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R. K. Chhetri, A. K. Sharma and H. R. Andersen

Introduction

Combined sewer overflow (CSO) pipe or before the detention tank. The
deteriorates the quality of receiving waters organic peroxide performic acid (PFA) has
when It Is discharged untreated, since CSO emerged for disinfection of wastewater
contain a variable mixture of rainwater, raw treatment plant effluents. PFA Is strong |
sewage, watershed runoff pollutants, variable  disinfectants with a wide spectrum of akush@env dt“ dk
pathogenic organisms. antimicrobial activity and its degradation
According to European Union directive for products are nontoxic and biodegradable.
bathing water the number of Indicator In previous work we determined the potency
organisms should not exceed 500 Esche- and degradation kinetics of PFA In simulated
richia coli (E. coli) and 200 Enterococcus per CSO water and predicted that if the first flush
100 mL water. Bathing water quality can be Is to be disinfected using PFA, 20 min con-
preserved by disinfecting the CSOs with a tact time with 4 mg-Ltis Co
chemical disinfectant but the disinfection needed and 20 min with 2
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Retention Basin

capacity of a chemical depends on con- mg-Lt PFA is needed for = hran@env.dtu.dk
centration and contact time (Figure 2). continued overflow to £4
Disinfection of CSOs can be achieved in the maintain the indicator g C-1=area under curve
existing sewer systems by adding a organisms within the EU _"%2. ___—Ct(=HRT)
disinfectant in the beginning of the outlet guidelines. a ‘ dilution on release
Figure 1: Schematic representation of combined sewer overflows ) to surface water
% = 10 20 2
: 5 1 15 5
Experiments Results Reaction time (min)
_ _ ) _ Figure 2: Disinfectant profile Iin proposed
| | Residual concentrations from the intended treatment concentrations of PFA  combined sewer overflow through retention basin
Pre-tield experiment (4 or 2 mg-Lt in first flush continued overflow) degraded in about 20 min  °r outfall pipe

A pre-ield experment on CSO collected from (Figyre 4A,B). Higher doses revealed that 8 mg-L-t PFA disappeared in 30 min in the first flush and 4 mg-L took

Skovshoved pump station was performed to verity the  anoyt 60 minutes to disappear in typical overflow water. In the pre-field experiment removal of E. coli and Entero-
laboratory based prediction of the design of the first full  ~5ccus was around 4

scale experiment. CSO was collected automatically by  gnq 3 |og unit, when
the sampling device during the overflow event on 9" 4 44 g mg-Lt PFA

8 A: First flush B: Typical overflow 6+ == E. coli C  Typical overflow

S Enterococcus

First flush

4
3 L
Auguet 2013. The C_SO f_rectlons were characterls_,ed respectively, was ap- - = ~2pm é4.
chemically and used in spiking experiments to confirm olied in first 3 Sl 2
the laboratory based proposal for a treatment strategy. fractions of CSO 1 52
Field experiment (First flueh). Removal | - | N | e, |
of E. coli and Entero- 0 30 60 . 90 120 0 30 60 90 120 4 8 2 4

A CSO event at the sea outfall pipe structure for In
Skovshoved (illustrated in Figure 3) was treated by a
continuous dosing of PFA. CSO water was collected
before and after the dosing point using automatic

" Time (min) Time (min) PFA(mg/L)

coccus was >5 and

>3 loa unit with 2-4 Figure 4: A) Concentration profiles of 4 and 8 mg-L-* PFA added to a mixture of fraction 1 to 3 of CSO water (first flush) B)
9 Concentration profiles of 2 and 4 mg-L-! PFA added to fraction 3 to 8 of CSO water (typical overflow) C) Disinfection effect of

mg-L'l PFA applied PFA on indicator organisms in CSO water from mixing fractions and treated in the laboratory.

: : ; . A ' ' 5- C
sampling device collecting samples in 20 min intervals. ”jl' f_racltlon . t;l) 8 . A >tz B o -
In order to replicate the 22 min retention time in the I(:_yplca4C L ] + ~2ppm _ 4
. . : — 97 -6 -
outfall, a pipe reactor was inserted into the sample ' '9ure 4C). S s ] 4 jppppr:‘ S 3-
stream from the treated water to the sampler where | 5 2 45 D2 -
. “ (@)
bottles were prepared with a PFA quencher to destroy In the full scale §1 2 . = 4 . 4 S i - rococals
: . . Iy : | g - ign SRl
the residual I_DFA at the time that simulated the mixing of experiment, r_emoval T =~ L’\F -~ 1 - Fraction 7 & col|/ Enterococcus
the overflow into the sea. of E. coli was = dose | . ————w————%——3 . . . .
Auto sampler 2 around 3 Iog unit %2 4 6 8 10 12 14 16 0 30 60 90 120 2 4 6 8
CSO fraction Time (min) PFA (mg/L)
and removal of Figure 5: A) Disinfection effect and dose of PFA on indicator organisms in CSO treated in full scale. B) Concentration
Auto sampler 1 OOOO Enterococcus was profiles of 1, 2, 3 and 4 mg-L-* PFA added to fraction 7 of CSO water collected before the dosing point. C) Disinfection effect

of PFA on indicator organisms in CSO-fractions treated in laboratory.

e ~around 2 log unit
‘with 4-8 mg-L-* PFA applied in fraction 4 to 15 (Figure 5A). Degradation profiles of PFA were verified by spiking

- - PFAto fractions collected in the sampler before the dosing point (Auto sampler 1) as illustrated for fraction 7 in
‘ - Figure fB. In some fractions the degradation of PFA was slower than observed in our previous investigations,
N but still sufficient to give residual concentrations below the water quality criteria after initial dilution. The

disinfection efficiency was confirmed by adding 1, 2, 3, 4 and 8 mg-L* PFA in the
laboratory to the CSO fractions collected before the dosing point (Figure 5C).
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Conclusions

Effective disinfection of CSO water was achieved for the bathing water indicator

[1%°m CSO outfall pipe Ly organisms by applying moderate doses of PFA of 2-4 mg- L1 while the PFA
- g _j—t_ degraded sufficiently in first flush and typical overflow Water to be diluted below

. . 1500 m . I A d

. e
Figure 3?|§c.:hematic drawing of full-scale experiment at Skovshoved

the water quallty criteria after initial dllutlon In the Sea (@resund)
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