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1 Project Overview

The main objective of this project is to conduct a comprehensive study in the area of enhancement of
primary treatment of combined sewer overflow (CSO) by using different chemicals. During periods of
high flow, exceeding the secondary treatment capacity of the plant, some flow receives preliminary
and primary treatment, which has a potential impact on the ecological life of the receiving water
body. In this paper, we highlight the use of ferrate, a well-known green and effective coagulant and
oxidant (Jiang, 2013; Gombos et al., 2013). Numerous studies have shown the high removal
capacity of ferrate for different types of contaminants such as diclofenac, carbamazepine, estrone
COD, TSS, E. coli, bisphenol A (Lee et al.,2009, Yang et al.,2012, Zhou and Jiang, 2015; Han et al.,
2015; Sun et al., 2016; Wang et al., Yates et al., 2014, Sharma, 2011; Dobosy et al., 2016).The main
goal of the project is to reduce regulated parameter such as total suspended solids (TSS), turbidity
and chemical oxygen demand (COD) to the regulated limits as per the Alberta guidelines. Laboratory
scale experiments using a jar test apparatus were designed to optimize both the doses of the used

chemical for the targeted parameters and the mixing conditions.

2 Innovation

Samples were collected from the wastewater treatment plant in four sampling events during
November 2016, December 2016, and February 2017. Factorial design was designed to assess the
jar test performance, aiming to optimize the ferrate dose levels and mixing conditions. Both high and
low ferrate dose levels and the mixing condition for rapid and slow mixing were tested at high and
low levels as shown in Table 1. Two different doses of ferrate were used 0.5 and 8 mg/L with and
without cationic polymer of 1.25 mg/L. A jar treated with polymer only and blank jar were used as a

control.
Table 1. Factorial design for four experiments
Experiment Rapid mixing (rpm/min)  Slow mixing (rpm/min) Symbol
1 300/3 30/20 (1/2)
2 300/3 15/10 (1/-1)
3 150/1 30/20 (-1/1)
4 150/1 15/10 (-1/-1)
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3 Results and Discussion

As shown in Table 2 and Figure 1, 0.5 mg/L of ferrate with 1.25 mg/L of polymer showed the best
removal efficiencies for the tested parameters in terms of mg of contaminant removed per mg of
ferrate added. High dose of ferrate (8 mg/L) didn’t show good results and that might be attributed to
overdosing and reverse effect for the tested parameters. Moreover, the addition of polymer improved
the removal efficiency of ferrate for 0.5 mg/l of Ferrate. The removal mechanism of TSS and COD
might attribute to good coagulation and oxidation function of ferrate for the tested parameters. The
pH of the samples was around 7 without any adjustment during the course of the entire experiments.

Table 2. The obtained values of mg removed /mg of coaglant.

Sample ID mg TSS removed/mg Fe mg COD removed/mg Fe
1)y @1 vy vy @y @1y (1 vy
Ferrate 0.5 mg/L 241.0 216.0 210.0 271.0 450.6 266.4 3019 219.0
Ferrate 0.5 mg/L + Polymer 259.0 248.0 244.0 257.0 472.2 369.0 399.5 282.6
Ferrate 8 mg/L 151 128 133 163 272 197 202 193

8mg/L Ferrate + Polymer 159 145 153 154 256 217 224 17.6
FeCl3 -8 mg/l Fe+ Polymer 183 16.6 203 179 23.1 210 26.8 19.1

(@) mg of TSS removed/mg of Coag. (b) mg of COD removed/mg of Coag.

m(1/1) m(1/-1) =(-1/1) ®(1/1) u(1/1) ®(1/-1) ®(1/1) W(1/-1)
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Figure 1. (a) mg of TSS removed per mg of Fe+ added; (b) mg of COD removed per mg of Fe+ added.

4 Lessons Learned and Future Work

1) The results showed that mixing condition is not a major factor affecting the ferrate
effectiveness on removing target contaminants. . The results also indicated that 0.5 mg/L of
Fe+ with polymer (-1/-1) was the optimum condition for the tested parameters.

2) The disinfection capacity of ferrate will require more investigations and might be more
effective if ferrate is used for post treatment.

3) Different water matrices will be used to check the removal capacity of ferrate with different
model micropollutants (MPs). Moreover, kinetics study for selected MPs will be conducted.
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