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EFFECT OF SEWAGE SLUDGE AND MINERAL WOOL  
ON WATER RETENTION AND HEAVY METAL CONTENT  

IN MEDIUM AGRONOMIC CATEGORY SOIL 

Water retention in soil plays a key role in the context of water scarcity connected with climate 
change. Under the conditions of the laboratory experiment, the effect of the addition of mineral wool 
from crops grown under cover and municipal sewage sludge on the water retention and heavy metal 
(Pb, Zn, and Cd) leaching performance of the medium soil was evaluated. Sewage sludge and mineral 
wool, widely applied in a range of soil reclamation technologies, were found to have a beneficial and 
diversified impact on the soil water properties and heavy metal mobility. 

1. INTRODUCTION 

The researches about factors influencing water retention in soil are very important, 
especially in times of climate change and water scarcity. Water retention is among the 
key indicators of soil properties and quality [1–5]. In light sandy soils, this is an essential 
condition of their productivity [6]. However, the water and chemical properties of me-
dium soils, i.e., of heavier granulometric composition, will typically require interven-
tion [7, 8]. The aggregate structure of soils is reflected in the content of capillary pores, 
retention of water available for plants, and the content of macropores that condition soil 
water conductivity, capacity, and air permeability [9–11]. 
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The soil retention properties may be improved through agrotechnical treatment and 
fertilization with organic fertilizers or lime stabilization [12, 13]. Modification of water 
and chemical properties of soils may moreover involve the use of proper quality waste, 
thus, contributing to waste management optimization [14, 15]. As the research results 
have shown [16, 17], recycled Grodan mineral wool substrate from crops grown under 
cover and municipal sewage sludge exhibit a profound effect in improving the water 
properties of light soils [18, 19]. However, little is known on soils with heavier granu-
lometric composition. 

This study aimed to assess the effect of mineral wool waste from crops grown under 
cover and municipal sewage sludge applied in various technologies for medium soil on 
its water retention and mobility of Pb, Zn, and Cd. 

2. MATERIALS AND METHODS 

The material subjected to tests in a model laboratory experiment was medium soil 
(dusty sand). The municipal sewage sludge was applied to the substrate at the dose of 
100 Mg·ha–1, concerning the weight of soil in the pot (0.18 kg) (Table 1). The dose of 
400 m3·ha–1 mineral wool from crops grown under cover was placed in the cylinder: it 
was either evenly distributed throughout the pot, or in the form of a 5-cm thick insert, 
placed inside at a depth of 40 cm. The control was soil without any additives. 

The experiment was performed in 5×60 cm hardened PVC cylinders (Fig. 1). The 
pots were filled with soil with the addition of tested waste – up to a height of 50 cm, in 
triplicate samples. 500 cm3 of deionized water was poured into each cylinder, and fi-
nally, the volume of filtrates was measured after 4, 8, and 24 hours. 

 
Fig. 1. Test set-up (photo: Marta Bik-Małodzińska) 
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T a b l e  1  

Laboratory test samples 

Number Land reclamation variant 
1 soil  
2 soil + sewage sludge (100 Mg·ha–1) distributed evenly in the pot 
3 soil + mineral wool (400 m3∙ha–1) a 5-cm insert at the depth of 40 cm 
4 soil + mineral wool (400 m3∙ha–1) distributed evenly in the pot 

5 soil + sewage sludge (100 Mg·ha–1) mineral wool (400 m3∙ha–1)  
distributed evenly in the pot  

6 soil + sewage sludge (100 Mg·ha–1) + mineral wool (400 m3∙ha–1) 
a 5-cm insert at the depth of 40 cm  

 
The soil and waste samples were tested to determine: 
• the granulometric composition of soil by Casagrande-Proszynski’s aerometric 

method, 
• the potentiometric reaction in H2O and 1 mol⋅dm–3 KCl, 
• the hydrolytic acidity (Hh) by Kapen’s method in 1 mol⋅dm–3 CH3COONa, 
• base cations (S) in 0.5 mol⋅dm–3 extract of ammonium chloride (pH 8.2) using the 

