median 0.054 0.039 0.037 0.041
Mean 0.054 0.041 0.039 0.045
Std 0.017 0.015 0.015 0.017
Min  0.031 0.015 0.014 0.014
Max 0.091 0.071 0.066 0.091
Organic soils n 1 1 30 21 5 68

Median 0.089 0.064 0.081 0.062 0.055 0.068
Mean 0.089 0.068 0.081 0.067 0.047 0.072
Std 0.027 0.033 0.023 0.019 0.029
Min  0.089 0.034 0.011 0.031 0.020 0.011
Max 0.089 0.115 0.143 0.115 0.066 0.143
All together n 26 66 149 77 20 338
Median 0.051 0.042 0.040 0.029 0.025 0.039
Mean 0.052 0.060 0.047 0.038 0.030 0.047
Std  0.018 0.113 0.026 0.023 0.014 0.055
Min  0.025 0.014 0.011 0.008 0.016 0.008
Max 0.091 0.949 0.143 0.115 0.066 0.949
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Table 17. Statistical indicators of aqua regia extractable contents (mg kg-' dm)
of nickel by soil type groups in Finnish cultivated fields sampled in the national
soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean, Std =
standard deviation, n = number of samples and % = percentiles.

Ni Statistical indicators

n 5% 25% 50% 75% 95% Max Mean Std n

Soil type group M

Coarse mineral 12 32 54 86 152 279 453 114 81 219

soils

Clay soils 77 147 210 273 33.6 442 464 28.0 9.1 51

Organic soils 16 44 62 85 153 268 335 109 70 68
All together 1.2 36 59 100 189 336 464 138 10.0 338

Table 18. Statistical indicators of aqua regia extractable contents (mg kg-' dm)
of nickel by soil type groups and by cultivation zones (I-V) in Finnish cultivated
fields sampled in the national soil monitoring in 1998. Min = minimum, Max =
maximum, Std = standard deviation, n = number of samples.

Ni Plant cultivation zone Average
Soil type group I I Il \ \Y,
Coarse mineral soils n 8 34 106 56 15 219
Median 14.1 138 75 6.5 13.6 8.6
Mean 13.3 16.0 96 104 16.1 11.4
Std 7.3 8.8 6.4 9.3 8.8 8.1
Min 3.6 5.3 1.2 1.9 51 1.2
Max 256 315 453 364 29.0 45.3
Clay soils n 17 21 13 51
Median 256 29.3 27.3 27.3
Mean 258 30.8 26.2 28.0
Std 8.7 10.1 7.0 9.1
Min 131 127 7.7 7.7
Max 46.3 464 358 46.4
Organic soils n 1 11 30 21 5 68
Median 6.9 204 9.1 7.3 8.0 8.5
Mean 6.9 186 11.0 7.7 7.6 10.9
Std 10.7 57 3.8 24 7.0
Min 6.9 4.6 4.7 1.6 4.2 1.6
Max 69 335 307 179 10.0 33.5
All together n 26 66 149 77 20 338
Median 19.8 209 8.9 6.6 10.1 10.0
Mean 212 211 114 9.7 13.9 13.8
Std 103 115 7.8 8.2 8.5 10.0
Min 3.6 4.6 1.2 1.6 4.2 1.2

Max 46.3 464 453 364 29.0 46.4
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Table 19. Statistical indicators of aqua regia extractable contents (mg kg-' dm)
of selenium by soil type groups in Finnish cultivated fields sampled in the na-
tional soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean,
Std = standard deviation, n = number of samples and % = percentiles.

Se Statistical indicators

Soil type group Min 5% 25% 50% 75% 95% Max Mean Std n

Coarse mineral -, 133 5,070 0.110 0.150 0.210 0.340 2.330 0.180 0.173 219

soils

Clay soils 0.100 0.120 0.190 0.250 0.320 0.550 0.910 0.278 0.149 51
Organic soils 0.070 0.170 0.330 0.465 0.635 1.169 5.440 0.632 0.771 68
All together 0.030 0.080 0.130 0.180 0.300 0.712 5.440 0.286 0.415 338

Table 20. Statistical indicators of aqua regia extractable contents (mg kg™ dm)
of selenium by soil type groups and by cultivation zones (I-V) in Finnish culti-
vated fields sampled in the national soil monitoring in 1998. Min = minimum,
Max = maximum, Std = standard deviation, n = number of samples.

