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Abstract 

The recovery of valuable nutrients, from waste sources allows carbon based 
materials to be recycled and reused through the production of organic materials. 
For example, phosphate and ammonia can be directly applied in a wide range of 
fields in today’s industrial world including their use in the fertilizers production 
industry, textiles, cosmetics in the food industry. The aim of this research is the 
ability to recover these sources from waste processes, such as anaerobic 
digestion and promote these materials in the industry. These neutral processes 
will provide valuable carbon neutral processes that are highly beneficial for the 
environment as provide industry with materials and reasonable cost.  
Keywords: waste process, nutrients, particle size, dry matter, ammonia, 
phosphate, environment, conductivity, salinity, sludge. 

1 Introduction 

Several studies have shown possible environmental and commercial benefits 
using mixed stream effluents, deriving from different sources, as a potential 
source for valuable nutrients. These benefits include the relief of municipal 
treatment plants, the use of favourable nutrients and the composition of urine 
free wastewater for biotreatment [1–3]. In anaerobic processes the hydrolysis of 
target solid wastes followed by the microbial conversion of them to 
biodegradable organic content results in the production of intermediate organic 
acids, specifically carboxylic acids. These acids are detected at high 
concentrations in the effluent streams and mixed liquors of anaerobic membrane 
reactor systems.  Other useful nutrients include phosphate and ammonia [4–6]. 
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     Stabilisation of sludge at large wastewater treatment plants is usually carried 
out by anaerobic digestion.  Mainly, it has been employed to stabilize the 
suspended organic material (sludge) and to provide a source of energy [7, 8]. 
Anaerobic digestion is also used for the generation of biogas for electricity, 
especially using agricultural waste. During this process organic matter is 
transformed into methane gas (CH4) and carbon dioxide (CO2) by the action of 
different groups of bacteria. The main advantages of this process are the 
reduction in the volume of waste sludge and the production of methane gas 
(CH4) that can be utilised to supply energy. The simultaneous release of 
ammonia due to organic matter hydrolysis should be considered to properly 
perform the mass balances  [9–11]. These ions are also considered to be 
considerable market value which emerges the need for their recovery [6, 12–14]. 
     In the United Kingdom but also in the United States and Europe, the 
generation of electricity through biogas production is an ongoing tendency, while 
the amount of effluents been disposed in the land, as a result of this process, is 
constantly augmenting. The potential environmental dangers due to 
eutrophication but also the current environmental legislation emerged the need 
for a sophisticated treatment strategy of these effluents. In addition, valuable 
materials such as phosphate and ammonia can be potentially recovered and 
reused. Phosphate rock is a non-renewable natural resource [3, 15–18]. 
     It is mainly found in sedimentary and igneous deposits, its sustainable 
production and management is of critical importance. By 2035 it is calculated 
that the demand for phosphorus map will outpace the supply. Being a finite 
resource is becoming increasingly expensive (800% rise between 2006 and 2008, 
$50 to $400). Its current value is over $500 per ton. Although its production is 
carbon neutral it’s been achieved by mining causing environmental and social 
issues [5–8, 19–21]. 
     On the other hand, global ammonia consumption has reached 153 million 
tonnes. Ammonia production has a large carbon footprint as during its 
production methane is reformed to produce hydrogen and carbon dioxide. About 
3 tonnes of CO2 are produced per tonne of ammonia (9 plants in West Europe). 
The current market value of a tonne is about $800, while in 2007 the price 
reached $1500. Ammonia recovery would therefore save CO2 production by 
reducing environmental impact [22–25]. 
     The aim of this research is to examine the possibility of using anaerobically 
digested fluids and wastewater sludge as a source of useful nutrients. The useful 
nutrients could be recovered using filtration technology. As such, size related 
properties were also examined. For this purpose two different sludge samples 
were selected and physicochemically characterized.  

2 Materials and methods 

2.1 Sludge samples 

The samples were collected from two locally based companies. The sludge 
deriving from municipal wastewater was collected from Dwr Cymru – Welsh 

336  Waste Management and the Environment VI

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and The Environment, Vol 163, © 201  WIT Press2



 

Water treatment plant in Cog Moors, Cardiff, Wales, United Kingdom. The 
effluents deriving were collected after the automatic separator connected with the 
output line of the digester and before the dewatering treatment. The effluents 
were collected in 25L capacity plastic jerry cans and were left to settle for 24h 
before any handling or treatment. The sludge deriving from agricultural and 
animal was collected from Farm Renewable Environmental Energy Limited 
(Fre), Wrexham, Wales, United Kingdom. The sludge was deriving from animal 
and agricultural waste sources. The effluents deriving are collected after the 
automatic waste separator connected with the output line of the anaerobic 
digester. The effluents were collected in 25L capacity plastic jerry cans and were 
left to settle for 24h before any handling or treatment. 

2.2 Analysis of dry matter content and physicochemical characteristics 

Dry matter (DM%), total solids (TS, g/L), total suspended solids (TSS, g/L), 
were determined according to APHA [18]. Particle size distribution (PSD) of 
sludge samples was determined by light scattering technique using Mastersizer 
2000 (Malvern, UK), the zeta potential was determined by the Zetasizer 
(Malvern, UK), the  conductivity and salinity of the samples were measured used 
a conductivity meter (Rusell systems) calibrated with a standard solution of 
0.1M of KCl. 

2.3 Analysis of chemical content 

All the sludge samples were analyzed for ammonia and phosphate content. The 
methods used were according to APHA [18]. 

