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Abstract. A preliminary survey of metal concentrations in soil and vegetable samples was undertaken
in the town of Zlatna, in western Romania that is dominated by a large copper smelter. One data set
(town survey) consisted of soil samples taken from sites both in the centre of the town (near smelter
and school grounds) and the outskirts and included those from roadside verges and wooded areas.
The second data set consisted of soil samples taken from vegetable garden plots together with an
associated sample of spring onion (Allium fistulosum). The aim of this study was to measure levels
of the elements Cu, Zn, Pb, Cd and As in soil samples from Zlatna in general, and to assess their
uptake into home grown vegetables and thus into the food chain. Concentrations of the elements of
interest in soils and vegetables peaked southwest of the smelter and also in soils near the school in
the town centre. Concentrations of elements in soils from the town, including those near the school,
had the following ranges: Cu, 41–12,000, geometric mean 863 µg/g; Zn, 89–15,600, geometric mean
920 µg/g; Pb, 32–7860, geometric mean 740 µg/g; Cd, BDL–329.5, geometric mean 3.35 µg/g;
As, 15–1440 geometric mean 223 µg/g; Thus, the residents of Zlatna are potentially exposed to
levels of these elements that are higher than the recommended guideline values. Mean concentrations
of the toxic elements in spring onions were: Cu, 10.2; Zn, 95; Pb, 11; Cd, 0.8; As 2.6 µg/g dry
weight.
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1. Introduction

Romania, in Eastern Europe, has a long industrial history and there are concerns that
industrial pollution is detrimental to the environment and human health in certain
areas. Dumitru et al. (1995) demonstrated, by analysing soils taken on a 16×16 km
grid, that large areas of the whole country are polluted, with industrial pollution
covering an area of about 900,000 ha. The worst pollution is attributed to non-ferrous
metal activities and is particularly severe in Copşa Micǎ, Baia Mare and Zlatna
(Dumitru et al., 1995; Lǎcǎtuşu et al., 1996, 2001; Lǎcǎtuşu, 1998; Vrı̂nceanu et al.,
1997; Alison et al., 1998; Billig, 1998, 1999). Dumitru et al. (1995) highlighted
pollution problems in Romania. These include significant concentrations of heavy
metals in the soils from arable land, which, together with a decrease of the pH
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by 1–2 units, have lead to mobilisation of Al as well as of heavy metals in the
soils. There have been decreases in soil structural stability and humic acid content,
with increases in soil erosion. These problems have produced marked effects on
the environment as a whole, including significant decreases in the numbers of
nitrifying bacteria, extinction or significant reduction of soil and other organisms.
In agriculture, large increases in diseases and reproduction difficulties with livestock
and heavy metals entering the food chain via crops have been reported.

In this work, a survey of concentrations of metals, in particular Cu, Zn, Pb,
Cd, in soil and plants was undertaken in Zlatna, a copper smelting town of 9000
inhabitants in the Apuseni Mountains in Western Romania, within the Western
Carpathian mining region. Zlatna is located at an altitude of 140 m at the base of a
steep-sided valley, where the hills on either side rise to approximately 220 m. The
town stretches along the main road, which in turn follows the course of the River
Ampoi through the steep valley (Figure 1).

The main feature of the local geology is the presence of Lower Cretaceous lime-
stones and conglomerates, above an orphiolitic complex from the Lower Jurassic.
A veneer of Lower Neogene (Tirtonian) sandstones and siltstones has been in-
truded by Late Miocene (Middle Neogene) diorites and andesites (Grellier, 2000).
There is a history of mining of the local sulphide ores, which are mainly contained
in alpine magnetite; associated with the sedimentary Cretaceous rocks (Lǎcǎtuşu
et al., 2001). The soils, which are dominated by Dystric and Eutric Cambisols,
(Lǎcǎtuşu et al., 2001) are well drained.

