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Investigation of natural organic matter (NOM) character
and its removal in a chlorinated and chloraminated system
at Rand Water, South Africa
S. S. Marais, E. J. Ncube, T. A. M. Msagati, B. B. Mamba and T. I. Nkambule

ABSTRACT
In its natural environment, natural organic matter (NOM) is not problematic. However, during water
treatment NOM does affect water quality speciﬁcally during the disinfection step, where if NOM is
present it reacts with disinfectants resulting in the formation of disinfection by-products. To
emphasize the importance of NOM monitoring during potable water treatment this study aimed to
characterize NOM and evaluate NOM removal by a conventional water treatment plant considering
seasonal trends. NOM was characterized by making use of NOM polarity and speciﬁc ultraviolet
absorbance. NOM removal was monitored with high-performance size exclusion chromatography,
dissolved organic carbon (DOC) and UV254 analyses. The polarity rapid assessment method indicated
that the hydrophobic and hydrophilic NOM fractions within the surface water increased during a
period of heavy rain when ﬂoods occurred, but conversely decreased during an average rain season.
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Although NOM character showed variability during the 5-year study period, seasonal relationship
during high and low ﬂow seasons between aromatic NOM and total trihalomethane (TTHM) formation
was not evident. Aromatic NOM was not the only precursor to TTHM formation, which stresses the
need to implement advanced NOM characterization techniques during NOM monitoring to study
reactivity of the individual NOM fraction with the disinfectant used at the water treatment plant.
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INTRODUCTION
Owing to allochthonous (terrestrial organic carbon input) or

the World Health Organization as 5 mg/L, opposed to

autochthonous (phytoplankton and macrophyte activity

10 mg/L

within a water source) origin, natural organic matter

(SANS-:). This identiﬁes NOM as a key concern

(NOM) abundantly occurs in all water sources in the

during potable water treatment and is often associated

environment (Carpenter et al. ; Hanson et al. ).

with poor decision-making which impacts on chemical

Even though studies on the assessment of NOM in water

budgets and water treatment options. Although NOM

supply systems in South Africa are limited, that limited

monitoring (characterization and removal) by South African

research has highlighted the importance of NOM monitor-

water treatment plants is limited it is known that NOM com-

ing and removal during potable water treatment. In

position of surface water throughout South Africa differs,

addition to the limited data on NOM composition, the

resulting in high variability in water treatment plants utiliz-

drinking water standard for organic carbon is regulated by

ing these source waters (Nkambule et al. ).
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MATERIALS AND METHODS

ment the key concern with NOM during drinking water
treatment is that NOM acts as a precursor to trihalomethane

Materials

(THM) formation (Hua & Reckhow ; Chowdhury ).
The regulated disinfection by-products (DBPs) according

Chemicals used during this study were ascorbic acid

to SANS-: for South African water supply systems

(Merck), NaOH (Merck), sodium acetate (Sigma-Aldrich)

are THMs and consist of the compounds bromoform

and were all of analytical grade. All standard solutions

(CHBr3),

were

chloroform

(CHCl3),

dibromochloromethane

(CHBr2Cl) and bromodichloromethane (CHBrCl2).

prepared

in

deionized

water

(Milli-Q

system,

Millipore).

Furthermore, although NOM characterization during
drinking water treatment is being extensively studied globally, the characterization of NOM has various limitations
due to:

•
•
•
•

a variety of characterization techniques is needed to
ensure all of its functional and structural properties
within the heterogeneous NOM pool are quantiﬁed;
NOM structure and character changes seasonally (Sharp
et al. ; Bazrafshan et al. );
change in molecular weight distribution of NOM due to
bacterial activity (Khodse & Bhosle );
NOM composition throughout different geographical
areas that varies (Nkambule et al. ).

