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ABSTRACT

South African water treatment plants mainly utilise surface water sources whose quality is continuously compromised due to indirect reuse as well as high return flows. In general the methods used by these water treatment plants are based on the removal of turbidity, various chemical contaminants and micro-organisms. Recently introduced NOM regulations added the removal of natural organic matter (NOM) as a priority. Basic anion exchange resins are one way of NOM removal, reported on in this paper. Due to the variability in the composition of NOM in natural raw water, eight natural raw waters were collected throughout South Africa as representative of the different water types of the country. Two resins were used for this study, a strong and a weak–base anion resins. They were chosen for their availability and competitive price at the local market. The removal of the NOM fractions was assessed by measuring UV absorption at a wavelength of 254nm (UV254), dissolved organic carbon (DOC) and by calculating the specific ultraviolet absorption (SUVA) at 254nm. The Freundlich equilibrium isotherms were also fitted and the Freundlich parameters determined. They were between 6x10-5 – 1x10-2 for KF and between 0.88 – 5.80 for n for the strong resin, while for the weak resin the values of KF and n were between 5x10-7 – 7x10-3 and 0.82 – 9.44 respectively. The comparison of the Freundlich constant KF, which is an indication of the resin capacity, showed that KF for the weak resin was on average 40% (range between 1% and 90%) KF of the strong resin. The ratio between the Freundlich exponent n of the weak over the strong was on average 1.12 (ranging between 0.77 and 1.63). There was, however, no clear correlation between the ion exchange behaviour (KF and n) and the analytically determined parameters (DOC, UV254 and SUVA). The project is ongoing and further samples, with the isotherms also fitted for DOC removal, will be presented.
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INTRODUCTION

Natural organic matter (NOM) is a complex mixture of organic materials such as humic acids, fulvic acids, proteins, amino-acids and carbohydrates resulting from the decay of plants, animals and micro-organisms (Cornelisen et al., 2008 and Garcia, 2011). Some of the problems caused by NOM in water include the organoleptic characteristics of the drinking water, the promotion of bacterial regrowth in the drinking water distribution systems and the production of disinfection by-products (Ødegaard et al., 2010, van der Kooij, 1999 and Melnick et al., 2007). Basic anion exchange resins offer one way of NOM removal reported in this paper.
Research done previously demonstrates that resins characteristics such as pore size, structure, water content have an impact on NOM removal (Bolto et al., 2002, Cornelisen et al., 2008 and Tan et al., 2005). The characteristics of water such as pH, inorganic ions as well as the composition of NOM also impact on the NOM removal (Boyer and Singer, 2006 and Croue et al., 1999). Due to the variability of NOM in natural raw water, eight surface waters were collected throughout South Africa as representative of the different water types of the country. This study investigates the removal of NOM for a large range of South African surface waters by ion exchange. NOM is assessed by measuring the ultraviolet absorbance at a wavelength of 254nm.


EXPERIMENTAL PROCEDURES

Materials
Anionic exchange resins. The choice of the two resins was based on three criteria including:
· One strong resin and one weak resin
· Both resins must be designed to remove organic compounds
· They have to be available at a competitive price on the local market
The Lewatit MonoPlus MP600 and the Lewatit MP62 were selected for this study. Their characteristics are outlined in Table 1.


Table 1. Characteristics of ion exchange resins selected
	Resin
	Type
	Structure
	Material
	Capacity

	Water content 
	Average resin size
	pH Range

	
	
	
	
	(eq/l)
	(%)
	(mm)
	

	LEWATIT MonoPlus MP 600
	Strong base
	MP*
	polystyrene
	1.1
	55 – 60
	0.6 (+/- 0.05)
	0 – 14

	
	
	
	
	
	
	
	

	LEWATIT 
MP 62
	Strong base
	MP*
	polystyrene
	1.7
	50 – 55
	0.315 – 1.25
	0 – 8


MP: macroporous

Water samples 
Eight surface waters were collected. Figure 1 is a map of South Africa with the sampling sites represented by the stars. Due to the seasonal variation in NOM of natural surface waters (Sharp et al., 2006 and Uyak et al., 2008); the waters were collected at three different periods (i.e. July 2010, November 2010 and February 2011). Table 2 gives the names and categories of each raw water.









