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Abstract: The objective of the present paper was to investigate the effects of sewage sludge application
on metals (Cu, Mn, Zn, Cd, Co, Pb) accumulation in oat (Avena sativa L.) grains, Somesan variety. It
were used various doses of sewage sludge corresponding to equivalent doses of 0-600 kg N/ha
associated or not with NPK mineral fertilization. The results evidenced that copper and zinc levels in
oat grains increased significant with sewage sludge fertilization starting with a dose equivalent with
200 kg N/ha. Mineral fertilization led to significant decrease of copper content in comparison with
sewage sludge treatments only. For manganese, fertilization with sewage sludge has produced a
significant decrease, this trend being accentuated up to the equivalent dose of 300 kg N/ha. For
cadmium, application of sewage sludge in an equivalent dose of 200 kg N/ha led to concentrations in
oat grains higher than 1 mg Cd/kg (imposed limit for grains used for animal feed). This behavior is a
consequence of high cadmium content of sewage sludge (of 7.2 times over maximum admitted limit).
Cobalt contents of oat grains increased with sewage sludge doses, but the levels are between normal
values and concordant with literature data. Application of sewage sludge in an equivalent doses of 500
and 600 kg N/ha generated a significant increase of lead content in oat grains, average values being
1.87 and 2.17 mg Pb/kg, respectively.
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1. Introduction

Sewage sludge is a semisolid material resulted from sedimentation of the suspended solid during
processes which occur at wastewater treatment plants. Its application is very beneficial to soil
properties [1] and contain macronutrients suitable for plant nutrition [2,3]. The agronomic importance
of sewage sludge is also evidenced by its use as organic fertilizer, many studies emphasizing its
efficiency from this point of view. Hence, Tsadilas et al. [4] found that after sewage sludge
treatments, the nitrogen content in the dry matter of wheat increased. Morera et al. [5] reported that
sludge doses of 80, 130 and 160 t/ha increased the average dry weight of sunflower plants (Helianthus
annuus L.) in comparison with control variant. Also, fertilization with sewage sludge produced for
sunflower plants significant increases of stem, leaves and calatidium mass [6]. Yield of rice increased
by 60%, 111%, 125%, 134% and 137% at 30, 45, 60, 90 and 120 t/ha sewage sludge rates, respectively
in comparison with those grown in unamended soil [7].

Heavy metal accumulation in agricultural soils after sewage sludge application may lead to
pollution but also to crop contamination and to enter in food chain. Application of sewage sludge
increased cadmium, lead, copper and zinc levels in soil from 0.23-0.39, 28.16-28.36, 27.01-28.35 and
26.30-27.92 mg/kg to 0.30-0.60, 36-50, 30-42 and 31-43 mg/kg, respectively [8].
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It has been demonstrated that plants grown on soils amended with sewage sludge absorb higher
quantities of metals in comparison with control variant [9]. As against other nutrient species which
may leach or remove with crop, heavy metals may persist in soil for a long time and as consequence, it
is possible to produce phytotoxicity which affects plant growth and other metabolic activities [10]. It
has been proven that accumulation of heavy metals in plants led to reduced photosynthetic rate and
chlorophyll pigments, stunted growth and lowering of yield [11].

Application of sewage sludge with rates over 4.5 t/ha led for rice crop to accumulation of nickel
and cadmium in grains above safe limits, causing food chain contamination [7]. Treatments with
increasing doses of sewage sludge (0, 40, 80, 120 and 240 t/ha) at rice produced a significant increase
of iron, copper, zinc and lead in grains, while the manganese content decreased significantly [12].

As presented, sewage sludge is used for fertilization purposes and some studies present the possible
production of sewage sludge based organo-mineral fertilizer [13]. Therefore, the presence of metals in
sewage sludge's composition must be strictly monitored and to avoid possible negative effects for
environment or for crops, its application it is mandatory to be done under rigorous surveillance
[14,15].

As an extension of previously reported results [6, 16-19] and considering the importance of sewage
sludge from agronomic point of view, this study emphasizes the effects of various doses sewage sludge
on metals (Cu, Mn, Zn, Cd, Co, Pb) accumulation for oat (Avena sativa L.) grains.

2. Materials and methods
2.1. Experimental design

The aim of undertaken study was to investigate the influence of sewage sludge application on metal
accumulation (Cu, Mn, Zn, Cd, Co, Pb) in the case of oat crop (Avena sativa L.), Somesan variety.