Rand Water is the bulk water service provider in South
Africa providing an average of 4.2 million m3/d potable
water to 13 million people in South Africa. Rand Water primarily abstracts its source water from the Vaal Dam, a
surface impoundment having a storage capacity of 2,536

Sampling
Samples were collected from the Vaal Dam, which is the
source of raw water for the conventional water treatment
plant. The catchment area of this water treatment plant
receives seasonal rain within the summer months, which
is referred to as the high ﬂow season, the low ﬂow season
being winter and spring with minimal rainfall. At Rand
Water the treatment steps consist of screening, coagulation,
ﬂocculation, sedimentation, carbonation, and sand ﬁltration
followed by primary (chlorination) and secondary disinfection by addition of ammonia (chloramination). Treated
water samples were also collected after the ﬁltration and disinfection steps from the full-scale plant over a period of
5 years on a fortnightly basis, concentrating on the low
ﬂow (June–October) and high ﬂow (November–February)
W

seasons. Samples were preserved and kept at 4 C during
transport to the laboratory.

million m3. It is therefore essential to investigate not only
the character of NOM within this source but also the seaso-

NOM characterization

nal NOM variation. This study aimed to characterize the
NOM in Vaal Dam surface water (currently having limited

The pH and conductivity were measured by a Mettler

historical NOM character data) and also to monitor NOM

Toledo (DL-53), and turbidity and colour determined by a

removal by Rand Water’s full-scale conventional water treat-

photometer (HACH 2100AN). All these parameters were

ment plant. The outcome of the study would thus assist in

measured in the laboratory after being kept at 4 C.

W

underpinning the nature, occurrence and concentration of

The change in NOM polarity of NOM in a water sample

NOM in Vaal Dam surface water, especially since the char-

can be determined through the use of polar, non-polar or

acter of NOM greatly inﬂuences its removal during water

anion exchange solid-phase extraction (SPE) cartridges, by

treatment (Hu et al. ; Sharp et al. ). Ultimately

evaluating the amount of material adsorbed onto each

the study aims to provide insight into the nature of NOM

cartridge through ultraviolet absorbance measurement at

within the source water, the efﬁciency of the treatment pro-

254 nm (UV254) (Rosario-Ortiz et al. ). This NOM

cess for NOM removal as well as seasonal inﬂuences on

characterization technique is known as the polarity rapid

organic loading and NOM removal.

assessment method (PRAM) and was modiﬁed by Nkambule
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et al. () producing three NOM fractions instead of the

by Nissinen et al. (). A water sample was ﬁltered through

original six fractions, resulting in a less time-consuming

a 0.45 μm syringe ﬁlter whereafter 20 μl was injected into a

method. The modiﬁed PRAM was used to fractionate NOM

Hewlett Packard 1100 HPLC system. Humic molecular

into hydrophobic (HPO), hydrophilic (HPI) and transphilic

fractions were separated on a TSK G3000SW column

(TPI) fractions as these three fractions best represent the

(7.5 mm × 300 mm) at a ﬂow rate of 0.7 ml/min and

composition of the NOM with respect to its aromaticity

0.01 M sodium acetate as the mobile phase. A 70 mm

(Nkambule et al. ). The fractionation was performed

guard column of the same phase was used to protect the

during the months of October to February to monitor the

analytical column. The peak area of each fraction was

change in polarity within the surface water due to rainfall

measured after detection at 254 nm.

(low ﬂow season vs high ﬂow season). Water samples were
passed through a non-polar SPE sorbent C18 and a polar

Analytical procedure for THM detection

sorbent CN, thus extracting the HPO and HPI analytes,
respectively, by eluting each fraction with 0.1 M NaOH. To

The halogenated DBPs formed after chlorination are mainly

extract the TPI fraction (a mixture of HPO and HPI frac-

THMs (Knight et al. ; Kristiana et al. ). After

tions), the sample was ﬁltered through a NH2 anion

sampling the chlorinated water for THM analysis, ascorbic

exchange resin. The supernatant from each SPE cartridge

acid was immediately added to quench the disinfectant

was then analyzed by UV254.

residual. Samples were analysed using a headspace sampler
(Agilent 7697A) coupled to a gas chromatograph (Agilent

Organic loading and NOM removal

6890N). After the separation of the THMs on the capillary
gas chromatography column (J & W Scientiﬁc, 30 mm ×

