
1 
 

Please cite this article as: Monballiu, A., Chiang, Y., Garsany, C., Meesschaert, B. (2012). 

Mogelijkheden van regionale industriële symbiose: valorisatie van afvalstoffen ter preventie 

van verontreinigingenin West-Vlaanderen. WT-afvalwater, 12(5), 336-344. 

 

Potentials of Regional Industrial Symbiosis on Waste Material Valorisation 

and Pollution Prevention in West Flanders 

 

Annick Monballiu
1,*

, Yi Wai Chiang
1,2

, Christophe Garsany
3
 and Boudewijn Meesschaert

1,2 

1
Department of Industrial Sciences and Technology, Katholieke Hogeschool Brugge – 

Oostende, Associated to the Katholieke Universiteit Leuven as Faculty of Industrial 

Engineering Sciences, Zeedijk 101, B-8400 Oostende, Belgium  

2
Department of Microbial and Molecular Systems, Faculty of Bio-engineering Sciences, 

Katholieke Universiteit Leuven, Kasteelpark Arenberg 23, Heverlee, Belgium 

3
Université de Bordeaux, Departement of Applied Physics and Measurement Engineering, Bordeaux, 

France 

*
Corresponding author: annick.monballiu@khbo.be, Ph. +32 59569055, Fax. +32 59569053 

 

 

 

ABSTRACT 

Inherently-formed iron-based water treatment residuals (WTRs) were tested as alternative 

sorbents for phosphate (P) removal from contaminated process effluent from a potato 

processing plant. The WTRs were characterized, and their sorption efficiency and sorption 

capacity were tested using one- and two-stage treatment methodologies. The WTRs were 

capable of removing >98% of P from the effluent water. It was found that two-stage 

methodology improved the sorption efficiency significantly, reaching 90% removal level at 

less than half the one-stage sorbent dosage. WTRs are safe and economical sorbents for 

industrial waste water treatment, and constitute an example of industrial symbiosis, where a 

waste product from one industry is used to remediate the waste stream of another neighboring 

industry. 
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1. Background 

 

Rising prices of raw materials and growing awareness for environmental issues have led to 

changes in perception of the value of waste materials. Waste recycling and re-utilization are 

potentially favourable routes towards development of environment-friendly, sustainable and 

cost effective industrial processes. Therefore, it is of great interest to explore the possibilities 

of turning wastes into valuable products. Industrial symbiosis, defined as sharing of services, 

utility, and by-product resources among diverse industrial actors in order to add value, reduce 

costs and improve the environment (Agarwal and Strachan, 2008), has became a new trend in 

industrial ecology. In particular, regional networks that aim at integration of industrial wastes 

for pollution prevention purpose would greatly improve the economical and environmental 

wellbeing of the region. In the West Flanders region, many such opportunities exist, and this 

paper focus on providing some technological evidences that could in turn encouraging 

industrial symbiosis within the region. 

 

 

2. Introduction 

 

Iron (hydro)oxides are known to play an important role in environmental remediation. Their 

large surface area, strong adsorptive properties, high adsorptive capacities and low cost make 

them attractive materials for contaminant removal by co-precipitation and adsorption (Qian et 

al., 2009). Drinking water treatment residues (WTRs) are primarily amorphous masses of iron 

(Fe) and aluminium (Al) hydroxides that are chemically similar to iron (hydro)oxides. WTRs 

are produced in large quantities in drinking-water treatment plants and are typically disposed 

of in landfills (Sarkar et al., 2007). WTRs are highly reactive, which gives them several 

potential applications as sorbents (Ippolito et al., 2011). A distinction can also be made 

between the WTRs formed by addition of alum and ferric chloride as coagulants in the water 

treatment process, which make up the vast majority of WTRs studies to date; and those 

formed inherently by oxidation of iron and manganese contained in groundwater during water 

treatment (Van Houtte and Verbauwhede, 2008, Nielsen et al., 2011, and Chiang et al., 2012). 
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Literature to date has focused on utilization of the coagulate-based WTRs as cost-effective 

sorbents for contaminants such as arsenic (As), chromium (Cr) and phosphorus (P). In 

particular, Wang et al. (2011) measured the maximum P sorption capacity of Fe-Al-WTRs to 

be 45.4 mg/g on a synthetic phosphate solution. They proposed a two-stage adsorption 

mechanism where the first stage is the physical adsorption with P on the surface of particle 

exteriors and in macropores; the second stage is a migration process where the adsorbed P 

diffuses around the surface and into the particle, and precipitation due to occlusion on the 

adsorbent surface can occur. Oliver et al. (2011) found a P sorption capacity of 0.4 mg/g for 

Fe-WTRs treatment with contaminated discharges from agricultural and forestry land in South 

Australia. They also concluded that the WTRs are suitable for field application as the 

materials are unlikely to release sorbed P in environmentally significant amounts. 

 

In the present work, inherently formed Fe-WTRs obtained from IWVA are chosen as 

potential sorbent materials to treat phosphate contaminated effluent from a potato processing 

plant, Agristo NV. The pH, sorption efficiency, sorption capacity of the inherently WTRs are 

measured and discussed. 