Figure 1. Sketch map of Zlatna.
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The smelter, Ampelum SA, founded in 1747 as a gold processing plant, is lo-
cated at the centre of the town and employs about 1150 local residents, operating
24 h a day, using copper and mixed ores from many different sources. As well as the
old plant, a new plant was commissioned in 1988. Ampelum processes 80,000 t of
ore concentrate per annum, producing 14,000 t of Cu, using a two-stage method of
production. The two main types of Cu produced are black copper (Cu concentrate),
and blister copper containing 98.8–99.5% pure Cu. The stack continuously dis-
charges SO2 and dust, predominantly composed of ZnO and heavy metal particles
such as Pb and As (Nikodim Păşculeţ, 2000, personal communication). The slag is
deposited adjacent to the plant, where there are no measures to prevent wind-borne
transportation of the slag dust, which accumulates on exposed surfaces of nearby
houses and gardens.

The emissions from Ampelum are particularly significant for the local commu-
nity as the smelter is in the centre of the town, and the stacks are within 500 m
of apartment blocks and the high school. On-site laboratories conduct personal air
monitoring of workers (SO2), and analysis of Pb in raw materials, the latter enables
the selection of materials with lower levels of impurities resulting in improved
smelter efficiency and economic viability. However, this assessment is undertaken
only after the material has already been processed to prevent future use of the same
ore material. Nevertheless, this method has had a beneficial effect on emission
standards, with Pb levels in the raw materials now apparently lower than pre-1989
levels by approximately 20–30% simply from using ores from better quality sources
(Nikodim Păşculeţ, 2000, personal communication). Clepan (1999) has listed the
following sources of pollution in Zlatna: gases aerosols, dusts, and particulate de-
position; wastes from the ore-flotation processes, including waste waters; wastes
from the pyrite processing operations; metallurgical slag from both the new and
old plants.

Previous work has shown that Zlatna is heavily polluted with heavy metals
(Vrı̂nceanu et al., 1997; Alison et al., 1998; Billig, 1998, 1999; Lǎcǎtuşu et al.,
2001) and that many soils exceeded the Romanian guideline values for the total
content of heavy metals in soils (Table I) (Vrı̂nceanu et al., 1997). Sensitive soils,
as shown in Table I, include all soils in residential and recreational areas, soils used
for agricultural purposes and soils within undeveloped areas, thus all soils in the
Zlatna town would come under this category. Vrı̂nceanu et al. (1997) report high
levels of heavy metals in forest topsoils (0–5 cm) from polluted areas in Zlatna that
had been monitored in 1988, 1991 and 1995 (Table II). Many of the higher soil
concentrations are above the Romanian Soil Guideline Action Trigger Values for
sensitive soils shown in Table I.

Pollution around Zlatna covers a wide area, with some 56,000 ha affected
(Lǎcǎtuşu et al., 2001) and reaching to the town of Alba Iulia some 30 km down-
wind from Zlatna (Rusu et al., 1999, 2000a). Both sets of authors have reported very
low pH ranges in the smelter area which is related to the discharge of SO2 directly
to the atmosphere, and that the acidity increased the mobility of the heavy metal
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TABLE I

Romanian guidelines values (µg/g) for the total content of heavy metals in soils (Romanian Ministry
of the Forest, Waters and Environment 1997; Vrı̂nceanu et al., 1997)

Alert values Action trigger values
Normal

Element values Sensitive soils Less sensitive soils Sensitive soils Less sensitive soils

Cadmium 1 3 5 5 10

Cobalt 15 30 100 50 250

Chromium 30 100 300 300 600

Copper 20 100 250 200 500

Mercury 0.1 1 4 2 10

Nickel 20 75 200 150 500

Lead 20 50 250 100 1000

Zinc 100 300 700 600 1500

TABLE II

Concentrations (µg/g) of metals in forest topsoil (0–5 cm) from
Zlatna (Vrı̂nceanu et al., 1997)

1988 1991 1995

AMa Range AM Range AM Range

Cu 172 30–427 130 20–420 183 70–340

Zn 74 67–81 143 82–292 300 45–1605

Cd 1.3 1.0–1.6 2.3 1.9–2.7 2.0 1.0–3.5

Pb 313 32–930 217 52–693 300 45–1605

aAM: arithmetic mean.

contaminants. Rusu et al. (2000b, c) also reported the following metal mean concen-
trations (in µg/g) in soils samples from two sites in Zlatna: Pb, 411, 202; Cu, 223,
163; Zn, 20, 65; Cd 0.27, 1.33. Purvis et al. (2000) found that the crustose lichen,
Acarospora smaragdula, accumulates lead in the vicinity of the smelter, and suggest
that the lead in the smelter fallout is highly mobile under the acidic conditions.