Se Plant cultivation zone of Finland Average
Soil type group I I Il v \%
Coarse mineral soils n 8 34 106 56 15 219

Median 0.185 0.180 0.150 0.130 0.130 0.150
Mean 0.193 0.269 0.177 0.137 0.163 0.180
Std 0.064 0.381 0.098 0.066 0.089 0.173
Min 0.110 0.070 0.050 0.030 0.080 0.030
Max  0.310 2.330 0.710 0.310 0.400 2.330

Clay soils n 17 21 13 51
Median 0.270 0.250 0.210 0.250
Mean 0.282 0.305 0.227 0.278
Std 0.112 0.190 0.104 0.149
Min 0.130 0.110 0.100 0.100
Max  0.590 0.910 0.390 0.910
Organic soils n 1 11 30 21 5 68

Median 1.110 0.530 0.470 0.380 0.600 0.465
Mean 1.110 1.023 0.542 0.401 1.188 0.632
Std 1.498 0.278 0.206 1.540 0.771
Min 1.110 0.100 0.140 0.070 0.170 0.070
Max 1.110 5.440 1.400 0.990 3.920 5.440
All together n 26 66 149 77 20 338
Median 0.245 0.220 0.180 0.140 0.140 0.180
Mean 0.287 0.406 0.255 0.209 0.419 0.286
Std 0.198 0.712 0.210 0.168 0.844 0.415
Min 0.110 0.070 0.050 0.030 0.080 0.030
Max 1.110 5440 1.400 0.990 3.920 5.440
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Table 21. Statistical indicators of aqua regia extractable contents (mg kg-' dm)
of vanadium by soil type groups in Finnish cultivated fields sampled in the na-
tional soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean,
Std = standard deviation, n = number of samples and % = percentiles.

\" Statistical indicators

Soil type group Min 5% 25% 50% 75% 95% Max Mean Std n
g;fsrsem'”era' 56 133 205 282 465 707 92.0 342 17.9 219
Clay soils 262 426 585 719 90.8 129 133 757 248 51
Organic soils 27 66 152 252 341 649 273 30.7 342 68
All together 27 106 206 319 533 853 273 39.7 27.6 338

Table 22. Statistical indicators of aqua regia extractable contents (mg kg dm)
of vanadium by soil type groups and by cultivation zones (I-V) in Finnish cul-
tivated fields sampled in the national soil monitoring in 1998. Min = minimum,
Max = maximum, Std = standard deviation, n = number of samples.

\' Plant cultivation zone of Finland Average
Soil type group I I | v \%
Coarse mineral soils n 8 34 106 56 15 219

Median 311 36.2 264 251 510 28.2
Mean 315 427 298 330 512 34.2

Std 122 213 140 195 149 17.9

Min 109 133 56 8.7 26.0 5.6
Max 516 758 719 920 745 92.0

Clay soils n 17 21 13 51
Median 719 825 64.9 71.9
Mean 743 835 64.9 75.7
Std 223 26.0 230 24.8
Min 417 332 262 26.2

Max 128 133 130 133

Organic soils n 1 11 30 21 5 68
Median 295 452 291 183 145 252
Mean 295 433 273 334 122 30.7
Std 237 104 573 4.0 34.2

Min 295 1.7 94 27 5.8 27

Max 295 812 472 273 154 273

All together n 26 66 149 77 20 338
Median 559 553 281 243 417 31.9
Mean 594 558 324 331 414 39.7
Std 282 298 175 338 216 27.6

Min 109 1.7 56 2.7 5.8 27
Max 128 133 130 273 745 273




Table 23. Statistical indicators of aqua regia extractable contents (mg kg™' dm)
of zinc by soil type groups in Finnish cultivated fields sampled in the national
soil monitoring in 1998. Min = minimum, Max = maximum, Mean = mean, Std =
standard deviation, n = number of samples and % = percentiles.