Figure 1. Sampling sites



Table 2. Raw waters
	Plant names
	
	Codes
	
	Categories

	Loerie (Water Treatment Plant)
	
	L
	
	Low-alkalinity low-colour water

	Olifantsvlei (Wastewater Treatment Plant)
	
	O
	
	Sewage effluent

	Plettenberg Bay (Water Treatment Plant)
	
	P
	
	Very soft, highly coloured water

	Rietvlei (Water Treatment Plant)
	
	R
	
	Eutrophic reservoir water

	Stilfontein (Water Treatment Plant)
	
	S
	
	Eutrophic river water

	Umzoniana (Water Treatment Plant)
	
	U
	
	Moderate-alkalinity low-colour

	Vereeniging (Water Treatment Plant)
	
	V
	
	Oligotrophic reservoir water

	Wiggins (Water Treatment Plant)
	
	W
	
	Low-alkalinity reservoir water




METHODS

Resins pretreatment. The pretreatment of the weak resin (MP 62) consisted of neutralization by mixing the resin with an excess of 2% NaOH solution for 24 hours followed by conditioning with an excess of 3.7% HCl solution for 24 hours. After neutralization the resin was rinsed with demineralized water for 2 hours. Once conditioned, the resin was rinsed several times with an excess of demineralized water for 24 hours. A laboratory vacuum pump was used to dry the resin and at last air-dried overnight before use. The pretreatment of the strong resin (MP 600) consisted of air-drying the resin beads overnight prior to use.

Equilibrium conditions were conducted using batch testing. The following masses of air-dried resins were added to 250ml of raw water in Erlenmeyer flask: 10, 25, 60, 135 and 320 mg to provide resin dosages of 40, 100, 240, 540 and 1280mg/L. The flasks were mixed with a shaker table at a speed of 140rpm at an average room temperature of 25oC. The total time was fixed for 72 hours (3 days) assuming this time is sufficient to reach the equilibrium. Bolto et al. (2002) found the time to remove 50% of NOM compounds with resins to vary between 7 to 10min. After the experiment the water was filtered through a 0.45μm membrane filter before measuring the UV absorbance at 254nm (UV254) with a spectrophotometer (Ultrospec II UV/Visible).
From the UV254 values, the Freundlich parameters were determined. The following form of the Freundlich equation was used:


									(1)

qe: NOM concentration in solid (UV254 per mg/L)
Ce: NOM concentration in water (per m)
K: Freundlich constant
n: Freundlich exponent

The Freundlich parameters (K and n) are related to the capacity and the affinity of the resin for NOM molecules respectively (Cornelissen et al., 2008). The exponent n is a function of the heterogeneity of the resin (Summers et al., 2010).

Two performance indicators were adopted:
· Percentage removal: 65% removal of UV254
· Absolute level: UV equilibrium 6/m

The resin dosage is determined using the following equation 4 and 5


(2)

(3)

(4)


(5)

With Ci: initial concentration of raw water (UVi)
         Ce: equilibrium concentration (UVe)
         M: resin dosage (mg/L)
         K and n: Freundlich parameters







RESULTS

The Freundlich parameters for both resins with all the waters are presented in Tables 3 and 4.