Pallmann method, 
• the adsorption capacity (T) and the degree of saturation of the adsorption complex 

with base cations (V), 
• the SOC mineralization (Ct), using a TOC analyzer and TOC-VCSH, SSM-5000A 

instrument, 
• the heavy metal content: Pb, Zn, Cd (also in the filtrates) by the ICP-AES method 

using the Leeman PS 950 camera. 
The results from the measurements have been subjected to statistical analysis with 

the use of STATISTICA 5: Anova/Manova Version, ̓ 97 Edition. The statistical analysis 
employed Tukey’s formula for confidence interval at a significance level of 0.05. 

3. RESULTS AND DISCUSSION 

3.1. PROPERTIES OF MATERIALS USED IN THE EXPERIMENT 

The investigated medium soil, whose granulometric composition resembled sandy 
dust, was slightly acidic –pH in water was 6.2 and in 1 M KCl – 6.0 (Table 2). The soil 
exhibited poor adsorption properties and an average carbon content, which confirms 
former studies, e.g., [7]. The content of heavy metals was low [20, 21]. 

Grodan mineral wool from horticultural crops grown under cover shows favorable 
adsorption properties, in particular, the high content of base cations (57.04 cmol(+) kg–1), 
which combined with low hydrolytic acidity (3.82 cmol(+) kg–1) ensures high degree 
base cation saturation, amounting to 93.72% (Table 2). The substrate in question has 
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a high water retention capacity, which can prove highly beneficial considering the 
biological reclamation of degraded soils and devastated soil recovery [1, 19, 22]. 

 
T a b l e  2

Selected properties of soil, mineral wool and sludge used in tests 

Property Soil Mineral wool Sewage sludge 
Granulometric composition, % 
sand particles 
dust particles  
clay particles 

 
47 
36 
17 

– – 

pH in H2O 6.2 5.8–6.9 6.8 
pH in 1 M KCl 6.0 5.3–6.6 6.4 
Hh, cmol(+)·kg–1 3.2 3.82 4.50 
S, cmol(+)·kg–1 5.7 57.04 50.04 
T, cmol(+)·kg–1 8.9 60.86 54.54 
V, % 64.0 93.72 91.7 
TOC, g·kg–1 12.1 28.5 193.8 
Zn contents, mg·kg–1 20.8 133.50 935.0 
Pb contents, mg·kg–1 32.7 35.50 29.2 
Cd contents, mg·kg–1 0.17 0.50 3.45 

 
The municipal sewage sludge was approximately neutral with pH 6.4 in 1 M KCl 

(Table 2), showed high adsorption capacity (54.54 cmol(+) kg–1), base cations content 
(50.04 cmol(+) kg–1) as well as high carbon content (193.8 g·kg–1). The content of heavy 
metals was below the reference levels described in the regulation of the Minister of the 
Environment on municipal sewage sludge [23]. 

3.2. EFFECT OF MINERAL WOOL APPLICATION METHOD ON SOIL WATER RETENTION 

The highest amount of filtrate (220 cm3 – 44% of the water used) was obtained from the 
control soil (Table 3, Fig. 2). This confirms earlier findings by Rosik-Dulewska et al. [24], 
which showed that soils of a heavier granulometric composition are characterized by 
a greater superior retention capacity than sandy soils [25]. Compared to the pure soil, 
the addition of waste substrates into the soil led to the reduction in the volume of filtrate: 
for sewage sludge – by 25% (125 cm3), and mineral wool in the range of 24.8–35.6% 
(150–178 cm3), depending on the application method. 

In soils enriched in sewage sludge and mineral wool, the volume of filtrate dimin-
ished by 68% compared to the soil containing sewage sludge alone, by 48% compared 
to the soil with mineral wool distributed evenly in the pot, and by 53% in soil with 
mineral wool insert at a depth of 40 cm. It was found that the water retention of the soil 
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with the addition of sewage sludge and mineral wool was the highest among the recla-
mation methods in question. Moreover, the effect of the wool application method was 
largely consistent. 

