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Pore Volumes RT No. of recirculations223

Level of P
(0.5 or 50
mg L−1)

5 PV

0.5 min 24 RC

0.5 min 6 RC

0.5 min 0 RC

20 PV
10 min 0 RC

0.5 min 0 RC

224

Figure 1. Experimental conditions and phosphorus (P) regeneration treatments tested. PV = pore
volume; RT = residence time; RC = recirculation.225

As described in Table 3 and Figure 1, we conducted 2 cycles of sorption-desorption. Table 3226

specifies the terms "cycle" and "phase", respectively, as the sorption-desorption sequence (cycle)227

and the individual sorption or desorption experiments (phase), e.g., cycle 0 refers to the first228

sorption-desorption phases jointly, while phase S0 refers to the first sorption run alone. By repeating229

the sorption-desorption cycle, the main purpose was to evaluate whether repeated regeneration would230

result in similar efficacy of P stripping. All collected samples from sorption and desorption phases were231

analyzed colorimetrically by the Murphy-Riley method [25], using an automated analyzer (Gallery,232

Thermo Fisher Scientific, Waltham, MA USA).233

3. Results and Discussion234

In this section, we first discussed the P removal ability of the tested PSMs as measured in the235

flow-through experiments (Section 3.1). Then, we evaluated the proposed regeneration treatments236

(Section 3.2), assessing the effects of P concentration (Section 3.2.1), residence time (Section 3.2.2)237

volume of regenerative solution (Section 3.2.3) and recirculation (Section 3.2.4). Finally, in Section 3.2.5,238

we examined the efficacy of repeated desorption phases.239

3.1. Preliminary experiments: evaluation of P removal ability of Al/Fe-rich PSMs240

All PSMs possessed a high content of Fe; the differences among them are most evident regarding241

Ca and Al proportions. Alcan and Biomax are Al-dominated, while PhosRedeem is Fe- and242

Ca-dominated. Based on the pH measurements, we can conclude that Alcan and Biomax offer243

favorable conditions for P adsorption by Al/Fe, while pH of PhosRedeem is within the range that244

favors Ca-precipitation. Nevertheless, as Fe and Al were predominant, the expectation was that P245

removal would be dominated by adsorption, a mechanism less dependent on RT. Based on that, the246

sorption experiments were conducted under a short RT (0.28 min) for all PSMs.247

Cumulative P removal under flow-through conditions was measured as a function of total P248

added during the experiments. We tested two levels of P concentrations, as described in section249

2.2. The advantage of flow-through experiments over the more common batch isotherms is the250

ability to determine a more practical PMax value that is specific to flow-through conditions, rather251

than an absolute maximum that occurs through saturating media with unrealistic P concentrations.252

The flow-through experiments simulate processes occurring in P removal structures, therefore, the253

estimated P removal potential can be scaled up to field installations. P removal potential is estimated254

with more realistic conditions. The P removal flow-through curves are shown in figures 2, 3 and 4, for255

both P concentration levels.256