Table 3. Freundlich parameters for the raw water with the weak base resin MP 62
	
	Round 1
	
	Round 2
	
	Round 3

	
	K
	n
	R2
	
	K
	n
	R2
	
	K
	n
	R2

	R
	2.41E-04
	2.85
	0.95
	
	4.90E-04
	2.08
	0.99
	
	4.74E-03
	0.99
	0.99

	V
	2.56E-06
	4.22
	0.89
	
	3.81E-03
	1.06
	0.96
	
	5.07E-05
	2.96
	0.93

	S
	3.37E-05
	3.81
	0.99
	
	3.16E-04
	2.31
	0.97
	
	9.16E-03
	0.91
	0.91

	O
	2.01E-05
	3.93
	0.97
	
	3.33E-04
	2.27
	0.98
	
	1.79E-05
	4.48
	0.88

	P
	7.10E-03
	0.82
	0.98
	
	8.57E-03
	0.72
	0.96
	
	1.04E-02
	0.54
	0.74

	U
	8.71E-05
	3.12
	0.99
	
	6.30E-04
	2.10
	0.96
	
	1.56E-03
	1.72
	0.90

	W
	5.09E-07
	9.44
	0.96
	
	2.21E-05
	5.31
	0.98
	
	4.90E-04
	2.08
	0.99

	L
	4.79E-05
	3.72
	0.98
	
	1.79E-05
	4.48
	0.88
	
	3.41E-03
	1.66
	0.79



Table 4. Freundlich parameters for the raw waters with the strong base resin MP 600
	
	Round 1
	
	Round 2
	
	Round 3

	
	K
	n
	R2
	
	K
	n
	R2
	
	K
	n
	R2

	R
	3.41E-04
	3.07
	0.88
	
	8.07E-06
	4.87
	0.98
	
	2.67E-03
	1.82
	0.75

	V
	2.03E-11
	11.1
	0.85
	
	2.45E-04
	2.56
	0.90
	
	1.65E-03
	1.78
	0.84

	S
	2.03E-04
	3.40
	0.94
	
	3.12E-05
	4.26
	0.99
	
	3.07E-03
	1.66
	0.89

	O
	1.99E-04
	3.34
	0.93
	
	5.86E-06
	5.05
	0.98
	
	3.82E-06
	5.19
	0.90

	P
	1.09E-02
	0.88
	0.91
	
	9.13E-03
	0.81
	0.97
	
	3.07E-03
	1.66
	0.89

	U
	1.19E-04
	4.04
	0.86
	
	3.49E-06
	6.39
	0.94
	
	7.78E-07
	6.88
	0.88

	W
	6.30E-05
	5.80
	0.96
	
	1.72E-08
	13.94
	0.97
	
	3.62E-07
	8.84
	0.94

	L
	2.42E-04
	2.95
	0.94
	
	2.06E-05
	6.35
	0.71
	
	1.88E-03
	2.45
	0.77



Note that rounds 1, 2 and 3 represent the surface waters collected on July 2010, November 2010 and February 2011 respectively. 
The Figures 2 and 3 are graphical representations of K versus n values obtained with the weak and the strong resins respectively. Their positions show that K and n are related meaning the Freundlich isotherm reduces to a single-parameter model. The Freundlich parameters of some raw waters cluster regardless of season while others do not.

Figure 2. K vs. n for the weak resin Lewatit MP 62

Figure 3. K vs. n for the strong resin Lewatit MonoPlus MP600


When using the adopted performances criteria, the best resin dosage chosen was the lowest dosage that requires to reach either 65% of UV254 removal or an absolute UV254 value of 6/m. The lowest resin dosage for each case is given at Tables 5 and 6.

Table 5. Lowest resin dosage M (mg/L) for the weak resin Lewatit MP62
	Plant
	
	Round 1
	
	Round 2
	
	Round 3
	
	Median

	
	
	UVi
	M
	
	UVi
	M
	
	UVi
	M
	
	

	W
	
	6.4
	0
	
	6.6
	2
	
	18.9
	493
	
	2

	U
	
	15.3
	402
	
	17.1
	409
	
	18.9
	307
	
	402

	L
	
	17.7
	271
	
	7.5
	27
	
	15.0
	136
	
	136

	R
	
	16.9
	273
	
	18.9
	493
	
	24.3
	398
	
	398

	S
	
	15.5
	307
	
	18.0
	530
	
	45.5
	257
	
	307

	O
	
	15.4
	408
	
	16.4
	531
	
	7.5
	27
	
	408

	V
	
	21.7
	1067
	
	22.0
	432
	
	72.3
	65
	
	432

	P
	
	30.8
	401
	
	42.9
	463
	
	74.7
	801
	
	463


UVi: initial UV254 (/m)

Table 6. Lowest resin dosage M (mg/L) for the strong resin Lewatit MonoPlus MP600
	Plant
	