The high values of Pb in soils are reflected in blood lead in children in Zlatna
(Billig, 1998). In 1995, children (n = 300) showed an average blood Pb concen-
tration (BPb) of 40 µg/dL with the BPb of individual children reaching 70 µg/dL.
In 1997, after an education programme concerning health effects and exposure
reduction, the average BPb had been reduced to 28 µg/dL (Niciu et al., 2002).
The reduction occurred even though the smelter emissions had not been reduced.
However, this value must still be considered extremely high.

The aims of this present study were to conduct a reconnaissance geochemical
survey of the town Zlatna and the surrounding area, and to assess the possible
detrimental effects the copper smelter might have on the local environment. The
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consequences of any soil contamination on locally grown vegetables were of partic-
ular interest, as the relative poverty of the region could increase any resulting health
effects in a susceptible population. The concentrations of metals in soils and spring
onions are compared with soils and vegetables from Wolverhampton (Thums et al.,
2003) in the English West Midlands, an area also with a long industrial history.
The Wolverhampton area has had mining and metal processing activity since the
16th century, and the industrial activity was dominated by the manufacturing of
steel, metal component parts, metal plating, galvanising and the paint and pigment
industry (Upton, 1998). Although there has been a decline in industrial activity in
recent years, metal-based industries still play an important role in the local econ-
omy with the UK’s only Cu refinery located a few kilometres to the east of the
Wolverhampton administrative boundary.

2. Materials and Methods

2.1. SAMPLING

The soil and vegetable sampling was divided into two stages in May 2000. The
first suite (the vegetable plot survey) of 17 samples (including two field duplicates)
comprised spring onions (Allium fistulosum) and associated soil samples from veg-
etable gardens in Zlatna. Spring onions were chosen as they form part of the staple
diet and they were well developed in the region at the time of sampling. The second
suite (the town survey) comprised 37 soil samples (including four field duplicates)
from within and outside of the town.

For the vegetable plot survey, one or two spring onions were pulled at each site,
loose soil was removed, and were stored in labeled sample envelopes in sealed
boxes until treatment in the laboratory. The associated soil samples (0–5 cm) from
the same sites were collected using a stainless steel trowel and stored in Kraft
bags. The town survey soil samples were collected similarly and included those
from woodland to the east of Zlatna, hillsides on either side of the town, road
verges, abandoned land, the slag heap, and samples within the school grounds in
the centre of town. Global Positioning System references were obtained for 75%
of the sampling sites.

2.2. SAMPLE PREPARATION AND ANALYSIS

The initial preparation was conducted in University Babeş-Bolyai, Cluj, and final
analysis at Imperial College London using inductively coupled plasma atomic emis-
sion spectrometry (ICP-AES). The soil samples were air dried at 30 ◦C for 24 h,
disaggregated, sieved to <2 mm and milled to a fine powder for acid digestion with
HNO3-HClO4 (Thompson and Walsh, 1983). Finally, analyses were carried out by
ICP-AES in London.
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The spring onion samples were washed, hand-cleaned, stripped of outer leaves,
air-dried for 2 days and then placed in an oven for 5 days at 55 ◦C. The dried onion
samples were then finely ground in a pestle and mortar and stored in Ziploc bags.
Samples were transported to Imperial College London where they were digested by
HNO3-HCLO4 (Thompson and Walsh, 1983; Moir, 1992) where they were analysed
using ICP-AES.

Analytical quality assurance was performed using methods given by Thomp-
son and Howarth (1976), Ramsey et al. (1987) and Gill and Ramsey (1997) (i.e.
reference materials, duplicates and reagent blanks, and the integrated computer
programme (QUTE) in the ICP-AES). QUTE calculates the precision (%) of the
reference materials and any bias (%) in the replicates, and subtracts any reagent
blank values from the sample results. Certified reference materials NBS2709 and
NBS2710 along with house reference materials HRM1 and HRM2, were used
for soils. For the vegetable samples, certified reference materials GBW07602 and
GBW08501 were used alongside house reference materials HRM11 and HRM13.
A bias of ±10% was deemed statistically significant. Field and analytical dupli-
cates, and reagent blanks comprised 10 and 5% of the total number of samples,
respectively. A limit of 10% signified a reasonable level of precision.