For experimental purposes, it was designed a bifactorial experimental model (7x2), this meaning 7
fertilization levels with sewage sludge combined with 2 levels of mineral fertilization, in 4 repetitions,
totalizing 56 vegetation pots (20 L capacity each).

Each pot was filled with soil collected from Ao horizon of luvisol meanwhile sewage sludge that
was used in experiment was collected from the Wastewater Treatment Plant (WWTP) from Pitesti.
Chemical characterization of soil and sewage sludge is presented in section Results and discussions.

The factors taken into consideration, parts of experimental model, were: A factor - sewage sludge
fertilization with seven degrees representing equivalent doses varying between 0-600 kg N/ha (a1 -
unfertilized with sewage sludge; a2 - fertilization with sewage sludge corresponding to 100 kg N/ha; as
- fertilization with sewage sludge corresponding to 200 kg N/ha; a4 - fertilization with sewage sludge
corresponding to 300 kg N/ha; as - fertilization with sewage sludge corresponding to 400 kg N/ha; as -
fertilization with sewage sludge corresponding to 500 kg N/ha; a7 - fertilization with sewage sludge
corresponding to 600 kg N/ha) and B factor - mineral fertilization (NPK) with two degrees: b: -
NoPoKo and b2 - N10oP100K100.

The same experimental scheme was adopted previously to investigate the suitability use of sewage
sludge for sunflower (Helianthus annuus L.) [6] and to evaluate the yield, macroelements and metals
accumulation for maize (Zea Mays L.) [18,19].

2.2. Chemical characterization of soil, sewage sludge and plant

Analysis methodology for soil and sewage sludge is presented in detail in previous paper [20].
Briefly, according to purposes of the present paper, total forms of metals for soil and sewage sludge
samples were performed using atomic absorption spectrometry technique (Thermo Scientific AA
Spectrometer) after aqua regia digestion.

In the case of plant analysis, in order to achieve metals concentrations, 1 g of oven-dried grounded
grain sample passed through a sieve of 2 mm mesh size was digested with 10 mL from a mixture of
acids (HNOz: H2SO4: HCIOg4, 5:1:1) till a transparent color appeared [11].
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Contents of metals (Cu, Mn, Zn, Cd, Co, Pb) in oat grain samples were determined after filtering
the digested samples by means of atomic absorption spectrometry (Thermo Scientific AA
Spectrometer). The calibration curves were plotted using working standards obtained from a multi-
element stock solution provided by Merck.

2.3. Data analysis

Statistical analysis was performed using Tukey’s multiple range test at p< 0.05. Tukey’s test
compares the means of every treatment to the means of every other treatment. Pearson's r correlation
coefficients were calculated by using the scatterplot of correlation data with Excel software.

3. Results and discussions
3.1. Soil and sewage sludge chemical characterization

The soil used in this experiment was taken from Ao horizon of Luvisol [21] and presented a loam
texture, moderately acidic reaction (pH 5.20), low carbon organic content (1.19%) and low levels of
macronutrients: Nt - 0.140%, PaL - 19 mg/kg and KaL - 40 mg/kg. Complete chemical
characterization of sewage sludge is presented in previous paper [20], but from scientific purposes, the
average contents of soil and sewage sludge are depicted in Table 1.

Table 1. Average metals contents in soil and sewage sludge

Metals Soil Sewage sludge Restricted value for sewage sludge
(average contents) (average contents) mg/kg  [~5rqer 344/2004 Romania | Directive 86/278/EEC [23]
Cd 0.11 72 10 20-40
Co 6.60 6.60 50 -
Cr 19 135 500 -
Cu 12 154 500 1000-1750
Mn 500 400 - -
Ni 15 40 100 300-400
Pb 13 106 300 750-1200
Zn 48 1492 2000 2500-4000

3.2. Influence of sewage sludge application on Cu, Mn, Zn contents in oat grains

The results evidenced that copper levels increased significant with sewage sludge fertilization
starting with a dose equivalent with 200 kg N/ha (Table 2). Mineral fertilization led to significant
decrease of copper content in comparison with sewage sludge treatments only, probably due to dilution
effect which occurs with the increase of vegetative mass. Mixed treatments generated increases of
copper contents in grains but these values are not statistically assured.

