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Abstract. In Galicia (northwest Spain) the application of organic wastes to agricultural land is a common 
practice, which may increase total and bioavailable metal contents in the soil. In this study, total metal con- 
centrations were determined in acid soils under different use (pasture, cropland, woodland) in an agricultural 
area where agro-industrial sludges are frequently recycled as manure. The aim was to establish baseline metal 
levels which could be used to determine the capacity of soils to absorb organic wastes. The estimation of 
baseline metal concentrations was carried out by two methods, one based on the analysis of means and geo- 
metric deviations, and another based on a modal analysis. Results suggested that the modal analysis procedure 
might be preferable when analysing data sets with a heterogeneous frequency distribution. In general, there 
was no significant difference in total metal concentrations when comparing soils from different land uses. 
Baseline levels for each metal indicated that all soils were suitable for organic waste application under current 
European Union (EU) legislation. From 2015, more restrictive metal limit values have been proposed by the 
EU, potentially preventing the addition of metal-containing wastes to pasture, cropland and woodland soils. 
The dissolved metal values in each soil were also estimated by empirical equations relating total metal con- 
centrations, pH and organic matter content. Results showed that only the pasture soils would be suitable for 
organic waste disposal under the proposed EU metal limits for 2015, due to liming and substantial organic 
matter content. Total metal concentrations were insufficient to discriminate environmental risk in acid soils 
of different land use. The determination of baseline levels in reference areas and the estimation of soil metal 
bioavailability are suggested to define permissible values in the developing legislation. 

Keywords: Baseline metal concentrations, dissolved metal concentrations, heavy metals, pasture, cropland, 
woodland, dairy sludge 

INTRODUCTION 

eta1 concentrations in undisturbed soils depend on M the geological substrates and soil forming processes 
(Alloway 1990; Kabata-Pendias & Pendias 1992). Agricul- 
tural activity may result in elevated levels of metals in soils. 
In particular, long-term addition of inorganic fertilizers and 
pesticides can increase total and available metal contents in 
agroecosystems. Superphosphate fertilizers have been 
related to slight or moderate soil contamination by cad- 
mium (Rothbaum et al. 1986; Vassilev 2002), and calcium 
nitrate, widely applied as a nitrogen fertilizer, contains sig- 
nificant amounts of nickel (Verloo & Willaert 1990). Certain 
fungicides used to control plant diseases contain variable 
amounts of copper and zinc, which can increase availability 
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of these elements in the upper soil horizons (Merry et al. 
1983). 

Similar problems can be expected from application of 
certain organic products. In the last decades, recycling of 
organic wastes as farmyard manure and sewage sludge to 
farmland has been considered an effective way to reduce 
other disposal practices such as incineration and landfill 
disposal (Sumner 2000). However, organic residues may 
contain elevated levels of metals. Significant levels of cop- 
per and zinc can be found in poultry and pig manures 
(Destain & Raimond 1983; Pomares & Canet 2001). Lead, 
copper, zinc and cadmium are common in sewage sludge 
and compost from urban solid wastes (Canet et ul. 2000). 
As a consequence, long-term or excessive application of 
these organic residues may result in metal accumulation in 
soil. Siegenthaler et al. (1998) observed that long-term 
application of pig slurry and sewage sludge to Swiss agri- 
cultural soils raised zinc and cadmium levels up to or above 
legislated limits. Krogmann et a/. (2000) made a prediction 
of metal levels in soil after the application of sewage sludge, 
dairy, poultry and pig manures for 100 years, and 
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concluded that concentrations of certain metals may 
increase above background levels. 

To study metal contamination of soils, it is considered 
essential to identify background concentrations under natu- 
ral conditions, without strong human influence (Gough 
1993). Background metal levels are also required to decide 
whether organic residues can be recycled to soils as man- 
ures and amendments. However, it is almost impossible to 
establish true natural background levels, since atmospheric 
deposition can contaminate soils with certain metals (Chen 
et al. 1999). For this reason, so-called baseline levels are 
normally assessed; they represent elemental concentrations 
specific for a given region and time, but are unlikely to be 
true background concentrations (Salminen & Tarvainen 
1997). Background/baseline concentrations can only be 
reliably determined at a small spatial scale, due to large 
variation over relatively short distances (Ma et a/. 1997). 
The closest estimation to a true baseline can be provided 
by unmanaged land, such as unproductive woodland, that 
has never been fertilized. 