After ﬁltering the sample through a 0.45 μm membrane

0.530 mm × 0.5 μm) detection was carried out with an elec-

ﬁlter, dissolved organic carbon (DOC) and UV254 were

tron capture detector. The four THMs determined in the

measured to determine the overall organic loading in the

ﬁnal water samples were: bromoform, chloroform, dibromo-

surface water during the low and high ﬂow seasons. UV254

chloromethane

was measured using a spectrophotometer (Agilent Technol-

(BDCM). As well as their individual concentrations, their

ogies Cary 60 UV-Vis) and DOC was determined with a

sum was also reported as total trihalomethane (TTHM) in

Shimadzu TOC-L analyser. Owing to the double bonds

μg/L. The detection limits were as follows: bromoform

(DBCM)

and

bromodichloromethane

between carbon atoms within the organic matter structure

0.36 μg/L, chloroform 0.21 μg/L, DBCM 0.33 μg/L and

that absorbs UV light at a wavelength of 254 nm, a measure-

BDCM 0.27 μg/L.

ment is available indicative of the aromatic character of
NOM (Edzwald & Tobiason ). Speciﬁc ultraviolet
absorbance (SUVA) values were calculated by dividing the

RESULTS AND DISCUSSION

UV254 value by the DOC of the same sample to indicate
the presence of humic substances and non-humic substances

NOM characterization

in a sample (Weishaar et al. ). The removal efﬁciency of
NOM by the water treatment plant was also quantiﬁed as

Water from the Vaal Dam typically has a medium colour

the percentage UV254 and DOC removal after the treatment

(19–168 CU), high turbidity (34–100 NTU), high pH (6.5–

process (rapid gravity sand ﬁltration).

8.8) and a conductivity between 16 and 25 mS/m. The

The change in molecular size distribution (MSD) of

SUVA value of a water sample can be used to indicate

organic matter is a fast and consistent method to demon-

whether the composition of NOM in a water sample is

strate performance of the treatment process with regards

mainly humic matter, non-humic matter or a mixture of

to NOM removal (Pelekani et al. ; Myllykangas et al.

the two (Edzwald & Tobiason ). The SUVA of the raw

). The MSD was determined by means of high-perform-

water feeding into the plant is within the range of 2 to

ance size exclusion chromatography (HPSEC) as described

4 L/mg m. This is an indication that the source water is a
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mixture of humic and non-humic matter, containing NOM

showed high variation throughout the study period with

of low and high molecular weights and has both a HPO

a UV254 of 78.2 m1 in year 1 to 13.8 m1 in year 3 indi-

and HPI character (Edzwald & Tobiason ).

cating the variable structure of NOM during the 3 years

NOM was fractioned by the modiﬁed PRAM tech-

(Figure 1).

nique resulting in three fractions, with results of the ﬁrst

During a typical rain season (year 2, 2011–2012) the

3 years presented in Figure 1. The fractionation was per-

HPO and HPI fractions decreased, as opposed to the frac-

formed between October and February to monitor the

tions that stayed unchanged during the third high ﬂow

change in polarity within the surface water due to rainfall.

season (year 3, 2012–2013). Distribution of the three

Results from Figure 1 indicate the average NOM fraction

NOM fractions, HPO, HPI and TPI in the low and high

distribution during the various seasons as TPI > HPO >

ﬂow seasons had almost the same distribution in the third

HPI with the exception of the high ﬂow season of year 1

year. A possible reason for the unchanged HPO, HPI and

(2010–2011) where the TPI fraction decreased from

TPI fractions during the low and high ﬂow seasons of year

78.2 m1 to 34.4 m1. Also, an increase in the HPO and

3 could be attributed to rainfall that had already started in

HPI fractions was observed during the high ﬂow season

October during the low ﬂow season as indicated by an aver-

of year 1 (2010–2011) when terrestrial run-off into the

age rainfall of 234.0 mm in the low ﬂow season (year 3)

dam and rivers upstream of the Vaal Dam was high. The

compared to 62.0 mm and 135.8 mm in year 1 and year 2,

TPI fraction extracted using the SPE NH2 anion exchange

respectively (Table 1). Results from the PRAM technique indi-

resin represents the negative charges associated with

cate that not only do seasonal changes in NOM character

organic matter (Rosario-Ortiz et al. ). Vaal Dam

occur, but NOM hydrophobicity also changes yearly, which

source water generally has a high anion exchange capacity

coincides with a study performed by Bazrafshan et al. ()

and a high negative charge as indicated by the TPI frac-

suggesting that seasonal variation in NOM does not follow

tion being the dominant fraction. The TPI fraction also

a particular pattern.

