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Abstract. Pre-oxidation is widely used to remove synergistically algae, odor and natural organic
matter (NOM) for drinking water treatment. Permanganate (KMnQ,), ozone (Os), and hydrogen
peroxide (H2O,) in combination with polyaluminum chloride (PAC) coagulation for assisting the
removal of NOM and disinfection byproduct formation potential (DBPFP). DBPFP investigated
included trihalomethanes formation potential (THMFP), haloacetic acids formation potential
(HAAFP) and chloral hydrate formation potential (CHFP). The results showed that pre-oxidation
with KMnQO, and pre-ozonation can increase the removal rate of THMFP and HAAFP. Pre-oxidation
with KMnO4 can aso increase the removal rate of CHFP, however, pre-ozonation can decrease the
removal rate of CHFP. Pre-oxidation with H,O, had no significant effect on the removal rate of
DBPFP. KMnO, isthe best choicefor assisting the removal of NOM and DBPFP, and optimal dosage
wasin range from 0 to 1 mg/L.

I ntroduction

Since the discovery of disinfection by-products (DBPs) in the early 1970s[1], more than 600 DBPs
have been reported [2]. Among these DBPs, trihalomethanes (THMs) and hal oacetic acids (HAAS)
arethetwo major classesin chlorinated drinking water [3]. BesidesTHMsand HAAS, chloral hydrate
(CH) is the next most prevalent DBP in drinking water [4]. Natural organic matter (NOM) is a
critically important source of DBP precursor [5]. Therefore, a key approach for controlling DBPs in
finished drinking water is to maximize the removal of NOM prior to chlorination [6]. Conventiona
treatment, including coagulation, clarification, and particle filtration, is commonly used to remove
NOM. However, conventional treatment is not the effective method for high NOM content water.
Pre-oxidation can enhance removal of natural organic matter [7]. For this reason, the effectiveness of
pre-oxidants for NOM and DBP precursor removal has been an active area of research.

Potassium permanganate (KMnQO,), ozone (Os), and hydrogen peroxide (H.O,) are often
considered as alternative pre-oxidants to chlorine (Cl,) and chlorine dioxide (ClO,), which have been
shown to form regulated halogenated disinfection byproducts (DBPs) and chlorite (ClO,). KMnOy
pre-oxidation [8] can enhance algal cell removal and control chlorinated DBPs. Theimpacts of Oz on
coagulation for NOM and DBP precursor remova are conflicting and site specific [9, 10]. O3 or
O3/H,0, pretreatments may provide some benefits for the chloramination process in controlling
regulated and emerging DBPs in waters without high bromide content [11]. The objective of this
study was to examine the effect of pre-oxidation (KMnQ,, O3 or H,0,) as a strategy to enhance the
removal rate of DBPFP.

M aterials and methods

Source water characterization. High NOM water used in this study was from a certain Lake in
Shenzhen.

Chemicals and reagents. Chemical solutions were prepared from reagent-grade chemicals and
water purified using the Milli-Q biocel system (18.2 MQ-cm). KMnO,4 were purchased from Xiya
Reagent China. H,0O,, sodium hypochlorite solution, four THMs, CH and two HAAs were purchased
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from Aladdin. A concentrated Os; stock solution (about 20 mg/L) was produced by continuously
bubbling O3 containing oxygen gasinto aflask of Milli-Q water.

Treatment processes. Standard jar tests were conducted in a mixer equipped with six-paddle jar
test apparatus. Using different dosages of pre-oxidants to react with the raw water by standard jar
tests. After adding different pre-oxidants, samples were stirred at 300 rpm for 5 min, and PAC (8
mg/L as Al) was added to samples respectively. The samples were stirred at 200 rpm for 5 min and
then at 50 rpm for 5 min, following the samples were allowed to settle quiescently for 30 min.
Thereafter, subsequent experiment samples was siphoned 1 cm below the water surface.