T a b l e  3

The volume of filtrate and water retention of the surveyed soil reclamation variants 

Soil reclamation variant 
Filtrate volume [cm3] Water  

retention 
[cm3] 

after 
4 h 

after 
8 h 

after 
24 h Total 

Soil  120 80 20 220 280 
Soil + sewage sludge (100 Mg·ha–1)  
distributed evenly in the pot 0 85 40 125 375 

Soil + mineral wool (400 m3∙ha–1)  
a 5-cm insert at the depth of 40 cm 0 26 124 150 350 

Soil + mineral wool (400 m3∙ha–1)  
distributed evenly in the pot 0 93 85 178 322 

Soil + + sewage sludge (100 Mg·ha–1) + mineral wool  
(400 m3∙ha–1) distributed evenly in the pot  0 35 50 85 415 

Soil + sewage sludge (100 Mg·ha–1) + mineral wool  
(400 m3∙ha–1) a 5-cm insert at the depth of 40 cm  0 20 60 80 420 

LSD 
*significant differences in p = 0.05  

** significant differences in p = 0.01 

 
according to variant 135.03** 

according to time 75.45* 

 
Fig. 2. Total filtration volume and water retention across soil reclamation variants:  

1 – soil, 2 – Soil + sewage sludge (100 Mg·ha–1) distributed evenly in the pot,   
3 – soil + mineral wool (400 m3∙ha–1) a 5-cm insert at the depth of 40 cm,  

4 – soil + mineral wool (400 m3∙ha–1) distributed evenly in the pot,  
5 – soil + sewage sludge (100 mg·ha–1 mineral wool (400 m3∙ha–1)  

distributed evenly in the pot ), 6 – soil + sewage sludge (100 Mg·ha–1)  
+ mineral wool (400 m3∙ha–1) a 5-cm insert at the depth of 40 cm 
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The presence of 5-cm mineral wool insert in the soil at a depth of 40 cm was shown 
to reduce the amount of filtrate by 32% and improve water retention by 25% compared to 
the results from the control soil. In the case of wool distributed evenly in the pot, the 
collected filtrate was lower by 19%, and the water retention increased by 15% (Table 3). 

Concerning soil water retention characteristics depending on the waste enrichment 
variant, the investigated methods of soil reclamation compared to the control are ordered 
accordingly: soil + sludge + wool (150%) > soil + sludge (134%) > soil + wool (120%) 
> soil (100%). 

Regarding the effect of the wool application method on water retention, compared 
to the control, the following series of results is obtained: soil + wool – insert 5 cm 
(125%) > soil + wool distributed evenly in the pot (115%) > soil (100%). 

3.3. EFFECT OF MINERAL WOOL APPLICATION  
ON HEAVY METAL LEACHING FROM SOIL 

The Pb content in the investigated soil was 32.70 mg·kg–1, in the municipal sewage 
sludge 29.20 mg·kg–1, and in the mineral wool 35.50 mg·kg–1 (Table 2). These values 
indicate that the amount of Pb was below the reference levels [18]. The addition of waste 
products to the examined soil slightly changed its total Pb content. In comparison with 
the control soil, the Pb content in the filtrates obtained from particular soil reclamation 
variants was 1.5–1.9 times higher (Table 4). The amount of Pb in the filtrates compared 
to the control soil amounted to 1.01%, while in the soil reclamation variants it was in 
the range of 1.57–1.96%. 

Pb was leached most efficiently (1.96%) from the soil with the addition of sewage 
sludge, to a lesser extent (1.68–1.69%) from the soil with mineral wool combined with 
sewage sludge, whereas the soil containing mineral wool showed the smallest Pb-leach-
ing capacity (1.55–1.57%). The method of mineral wool application was shown not to 
affect the leaching of Pb from the soil. 