Table 2. Influence of sewage sludge application (without/with mineral fertilization)
on Cu, Mn and Zn contents in grains

Sewage sludge Cu, mg/kg Mn, mg/k Zn, mg/kg

b: b2 Av. (b) | b: b2 Av.(b) | b: b2 Av. (b)
a1 0 kg N/ha 5.9 5.1 5.5a* 126 95 111a* 49 33 4l1a*
a 100 kg N/ha | 6.8 6.1 6.5ab 88 84 86b 51 56 54ab
as 200kg N/ha | 7.7 6.0 6.9bc 71 67 69c 64 65 65bc
a4 300 kg N/ha 8.3 7.1 7.7bcd 54 50 52d 69 76 73c
as 400 kg N/ha 8.3 7.6 8.0cd 53 54 54d 88 99 94d
a6 500 kg N/ha 8.4 7.9 8.2d 40 52 46d 100 116 108de
a7 600 kg N/ha | 8.6 8.3 8.5d 38 50 44d 111 126 119
Av. (a) 7.7a* 6.9b - 67a* 65a - 76a* 82b -

b1 - corresponds to NoPoKo (without mineral fertilization); b2 - corresponds to N1ooP100K100 (mineral fertilization); Av. - average
*Mean values accompanied by same letter (a or b) does not present significant differences (Tukey multiple comparison
test - significance level 0.05)
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According to manganese levels found in oat grains, it may be concluded that fertilization with
sewage sludge has produced a significant decrease of manganese, this trend being accentuated up to
the equivalent dose of 300 kg N/ha (Table 2). Mineral fertilization did not produced significant
changes for manganese content in oat grains. Also, after application of sewage sludge associated with
mineral fertilizers it was observed that manganese levels are similar as those obtained after sewage
sludge application.

Concerning zinc contents in oat grains, the results indicated an increase with sewage sludge dose
and also with mineral fertilization (Table 2). The increases are statistically assured starting with a dose
equivalent with 200 kg N/ha. For fertilized variants with a dose of 600 kg N/ha, zinc levels are 2.9
times higher than unfertilized variant.

The contents of copper, manganese and zinc found for oat grains in this study are within the values
of previous surveys developed for cereal grains [24] and oat grains [25-28].

The content of Cu, Mn and Zn in oat grains was very significantly correlated with N doses
determined by applying sludge in increasing doses with or without mineral fertilizer (Figures 1, 2, 3).
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Figure 1. Correlation between Cu content in oat grains and applied nitrogen doses
(*** very strong correlation, p<0.001)
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Figure 2. Correlation between Mn content in oat grains and applied nitrogen doses
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Figure 3. Correlation between Zn content in oat grains and applied nitrogen doses
(*** very strong correlation, p<0.001)
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3.3. Influence of sewage sludge application on cadmium, cobalt and lead contents in oat grains

Application of sewage sludge with a load of cadmium of 72 mg/kg, which is 7.2 times higher than
limit value for sewage sludge [22], generated an alarming increase of cadmium in oat grains, higher
than value of 1 mg/kg (when the grains are used for animal feed) [23], starting with equivalent dose of
200 kg N/ha (Table 3). When sewage sludge was applied in an equivalent dose of 600 kg N/ha it was
observed an increase of cadmium levels of 14 times in comparison with unfertilized variant.

Mixed application of mineral and organic fertilizers produced an increase of cadmium in oat grains,
more evident than in the case of sewage sludge application only. In this case, the level of 1 mg Cd/kg
was also achieved at 200 kg N/ha dose. Accordingly, on the basis of these findings, application of
sewage sludge in an equivalent dose higher than 200 kg N/ha it is not recommended. Also the limit
(0.1 mg Cd/kg wet weight) imposed by European regulation EC 466/2001 [29], concerning the
presence of some contaminants in foodstuffs for humans, is exceeded.

Cadmium contents for oat grains reported by other researchers are much lower than those
evidenced in present study, respectively 0.0045-0.0550 mg/kg [27] and 0.008-0.023 mg/kg [28]. As
reported by Brunetti et al. [30], cadmium levels ranged from 0.03 to 0.1 mg/kg from wheat grains and
below detection limit to 0.02 mg/kg for barley grains.

The detrimental effects of excessive cadmium levels on plant growth had been widely documented
[31]. Thus, Yourtchi and Bayat [32] reported for wheat, reduction in nutrient content of plants and
decline in seed germination, meanwhile Wang and co-workers [33] observed in the case of maize the
inhibition of root growth and reduced shoot development. For oat, a study [34] evidenced that a dose
of 10 mg Cd/kg soil significantly decreased the yield of oat straw and roots. Doses of 30 and 40 mg
Cd/kg soil significantly lowered oat grain yields.