 

 

3. Materials and Methods 

 

Inherently formed WTRs 

 

Water treatment residuals (WTRs) were collected from an integrated drinking 

water/wastewater treatment plant in West Flanders, Belgium (Van Houtte and Verbauwhede, 

2008) (Figure 1). The WTRs are produced as a result of cascade aeration of groundwater 

seepage captured from an unconfined dune aquifer that is recharged with treated wastewater, 

the primary purpose of which is reduction in the iron and manganese contents of the water. 

Precipitation of iron-rich colloids is aided by dosage of a minor quantity of organic flocculent 

(PDADMAC). The WTRs are collected in a sand filter and back flushed to a storage bin prior 

to disposal. Freshly-generated WTRs were collected directly from the discharge of the water 

treatment plant. Prior to characterization and utilization as a sorbent, these samples were oven 

dried at 105 °C for 24 hours. 
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Figure 1. IWVA process: a. Aeration step, b. Settling tanks, c. Air-dried WTRs 

 

Particle size analysis of WTRs was performed by Laser Diffraction (LD) (Malvern 

Mastersizer S). Chemical composition of the solid samples was determined by X-ray 

Fluorescence (XRF, Panalytical PW2400).  

 

Leaching tests on WTRs were carried out according to standard procedure DIN38414 

(Ministere de la Region Wallonne) to determine the heavy metal and metalloid leaching 

behavior in solution, in sealed plastic containers over 24 hours with a liquid to solid ratio 

(L/S) of ten (10 g solids in 100 ml dilute salt solution (0.01 M CaCl2)), agitated at 160 rpm on 

a vibration table (Gerhardt Laboshake). The solution was filtered using a 0.45 μm membrane 

filter prior to dilution and acidification (2% nitric acid) for Inductively Coupled Plasma Mass 

Spectrometry (ICPMS) (Thermo Electron X Series) and Atomic adsorption spectrometer 

(AAS) (Varian) measurements. The following elements were analyzed: As, Cd, Co, Ni and Pb 

by ICPMS, and Zn by AAS. WTRs leachate (without acidification) was also analyzed by Ion 

Chromatography (IC) (DIONEX series 4500i) for anions (Cl
-
, NO3

-
, PO4

3-
 and SO4

2-
). 

 

 

Phosphate contaminated effluent from potato processing plant 

 

The phosphate contaminated wastewater was collected form a potato processing plant, also 

located in West Flanders, Belgium (Figure 2). The wastewater from a potato processing 

company typically contains high concentrations of phosphate, often 100-150 mg phosphate-P. 



5 
 

This high content is on the one hand delivered by potatoes itself (it is the phosphate derived 

from the fertilization during potato cultivation) and on the other hand it is derived from the 

addition of sodium pyrophosphate to avoid discoloration of the potatoes during processing. 

This wastewater is anaerobically pre-treated in an UASB-reactor. The generated biogas is 

validated in a gas burner. The effluent from the reactor contains, besides the high phosphate 

content, also high concentrations of ammonium. At present, on the effluent the NuReSys-

technology is applied. At high pH (by blowing of CO2 and addition of NaOH), Mg
2+

-ions are 

added to the water, after which the phosphate, ammonium and magnesium precipitate as 

struvite. This is followed by a conventional nitrification and denitrification for the removal of 

the remaining nitrogen. 

 

 

Figure 2. Wastewater treatment Agristo NV: a) effluent anaerobic pretreatment (production of 

biogas); b) struvite (phosphate removal) and c) nitrification/denitrification (nitrogen removal). 

 

This study examined whether the WTRs is able to adsorb phosphate from the phosphate-rich 

anaerobic effluent. The phosphate concentration and other anions were determined using ion 

chromatography.  
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Experimental procedure 

 

First, 100 mL of solutions with different dilutions (0, 2, and 10 times) of phosphate waste 

water with ultra pure water were prepared in 200ml polyethylene bottles. Quantities of 0.1 

and 1 g of WTRs were added to duplicates of each solution. These bottles were then placed on 

a rotary shaker at 180 rpm at room temperature for 48 h for P adsorption to occur. The 

solutions were then filtered using 0.45 μm Millipore filter paper to separate the solid residuals 

and the liquid fraction. The phosphate concentrations of the eluates were analyzed using Ion 

Chromatography (IC) and expressed as P ppm. 

 

Secondly, different amounts of WTRs (0.1, 0.5, 1.0, 2.0, 3.0, and 5.0 g) were added to 100ml 

undiluted phosphate waste water, each in 200ml polyethylene bottles. The mixtures were 

subsequently shaken on a rotary shaker at 180 rpm at room temperature for 48 hours. The 

solutions were then filtered using 0.45 μm Millipore filter paper to separate the solid residuals 

and the liquid fraction. The phosphate concentrations of the eluates were analyzed using IC 

and expressed as P ppm. For the two-stage treatment experiments, the eluates from the first 

stage treatment (using 0.1, 0.5, 1.0, 2.0, and 3.0 g WTRs), were mixed with 1 g fresh WTRs. 