The Zn content in the soil was 20.80 mg·kg–1, which qualifies as low according to 
the scale of reference [18]. The Zn content in sewage sludge was 935 mg·kg–1, and in 
mineral wool 133.5 mg·kg–1 (Tables 2, 4), nevertheless, these values are still below the 
levels given in the literature [16, 18]. The application of waste to the soil was observed 
to increase the Zn content by 32% for the sewage sludge/mineral wool composite, by 
28% in the case of sewage sludge, and 5% in mineral wool, which confirms the results 
from [17]. Compared to its total content in the soil, the amount of Zn in the filtrates 
collected from the control soil was equal to 1.55%, while in different soil the reclama-
tion variants it was found in the range of 1.10–1.65%. 

Among the reported soil reclamation variants, the highest Zn leaching rate (1.65 
–1.75%) was observed in the case of the soil with mineral wool, subsequently, in the soil 
with the addition of sewage sludge (1.41%), and finally, the lowest efficiency was observed 
in the soil containing the sewage sludge/mineral wool composite (1.10%–1.15%). Mineral 
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wool, implemented as an insert in the soil was proven to be more effective at reducing Zn 
leaching than when distributed evenly in the soil substrate. 

T a b l e  4  

Pb, Zn and Cd content in soil, waste, and filtrates according to soil reclamation variants, mg·kg–1 

Soil reclamation variant 
Pb Zn Cd 

Total  Filtrate Per 
cent Total  Filtrate Per 

cent Total  Filtrate Per 
cent 

Soil  32.70 0.331 1.01 20.80 0.322 1.55 0.17 0.008 4.68 
Soil  
+ sewage sludge (100 Mg·ha–1)  
distributed evenly in the pot 

32.92 0.646 1.96 47.34 0.668 1.41 0.26 0.014 5.38 

Soil  
+ mineral wool (400 m3∙ha–1) 
a 5-cm insert 
 at the depth of 40 cm 

32.73 0.507 1.56 21.80 0.360 1.65 0.17 0.007 4.12 

Soil  
+ mineral wool (400 m3∙ha–1) 
distributed evenly in the pot 

32.73 0.515 1.57 21.80 0.382 1.75 0.17 0.007 4.12 

Soil 
+ sewage sludge (100 Mg·ha–1)  
mineral wool (400 m3∙ha–1) 
distributed evenly in the pot  

32.95 0.553 1.68 48.34 0.558 1.15 0.26 0.011 4.23 

Soil  
+ sewage sludge (100 Mg·ha–1)  
+ mineral wool (400 m3∙ha–1) 
a 5-cm insert  
at the depth of 40 cm  

32.95 0.556 1.69 48.34 0.532 1.10 0.26 0.011 4.23 

LSD 
* significant differences  

in p = 0.05, 
** significant differences  
in p = 0.01 
according to variant 
according to metal 

 
 
 
 

0.40* 
0.22** 

 
 
 
 

23.75 
13.27** 

 
 
 
 

1.34 
0.75** 

Total – metal content in soil reclamation variants, Filtrate – metal content in the filtrates, Per cent 
– percentage of metal in the filtrate corresponding to the total content in the soil. 

 
While the Cd content in soil (0.17 mg·kg–1) and mineral wool (0.50 mg·kg–1) was 

low, its level in sewage sludge was higher (3.45 mg·kg–1); nonetheless, these are below 
the reference levels [18] (Table 2). Sewage sludge alone, as well as in a composite with 
mineral wool, increased the Cd content in soil by 52%, still, the recorded values were 
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significantly lower than permitted [18] (Table 4). These results confirm the data found 
in [26]. 

The share of Cd in the filtrates from the control soil, compared to the total content, 
was at the level of 4.68%, while in the filtrates from the soil reclamation variants were 
in the range of 4.12–5.38%. 

From the examined reclamation variants, Cd was washed to the greatest extent 
(5.38%) from the soil with the addition of sewage sludge, to a smaller extent (4.23%) 
from the soil with mineral wool/sewage sludge composite, and the smallest (4.12%) 
from the soil with mineral wool. No effect of the mineral wool application method on 
the migration of Cd from the soil was observed. 