There is no specific legislation controlling manure 
application to agricultural soils. Only the EU Nitrates 
Directive (European Communities 1991) and codes of 
good agricultural practice (Xunta de Galicia 1999) 
suggest suitable timing and application rates for fertili- 
zers, to minimize nitrate loss to water bodies. There are 
no specific rules controlling agro-industrial sludge appli- 
cation to soils in the European Union. By default, the 
use of these sludges as fertilizers is governed by Direc- 
tive 86/278/EEC (European Communities 1986), which 
was originally directed at sewage sludges. This legislation 
states acceptable total metal concentrations for different 
soil pH values, with lower concentrations for more acidic 
soils. However, there is a general agreement that the total 
metal concentration in soil is not appropriate for environ- 
mental risk assessment, since it does not reflect bioavail- 
ability or chemical lability of a given contaminant (Traina 
& Laperche 1999). 

Plants and microbiota take up metals from the soil sol- 
ution; therefore, environmental quality objectives should 
be based on metal concentrations in soil solution rather 
than on total concentrations. Metal bioavailability depends 
on soil properties, mainly pH and soil organic matter 
(Kabata-Pendias & Pendias 1992). In this respect, Rieu- 
werts et al. (1998a,b) have emphasized the need to 
develop simple methods to predict bioavailable metal con- 
centrations from existing and commonly available data on 
total metal concentrations and soil parameters such as 
pH and organic matter. Empirical relationships between 
concentrations of either dissolved metals or free metal 
ions and total soil metals, pH and organic matter content 
have been proposed by several authors, providing good 
descriptions of metal chemistry, principally in soils with 
levels of organic matter of 10% or less (Tipping et al. 
2003). Citeau (2004) has recently compared bioavailable 
metal concentrations in soil water obtained from lysi- 
meters to the corresponding estimations using equations 
reported by Butcher et a/. (1989), McBride et ul. (1997), 
Sauvi: et al. (2000) and Tipping et ul. (2003). Citeau con- 
cluded that dissolved metal concentrations obtained by 

Sauvi's equations best-predicted field Zn, Cd, Pb and 
Cu concentration in the soils studied. 

Agro-industrial sludges are frequently recycled as man- 
ure in the soils of northwest Spain. In the present work, 
total metal concentrations in acid soils under different use 
(pasture, cropland, woodland) have been determined and 
compared to the corresponding dissolved metal values esti- 
mated by Sauve's equations, to assess whether they can be 
used to establish the capacity of the soils to absorb organic 
wastes. Unmanaged woodland soils in the study area were 
included to obtain baseline metal levels and determine the 
impact of the manuring and fertilizing practices on metal 
concentrations in pasture and cropland soils. 

MATERIAL A N D  M E T H O D S  

Study ureu 
An area of 30km2 was delimited in the municipality of 
Vilalba (Lugo, NW Spain). The  climate is humid temper- 
ate with a mean temperature of 11.5 "C and mean annual 
precipitation of 1176 mm. The  bedrock is the Alba-Vilalba 
series schist (ITGME 1975). Soils are mainly humic, haplic 
and gleyic Umbrisols (FAO-ISRIC-ISSS 1998), with slopes 
generally less than 2%. The  soils are acidic, with a low 
effective cation exchange capacity (CEC,), and usually have 
medium organic matter content and sandy loam or sandy 
clay loam texture. 

The  area is largely used for beef and dairy cattle kept on 
grassland, consisting mainly of mixtures of perennial rye- 
grass and white clover. Maize, wheat, kale and turnip are 
also produced for animal feed. The  livestock are farmed 
intensively, with heavy use of inorganic fertilizers and cattle 
slurry, which are widely applied to grass and maize. Wheat, 
kale and turnip are commonly fertilized with inorganic 
NPK products and/or manured. All these crops have rela- 
tively high nitrogen (N) requirements and some of them 
may be overfertilized, particularly where farms use cattle 
slurry. Pesticides are rarely used for grassland, wheat, kale 
or turnip cultivation. 

