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Abstract 
The increase of sewage sludge production both from industries and municipal waste waters 
has been really high in the last decades in Europe due to the implementation of EU directives. 
Agronomic use of the different residues like sewage sludge has to be based on the 
composition of these residues and on the seasonal variability that these residues have through 
the year.  This study aims at describing the main agronomic parameters of the residues that 
are going to be managed for crop production by a company waste manager (AGROAMB-
PRODALT). The evaluated residues include poultry wastes, ash from forest industries, 
municipal sewage sludge and biomass’s wastes. Clear differences among residues in order to 
be used as soil pH amendment or as a fertiliser were detected. Ash cellulose waste is more 
useful to create soil pH amendment products and poultry and municipal sewage sludge for 
creating fertilizers. Main results indicate that N concentrations should be the main parameter 
to take into account to be used for the agronomic purpose.  
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Introduction 
Residue production creates a high problem of elimination of this material. Galicia is one of the most 
important forestry but also dairy regions of Spain generating a high amount of residues from the 
forestry (ashes from cellulose industry, residues from tree pruning), poultry (poultry residues) and 
milk (dairy sewage sludge) production sectors. Moreover, this region accounts for the 50% o the 
localities of Spain, therefore producing high amounts of municipal sewage sludge. Waste production 
from residual waters has been increased in the recent decades in Europe due to the European Directive 
86/278. This directive aims at cleaning up water from industries like dairy and municipal waste before 
it is reintroduced in the rivers. In this process, a residue called sewage sludge is generated that should 
be treated before used in agricultural lands as fertiliser. One of the main important aspects for using 
sewage sludge as fertilizer is the origin of the residues coming from waste water cleaning. There are 
also other types of residues that could be of interest to improve soil fertility like the ashes coming from 
cellulose industries or the biomass coming from residues of pruning that are chipped. On the one hand, 
the potential use of the residue to increase soil pH in acid soils depends on its pH, but also on Ca and 
Mg concentration. On the other hand, the fertiliser value of a residue is mainly associated with its 
composition on N, P and K. Both potential agronomic use of the residues depends on the origin of the 
waste, but also in the type of stabilization they suffer (Mosquera-Losada et al. 2010) [1]. Moreover, 
the use of sewage sludge also depends on the heavy metal concentration as it usually has a higher 
concentration of heavy metals than in the soil. This paper aims at comparing the concentration of 
different nutrients and heavy metals of sewage sludge coming from agroindustries and municipal 
waste waters to evaluate their potential use in agronomic lands. 
 



Material and Methods 
The study evaluated the composition of poultry wastes, ash from forest industries (cellulose 
production), municipal sewage sludge, dairy sewage sludge and biomass wastes. Samples were taken 
during two years every two months. Samples were dried in the laboratory until constant weight was 
obtained to determine DM and perform chemical analysis. Samples were passed through a 2-mm sieve 
and ground with an agate mortar. Nitrogen and phosphorous levels were determined after a 
microKjeldahl technique by colourimetry using TRAACS 800+, following Castro et al. (1990) [2]. 
Total calcium, potassium, magnesium, sodium, and heavy metal concentrations were analysed with a 
VARIAN 220FS spectrophotometer using atomic absorption (VARIAN, after a nitric acid digestion 
performed in a CEM MDS-2000 microwave (CEM). The results were analysed using univariate (SAS 
2001) [3]. 
 
Results and discussion 
Table 1 shows the mean composition of the residues evaluated. DM was especially high in ashes and 
in biomass residues, being lower in the residues coming from poultry, dairy or municipal sewage 
sludge. High levels of DM in the residues make them cheaper for storage or transport. All residues 
have a clear potential to be used in very acid soils to improve their fertility due to their higher pH than 
Galicia acid soils. It can be seen that pH is very high in cellulose industry ashes, being this variable 
lower in the biomass residue as well as in the dairy sewage sludge, when compared with poultry or 
municipal sewage sludge. In spite of the high levels of pH of the cellulose ash, this residue had a low 
value of N, P and K, which reduces its fertilizer potential. On the contrary, the residues like poultry or 
forestry biomass had a high level of N and therefore have a better fertilizer potential than cellulose 
ashes. The levels of heavy metal were especially high in the municipal sewage sludge if compared 
with the other residues, mainly regarding Zn, Cr and Cu. The levels of water pH, DM, K, N and P of 
municipal sewage sludge are quite similar to those already described by [1]. The heavy metal levels of 
the municipal sewage sludge are also similar to those indicated by [1]. 
  

pH % DM OM (%) N (%) P (%) K (%)
Celullose 12,7 94,6 2,1 0,1 0,03 0,2
Biomass 6 91,6 59,5 4,3 1,6 1
Dairy sewage sludge 5,9 21,1 89,9 1,2 1,13 0,14
Municipal sewage sludge 7,52 19,92 40 3,33 2,06 0,31
Poultry sewage sludge 6,77 32,78 5,15 2,63 1,01

Zn (mg kg-1) Ni (mg kg-1) Pb (mg kg-1) Cr (mg kg-1) Cu (mg kg-1)
Celullose 54 23 6 5 16
Biomass 49 5 5 5 17
Dairy sewage sludge 37,4 8,3 5 15,7 15,6
Municipal sewage sludge 747,74 20,5 80,34 20,85 155,8
Poultry sewage sludge 336,17 22,62 10,04 0 48,65  
Table 1. Mean composition of the evaluated residues 
 