Zn Statistical indicators

Soil type group Min 5% 25% 50% 75% 95% Max Mean Std n

Coarsemineral 5, 138 256 402 628 104 264 485 333 219

soils

Clay soils 31.8 50.0 79.1 954 132 180 248 108 433 51

Organic soils 57 106 199 285 414 763 101 339 206 68
All together 57 13.8 26.0 426 727 133 264 545 402 338

Table 24. Statistical indicators of aqua regia extractable contents (mg kg™' dm)
of zinc by soil type groups and by cultivation zones (I-V) in Finnish cultivated
fields sampled in the national soil monitoring in 1998. Min = minimum, Max =
maximum, Std = standard deviation, n = number of samples.

Zn Plant cultivation zone of Finland Average
Soil type group I Il 1] v \Y
Coarse mineral soils n 8 34 106 56 15 219

Median 482 735 424 311 346 40.2
Mean 56.3 778 475 358 336 48.5
Std 351 418 319 210 129 33.3

Min 186 196 6.2 8.1 17.9 6.2
Max 130 174 264 956 543 264
Clay soils n 17 21 13 51
Median 88.2 132 850 95.4
Mean 96.7 124 9538 108
Std 281 451 50.9 43.3
Min 50.8 39.2 31.8 31.8
Max 145 221 248 248
Organic soils n 1 11 30 21 5 68

Median 313 447 309 255 128 28.5
Mean 31.3 469 350 308 124 33.9

Std 231 172 224 47 20.6
Min 313 143 157 6.4 5.7 5.7
Max 313 897 101 916 183 101
All together n 26 66 149 77 20 338

Median 80.6 88.0 416 293 224 42.6
Mean 817 872 492 344 283 54.5
Std 36.2 485 350 214 147 40.2
Min 186 143 6.2 6.4 5.7 5.7
Max 145 221 264 956 54.3 264
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Appendix 2

Soil arsenic
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Figure 1. Distribution (%) of aqua regia extractable contents (mg kg' dm) of
arsenic in Finnish cultivated fields (n = 338) sampled in the national soil mo-
nitoring in 1998. Please note that the concentration scale is not linear after 20
mg kg™ dm.
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Figure 2. Distribution (%) of aqua regia extractable contents (mg kg' dm) of
cadmium in Finnish cultivated fields (n = 338) sampled in the national soil moni-
toring in 1998.
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Soil chromium
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Figure 3. Distribution (%) of aqua regia extractable contents (mg kg™' dm) of
chromium in Finnish cultivated fields (n = 338) sampled in the national soil
monitoring in 1998.
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Figure 4. Distribution (%) of aqua regia extractable contents (mg kg dm) of
copper in Finnish cultivated fields (n = 338) sampled in the national soil moni-
toring in 1998.
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Figure 5. Distribution (%) of aqua regia extractable contents (mg kg dm) of
lead in Finnish cultivated fields (n = 338) sampled in the national soil monitor-
ing in 1998. Please note that the concentration scale is not linear after 22 mg
kg™ dm.
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Soil mercury
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Figure 6. Distribution (%) of aqua regia extractable contents (mg kg™' dm) of
mercury in Finnish cultivated fields (n = 338) sampled in the national soil moni-
toring in 1998. Please note that the concentration scale is not linear after 0.10
mg kg™ dm.
Soil nickel
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Figure 7. Distribution (%) of aqua regia extractable contents (mg kg' dm) of
nickel in Finnish cultivated fields (n = 338) sampled in the national soil monitor-
ing in 1998.
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Figure 8. Distribution (%) of aqua regia extractable contents (mg kg' dm) of
selenium in Finnish cultivated fields (n = 338) sampled in the national soil moni-
toring in 1998. Please note that the concentration scale is not linear after 1.0
mg kg dm.
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Soil vanadium
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Figure 9. Distribution (%) of aqua regia extractable contents (mg kg™' dm) of
vanadium in Finnish cultivated fields (n = 338) sampled in the national soil
monitoring in 1998. Please note that the concentration scale is not linear after
140 mg kg™! dm.
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Figure 10. Distribution (%) of aqua regia extractable contents (mg kg™ dm) of
zinc in Finnish cultivated fields (n = 338) sampled in the national soil monitor-
ing in 1998. Please note that the concentration scale is not linear after 160 mg
kg™ dm.
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Appendix 3