The  grassland is also fertilized with agro-industrial 
sludge produced by a dairy processing and packaging plant 
in the study area. The initial waste product generated by 
the dairy plant is an effluent of milk, water (used for wash- 
ing equipment), sodium hydroxide and nitric acid (used as 
cleaning products). The  effluent undergoes a biological 
treatment that converts it into a semi-liquid sludge, herein- 
after called dairy sludge. 

Chururteristics und application rates of mustes 
The  properties of cattle slurry and dairy sludge applied in 
the study area are presented in Table 1, together with EU 
metal limits in sludges for agricultural use (European Com- 
munities 1986). The  cattle slurry has high N and K con- 
tents, but small amounts of metals. The  sludge has 
significant amounts of N, P and Na, but low K and metal 
content. Both wastes provide crops with water (Lopez- 
Mosquera et ul. 2001). 
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Table 1. Main characteristics of cattle slurry and dairy sludge applied at 
the study area, and European Union metal limits in sludges for agricul- 
tural use (European Communities 1986). 

Cattle slurry Dairy sludge Directive 
86/278/EEC 

Dry matter (g L-I) 18.2 
PH 7.1 
EC (dS m-') 4.0 

I n  % 
C 40.0 
N 5.1 
P 2.0 
K 9.6 
Ca 0.8 
Mg 0.7 
Na 2.4 

I n  mg kg- ' 
Cd 0.3 
Cr < 0.06 
c u  23.6 
Ni 6.8 
Pb 0.5 
Zn 115.3 

20 
7.1 
3.4 

35.6 
6.2 
2.1 
1.1 
2.2 
0.4 
3.2 

0.8 20 
14.8 1000 
39.1 1000 
11.6 300 
18.3 750 

347.4 2500 

EC = electrical conductivity. 

In grasslands, application rates of cattle slurry should 
meet N requirements of the cultivated grasses, according to 
the code of good agricultural practice for managing live- 
stock manures (up to 170 kgN ha-' yr-'). An application at 
establishment of 20-40 m3 ha-' is recommended in 
autumn, and then successive annual applications of the 
slurry are made to provide 30-60 kg N ha-' for grazed or 
cut forage. However, frequently the capacity of slurry sto- 
rage tanks is insufficient for the number of cattle on the 
farm and farmers increase slurry rates above those 
recommended. 

A single annual application of 80m3 ha-' of dairy sludge 
to grassland at the beginning of the growing season is cur- 
rently recommended to achieve best yields while favouring 
competition of clover against grass (Lopez-Mosquera et al. 
2001). Both cattle slurry and dairy sludge are surface 
broadcast to land by means of a tractor-drawn tank with 
splash-plate. 

Soil sampling 
Sixty sampling sites were selected for study: 34 in grass, 5 
in wheat, and 4 in kale (cropland), and 17 under natural 
mixed deciduous woodland. The sites were selected from 
dairy and beef farms registered at the dairy plant for sludge 
disposal on their grassland. The selected farms had known 
histories of inorganic fertilizer and organic manure use, and 
woodland plots that had never been cultivated. All farms 
were located within 8 km distance from the dairy plant. 

All 34 pasture soils were from fields habitually receiving 
dairy sludges, inorganic fertilizers and cattle slurry. The 
arable sites generally received only inorganic NPK fertili- 
zers. The woodland plots had, to the best of our knowl- 
edge, never been fertilized, and were considered reference 
areas from which to obtain soil baseline metal levels. 

At each site, 10 soil samples (0-15cm depth) were taken 
using a 7 cm diameter corer, and then pooled to give repre- 
sentative samples. Sampling and sample processing avoided 
metal contamination (Ure 1990). 

Soil sample analysis 
The soil samples were air-dried and sieved through a nylon 
mesh to remove particles > 2 mm. We determined texture, 
pH (in a 1:2.5 suspension soil/water or 0.1 M KCI, w/v), C 
by oxidation with potassium dichromate, N by the Kjeldahl 
method (Guitiin & Carballas 1976), and effective cation 
exchange capacity (CEC,) as the sum of exchangeable bases 
and A1 extractable with 1~ NH&I (Peech et al. 1947). 
Total Cd, Cu, Cr, N, Pb and Zn were determined by 
atomic absorption spectrometry (Varian Spectra 220 FS) on 
samples ground in an agate mortar to CO.l mm and 
digested with HN03 in a microwave oven (US EPA 1995). 
The digestion procedure was quality-controlled by parallel 
analysis of the BCR@ certified reference material BCR143R 
(Trace elements in sewage sludge amended soil). 