The eluates from the second stage were sampled and analyzed as previously described. 

 

The capacity of the sorbents to adsorb P (X, mg/g) is given by Eq. (1), where Cini and Cend are 

the initial and final concentrations of P in solution (mg/L), V is the solution volume (L), and m 

is the mass of sorbent (g). 

 

                  
            

 
         (1) 
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4. Results and Discussion 

 

The WTRs are a fine powdery material, with >90 wt% of solids below 100μm in particle size 

(Figure 3). Being a waste-derived material from water treatment processing, they contain 

trace amounts of regulated heavy metals, including As, Cd, Co, Ni, Pb and Zn (Table 1), 

which are removed from groundwater. However, due to their strong adsorptive properties, 

leaching of these heavy metals is low (Table 1), and conforms to material reutilization 

guidelines (Ministère Wallonie). 

 

 

Figure 3. WTRs particle size distribution (PSD). 

 

Table 1. WTRs leaching results and trace element solid composition. 

  As Cd Co Ni Pb Zn 

Leaching (mg/kg) 0.38 0.13 0.02 0.31 0.03 4.0 

Solid composition (wt.%) 0.12 < DL < DL < DL < DL 0.03 

 
Cl

-
 NO3

-
 PO4

3-
 SO4

2-
     

Leaching (mg/kg) 520 80 < DL 730     

Solid composition (wt.%) 0.15 ND 2.5 (P) 0.3 (S)     

 

Figure 4 presents the results of P removal experiments performed with undiluted (94.5 mg/L), 

two and ten times diluted (47.2 and 9.4 ml/L, respectively) phosphate waste water solutions. 

Greater WTRs addition (1 g versus 0.1 g) results in improved overall P removal (59 to 88%, 

versus 21 to 47%). However the efficiency of the sorbent is higher with lower sorbent 

dosages, as evidenced by the significantly higher sorption capacities when using 0.1 g versus 

1 g WTRs (45.0 versus 5.6 mg/kg, respectively). 
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Figure 4. Phosphate (P) removal and sorption capacity versus initial P concentrations. 

 

The results of experiments performed on phosphate removal from undiluted phosphate waste 

water using different dosages of WTRs are presented in Figure 5. Increasing the sorbent 

dosage beyond 1 g improved the removal percentage to up to 98% with 5 g WTRs. The 

desired performance level (90% removal) could be reached with just over 3 g sorbent dosage. 

However, as previously found, the sorbent efficiency (i.e. capacity) drastically decreases with 

increasing sorbent dosage, dropping to 2.7 mg/kg at 3 g dosage. This is undesirable as greater 

quantities of sorbent are required to achieve the desired removal performance. Therefore, the 

two-stage treatment methodology was adopted, illustrated in Figure 6. Here, each stage can 

utilize a reduced sorbent dosage, to make use of the high sorption capacities at low dosages, 

and achieve overall reduction in sorbent amount required. 

 

 

Figure 5. Phosphate removal and sorption capacity versus WTRs dosages for one-stage 

treatment. 
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Figure 6. Two-stage treatment process. 

 

Results of the two-stage experiments are presented in Figure 7. Here, the sorbent dosage is the 

total dosage of the two stages, meaning 0.1 to 3 g in the first stage, and 1 g in the second 

stage. It can be seen that desired 90% removal level is achieved with 1.5 g dosage, less than 

half the amount required in the one-stage treatment. The average sorption capacity at this 

condition is 5.7 mg/kg, more than double the capacity using 3 g in the one-stage treatment. 

Therefore, it is concluded that the two-stage methodology achieves the improved efficiency 

sought, making the process more economical in the industrial setting. 

 

 

Figure 7. Phosphate removal and sorption capacity versus WTRs dosages for two-stage 

treatment. 
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The enhanced performance of the two-stage methodology can be linked to the final solution 

pH achieved with varying dosages after the first and the second stage (Figure 8). It is found 

that the removal only surpasses 90% when the pH rises above a certain level (approx. 8.6), 

which is only achieved with high dosage in the first stage, but is easily reached in the second 

stage even with low first stage dosages. 

 

 

Figure 8. Comparison of initial and eluate pH values after first and second stage treatment. 

 

The WTR is shown to be suitable for the removal of phosphate present in the wastewater and 

it could potentially replace the existing technique of removal of the phosphate in the form of 

struvite. Oliver et al. (2011) had demonstrated that an Fe-WTR is suitable for field 

applications because the adsorbed phosphate could be released slowly, which is comparable to 

that of struvite as a fertilizer. 

 

5. Conclusions 

 

The WTRs were capable of removing >98% of phosphate from the effluent waste water. It 

was found that two-stage methodology improved the sorption efficiency significantly, 

reaching 90% removal level at less than half the one-stage sorbent dosage. It can be 

concluded that WTRs are safe and economical sorbents for industrial waste water treatment, 

and constitute an example of industrial symbiosis, where a waste product from one industry is 

used to remediate the waste stream of another neighboring industry. 
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