For animals and humans, cadmium has no significant biological importance and contrariwise are
highly dangerous when found in environment, its toxicity being due changes in the conformational
structure of nucleic acids or by interference with oxidative phosphorylation and osmotic balance [31].

With sewage sludge doses, cobalt concentration in oat grains present an increase tendency which is
not statistically assured (Table 3). Association of mineral with organic fertilization presents the same
trend as sewage sludge application only. Cobalt contents of oat grains are between normal limits and
are in agreement with results reported by Kan [24] for cereal grains (0.2-0.3 mg/kg).

Table 3. Influence of sewage sludge application (without/with mineral fertilization)
on Cd, Co and Pb contents in grains

Sewage sludge Cd, mg/k Co, mg/kg Pb, mg/kg

b1 b2 Av.(b) b1 b2 Av.(b) b1 b2 Av.(b)
a 0 kg N/ha 0.28 0.20 0.24a* 0.20 0.24 0.22a* 1.30 1.27 1.29a*
a2 100 kg N/ha 0.57 0.68 0.63ab 0.22 0.25 0.24a 1.49 1.48 1.49ab
a3 200 kg N/ha 1.03 1.11 1.07b 0.22 0.27 0.25a 1.53 1.51 1.52ab
a 300 kg N/ha 1.49 1.83 1.66¢ 0.24 0.29 0.27a 1.63 1.58 1.61ab
as 400 kg N/ha 2.09 2.38 2.24d 0.28 0.33 0.31a 1.63 1.56 1.60ab
as 500 kg N/ha 2.66 2.80 2.73d 0.32 0.34 0.33a 1.90 1.83 1.87bc
az 600 kg N/ha 2.99 3.77 3.38e 0.35 0.35 0.35a 2.20 2.13 2.17c

Av. (a) 1.59a* | 1.82b - 0.26a 0.30a - 1.67a* 1.62a -

b1 - corresponds to NoPoKo (without mineral fertilization); b2 - corresponds to N1ooP100K100 (mineral fertilization); Av. - average
*Mean values accompanied by same letter (a or b) does not present significant differences (Tukey multiple comparison test - significance
level 0.05)

The correlations between content of Cd, Co and Pb from oat grains and increasing doses of N
corresponding to sewage sludge applied without/with mineral fertilizer indicates coefficients of
correlation very significant (Figures 4, 5, 6).
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Application of sewage sludge in an equivalent doses of 500 and 600 kg N/ha generated a
significant increase of lead content in oat grains (Table 3). Mixed fertilization did not produce a
significant increase of grain lead content. Lower levels of lead in wheat grains (0.15-0.63 mg/kg) and
barley grains (0.39-0.75 mg/kg) were reported by Brunetti et al. [30]. Zhao et al. [35] reported for
wheat grains a concentration of 1.63 mg Pb/kg.

Having in view the Commission Regulation EC 466/2001 [29], the found values for lead levels in
oat grains destined for human consumption are over imposed limit (0.2 mg Pb/kg wet weight).

Considering that the entry of lead into the food chain is of great concern because of its health
related consequences, it is recommended to avoid the use of the oat grains from this experiment for
human consumption.

4. Conclusions

In summary, the results of the research are presented below.

e Copper and zinc levels in oat grains increased significant with fertilization with sewage sludge
starting with a dose equivalent with 200 kg N/ha, meanwhile manganese concentration in oat
decreased with sewage sludge application, this behavior being accentuated up to equivalent dose of
300 kg N/ha.

e Mineral fertilization led to significant decrease of copper content in comparison with sewage
sludge treatments only, but mixed organic-mineral treatments generated increases of copper contents
in grains.

e Cadmium content of oat grains exceeds the limit value of 1 mg/kg, this situation being possible
because of high cadmium content of sewage sludge (72 mg/kg). Mixed application of mineral and
organic fertilizers produced an increase of cadmium in oat grains, more evident than in the case of
sewage sludge application only.
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e Cobalt contents of oat grains after sewage sludge application are between normal values; the
cobalt concentration increased with sewage sludge doses.

e Lead levels also increased with sewage sludge application and the obtained values exceed for
all variants the limit imposed for cereals destined for human consumption.
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