All soils contained a high proportion of particles 
> 0.05 mm, ranging from 43.5 to 87.3%. Textures were 
sandy loam or sandy clay loam. The mean chemical charac- 
teristics of the soils are presented in Table 2. 

For each soil, dissolved metal concentrations of Cd, Cu, 
N, Pb and Zn were estimated from total metal concen- 
tration, pH and organic matter content, using the equations 

Table 2. Chemical properties of the soils categorized by three land uses (woodland, pasture and cropland)." Ranges are given in parentheses. 

Woodland 
( n  = 17) 

Pasture 
(n = 34) 

Cropland 
(n  = 9) 

PH (HzO) 
PH (KCU 
Organic matter (O/o) 

N (Yo) 
P (mg kg-') 
Ca (cmol(+) kg-') 
Mg (cmol(+) kg-') 
K (cmol(+) kg-I) 
AI (cmol(+) kg- ) 
A1 satn (To) 

4.7a (4.4-5.0) 
4.la (3.8-4.3) 
4.7b (3.7-5.7) 

0.28a (0.19-0.37) 
4.3a (1.3-7.4) 

1.65a (0.35-2.95) 
0.47a (0.19-0.75) 
0.42a (0.31-0.53) 
6.65b (3.83-1 1.50) 
68.lb (54.7-81.5) 

5.3b (5.1-5.6) 
4.5b (4.2-4.8) 
7.5b (3.0-12.0) 

0.41b (0.34-0.58) 
37.8b (6.9-68.4) 

2.33a (0.46-4.20) 
0.46a (0.03-0.89) 
0.48a (0.33-0.63) 
1.74a (0.24-4.79) 
35.3a (17.3-53.3) 

5.2b (5.0-5.5) 
4.3a (4.1-4.4) 
2.7a (1.6-3.8) 

0.15a (0.08-0.22) 
44.5b (16.5-72.4) 
1.78a (0.88-2.68) 
0.3Oa (0.10-0.50) 
0.51a (0.38-0.64) 
2.79a (2.13-4.62) 
47.7a (32.3-63.1) 

a For each soil characteristic, means followed by a different letter are significantly different at P 5 0.05. 
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developed by Sauvt et al. (2000): 

10g(Cd)dis = 3.42 - 0.47 pH -k 1.08 lOg(Cd)T 

- 0.81 log(0C) 

log(Zn)dis = 3.68 - 0.55 pH + 0.9410g(Zn)T 

- 0.34 log(0C) 

l0g(Ni)dis = 7.02 - 1.05 pH -k 1.21 hg(Ni)T 

- 0.85 log(0C) 

where (M)T represents total concentration of each metal in 
the soil (mg kg-'), OC is the percentage of organic carbon 
by weight, and (M)dis is the quantity of dissolved metal 

These equations were also used to estimate dissolved 
metal concentrations expected if metals were present in the 
local soils at the EU limits. 

( I d - ' ) .  

Statistical analyses 
Dependent variables were compared between treatments by 
one-way ANOVA, with subsequent multiple comparisons 
by the Least Significant Differences Test for balanced 
samples, or the Schefft test for unbalanced samples, and 
the non-parametric Mann-Whitney test for data not nor- 
mally distributed (Zar 1984)' using the SPSS statistics 
package. The level of significance for statistical analyses 
was established at P 5 0.05. 

As suggested by Tidball & Ebens (1976), baseline metal 
concentrations were expressed as geometric means and 
ranges of the element concentrations in the soils studied. 
This method, hereinafter 'baseline method l', is widely 
used for determination of baseline metal concentrations in 
soils (Dudka 1993; Gough et al. 1994; Chen et al. 1999). 
Data were also subjected to a method based on a modal 
analysis to separate different normal populations within the 
data set. This method, hereinafter 'baseline method 2', was 
originally developed for the determination of background 
metal concentrations in marine sediments (Carral et al. 
1995); as far as we know, this is the first use of this method 
for soils. 