	Round 1
	
	Round 2
	
	Round 3
	
	Median

	
	
	UVi
	M
	
	UVi
	M
	
	UVi
	M
	
	

	W
	
	6.6
	0.3
	
	6.3
	0
	
	7.7
	0.6
	
	0.3

	U
	
	15.7
	59
	
	17.3
	32
	
	19.3
	32
	
	32

	L
	
	17.7
	219
	
	6.7
	0.3
	
	15.3
	63
	
	63

	R
	
	17.1
	132
	
	19.4
	139
	
	23.4
	124
	
	124

	S
	
	14.9
	99
	
	18.4
	137
	
	28.5
	132
	
	132

	O
	
	15.2
	118
	
	16.6
	21
	
	14.9
	213
	
	118

	V
	
	20.2
	219
	
	23.6
	283
	
	25.7
	203
	
	203

	P
	
	30.8
	229
	
	44.8
	345
	
	73.5
	509
	
	229



The shaded cells are dose when 6/m was reached first while the non-shaded cells are those that 65% of UV254 removal was reached before 6/m. The analysis of both tables reveals that when the initial UV254 is less than 17.1/m it reaches 6/m first while when the initial UV254 is higher than 17.1/m 65% UV254 removal is reached first. These results may suggest that when the initial UV254 is less than 15/m, the removal of up to 6/m is reached first but when the initial UV254 is greater than 20/m the removal of 65% of initial UV254 is reached first. This means that when the initial UV is high it requires more resins to remove the UV254 up to 6/m. However the resin usage rate is not only dependent on the initial UV254 because large differences are observed.  When plotting the graphs of the lowest resin dosage versus the initial UV254 of the raw waters, we get the situation presented in Figures 4 and 5.

Figure 4. Lowest resin dose vs. initial UV254 for the weak resin Lewatit MP62


Figure 5. Lowest resin dose vs. initial UV254 for the strong resin Lewatit MonoPlus MP600


The two last figures highlight that some surface waters have a constant usage rate regardless of initial UV254 (Stilfontein) while others have much different usage rates for the same UV254 (Olifantsvlei). This means it is possible to predict the resin usage rate for some waters. But ion exchange performance depends as much on the nature of its NOM than on the NOM concentration, indicating a need for better NOM characterization. 




CONCLUSION

The aim of this paper was to investigate the removal of NOM from a large range of South African surface waters using two performance indicator criteria adapted from the criteria used with enhanced coagulation. The Freundlich isotherm equation was used to describe the ion exchange process. It was observed that the Freundlich parameters K and n are related reducing the Freundlich isotherm to a single-parameter model. The two parameters cluster for some waters regardless of season. It was also observed that the resin usage rate is not only dependent on the initial UV254 value but also on the nature of the NOM, indicating a need for a better NOM characterization.
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South African water treatment plants mainly utilise surface water sources whose quality is continuously compromised due to indirect reuse as well as high return flows. In general the methods used by these water treatment plants are based on the removal of turbidity, various chemical contaminants and microorganisms. Recently introduced NOM regulations added the removal of natural organic matter (NOM) as a priority. Basic anion exchange resins are one way of NOM removal, reported on this paper. Due to the variability in the composition of NOM in natural raw water, eight natural raw waters were collected throughout South Africa as representative of the different water types of the country. They were collected three times during a period of eight months. The strong and weak – base anion resins used in the study were chosen for their availability and competitive price at the local market. The removal of the NOM fractions was assessed by measuring ultraviolet absorption at a wavelength of 254nm (UV254). Freundlich equilibrium isotherms were fitted. It was observed that the Freundlich parameters K and n are related reducing the Freundlich isotherm to a single-parameter model. The two parameters cluster for some waters regardless of season. Two performance indicators of 65% initial UV254 removal and absolute level of 6/m were adopted. It was found that if the initial UV254 is less than 15/m the absolute level of 6/m is reached first while when the initial UV254 is greater than 20/m the removal of 65% of UV254 is reached first. It was also observed that the resin usage rate is not only dependent on the initial UV254 value but also on the nature of the NOM, indicating a need for a better NOM characterization.
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