Chlorination and DBP analyses. After combination pre-oxidation and coagul ation sedimentation,
the samples were subjected to chlorination DBP formation potential tests. Chlorination experiments
were conducted in 100 mL brown glass volumetric flasks with polytetrafluoroethylene lids[12]. And
the bottle was partly filled with the water sample, the buffer at pH of 7.2 and the chlorine solution
(chlorine: NPOC ratio was 3:1 on aweight basis) [13]. After the addition of free chlorine, the samples
were chlorinated for 24 h in adark incubator at 25 °C. Thereafter, ascorbic acid was applied as the
de-chlorination reagent at a dose about 3 times that of the chlorine dosage[14, 15].

Analyses of four THMs (TCM, BDCM, DBCM& TBM), CH and two HAAs (DCAA, TCAA)
were carried out with agas chromatograph (Agilent 6890B) with an electron capture detector (ECD),
based on USEPA Method 551.1 and USEPA Method 552.3[16]. The column used was an HP-5 fused
silicacapillary column (30 mx 0.25 mm I.D. with 0.25mm film thickness).

Results and discussion

Raw water characteristics. The raw water was from a certain Lake in Shenzhen. The general raw
water characteristics in terms of parameters are presented in Table 1.
Table 1 Raw water characteristics

Parameter Turbidity(NTU) DOC(mg/L) UV s4(cm’™) SUVA(L/(mg m))

Measured range 8.5~14.1 7.7~-8.9 0.087~0.093 0.9~-1.1

Optimal parameter of coagulation sedimentation. Fig. 1 showsthe influence of PAC dosage on
conventional index (turbidity and UV,s4). When PAC dosage was in range from 0 to 8 mg/L, the
removal rate of turbidity were increased. The removal rate of UVs4 Was first increased and then
decreased with PAC dosage increasing. The optimal dosage was 8 mg/L.
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Fig. 1 Influence of PAC dosage on conventional index.(a) Turbidity, (b) UVas,

The influence of potassium permanganate pre-oxidation on DBPFP. To explore different
dosages in combination of pre-oxidation and coagul ation sedimentation impact on DBPFP (THMFP,
HAAFP, and CHFP). The experimental results are shown in Fig. 2
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Fig. 2 Influence of dosage potassium permangante on DBPFP.(a) THMFP, (b) HAAFP,(b) CHFP

As can be seen from Fig. 2, theremoval rate of DBPFP wasfirst increased and then decreased with
dosage increasing. Low dosage of permanganate can enhance coagul ation that removing more NOM.
Related research showed that in combination of permanganate pre-oxidation and coagulation can
increase the removal rate of NOM (molecular weight <1 kDa ), which was advantaged to alone
coagulation process [17]. The optimal dosage was range from 0to 1 mg/L.

Theinfluence of ozone pre-oxidation on DBPFP. To explore different dosage in combination of

pre-oxidation and coagul ation sedimentation impact on DBPFP (THMFP, HAAFP, and CHFP). The
experimental results are shown in Fig. 3.
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Fig. 3 Influence of dosage ozone on DBPFP.(a) THMFP, (b) HAAFP,(b) CHFP

As can be seen from Fig. 3, remova rate of THMFP and HAAFP were increased and then
decreased with dosage increasing while CHFP was decreased. Because ozone might transform the
hydrophobic NOM to hydrophilic NOM [18]. Considering the impact of conventiona index, the
optimal dosage was range from 0 to 1 mg/L.

The influence of hydrogen peroxide pre-oxidation on DBPFP. To explore different dosage in
combination of pre-oxidation and coagulation sedimentation impact on DBPFP (THMFP, HAAFP,
and CHFP). The experimental results are shown in Fig. 4.
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Fig. 4 Influence of dosage peroxide preoxidation on DBPFP.(a) THMFP, (b) HAAFP,(b) CHFP

As can be seen from Fig.4, removal rate of THMFP, HAAFP and CHFP had no significant effect
with dosage increasing. So hydrogen peroxide was not considering as pre-oxidation method.
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Conclusions

Pre-oxidation with KMnO, and O3 generally achieved comparable lower in THMFP and HAAFP,
whereas O3 led to higher CHFP than KMnO,4. However, Pre-oxidation with H,O, had no effect on
enhancing the removal of DBPFP. The optimal pre-oxidation is KMnQO,, which was effective on
controlling THMFP, HAAFP and CHFP. KMnQO, isthe best choice for assisting the removal of NOM
and DBPFP, and optimal dosage wasin range from O to 1 mg/L.
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