RESULTS AND DISCUSSION 

Table 3 shows mean total concentrations of each metal in 
studied soils, and summarizes previously published data for 
other soils in Galicia and other regions of the world. Con- 
tents of Cd, Cr, Ni, Pb and Zn did not vary significantly 
between soils with different land uses, suggesting that 
manuring and fertilizing practices in the area had no sig- 
nificant impact on metal levels. The coefficients of variation 
for Cd and Pb were very high, as a result of very low con- 
centrations of Cd in 14 soils from pasture, 3 from wood- 
land and 4 from cropland, and a very heterogeneous 
frequency distribution of Pb concentrations within each 
land use (data not shown). Only Cu concentrations 
were significantly higher in arable soils than in pasture 
and woodland soils; this might be a consequence of the use 
of copper-containing fertilizers (Verloo & Willaert 1990). 
In general, total metal concentrations in soils were within 

the ranges reported previously for other Galician soils 

Table 3. Total metal concentrations (mgkg-') in soils categorized by three land uses (woodland, pasture and cropland), and data from published studies 
(local and international) for comparison. 

Use Cd Cr c u  Ni Pb Zn 

Woodland 
Mean 
Range 
cv (%o) 
No. of samples 
Pasture 
Mean 
Range 
cv (Yo) 
No. of samples 
Cropland 
Mean 
Range 
cv (Yo) 
No. of samples 
Literature studies 
Local: 
Paz-Gonlalez ef al. (2000) 
Fernindez & Carballeira (2001) 
International: 
Chen et al. (1999) 
Kabata-Pendias & Pendias (1992) 

0.37a 
0.02-0.8 

57 
17 

0.39a 
0.02-0.7 

44 
34 

0.38a 
0.02-0.9 

34 
9 

0.004-2.80 
0.37 

41a 
30.5-50.5 

25 
17 

44a 
29.5-58.1 

33 
34 

47a 
36.1-57.4 

23 
9 

40.3 
37.8 - 169.7 

0.02 - 447 
47 

21a 
15.82-25.94 

24 
17 

23a 
15.9-36.3 

44 
34 

26b 
21.4-3 1.3 

19 
9 

37.2 
2.3 - 54.2 

0.1-318 
13 

25a 
18.8-31.8 

26 
17 

27a 
17.5-36.2 

35 
34 

30a 
21.7-37.9 

27 
9 

10.3 
0.3 - 55.0 

0.04-375 
13 

1 la 
4.1-17.2" 

61 
17 

12a 
3.1-20.3 

74 
34 

1 la 
6.2-16.2 

45 
9 

22.0 
12.9 - 59.3 

0.18-290 
22 

52ab 
35.6-68.4 

32 
17 

66a 
39.4-92.1 

40 
34 

67b 
50.1-82.9 

25 
9 

135.0 
10.5 - 99.3 

0.90-169 
45 

Within columns, means followed by the same letter do not differ significantly at P 5 0.05. CV = coefficient of variation. 
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(Paz-Gonzilez et al. 2000; Fernindez & Carballeira 2001), 
and for soils in other regions of the world (Kabata-Pendias 
& Pendias 1992; Chen et al. 1999), even though parent 
materials, climate and land use may differ. 

Because there were no significant differences in total 
metal concentrations between the different land uses apart 
from Cu, data were pooled to estimate baseline metal con- 
centrations. For Cu, pasture and woodland samples were 
used because concentrations in arable samples were signifi- 
cantly higher. Table 4 shows total metal concentrations esti- 
mated by baseline methods 1 and 2. With few exceptions, 
levels calculated by the two methods fell within the ranges 
reported by Dudka (1993), Gough et al. (1994) and Chen 
et al. (1999) for Polish, South Carolina (USA) and Florida 
(USA) surface soils, respectively. Zinc levels were consider- 
ably higher than those reported for South Carolina and 
Florida, reflecting larger Zn concentrations in the parent 
materials (Guitiin et al. 1992). 

To assess whether the two baseline methods gave similar 
results, a one-factor analysis of variance (factor baseline esti- 
mation method) was performed comparing metal concen- 
trations only from soils with metal concentrations less than 
or equal to the corresponding baseline estimate (Table 5). 
Only Cd showed significant differences (P 5 0.05) between 
the two methods; this is clearly a consequence of the high 
heterogeneity in the frequency distributions of this metal. 
Therefore, although both methods produced similar results 
for most metals, the method based on modal analysis (i.e. 
method 2) may be preferable to the more widely used 
method of Tidball & Ebens (1976) when analysing data sets 
with a very variable frequency distribution. The  modal 
analysis method allows the identification of discrete Gaus- 
sian subpopulations within a data set, and the difference 
between subpopulations and the original distribution are 
assessed by a chi-squared test (Carral et al. 1995). 