 All evaluated residues have higher levels of Cu that those usually found in mean soils (16.38 
mg kg-1) in Galicia. Poultry Cu concentration was higher than those found in the 90 percentile of 
Galician soils (34.70 mg kg-1). All evaluated residues have Cu concentrations below the maximums 
found in Galician soils (236.94 mg kg-1). Regarding Cr, it can be seen that all residues have lower 
levels of Cr than that found in Galician soils (12.71 mg kg-1) with the exception of the municipal and 
dairy sewage sludge. The ninety percentile Galician Cr soil concentration (22.32 mg kg-1) as well as 
the maximum Cr soil value (236.94 mg kg-1) was always above the levels of Cr found in the residues 
of this study Regarding Ni, only biomass and dairy sewage sludge showed values below than that 
found in Galician medium soils (12.2 mg kg-1). As happened with the Cr, the levels of Ni of all 
residues were below that showed in the percentile 90 of the Galician soils (27.7 mg kg-1) and therefore 
the maximum value (169.5 mg kg-1). Regarding Pb, all the residues have low values compared with 
soils.  
 The obtained results show that ashes from cellulose industries could have an adequate use for 
increasing soil pH. Current recommended dose used in Galicia is around 2.5 Mg ha-1. With this dose 
the inputs of macronutrients are really low (2.5 kg total N ha-1; 0.7 kg P ha-1; 5 g K ha-1) and the 



levels of heavy metals are lower than those specified in the Spanish regulation (RD 1310/90) for Zn 
(135 grs ha-1), Ni (15 g ha-1), Pb (12,5 g ha-1) and Cu (40 g ha-1) that are 30, 3, 15, 12 and , 
respectively. 
 The other studied residues are more suitable for fertilizer use (N suppliers) than for increasing 
soil pH. However, the higher pH of all residues than Galician very acid soils could help to improve 
soil fertility of Galician soils ([4] [5]). Sewage sludge fertilizer use should take into account the 
amount of N needed by the crops as well as the mineralization rate. Table 2 was created considering a 
required dose of N close to 160 kg N ha-1 and a mineralization rate of the 25% (meaning a real input o 
40 kg N available per hectare) as recommended the USA Environmental Protection Agency in 1994 
[6]. The results confirm that N should be the indicator to apply sewage sludge into the soil as the 
amount of P and K is much lower. Therefore if P or K is considered as indicator to supply sewage 
sludge then an excess of N will be added into the soil, probably causing a contamination problem. 
Sewage sludge use as fertilizer should also consider the levels of heavy metals in soils, the amount of 
heavy metals in the residue and the maximum amount of heavy metals that could be applied as a mean 
for a ten years period (RD 1310/90). 
 

Sewage dose N P (kg ha-1) K (kg ha-1) Zn (kg ha-1)
Biomass 3721 160 59 37,21 0,18
Dairy sewage sludge 13333 160 150 18,66 0,49
Municipal sewage sludge 4848 160 99 15 3,62
Poultry sewage sludge 3106 160 81,68 31,37 1,04
RD 1310/90 30

Ni (kg ha-1) Pb (kg ha-1) Cr (kg ha-1) Cu (kg ha-1)
Biomass 0,01 0,01 0,01 0,063
Dairy sewage sludge 0,11 0,06 0,2 0,2
Municipal sewage sludge 0,09 0,38 0,1 0,75
Poultry sewage sludge 0,07 0,03 0 0,15
RD 1310/90 3 15 3 12  
Table 2. Sewage sludge dose calculated in kg ha-1 considering a total input of N of 160 kg N ha-1 
and the amount of macronutrient and heavy metals applied for that dose. RD 1310/90 is the amount of 
each heavy metal allowed to be applied by the Spanish regulation. 
 
P and K inputs are low to cover grassland needs, as the needed amounts are usually close to that 
needed for N.  Biomass use as fertilizer provides less than half of that needed to cover pasture usual P 
extractions. However, this fact could make this residue suitable to be applied in P rich soils derived 
from recent high P inputs made with the inorganic fertilizer or with manure. Especially low are the 
inputs of K, a nutrient needed to allow growing up clover in pastures [7]. Only biomass and poultry 
applies close of one fifth of the currently used inputs of K in the soil. This makes necessary to add 
potassium to the soil to overcome K deficits in soils as shown Mosquera-Losada et al. [1].  
Regarding the heavy metals, it can be seen that all inputs of heavy metals derived from the 
programmed N dose are much lower than those indicated by the Spanish Regulation (RD 1310/90). 
However, the inputs of Zn, Pb and Cu are especially high when the municipal sewage sludge is 
applied, due to the higher content levels of this residue. Municipal sewage sludge applies more heavy 
metal than any other residue into the soil for a target amount of total N of 160 kg N ha-1, with the 
exception of Ni. Ni inputs are higher with dairy sewage sludge than with the municipal sewage sludge. 
Dairy sewage sludge inputs of heavy metal into the soil are higher than with poultry or biomass 
applications. 
 
Conclusions 
 The better use of the different residues tested shows that ash is better to improve soil pH and 
the rest (biomass, dairy, poultry and municipal sewage sludge) are better used as fertilizer. From a 
fertility point of view is the dairy sewage sludge the one which add better inputs of P, but biomass is 
much adequate supplying K. All heavy metals inputs into the soils are higher with the municipal 
sewage sludge with the exception of dairy sewage sludge for Ni, for the same N dose. In any case, 
more studies should be done taking into account real mineralization rates of the residues. 
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