3. Results

Table III shows the results for multi-element concentrations (µg/g) in all soil sam-
ples from Zlatna, together with world means for uncontaminated soils (Ure and
Berrow, 1982). Summary results for concentrations of As and heavy elements in
the two suites of soil samples and in spring onions are given in Table IV. Many of
the soil sampling sites exhibited high concentrations of metals and the most notable
of these was the area surrounding the school. Situated 200 m west of the smelter and
frequently directly under the plume of emissions, the results for the soils sampled
in the school grounds were consistently high for all five elements. Table V shows
the concentration of each element from the sites in the school grounds. Figure 2
shows an approximate West–East transect through the town, samples 7–11 are from
the school grounds and 13 and 14 are from near the smelter.

The school has very high levels of Pb and Cd, and one site was among the top
four sites containing the highest levels of Cu, Zn and As. The sampling site nearest
to the disused SO2 chimney had consistently low soil metal concentrations. For Cu,
Zn and Pb, the lowest concentrations in the soil were found at this location, and
for Cd and As it was one of the least contaminated areas. Samples taken from near
the slagheap were particularly high in Zn, Pb and As, but only moderate for Cu.
Samples taken from the town square had the highest As concentrations, and also
contained high amounts of Zn and Pb. A soil sample taken from a road verge close
to a maize field, approximately 1 km west of the smelter contained high levels of
all the metals discussed, particularly Cu.
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TABLE III

Elemental concentrations (µg/g) in all soil samples from Zlatna (N = 55),
together with world means for uncontaminated soils (Ure and Berrow, 1982)

Maximum Minimum AMa GMb World mean

Li 59 5.6 27.3 24.4 31.4

Na 1370 203 627 598 10,900

K 15,500 1770 8802 7962 18,300

Be 2.0 0.25 1.2 1.1 1.5

Mg 13,800 497 5608 5034 8300

Ca 47,300 298 13,499 8001 19,600

Sr 157 9.9 63.8 55.6 278

Ba 660 58.4 308 275 568

Al 61,700 8250 35, 983 33,574 66,500

La 39.8 11.5 24.6 24.0 41.2

Ti 1720 439 921 879 5100

V 89.3 9.25 55 51.5 108

Cr 6090 25 169 73 84

Mo 96.5 2.5 12.4 6.6 1.9

Mn 1440 109 778.5 708 760

Fe 219,000 10,400 48,113 39,772 32,000

Co 59.8 1.75 15.0 12.8 8

Ni 80 3.5 34.3 31.2 33.7

Cu 12,000 41 1683 771.7 25.8

Ag 7.3 0.1 1.7 1.2 0.4

Zn 15,600 89.3 1933 891.6 59.8

Cd 29.5 <0.4 5.2 3.1 0.6

Pb 7860 31.5 1303 731.8 29.2

P 4390 127 1351 977.5 613

As 1450 15 204 102.6 11.3

aAM: arithmetic mean.
bGM: geometric mean.

4. Discussion

4.1. SOIL

Chen et al. (1999) have pointed out that although natural background concentra-
tions in soils (i.e. natural concentrations without human influence) can be used as a
reference for the determination of anthropogenic inputs (Kabata-Pendias and Pen-
dias, 1992; Kebata-Pendias, 2001), this represents an ideal situation. Geochemical
baselines are often used (Chen et al., 1999; Kebata-Pendias, 2001 and references
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TABLE IV

Ranges and means of element concentrations (µg/g)
in soil and vegetable samples from Zlatna

Sample AMa GMb Range

Town survey (N = 37)

Cu 2148 863 41–12,000

Zn 2128 920 89–15,500

Cd 5.70 3.35 <0.4–29.5

Pb 1461 740 31.5–7860

As 223 117 15–1441

pH 6.4 6.5 3.8–9.0

Vegetable plots (N = 18)

Cu 615 546 293–1130

Zn 750 646 219–2000

Cd 3.5 3.0 0.75–8.5

Pb 1772 604 132–2510

As 66 58 23–160

pH 6.80 6.80 6.3–7.2

Spring onions (N = 17)

Cu 10.2 9.8 5.9–15.9

Zn 95 80 39–259

Cd 0.81 0.73 0.4–1.95

Pb 11.0 10.1 3.8–18.3

As 2.6 2.4 1.15–4.8

aAM: arithmetic mean.
bGM: geometric mean.

therein). Based on log-normal distribution, the geochemical baseline is defined as
95% of the expected background range, which in turn is expressed as the geometric
mean ±2 standard deviations. It should be noted that baseline concentrations are
specific for a given set of samples from a given region and time period. They are
particularly useful for establishing soil levels before and during operations, such as
mining. They are not particularly useful in the highly contaminated soils of such
areas as Zlatna.