4. CONCLUSIONS 

• The investigated waste products show a significant but diversified impact on wa-
ter retention properties of medium soil. 

• The water retention of soils containing different analysed waste products can be 
presented in the form of a series of soil reclamation methods ordered according to their 
effectiveness: soil + sewage sludge + wool (150%) > soil + sewage sludge (134%) > 
soil + wool (120%) > soil (100%). 

• The wool application variants affected water retention in soil: soil + wool – 5 cm 
(125%) insert > soil + wool distributed evenly in the entire pot (115%) > soil (100%). 

• The addition of the examined waste to the soil had an effect on the content of 
heavy metals in soil and filtrates: 

• The total Pb content in soils was shown to slightly change. According to the inten-
sity of Pb leaching from the soil, the soil reclamation options are ranked as follows: soil 
+ sewage sludge (1.96%) > soil + sewage sludge/mineral wool composite (1.68–1.69%  
> soil + mineral wool (1.55–1.57%). 

• The sewage sludge/mineral wool composite increased the Zn content in soil by 
32%, sewage sludge by 28% and mineral wool by 5%. According to Zn leaching per-
formance, the soil reclamation variants are: soil + mineral wool (1.65–1.75%) > soil  
+ sewage sludge (1.41%) > soil + sewage sludge/mineral wool composite (1.10–1.15%). 

• The sewage sludge and sewage sludge/mineral wool composite increased the Cd 
content in soil by 52%. According to the Cd leaching intensity, the soil reclamation var-
iants are ordered: soil + sewage sludge (5.38%) > soil + sewage sludge/mineral wool 
composite (4.23%) > soil + mineral wool (4.12%). 

REFERENCES 

[1] BARAN S., Possibilities of the use of Grodan mineral wool to form water properties in soils and grounds, 
Zesz. Probl. Post. Nauk Roln., 2008, 533, 15–19 (in Polish). 



 Water retention and heavy metal content in medium agronomic category soil 109 

[2] BARAN S., PRANAGAL J., BIK M., Usefulness of “Grodan” mineral wool and sewage sludge in man-
agement of water properties in soils devastated during extraction of sulphur by frash method, Gosp. 
Sur. Min., 2008, 24, 2/3, 83–95 (in Polish). 

[3] DEXTER A.R., Physical properties of tilled soils, Soil Till. Res., 1997, 43, 41–63. DOI:10.1016/S0167 
-1987(97)00034-2. 

[4] KUTÍLEK M., Soil hydraulic properties as related to soil structure, Soil Till. Res., 2004, 79, 175–184. 
DOI: 10.1016/j.still.2004.07.006. 

[5] WALCZAK R., OSTROWSKI J., WITKOWSKA-WALCZAK B., SŁAWIŃSKI C., Hydrophysical characteristics 
of mineral arable soils in Poland, Acta Agrophys., 2002, 79, 1–64 (in Polish). 

[6] MAZIERSKI J., KOSTECKI M., KOWALSKI E., Estimation of water filling conditions for the sand excava-
tion, on example of Kotlarnia S.A., sand-mine, Arch. Environ. Prot., 2003, 4, 13–24 (in Polish). 

[7] WACŁAWOWICZ R., PARYLAK D., Changes in selected properties of medium textured soil under varying 
systems of organic-mineral fertilization, Agr. Sci., 2004, 59 (3), 1345–1354 (in Polish). 

[8] PALUSZEK J., Criteria of evaluation of physical quality of Polish arable soils, Acta Agrophys., 2011, 
191 (2), 139 (in Polish). 

[9] AMÉZKETA E., Soil aggregate stability. A review, J. Sust. Agric., 1999, 14 (2/3), 82–151. DOI: 10.1300 
/J064v14n02_08. 

[10] BRONICK C.J., LAL R., Soil structure and management. A review, Geoderma, 2005, 124, 3–22. DOI: 
10.1016/j.geoderma.2004.03.005. 