Metal baseline levels should be used to decide whether 
any fertilizer input may have an impact on soil metal con- 
tent. The  baseline concentrations of all metals were below 
the maximum concentrations specified by current EU legis- 
lation for sewage sludge application (Table 4), showing that 
all the soils were suitable for organic waste application. 
However, this would not be the case for Cr, Cu, Ni and Zn 

under proposed E U  legislation for 2015. This means that, if 
the proposed new EU limits are adopted, even natural soils 
from forests which supposedly never received any waste or 
fertilizer would be unsuitable for sludge application. Only 
the baseline Pb concentration would be below the permitted 
concentration. Legislation is particularly exigent for acid 
soils, since metal solubility tends to increase at low pH and 
decrease at high p H  (Rieuwerts et al. 1998a). 

Total concentrations are not reliable indicators of metal 
bioavailability, since an important fraction of total values 
corresponds to metals strongly bound within soil particles 
and not normally available for organisms to take up (Rieu- 
werts et al. 1998a). Plants and soil microbiota are exposed 
to metals via the soil solution, therefore an estimate of soil 
metal bioavailabiltiy should be considered for quantifying 
contamination and environmental risks, instead of total 
values (Rieuwerts et al. 1998b; Sauvk et al. 2000). 

Table 6 presents dissolved metal concentrations, esti- 
mated from total metal values, pH and organic matter con- 
tent, in pasture, cropland and woodland soils, together with 
the dissolved metal concentrations expected if metals were 
present in the local soils at the EU metal limits. 

The  highest concentrations for all metals in solution 
were consistently found in woodland soils, and the lowest 
in cropland, particularly in pasture soils, even though 
grassland regularly received mineral fertilizers, cattle slurry 
and dairy sludge. These results can be explained mainly by 
differences in p H  between soils with different land uses 
(Figure 1). It is known that metal solubility and bioavail- 
ability increase with decreasing soil pH (Xian & In Shoko- 
hifard 1989; Dudka et al. 1996), and woodland soils had 
significantly lower p H  (both in water and KCl; P < 0.05) 
than the cropland and pasture soils (Table 2). Soils in 
northwest Spain are very acidic, as a result of acidic parent 
materials and much precipitation. Before cultivation, and 
especially when establishing grasslands in previous forestry 
soils, lime is usually applied (Mombiela & Mateo 1984), 
and after establishment, lime is applied every three to five 
years depending on the annual precipitation. The same is 
commonly done for wheat and kale crops, which explains 
higher pH values and lower dissolved metal concentrations 
in the arable and pasture soils than in the woodland soils. 

Table 4. Mean concentrations of total metals (mg kg-') in soils of the data sets identified by baseline estimation methods 1 and 2. The 95% confidence 
limits are shown in parentheses. Also shown are baseline Concentrations obtained by method 1 and reported in previous studies in other countries, and 
EU metal limits established for use of sludge in agricultural soils by the present legislation (Directive 86/278/EEC) and that proposed for 2015. 

Method Cd Cr c u  Ni Pb Zn 

Baseline 1 
Baseline 2 
Literature values (range) 
Dudka 1993 
Gough et al. 1994 
Chen et al. 1999 

62 (56-68) 
0.14 (0.07-0.21) 42 (40-45) 24 (22-26) 28 (26-29) 10 (9-11) 59 (52-65) 
0.43 (0.36-0.51) 43 (40-47) 23 (21-25) 27 (25-29) 11  (9-13) 

4-75 2- 18 2-27 
6.8-29 0.35-5.2 0.96-4.6 5.7-15 2.8-12 

0-0.33 0.89-80.7 0.22-21.9 1.70-48.5 0.69-42.0 0.89-29.6 
Legislation 
Directive 86/278/EEC 1 
(soil pH < 7)" 
Proposed limit values for 0.5 
2015 (5 5 pH < 6)h 

100 50 30 50 150 

30 20 15 70 60 

"European Communities 1986; hEuropean Commission 2000 
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Table 5. Descriptive statistics for the baseline sites identified by baseline 
estimation methods 1 and 2, showing the results of analysis of variance to 
compare metal levels between sites identified by each method. 