There are also literature compilations of values for each element against which
concentrations in particular soils can be compared and normalized. These include:
the Clarke values of average concentrations in the earth’s crust (Plant and Raiswell,
1983); concentrations in major units of the earth’s crust (Turekian and Wedepohl,
1961); North American Shale Composite, NASC (Gromet et al., 1984); and average
concentrations of elements in world soils given by Bowen (1979), Lindsay (1979)
and Ure and Berrow (1982). In this work, we have used the values of Ure and
Berrow (1982) for world mean concentrations for uncontaminated soils (Table III).
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TABLE V

Concentrations (µg/g) of heavy metals in soil
samples from the school grounds

Sample Cu Zn Cd Pb As

110 4920 3220 14.8 2050 422

111 1320 1520 7.5 1970 205

112 7170 6360 29.5 7860 484

113 1660 1615 6.6 1155 165

114 1940 1710 8.5 1860 193

Figure 2. Concentrations of Cu, Zn and PB (µg/g) along an approximately West–East transect through
the town of Zlatna. Samples 7–11 are from the school grounds and 13 and 14 are from near the smelter.

The combined data sets (n = 55) of soil concentrations from Zlatna have been
normalized against the values from Ure and Berrow (1982) (Table III) and are
shown in Figure 3. In comparison with the world mean concentrations for uncon-
taminated soils, samples from Zlatna are deficient in many of the macronutrients
and extremely enriched in Mo, Cu, Ag, Zn, Cd, Pb and As. The soils appear to
be very poor for horticulture, with a combination of poor nutrient status and high
concentrations of heavy elements in the phytotoxic range, in agreement with previ-
ous work. Many papers that discuss soil concentrations in Romania use maximum
allowable limits (MAL) for soils when considering the growth and development
of plants (Lǎcǎtuşu et al., 1996, 2001). These limits were developed in Germany
(Kloke, 1979), and quoted by Kebata-Pendias and Pendias (1992) as maximum ac-
ceptable concentrations, levels that are considered as phytotoxic and above which
crops produced are considered to be unsafe for human health. A pollution index
(PI) has been used to indicate multi-element contamination and phytotoxicity for
plants, computed by averaging the ratios of the element concentrations to the MAL
(Nishida et al., 1982; Kim et al., 2002). Indices greater than 1.0 indicate that soils
levels are too high for crop and vegetable growth. Table VI shows that the mean PI
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TABLE VI

Pollution index for soils from vegetable plots in Zlatna

Cu Zn Cd Pb As

Zlatna GM for vegetable plots (µg/g) 546 646 3.0 604 58

Maximum allowable levels (MAL)a (µg/g) 100 300 3.0 100 20

Pollution index (PI)b 5.5 2.2 1.0 6.0 2.9

aKloke (1979).
bAverage for five elements = 3.5.

Figure 3. Geometric means of soil concentrations (n = 55) from Zlatna normalized against the values
from Ure and Berrow (1982).

for five elements is 3.5, indicating that on average for Cu, Zn Pb and As the levels
in the soils are unsafe for crop growth.

Concentrations of metals in soils in Zlatna were considerably higher than soils
in the industrial city of Wolverhampton, UK (Thums et al., 2003) (Table VII). The
results are not strictly comparable since the Zlatna survey; soils are from 0–5 cm
depth, while those from Wolverhampton are 0–15 cm depth. Fallout from the copper
smelter would be expected to concentrate in the top 5 cm. The metal concentrations
in Zlatna are extremely high, exceeding a number of soil guideline values. Ta-
ble VIII shows the percentage of soil samples exceeding the Dutch intervention soil
guideline values for land of any potential purpose (ZeroEnvironment, 2002) and
those exceeding the Romanian Action Trigger Values for sensitive soils (Romanian
Ministry of the Forest, Waters and Environment, 1997; Vrı̂nceanu et al., 1997).

