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Mining exploration is ancient in Portugal, developed, at least, since the Roman occupation. Nowadays,
many of these mines are abandoned, and the erosion of the dumps and tailing impoundments, by wind
and water, results in the permanent pollution of the surrounding ecosystems, which only contributes to the
enlargement of the contaminated area. Drinking-water treatment residuals (DWTR) can potentially be used
to amend mine degraded soils, as they may improve their nutritional characteristics and reduce the
bioavailable metal fraction, enabling the implementation of plant-based remediation strategies.

2. Results from the assisted-phytostabilization experiment
(Cont.)
▪ Soil OM content increased
OM

NKjeldahl

significantly → the highest dose
of sludge (144 t DM/ha),
caused a three-fold increase in
the soil OM content.
▪ NKjeldahl content doubled with
the highest dose of sludge.

The aim of this study was to evaluate the use of drinking-water treatment residuals (DWTR), from a
drinking-water treatment plant located in Alentejo (Portugal), in the amendment of a soil affected by
mining activities (Aljustrel mine, Portuguese sector of the Iberian Pyrite Belt), considering the effects on
its chemical and on the ecotoxicological parameters.

▪ Pextractable content
increase…

Pextractable

• High OM content, important to improve soil nutritional
characteristics;
• Trace elements and pathogenic indicator microorganisms
below the limit values.
very acidic (pH 3.05), with
high electrical conductivity (EC 3.65 mS cm-1), low OM content
(5.3 g kg-1 DM), and high trace element content (296.9 mg Cu
kg-1, 381.7 mg Pb kg -1 and 1232.0 mg Zn kg-1, DM).
with different doses of DWTR (6,
12, 24, 48 and 96 t DM ha-1), with and without lime application
(CaCO3 11 t ha-1).
:
• In pots with 3 kg of soil (4X per treatment),
• DWTR application rate: 48, 96, and 144 t DM/ha,
• With and without lime application: CaCO3 11 t DM/ha,
• Agrostis tenuis (250 kg seeds/ha) was seeded one week
after,
• Three months growing, outdoors, occasionally watered.

Agronomic
parameters

Dry matter (%)

19.0 ± 0.2

-

pH

6.7 ± 0.0

-

EC (mS/cm)

916 ± 15

-

OM (g/kg DM)

575 ± 1

-

N (g/kg DM)

6.3 ± 0.8

P (g P2O5/kg DM)

<6

K (g K2O/kg DM)

490 ± 16

Ca (g/kg DM)

295.0 ± 5.5

-

Mg (g/kg DM)

6.2 ± 0.1

-

Cd (mg/kg DM)

1.8 ± 0.1

20

Cr (mg/kg DM)

<6.67

1000

Cu (mg/kg DM)

20.4 ± 0.4

1000

Hg (mg/kg DM)

0.05 ± 0.00

16

Ni (mg/kg DM)

18.2 ± 0.5

300

Pb (mg/kg DM)

2.7 ± 1.2

750

Zn (mg/kg DM)

28.9 ± 0.8

2500

LAS (mg/kg DM)

26

5000

Organic

NPE (mg/kg DM)

<0.05

450

contaminants

PCB (mg/kg DM)

<7.8

0,8

PAH (mg/kg DM)

18

6

PCDD/F (ng TE/kg DM)

8.7 ± 3.0

100

Escherichia coli (CFU/g)

< 1 x 10

< 1000

Absent

Absent/50 g-1

Metals

Pathogenic

• Plant: Biomass and total metal content (Cu, Pb and Zn).
• Soil: pH(H2O), EC, OM, NKjeldahl, extractable P and K.
• Total and extractable trace elements in soils (Cu, Pb and
Zn): aqua-regia digestion and 0.01 M CaCl2 extraction.
• Soil ecotoxicological status (leachates): (i) luminescence
inhibition of Vibrio fischeri (ISO 11348-2, 1998); (ii) 24-h
mortality test with Thamnocephalus platyurus (Persoone,
1999); (iii) 72-hours population growth of the green
microalgae Pseudokirchneriella subcapitata (OECD 201,
1984); and (iv) D. magna acute immobilization (ISO 6341,
1996).

Legal limits (*)

microorganisms

Salmonella spp
(Present/Absent/50 g)

▪ But Kextractable content increased
significantly.

Table 2. Results obtained in the previous incubation assay (mean value,
n=3).

• The highest dose of sludge (96 t
DM/ha), caused a two-fold increase in
the soil OM content and a decrease in
its salinity.
• The increase in the soil pH was more
pronounced with the simultaneous
application of CaCO3.
• Significant decrease in the Cu and
Zn CaCl2 0.01M extractable content
(extractable Pb < LD =1.67 mg kg -1 ).