Figure 1

|

Annual and seasonal variation of the fractions eluted by modiﬁed PRAM.
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aromaticity of NOM in a sample, a decrease in SUVA and
UV254 is indicative that NOM is less aromatic and less
HPO (Kitis et al. ), and hence NOM will be more difﬁ-

Parameter

cult to remove by the treatment process (Matilainen et al.

DOC

UV254

SUVA

Rainfall

Period

(mg/L)

(m

(mg/L m)

(mm)

Year 1: 2010–2011

6.1

98.3

–

65.1

Low ﬂow

5.9 (22.1)

99.3 (87.3)

–

62.0

be expected by coagulation (Edzwald & Tobiason ).

High ﬂow

6.4 (22.0)

96.8 (85.4)

–

524.0

This was supported by the data where, though not strong,

Year 2: 2011–2012

6.1

40.2

4.3

50.2

positive correlations were found between raw water UV254

Low ﬂow

5.7 (24.2)

74.0 (80.2)

5.2

135.8

and UV254 removal and also between raw water SUVA

High ﬂow

6.4 (28.4)

28.0 (68.4)

4.2

316.0

and UV254 removal (Figure 2). This predicts that high

Year 3: 2012–2013

4.7

15.4

3.2

65.8

SUVA values in the raw water will result in high UV254

Low ﬂow

4.5 (20.1)

15.5 (51.2)

3.3

234.0

removal, which was also documented in other water treat-

High ﬂow

4.9 (25.3)

15.3 (62.1)

3.0

358.0

ment plants (White et al. ; Parsons et al. ).

Year 4: 2013–2014

4.8

17.5

3.4

40.8

Greater UV254 readings are indicative of NOM that is

Low ﬂow

4.4 (23.4)

16.3 (53.7)

3.5

85.0

High ﬂow

4.8 (24.4)

18.5 (61.4)

3.4

282.0

Hassouna et al. ). Similar studies conﬁrmed that HPO

Year 5: 2014–2015

5.8

24.0

4.4

31.9

NOM had higher SUVA values indicated by a positive corre-

Low ﬂow

6.4 (21.7)

29.6 (56.8)

5.3

46.0

High ﬂow

4.4 (15.7)

12.0 (34.2)

2.8

241.0

1

)

Mean of each year was calculated for June–February (2014–2015, i.e. June 2014–
February 2015); low ﬂow season: June–October; high ﬂow season: November–February.

). Higher SUVA values imply that the NOM is dominated by humic substances and higher DOC removal can

more aromatic and more HPO in nature (Kitis et al. ;

lation between SUVA and HPO NOM (White et al. ;
Chowdhury ). The prediction that NOM (UV254)
removal will increase when high UV254 levels are observed
in the raw water indicates that the coagulation process
shows preference for removal of the HPO NOM fractions
above the HPI fractions.

Organic loading and NOM removal

Furthermore, NOM (measured as UV254) removal percentages decreased as predicted, during years 1, 2 and 5

During the 5-year period the average DOC in the source

(Table 1). UV254 removal decreased from 87.3% to 85.4%

water increased during the ﬁrst four high ﬂow seasons

in year 1, 80.2% to 68.4% in year 2 and decreased from

(Table 1). The mean DOC removal percentages during the

56.8% to 34.2% in the high ﬂow season of year 5. SUVA

ﬁrst four high ﬂow seasons (year 1 to year 4) also increased.