Liming reduces metal availability by converting the metals 
into less soluble forms that are less available for plant 
uptake (Krebs et al. 1998). A predictive model of metal 
concentrations in crops, derived from soil metal values, 
humus content and pH, has recently been proposed by 
Hough et al. (2003), showing the large dependence of Cd 
and Zn uptake on soil pH. 

Apart from pH, organic matter content is another soil 
factor affecting dissolved metal concentration (Sauvi: et al. 
2000), but in our study this relationship was weak. 
The pasture and woodland soils had similar organic matter 
contents, higher than that of the cropland soils. However, 
significant differences (P 5 0.05) were found between dis- 
solved metal concentrations in pasture and woodland soils, 
suggesting that soil pH more than organic matter content 
is responsible for the variations in dissolved metal concen- 
trations between soils. This is supported by the work of 
Sauvk et al. (2000), who, in a compilation of more than 
70 studies, found that pH explained most of the variation 
for metals such as Cd and Zn. On the other hand, it cannot 
be ruled out that quality more than quantity of organic 
matter has a major influence on metal bioavailability, since 
it has been shown to play an important role in the mobility, 
availability and complexity of metals in soils (BaranEikovi 
& Makovnikovi 2003). 

In soils from the three land uses, the dissolved concen- 
trations of all metals except Ni were below those expected 
if metals were present in the local soils at the present EU 
limits. However, according to the proposed EU legislation 
for 2015, only pasture soils would be suitable for organic 
waste disposal. This reflects both the importance of liming 
and greater contents of soil organic matter in reducing 
metal bioavailability. 

Our results indicate that determination of total metal 
concentrations is insuffucient for environmental risk 

Cd" Zn c u  Cr Ni Pb" 

Samplesize nl = 2 3  nl = 30 nl = 24 nl = 27 nl = 29 nl = 15 
n2 = 23 n2 = 30 n2 = 31 n z =  25 nz = 33 n2 = 25 

F value 0.00 1.90 0.03 1.18 
2 valueh 0.242 112.5 
ci value' 0.19 1.00 0.18 0.86 0.28 0.04 

n l ,  n2 = number of soils with metal concentration 5 baseline value esti- 
mated by methods 1 and 2, respectively. "For Cd and Pb, data sets were 
compared by the Mann-Whitney U-test. 'Level of significance for non- 
parametric tests. 'Level of significance for parametric tests. 

Table 6. Estimated dissolved metal concentrations in soils cate orized by 
land use, and expected dissolved concentrations (both in pgL-  ) if metals 
were present in the local soils at the present EU metal limits or at those 
proposed for 2015. Number of samples are given in parentheses. 

Use log Cd IogCu log Ni IogPb IogZn 

F .  

Woodland 
Mean 0.16b 

(17) 

Oa 
(34) 

Oba 
(9) 

3.43c 
(17) 

2.66a 
(34) 

3.15b 
(9) 

0.52a 
(17) 

0.25a 
(34) 

0.29a 
(9) 

2.55b 
(17) 

2.24a 
(34) 

2.45b 
(9) 

Pusture 
Mean 

Crnplund 
Mean 

Legishion 
Directive 86/278/EECa 
Proposed limit values for 

201jh (5 5 pH < 6) 

0.64 
0.32 

1.78 
1.41 

3.04 
2.67 

0.86 
0.95 

2.75 
2.38 

For each metal, means followed by a different letter are significantly differ- 
ent at P 5 0.05. 'European Communities 1986; 'European Commission 
2000. 
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Figure 1. Total metal (mgkg-') and estimated dissolved metal concentrations (pgL-') of Cd, Cu, Ni, Pb, and Zn in individual samples of pasture (Q, 
cropland (0) and woodland (A) soils, in relation to soil pH. 
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assessment in acid soils. It is important that the inter- 
national legislation also takes into account the baseline 
metal concentrations in reference areas, and the use of 
simple methods that estimate metal bioavailability from 
total metal values and common soil factors, such as pH and 
organic matter. Estimations of dissolved metal, as used in 
the present work, or free metal-ion concentration, which 
have received much attention in recent years, could be use- 
ful tools for evaluating the capacity of acid soils for absorb- 
ing organic wastes. 
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