As

mag/kg dm

0.32-1.79

Figure 1. Spatial distribution of aqua regia extractable arsenic in Finnish cul-
tivated soils (n = 338) sampled in the national soil monitoring in 1998. Plant
cultivation zones (I-V) of Finland.
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Figure 2. Spatial distribution of aqua regia extractable cadmium in Finnish cul-
tivated soils (n = 338) sampled in the national soil monitoring in 1998. Plant
cultivation zones (I-V) of Finland.
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Figure 3. Spatial distribution of aqua regia extractable chromium in Finnish cul-
tivated soils (n = 338) sampled in the national soil monitoring in 1998. Plant
cultivation zones (I-V) of Finland.
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2.7-10.3

Figure 4. Spatial distribution of aqua regia extractable copper in Finnish cul-
tivated soils (n = 338) sampled in the national soil monitoring in 1998. Plant
cultivation zones (I-V) of Finland.
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Figure 5. Spatial distribution of aqua regia extractable lead in Finnish cultivated
soils (n = 338) sampled in the national soil monitoring in 1998. Plant cultivation
zones (I-V) of Finland.
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Figure 6. Spatial distribution of aqua regia extractable mercury in Finnish cul-
tivated soils (n = 338) sampled in the national soil monitoring in 1998. Plant
cultivation zones (I-V) of Finland.
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Figure 7. Spatial distribution of aqua regia extractable nickel in Finnish cul-
tivated soils (n = 338) sampled in the national soil monitoring in 1998. Plant
cultivation zones (I-V) of Finland.
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Figure 8. Spatial distribution of aqua regia extractable selenium in Finnish cul-
tivated soils (n = 338) sampled in the national soil monitoring in 1998. Plant
cultivation zones (I-V) of Finland.
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Figure 9. Spatial distribution of aqua regia extractable vanadium in Finnish cul-
tivated soils (n = 338) sampled in the national soil monitoring in 1998. Plant
cultivation zones (I-V) of Finland.
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Figure 10. Spatial distribution of aqua regia extractable zinc in Finnish culti-
vated soils (n = 338) sampled in the national soil monitoring in 1998. Plant
cultivation zones (I-V) of Finland.
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Maa- ja elintarviketalous -sarjan ympiristoteemassa ilmestyneita

julkaisuja
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trace elements in cultivated soils in 1998. Mdkeld-Kurtto, R. ym. 61
s. Hinta 20 euroa.

Maatalous Itdmeren rehevoittdjand. Uusitalo, R. ym. 34 s. Hinta 15
euroa.

Broilerin fileesuikaleiden tuotannon ympéristovaikutukset ja kehit-
tamismahdollisuudet. Katajajuuri, J-M. ym. 118 s. Hinta 25 euroa.

Jatekompostit lannoitteena peltoviljelyssa — biologiset ja kemialliset
vaikutukset. Halinen, A. ym. 105 s. Hinta 25 euroa.

Laitumien ja suojavyohykkeiden ravinnekierto ja ympéristokuormitus.
Virkajdrvi, P. & Uusi-Kdmppd, J. (toim.). 208 s. Hinta 25 euroa.

Lyijy ja kadmium rohdos- ja yrttikasveissa. Kirjallisuuskatsaus. Roit-
to, M. & Galambosi, B. 103 s. Hinta 25 euroa.

Recept ur marknadsforarens kokbok: ingredienser och tillredningsan-
visningar for en inbjudande ldgerskola. Miljolédgerskola Eco Learn.
Miemois, A. 53 s. (webbpublikation: www.mtt.fi/met/pdf/met65.pdf)

Maan laadun arviointi tiloilla — kirjallisuuskatsaus. Kukkonen, S. ym.
86 s. Hinta 20 euroa

Maatalouden ympéristotuen seuranta MYTVAS 2. Osahankkeiden 2-7
véliraportit 2000-2003. Turtola, E. & Lemola, R. (toim.). 175 s. Hinta
25 euroa.

Suuret pihatot eldinten hyvinvointi, lypsyn tyénmenekki, tydolot ja
ympaéristonhoito. Uusi-Kdmppd, J. & Rissanen, P. (toim.). 184 s. Hinta
25 euroa

Julkaisut 10ytyvit sarjojen internetsivuilta www.mtt.fi/julkaisut/sar-
jathaku.html.
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