values during the high ﬂow and low ﬂow seasons of year 3

An increase in DOC during different seasons was also docu-

(2012–2013) and year 4 (2013–2014) showed small variation

mented by Sharp et al. () which resulted in increased

decreasing from 3.3 L/mg m to 3.0 L/mg m (year 3) and

formation of DBPs. Mean raw water DOC values of year 5

3.5 L/mg m to 3.4 L/mg m in year 4 (Table 1). According

followed a similar trend of smaller raw water DOC values

to the results in Table 1 during year 3 no change was also

during the high ﬂow season accompanied by a decrease in

observed in the raw UV254 values indicated by an average

the DOC removal percentage (Table 1). It has been docu-

UV254 of 15.5 m1 and 15.3 m1 during the low ﬂow and

mented that higher DOC levels result in higher DOC

high ﬂow season, respectively. This minimal change in

removal percentages (Parsons et al. ).

SUVA and UV254 within the raw water resulted in an increase

Not only is SUVA an indication of the amount of humic

in the UV254 removal percentages, increasing from 51.2% to

substances within a sample but it can also be used to predict

62.1% in the high ﬂow season of year 3 and increasing from

NOM removal by the coagulation process (Parsons et al.

53.7% to 61.4% in year 4. This conﬁrms that SUVA and

; Edzwald & Tobiason ). The raw water SUVA

UV254 of the raw water can be used as an indication of

values decreased in all 5 years during the high ﬂow season

process performance in terms of NOM removal. The

(Table 1). Since SUVA and UV254 are a measure of the

SUVA value of the ﬁnal water in year 3 decreased from
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Positive correlations between raw water SUVA and UV254 removal and between UV254 of the raw water and UV254 removal in the ﬁnal water.

1.8 L/mg m in the low ﬂow season to 1.5 L/mg m in the high

technique molecules larger than the gel pores are eluted

ﬂow season, this being the only year that the ﬁnal water

ﬁrst due to rapid movement through the column, while smal-

SUVA value was below 2 L/mg m. In a study done by Kitis

ler molecules penetrate into the gel pores (Pelekani et al.

et al. () the SUVA of the treated water could not be

; Nissinen et al. ). HPSEC analyses have extensively

reduced below 1.5 L/mg m using coagulation. It can be con-

been used to determine the removal efﬁciency of NOM by

cluded that the ﬁnal water SUVA value can be used to

water treatment plants speciﬁcally after the various treat-

assess the plants’ performance for NOM removal.

ment steps when comparing the MSD before and after

Using SUVA as an indicator of NOM treatability by

treatment (Nissinen et al. ; Matilainen et al. ).

coagulation, good NOM removal was achieved by the

Five NOM fractions (ﬁve peaks) were eluted by HPSEC

water treatment process as the more aromatic HPO NOM

with peaks I–II being the high molecular weight (HMW)

fraction was removed. This was evident over the 5-year

fraction and peaks III–IV the intermediate molecular

period with an average NOM (UV254) removal of 65%.

weight (IMW) fraction. Peak V represents the low molecular

NOM removal by other water treatment plants after sand

weight (LMW) fraction (Vuorio et al. ; Nissinen et al.

ﬁltration and granular activated carbon (GAC) ﬁltration

). Figure 3 is a typical example of the chromatographs

was documented as 83% and 19%, respectively (Nkambule

produced by HPSEC plotting peak proﬁles against retention

et al. ), 20% by coagulation and 36% by GAC in a

time, which represents the molecular weight fractions

study done by Chen et al. ().

eluted in each sample. The peak height of each fraction

Correlations between low and high ﬂow season and aromatic NOM characteristics (UV254 and SUVA) and DOC
2

was measured in milli-absorbance units and retention time
ranged between 0 and 20 minutes.

are not presented, due to their poor correlations (R <0.5).