[11] WITKOWSKA-WALCZAK B., Influence of the aggregate structure of mineral soils on their hydrophysi-
cal characteristics, Acta Agrophys., 2000, 30, 1–96 (in Polish). 

[12] BENGOUGH A.G., BRANSBY M.F., HANS J., MCKENNA S.J., ROBERTS T.J., VALENTINE T.A., Root responses 
to soil physical conditions; growth dynamics from field to cell, J. Exp. Bot., 2006, 57, 437–447. DOI: 
10.1093/jxb/erj003. 

[13] WALCZAK R., WITKOWSKA-WALCZAK B., BARANOWSKI P., Soil structure parameters in models of crop 
growth and yield prediction. Physical submodels, Int. Agrophys., 1997, 11, 111–127. 

[14] STRZYSZCZ Z., Application of mineral fertilizers for reclamation, Arch. Environ. Prot., 2003, 37 (4), 25–40. 
[15] GALOS K., Mineral waste raw materials and their importance in the domestic management of mineral 

raw materials, Gosp. Sur. Miner., 2003, 19 (4), 15–28. 
[16] BARAN S., WÓJCIKOWSKA-KAPUSTA A., ŻUKOWSKA G., The influence of reclamation methods soil-less 

formations on zinc and cooper in ground and grass mixture, Gosp. Sur. Miner., 2008, 24 (2/3), 67–79 
(in Polish). 

[17] WÓJCIKOWSKA-KAPUSTA A., BARAN S., ŻUKOWSKA G., Influence of composts made on the basis of 
sewage sludge on the content of zinc and cadmium in reclaimed soil, Przem. Chem., 2012, 91 (6), 
1263 (in Polish) . 

[18] ROSIK-DULEWSKA C., OLESZEK-KUDLAK S., Possibilities of using sewage sludge in the light of new 
legal regulations, Post. Nauk Roln., 2002, 5, 47–59 (in Polish). 

[19] GILEWSKA M., Usefulness of stone wool waste for reclamation of post-mining land, Zesz. Probl. Post. 
Nauk Roln., 2005, 506, 151–156 (in Polish). 

[20] KABATA-PENDIAS A., MOTOWICKA-TERELAK T., PIOTROWSKA M., TERELAK H., WITEK T., Assessment 
of the degree of soil and plant contamination with heavy metals and sulfur, Ramowe wytyczne dla 
rolnictwa, Puławy 1993, 53 (in Polish). 

[21] Regulation of the Minister of the Environment on the method of conducting the assessment pollution 
of the Earth’s surface (Dz. U. 2016, poz. 1395) (in Polish). 

[22] BARAN S., WÓJCIKOWSKA-KAPUSTA A., ŻUKOWSKA G., BIK-MAŁODZIŃSKA M., SZEWCZUK C., 
ZAWADZKI K., The role of mineral wool and sewage sludge in shaping nitrogen content in the re-
claimed soilless formation, Przem. Chem., 2012, 91 (6), 1259–1262 (in Polish). 



110 G. ŻUKOWSKA et al. 

[23] Regulation of the Minister of Environment on municipal sludge sewage (Dz. U. 2015, poz. 257) (in 
Polish). 

[24] ROSIK-DULEWSKA C., KARWACZYŃSKA U., GŁOWALA K., Natural use of municipal sewage sludge and 
municipal waste compost – fertilization value and environmental hazards, Zesz. Nauk. Wydziału 
Budownictwa i Inżynierii Środowiska Politechniki Koszalińskiej, 2007, 23, 137–153 (in Polish). 

[25] SMÓLCZYŃSKI S., ORZECHOWSKI M., Water capacity and content of exchangeable cations in the soils 
of reclaimed sand and gravel post-mine areas, Roczn. Glebozn., 2010, 61 (3), 111–120 (in Polish). 

[26] BZOWSKI Z., BOJARSKA K., Forms of cadmium in coal ashes, Zesz. Nauk. Komitetu „Człowiek 
i Środowisko” PAN, 2000, 26, 193–199 (in Polish). 