In addition, 76% of the vegetable plots the exceed the CLEA (DEFRA, 2002)
(UK) new guideline for Pb of 450 µg/g for residential land with plant uptake and
100% exceed the CLEA guideline for As of 20 µg/g. It can be seen that the soil
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TABLE VII

Arithmetic means (AM) and ranges (µg/g) for vegetables from Wolverhampton
(Thums et al., 2003) and Zlatna (this work), measured dry weight and estimated
wet weight (assuming 95% loss on drying)

Dry weight measured Wet weight estimated

Sample element AM Range AM Range

Wolverhampton onion (N = 43)

Cu 3.9 1.8–6.2 0.195 0.08–0.3

Zn 39.4 12.0–136 1.87 0.6–6.8

Cd 0.6 0.41–0.51 0.03 0.02–0.025

Pb 1.6 1.1–2.8 0.08 0.055–0.14

Wolverhampton leek (N = 7)

Cu 2.1 1.2–3.4 0.1 0.06–0.17

Zn 32 12.8–110 0.16 0.64–5.5

Cd 0.5 0.4–0.5 0.025 0.02–0.025

Pb 1.4 1.1–1.8 0.07 0.055–0.08

Zlatna spring onion (N = 17)

Cu 10.2 5.9–15.9 0.5 0.3–0.8

Zn 95 29–259 4.75 1.8–12.95

Cd 0.81 0.4–1.95 0.04 0.2–0.97

Pb 11 3.8–183 0.55 0.19–9.1

As 2.6 1.15–4.8 0.13 0.057–0.24

TABLE VIII

Percentage of soil samples exceeding the of Dutch intervention soil guideline
values (GLV), for land of any potential purpose (ZeroEnvironment, 2002) and
those exceeding the Romanian Action Trigger Values (ATV) for sensitive soils
(Romanian Ministry of the Forest, Waters and Environment 1997; Vrı̂nceanu
et al., 1997)

Cu Zn Cd Pb As

Dutch soil GLV (µg/g) 190 720 12 530 55

Town survey (%) 81 51 14 54 81

Vegetable plot (%) 100 44 0 61 76

Romanian soil ATV (µg/g) 200 600 5 100 –

Town survey (%) 81 54 41 92 –

Vegetable plot (%) 100 44 0 100 –

concentrations in Zlatna greatly exceed these values, thus crops grown in vegetable
plots in gardens in Zlatna risk chronic Cu phytotoxicity, and some are also at risk
from excessive Zn levels, suggesting serious problems for vegetable growth. In the
vegetable plots, soil pH values are high (6.27–7.17). Uptake of Cd is known to
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increase at soil pH values <6.0. Thus, the vegetable plots to not exceed the CLEA
GLV of 1 µg/g where pH is <6.0.

Concentrations of Zn, Cd, Pb and As in both sets of soil samples are highly
significantly correlated, with Cu being less highly correlated to the other elements.
This probably reflects the origin of the metals, since the smelter has used tradition-
ally Romanian copper ores as raw material, but now increasingly uses Cu slag from
other industries. This practice has increased from 5–10% of the total Cu production
before 1995 to 36% in 2000.

4.2. UPTAKE OF ELEMENTS BY SPRING ONIONS

The concentration of metals in the vegetables in Zlatna should be considered,
since the people of Zlatna rely heavily on locally grown crops as a food source.
Billig et al. (1998) have reported that Pb concentrations in locally grown fruits and
vegetables are low in Zlatna, but consumption of unwashed produce could lead to
significant intake. High concentrations of heavy metals, however, were reported in
vegetables from Baia Mare and Copşa Micǎ (Lǎcǎtuşu et al., 1996). In Table IX
the concentrations of heavy metals in spring onions from Zlatna are compared with
those in onions and leeks from Wolverhampton, UK (Thums et al., 2003). It can
be seen that for Cu, Zn, Cd and Pb (As was not measured in Wolverhampton) the
uptake is considerably greater in Zlatna. Metal concentrations in the samples were

TABLE IX

Comparison of concentrations (µg/g) heavy metals in soils from
Zlatna, Romania and Wolverhampton, UK

