
• Concentrations of Cr, Ni and Pb in the investigated growing media were far below the suggested critical range, while
Cd, Zn and Cu concentrations were within the range or even above the critical soil concentration

• Average HM concentrations in different parts of the investigated vegetables (pumpkin, zucchini and tomato) were
much lower than the suggested critical ones, and was within the range (Cu, Zn, Cr and Ni) or even lower (Cd and Pb)
than normal HM levels in plants

• Concentrations of all of the tested HM were significantly lower in fruits than in the roots
• No HM accumulation in the vegetable biomass (roots as well as aboveground parts) was observed
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Introduction

Relevance of the research
The philosophy of so called beneficial use increased the
tendency to favour land application over other means of
disposal of industrial waste that have characteristics
potentially valuable for agriculture. But on-land disposal of
waste materials containing heavy metals (HM) can give rise
to accumulation of these potentially toxic elements in the
topsoil, following adverse effects on plant growth and crop
quality. Moreover, plants are a first-hand bond between
soil chemical composition and food chain [1].

Theoretical background
In general, plants readily uptake HM compounds that are
dissolved in the soil solutions in either ionic, chelated or
complexed forms. The mobile fraction of many HM
behaves like bivalent cations in soil phases and is
controlled by dynamic equilibria between solid and liquid
phases [2]. Because of numerous factors influencing plant
and soil physical relationship, plants uptake HM at a
different extent. Most plant species can exclude excess of
bioavailable metals, especially of micronutrients, at their
roots by binding them to organic acids or ligands and store
them in vacuoles. But some plant species are tolerant to
HM excess and accumulate bioavailable metals in the
aboveground parts.

Waste disposal, like sewage sludge (SS), compost and solid
or liquid manure on agricultural fields may result in
increased mobility and thus bioavailability of HM in soil [3].
SS on-land application poses a great concern because soil
acts as a transferor, and due to bioaccumulation HM can
appear in a food chain. As terrestrial plants are the first
step of food chain, it is important to have good knowledge
about their capacity to accumulate toxic elements and
ability to pass them on to animals and humans [4] [5].

The objective of the present study was to evaluate HM
accumulation in different parts of vegetables growing on
municipal sewage sludge.
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Methodology

Samples were collected in October, 2015 from SS storage site in Ežerėlis, Kaunas district, Lithuania. Stem, leaf, root,
bark, pulp, seed and fruit samples were taken from three vegetable species: pumpkin “Big Max”, zucchini “Ambasador
F1” and tomato (unidentified). Roots as well as SS samples were dug out using stainless-steel sampler. All plant
material samples (sealed in plastic bags) were taken back to the laboratory where they were thoroughly washed with
distilled water, dried at 60oC for 24 hours and finely chopped or milled. Lead (Pb), cadmium (Cd), Chromium (Cr),
copper (Cu), nickel (Ni) and zinc (Zn) were detected by inductively coupled plasma – atomic emission spectrometric
analysis (ICP-AES). Samples of the growing media (SS) were taken at a root zone of the selected plants. Joint soil
samples of approximately 2 kg were pooled from 3-5 different spots; bigger roots and other debris were removed.
After SS homogenization in the lab, subsamples of ≈0.5 kg were dried until air-dry status and elemental analysis
performed using ICP-AES. SS pH was detected in potassium chloride (KCl) suspension. Mineral nitrogen (N), water
soluble phosphorus (P as P2O5) and potassium (K) (as K2O) were also determined in the growing media.

All instrumental analyses were performed in triplicates. Significance level between the means was calculated using
analysis of variance (ANOVA) tool pack for a t-test (two sample analysis assuming unequal variances) when p<0.05.
Bioaccumulation factor (BCF) was calculated as a ratio of the total concentration of an element in the roots to its
concentration in the growing media. Translocation factor (TF) was calculated as a ratio of the total concentration of an
element in the aboveground parts of the plant to the concentration in the roots.

Plant-metal interactions may be beneficial, have no effect or be harmful depending on metal species and
concentrations. Normal ranges of HM concentrations in plants are given in Table 1 (after [6]) as well as critical
concentrations for the plants. These concentrations are likely to be fatal or cause a significant yield reduction. Table 1
also presents critical HM concentrations in the soil as well as HM concentrations in the investigated growing media (the
last column).

Table 1. Normal HM ranges in plants and critical concentrations both in plants and soils [6] compared with HM conc. in SS

Concentrations of Cr, Ni and Pb in SS were far below the critical range, while Cd, Zn and Cu concentrations were within 
the range or even above critical soil concentration. SS pH in the root zone was 5.8-7.7; P conc. 1347-9640 ppm; K 
conc. 172-1650 ppm; N conc. 218- 2918 ppm.

While average HM concentrations (Fig. 1) in different parts
of the investigated vegetables (pumpkin, zucchini and
tomato) were much lower than the suggested [6] critical
ones, and was within the range (Cu, Zn, Cr and Ni) or even
lower (Cd and Pb) than normal HM level in plants (Table 1,
Fig. 1). Moreover, concentration of all of the investigated
HM was significantly lower in fruits than in vegetable roots
(Fig. 1). Finally, no HM accumulation in the vegetable
biomass (roots as well as aboveground parts) was observed
– all accumulation coefficients were below unity.

Fig.1. Average HM concentration in different parts of vegetables
growing on sewage sludge

Element
Normal range in
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Critical plant concentration

above which toxicity 

is likely, ppm

Critical plant concentration, 

likely to cause 10 % yield

reduction, ppm

Critical soil

concentration, 

ppm

Investigated SS,

ppm

Cd 0.1–2.4 3–5 4–200 3–8 0.5-3.9 

Co 0.02–1 15–50 4–40 25–50 -

Cr 0.03–14 5–30 2–18 10-75 3.6-10.5

Cu 5–20 20–100 5–64 60–125 55-200 

Hg 0.005–0.17 1–3 1–8 0.3–5 -

Mn 20–1 000 300–500 100–7 000 1 500–3 000 -

Ni 0.02–5 10–100 8–220 100 11.0-17.2

Pb 0.2–20 30–300 - (no data) 100–400 9.6-45.1

Zn 1–400 100–400 100–900 70–400 145-957 

Results

Main conclusions