0
0
6
6
12
12
24
24
48
48
96
96

0
11
0
11
0
11
0
11
0
11
0
11

3. Effects of the treatments on soil trace elements
extractability
• Significant decrease in the
Cuextractable

pH

EC
(mS cm-1)

3.05
3.89
3.46
4.24
3.83
4.33
4.14
4.30
4.33
4.67
4.64
5.34

3.65
2.99
3.34
2.94
3.11
2.90
3.06
3.00
2.87
2.72
2.54
2.64

Organic
Extractable
Extractable
matter
Cu
Zn
-1
-1
(g kg DM) (mg kg DM) (mg kg-1 DM)
5.3
111.4
712.0
5.4
63.5
707.8
5.7
90.8
742.6
6.7
39.7
734.4
5.9
70.8
772.1
6.8
26.0
685.4
9.0
30.0
635.9
7.3
9.3
481.3
8.6
14.7
489.6
9.9
3.8
407.6
10.9
3.6
271.3
10.8
0.2
8.1

• Extractable Pb was very
low (< LD =1.67 mg kg -1 ),
even before the treatment.

4. Effects on plant parameters
Table 3. Trace elements concentration in the aboveground plant
material with the application of 144 t/ha of DWTR (average ± standard
deviation, n=8).

Plant biomass

Figure 5 – Effects of the treatment on plant
biomass (mean ± SD, n=4 ). Values marked with
the same letter are not significantly different (Tukey
HSD test, P>0.05).

EC

Concentration in

Concentrations in

Maximum tolerable

the plants

contaminated plantsa

level for cattleb

(mg/kg DM)

(mg/kg DM)

(mg/kg DM)

Cu

34  5

20 – 100

40

Pb

24  12

30 – 300

100

Zn

477  259

100 - 400

500

(a) Kabata-Pendias, A. and Pendias, H. Trace elements in soils and plants. 3rd ed. Boca Raton (FL),
CRC Press, 2001.
(b) National Research Council. Mineral Tolerance of Animals.2nd revised ed. Washington (DC),
National Academic Press, 2005.

▪ Plants germinated but died in the pots without amendment, and in the pots amended with 48 t ha-1
without lime.
▪ The other combinations of amendments allowed the establishment of a plant growth.

5. Soil ecotoxicological status
V. fisheri 30 minEC50
-1
-1
DWTR (t ha ) CaCO3 (t ha )
(% v/v; CI)
0
0
48
48
96
96
144
144

0
11
0
11
0
11
0
11

43.2 (42.4-44.0)
nt
27.2 (27.0-27.5)
53.6 (53.4-53.8)
nt
nt
95.6 (94.4-96.8)
nt

T. platyurus 24hEC50
(% v/v; CI)

D. magna 48hEC50 (% v/v; CI)

0.5 (0.4-0.6)
2.2 (1.8-2.8)
0.4 (0.3-0.5)
21.6 (9.9-31.8)
12 (7.7-16.2)
19.7 (15.4-24.5)
4.4 (2.6-6.1)
51.0 (36.1-57.0)

5.1 (3.0-7.0)
4.0 (1.8-5.7)
4.7 (2.6-6.6)
nt
22.0 (17.0-19.5)
nt
31.2 (25.7-39.4)
nt

2. Results from the assisted-phytostabilization experiment
pH

Cu and Zn extractable
content.

Znextractable

DWTR

1. Results from the previous incubation assay
DWTR CaCO3
(t ha-1) (t ha-1)

▪ Additional mineral fertilization
should be added.

(*) Decree-Law No. 276/2009, on the sewage sludge application
to soil.

Aljustrel
Mine (IPB)

not

Kextractable

Table 1. Characterization of the DWTR used as
• Neutral characteristics, important to reduce trace elements organic amendment (mean value ± standarddeviation, n=3).
bioavailable fraction;
DWTR

did

▪ The amendments led to a
significant increase in soil pH,
especially with the simultaneous
application of lime → good for
plant growth.
▪ EC values did not increase
markedly → the amendments do
not increase soil salinity.

▪ No toxicity for V. fisheri at the higher
DWTR application rates, 96 and 144 t
ha-1, with or without lime.
▪ Decrease of toxicity towards the
crustacean T. platyurus, especially
with the presence of lime → the
most sensitive bioindicator.
▪ Toxicity towards D. magna decreased
with the application of the higher
application rates of DWTR, 96 and
144 t ha-1, and disappeared with the
simultaneous application of DWTR
and lime.

▪ Decrease of growth inhibition of the microalgae P.
subcapitata with the simultaneous application of
DWTR and lime.

Some amendments doses were able to improve the soil characteristics (pH, OM, N and K content), to diminish metal extractability / bioavailability (especially for Cu and Zn), and to allow
plant growth, which was impossible in the non-amended soil.
Copper, Pb and Zn concentrations in the plant material were lower than the maximum tolerable level for cattle, used as an indicator of risk of entry of those metals into the human food
chain.
The simultaneous application of DWTR (96 and 144 t ha-1), with CaCO3 as a liming agent (11 t ha-1), allowed a reduction in the mine soil ecotoxicity, as evaluated by some bioassays,
inducing the best ecological balance.
Both P and K extractable concentrations were still very low in the amendment pots, indicating the need for mineral fertilization.
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