Zlatna, Romania Wolverhampton, UK

Sample N GM Range N GM Range

Town survey

Cu 37 863 41–12,000 295 62 9.7–2750

Zn 37 920 89–15,500 295 331.5 54.2–6740

Cd 37 3.35 <0.4–29.5 277 <0.4 <0.4–54.7

Pb 37 740 31.5–7860 295 105 16.0–840

As 37 117 15–1441 nm nm nm

Vegetable plots

Cu 18 546 212–130 47 65 24.0–221

Zn 18 646 219–2000 47 295 74.0–1280

Cd 18 3.0 0.75–8.5 47 1.4 <0.4–7.0

Pb 18 604 132–2510 47 135 33.0–1970

As 18 58 23–160 nm nm nm

aAM: arithmetic mean.
bGM: geometric mean.
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converted to wet weight by assuming 95% water, in order to be comparable with
previous published information and studies and maximum level guidelines.

Of the results reported here, only in the case of Zn was the concentration of total
metal in the soil significantly correlated with that in the spring onions (R = 0.701,
P = 0.002). No soil extractions were carried out in this work and the bioavailabilty
of the contaminant elements to plants needs to be investigated. Lǎcǎtuşu et al. (1996)
report that in Baia Mare the acidity of the soils enhances the solubility of heavy
elements, resulting in high concentrations in locally grown vegetables.

Cu and Zn are essential elements for healthy plant growth (Kabata-Pendias and
Pendias, 1992), however both can be phytotoxic at high soil concentrations and thus
crop yields can be adversely affected. The Zn–Cu interaction has been described by
Kabata-Pendias and Pendias (1992) as antagonistic, so that that the presence of one
in the soil would decrease the plant uptake of the other. It has been demonstrated
that the interaction can be synergistic in pot experiments (Lluo and Rimmer, 1995).
The Zn concentration in the vegetable plot soils is weakly positively correlated
with that of Cu (R = 0.722, P = 0.002). Thus, we also find a weak correlation
of Zn in spring onions with Cu in soil (R = 0.482, P = 0.059) but this does not
necessarily indicate synergism. A number of authors have reported antagonistic
effects between Zn and Cd, where Zn reduced Cd plant uptake (McKenna et al.,
1993). Since the concentrations of the toxic elements in the vegetable plot soils are
strongly correlated with that of Zn (Cd, R = 0.950, P ≤ 0.001; Pb, R = 0.909.
P ≤ 0.001; As, R = 0.912, P ≤ 0.001), antagonism or synergism cannot be ruled
out.

4.3. COPPER AND ZINC IN SPRING ONIONS

For Cu and Zn, the essential elements, the levels in the Zlatna spring onions are
not excessive, although higher than vegetables from Wolverhampton. The Ministry
of Agriculture, Food and Fisheries UK, MAFF (1999) reported that the mean con-
centrations of Cu in green vegetables and other vegetables in the UK, are 0.76 and
0.85 µg/g wet weight, respectively; the corresponding values for Zn are 3.9 and
2.4 µg/g, respectively. The concentration of Zn in leeks is 3.5 µg/g wet weight
(MAFF, 1981). The mean concentrations of Cu and Zn in the spring onions from
Zlatna (0.5 and 4.75 µg/g) appear to be in the acceptable range.

4.4. LEAD IN SPRING ONIONS

The maximum recommended amount of Pb in British foodstuffs is 1 µg/g wet
weight (DHSS: Lead and Health, 1980) as is the draft FAO/WHO maximum level for
Pb in vegetables (except brassica, leafy vegetables and mushrooms) (FAO/WHO,
1998). However, the limit proposed by the European Commission (EC, 1997) is
0.1 µg/g wet weight. Vegetables (fresh and frozen) in the UK typically contain Pb
levels ranging from <0.015 to 0.082 µg/g (MAFF, 1994). The mean concentrations
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in green vegetables and other vegetables were reported to be 0.61 and 0.015µg/g wet
weight, respectively (MAFF, 1999), and the mean concentration of lead in onions
was reported to be 0.03 µg/g wet weight (MAFF, 1997). The mean concentration
of Pb in onions and leeks in Wolverhampton (Table IX) were 0.08 and 0.07 µg/g on
a calculated wet weight basis. Thus some spring onions from Zlatna with a mean of
0.55 µg/g (range 0.19–9.1 wet weight) show unacceptably high Pb concentrations.
Pb intake related to diet is predominantly an issue of air-borne deposits settling
on the plants. Billig et al. (1998) reported that children from households in Zlatna
where fruit and vegetables were washed before consumption had, on average, a
concentration of Pb in blood (BPb) 5 µg/dL lower than those where washing was
absent. However, accumulation in the roots of some vegetables can also be high
(Fergusson, 1990). It would appear from these results that there is a risk of Pb intake
from root vegetables in Zlatna and this point should be investigated.