3 Results and discussion 

3.1 Mixed effluent streams-the case of agricultural mixed effluent stream 

The physical characteristics of agricultural mixed effluent stream had to be 
examined in order to decide whether the sludge could be filterable. In separation 
processes using filtration technology, the clogging and fouling of the membrane 
is the greatest disadvantage. Certainly, certain measures can be taken to avoid 
this phenomenon, such as pretreatment of the fluids, development of cleaning 
strategies and back flushing of the membranes. The filterability of the sludge 
though had been examined prior to any strategy developed. As such, tests were 
conducted regarding the physical and chemical characteristics of the sludge 
(Table 1). 
     In an effort to partially remove the solids but also to enhance the content of 
ammonia and phosphate in the samples, dilution with water was used. 
Furthermore, the effect of pH of the samples on phosphate and ammonia was 
tested.  
     As it can be seen from the previously stated results, the agricultural sludge is 
potentially filterable. The content of dry matter and total solids imply a rather 
thin semi liquid stream. Dilution is a proven adequate approach for partial  
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Table 1:  Physical characteristics of agricultural sludge. 

Agricultural 
Sludge Samples

Overall 
Dilution 
Factor 

Concto 
orig. 
(%) 

Dry matter
(Wdm, %)

Total 
Solids 

(TS, g/L)

Total 
Suspends 

Solids (TSS, 
mg/L) 

Conductivity
(mS/cm-1) 

Salinity 
(‰) 

Zeta 
Potential 

(mV) 

Size 
(μm) 

Raw Sludge 
(50% Dil, 24h 
Sedimentation)

2 50 1.5133 15.133 252.62 9.11 5.1 -33.25 13.97 

Diluted Sample 
A (1:1 Dil.) 

4 25 0.977 9.776 202.82 5.16 2.6 -29.60 9.703 

Diluted Sample 
B (1:1 Dil.) 

6 12.5 0.5115 5.116 183.80 3.41 1.8 -29.43 8.127 

Diluted Sample
C (1:1 Dil.) 

8 6.25 0.2661 2.662 174.54 2.88 1.5 -25.97 4.933 
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Figure 1: Ammonia concentration in acidified and diluted sludge. 

removal of solids and could be used as a pretreatment process to any separation 
strategy followed, as high content of solid matter might interfere with any 
separation method used.  The sludge also contains a significant amount of 
ammonia and phosphate. The concentration of ammonia in agricultural sludge is 
5027.30 mg/L of wet sludge, and the content in phosphate is 216.3 mg/L of wet 
sludge. This source is rich is ammonia and phosphate, though these nutrients are 
attached to the solids, which make their recovery a challenging task. As such, it 
was proposed to use dilution with water but also acidification in an effort to 
remove these nutrients from the pellets (Figures 1 and 2). Acidification when 
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Figure 2: Phosphate concentration in acidified and diluted sludge. 

combine in dilution, enhances the content of ammonia and phosphate in the 
supernatant of the sludge.  As such these effluents are a valuable source of 
nutrients, the next step being a development of a judicious strategy of their 
recovery. 

3.2 Mixed effluent streams-the case of municipal wastewater mixed effluent 
stream 

The same approach was taken to test the municipal wastewater sludge. In this 
case, the discharge from ammonia and phosphate content has obvious 
environmental benefits as well as health related benefits for the general 
population. The disposal of discharged sludge in the land is reassuring high level 
of water quality that ensures the wellbeing of the general population. The 
physical and chemical characteristics have been tested (Table 2)  The amount of 
ammonia in municipal wastewater sludge is 2030.5 mg/L of wet sludge, and the 
concentration in phosphate is 336.2 mg/L of wet sludge. Although the content of 
ammonia is significantly lower when compared to the agricultural waste, the 
high content in phosphate, is suggesting that this sludge is a potential source for 
phosphate recovery. Combining all the previously referred results, it can be 
assumed the wastewater can be used as a source of ammonia and phosphate.  
     Mixed effluent waste streams deriving from various sources are considered to 
be an attractive source of chemicals. Two samples of such streams, deriving 
from municipal wastewater and agricultural waste, were tested for ammonia and 
phosphate content. Their physicochemical properties were tested as a potential 
recovery method of these substances is filtration. Filterability of these streams 
had to be examined as these fluids do normally contain a high amount of solids 
that needs a judicious pretreatment strategy in order to be removed. The effluents 
tested were proven rich in phosphate and ammonia and with a relatively low 

.
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content of the solids which makes them attractive candidates for development of 
a separation state.  
 

Table 2:  Physical characteristics of municipal wastewater sludge. 

Agricultural 
Sludge 

Samples 

Overall 
Dilutio

n 
Factor 

Conc
to 

orig. 
(%) 

Dry 
matter 
(Wdm, 

%) 

Total 
Solids 
(TS, 
g/L) 

Total 
Suspends 

Solids 
(TSS, 
mg/L) 

Cond
uctivit

y 
(mS/c
m-1) 

Salini
ty 

(‰) 

Zeta 
Poten
tial 

(mV) 

Size 
(μm) 

Raw Sludge 
(50% Dil, 24h 
Sedimentation

) 

2 50 3.466 34.65
9 
 

307.900 2.930 0.90 -17.8 55.710 

Diluted 
Sample A (1:1 

Dil.) 

4 25 3.419 34.19
1 
 

297.500 2.650 1.08 -11.7 52.337 

Diluted 
Sample B (1:1 

Dil.) 

6 12.5 1.182 11.81
8 
 

284.000 1.901 0.80 -10.9 40.146 

Diluted 
Sample C (1:1 

Dil.) 

8 6.25 0.500 5.004 304.600 0.945 0.50 -10.5 38.111 
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