Concentrations of elements in house dust samples collected in Zlatna during the
same sampling period were also available (Grellier, 2000). Pb levels in house dust
samples in Zlatna were shown to contain a mean value of 3894.8 µg/g (range =
3.26–101,505 µg/g). This is considerably higher than that for Wolverhampton in
the UK, with a mean of 232, range 59–8,040 µg/g (Thums et al., 2003). Billig et al.
(1998) suggest that indoor house dust may not be a significant exposure pathway
in Zlatna. On the contrary, our results (Grellier, 2000) indicate that house dust may
be a very important factor, and this point will be addressed in a forthcoming paper.

4.5. CADMIUM IN SPRING ONIONS

Cadmium in vegetables in the UK range from <0.003 to 0.15 µg/g wet weight
(MAFF, 1994). Concentrations of Cd in green and other vegetables is given as
0.023 and 0.011 µg/g wet weight (MAFF, 1999), respectively and in onions the
mean value is 0.006 µg/g (MAFF, 1997). In the samples collected in Zlatna, the
concentration range is around 0.2–0.9 µg/g wet weight, compared with the range
of 0.02–0.025 for both leeks and onions from Wolverhampton. It appears that Cd is
being taken up by the plants despite the high pH values in the vegetable plot soils.
Therefore, the contribution of diet to the intake of cadmium may be high in this
area. Of 42 households questioned in Zlatna, 33 had at least one family member that
smoked, adding to the potential uptake of Cd. Therefore, with high dietary intake,
the cumulative effects of living in an industrially polluted area, and smoking being
the norm, could raise Cd intake levels to unacceptable levels, possibly increasing
the accumulation rates of Cd in the liver and kidneys (Lauwerys et al., 1993). The
cadmium status of the population should be investigated.

4.6. ARSENIC IN SPRING ONIONS

Mean concentrations of As in green vegetables and other vegetables in the UK are
reported as 0.003 and 0.005 µg/g wet weight, respectively (MAFF, 1997). Previous
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As levels in the MAFF food surveys (MAFF, 1982, 1994) for vegetables and fruits
were only just above the detection limit. The 1982 survey also gave the As content
of vegetables grown on soil with high As from past mining activities (location not
specified); the mean As concentrations in vegetables (fresh weight) were: greens,
0.23 µg/g; onions, 2.15 µg/g; broccoli (leaf), 0.25 µg/g, and broccoli, 0.4 µg/g.
The onion samples are above the UK statutory limit of 1 µg/g As in food offered
for sale. The concentrations are also higher than those in lettuce, onion, beetroot
carrot, pea, and bean reported by Xu and Thornton (1985) who surveyed 32 gardens
in the Hayle-Camborne area in Cornwall, where soil As concentrations were in the
range 144–892 µg/g. The results from this present study in Zlatna show the mean
As concentration for spring onions from Zlatna is 0.13 µg/g wet weight, which is
considerably higher than that generally found in the UK, but lower than reported
values for vegetables grown on contaminated soil (MAFF, 1982).

5. Conclusions

The concentrations of heavy metals in the soils in Zlatna are extremely high and
exceed a number of soil guideline vales. The soils are likely to be phytotoxic, with
toxic elements entering the food chain. Cadmium and lead intake from the diet and
a number of other sources may be high and this merits further investigation.

Toxic element concentrations in the area, and in school grounds in particular, are
a cause for concern from the children’s health perspective. The school grounds have
been used for many different purposes over the years, as there are derelict buildings,
abandoned railway wagons and various building materials scattered around the area.
The metal levels at the five sampling sites in the grounds were unacceptably high,
especially when taking into account the amount of time children spend in the school,
the vulnerability of the exposed population, its close proximity to the smelter and
their activities in the area, such as digging around in the dirt and generating large
quantities of dust.
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