The HMW fraction accounted for up to 51% of the total

Although a decreasing trend in source water UV254, lower

NOM fractions. Results of the NOM MSD showed that on

SUVA values and increased TTHM was measured in the

average 45% of the HMW fraction was removed from the

ﬁnal water during the high ﬂow seasons (summer), no

ﬁnal water; however, the LMW fraction (peak V) stayed

clear seasonal relationship in NOM character was evident.

unchanged in the ﬁnal water indicating that this fraction

NOM characterization by HPSEC is based on the differ-

was not removed by conventional water treatment (Figure 3).

ential separation of molecules of different molecular sizes

These results coincided with other studies indicating

ﬂowing through a porous matrix. During this separation

that conventional water treatment removes mostly the
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Typical HPSEC chromatograph of humic fractions of the raw and ﬁnal water indicating the change in molecular size after treatment.

HMW NOM and that the LMW are not easily removed

the NOM molecular sizes in a bar graph after sedimen-

(White et al. ; Chiang et al. ; Matilainen et al.

tation, ﬁltration, and primary and secondary disinfection

). It is recognized that the HMW fraction represents

by the full-scale water treatment plant. A greater reduction

the humic- and fulvic-type compounds that leach from the

of the HMW NOM (peaks I and II) and IMW (peak III)

soil and the LMW fraction represents the non-humic frac-

in the water after sedimentation is observed and was also

tions (Szabó & Tuhkanen ).

observed in other conventional water treatment plants

The change in MSD throughout the water treatment pro-

(Vuorio et al. ; Matilainen et al. ). These LMW

cess is presented in Figure 4 and displays NOM removal

non-humic fractions are more highly charged than the

based on molecular size after the various treatment steps.

humic HMW NOM fractions and are therefore more

Figure 4 is a summative graph of the peak proﬁles from

difﬁcult to destabilize during precipitation and coagulation

the HPSEC chromatographs and compares the removal of

in conventional water treatment. Additional removal after

Figure 4

|

MSD of the humic fractions indicated by the average peak heights after the various treatment steps.
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ﬁltration (rapid gravity sand ﬁltration) was not observed,

by a correlation of R 2 ¼ 0.898 (Qi et al. ). It is clear

indicating that coagulation primarily removes the HMW

that not only is NOM hydrophobicity substantial in deter-

NOM. After primary disinfection (chlorination) further

mining treatability of organic matter (Hu et al. ) but

removal of the HMW and IMW NOM is evident (Figure 4).

also that the molecular weight of NOM strongly correlates
to speciﬁc DBP classes during chlorination and chloramina-

THM detection

tion (Hua et al. ). In a study performed by Chiang et al.
() the HPO group was mostly associated with the for-

The THMs measured in the ﬁnal water after chlorination

mation of THMs indicated by a trihalomethane formation

consisted of bromoform, chloroform, DBCM and BDCM.

potential (THMFP) of 194 μg/mg. Świetlik et al. ()

Since bromoform and DBCM were always under the detec-

also demonstrated that organics with larger molecular

tion limits of 0.36 μg/L and 0.33 μg/L, respectively, during

weights

this study, the results are presented as the sum of the four

decomposition of the HMW fractions, illustrating that

THMs measured (TTHM). Chloroform constituted on aver-

THM formation is highly inﬂuenced by this HPO fraction.

are

more

reactive

to

disinfectants,

causing

age 85% of the total TTHM concentration. Chowdhury

Figure 5 summarizes the distribution of the TTHM data

() demonstrated that HMW NOM forms up to 75%

during the low and high ﬂow seasons. A seasonal increase of

more chloroform than LMW NOM and that NOM of

TTHM formation during the high ﬂow seasons of year 1 to

LMW is mostly responsible for the formation of DBCM

year 4 is illustrated. An increase in the average TTHM con-

and BDCM. Since the formation of DBCM was below the

centration as well as greater variation in the data were

detection limit during this study period and because bromi-

observed during the high ﬂow seasons of year 1 (high ﬂow 1)

nated THM (DBCM) was not the major THM constituent it

and year 4 (high ﬂow 4), when ﬂoods were evident in the

can be concluded that the THM formed during this study

catchment area of the Vaal Dam. Although the mean

was mostly due to the HMW NOM fraction not being

TTHM was well below 100 μg/L during the entire study

removed. This is supported by Chowdhury () illustrating

period, its formation was also the highest during year 1

that brominated THM formation decreases with an increase

and year 4 in the high ﬂow season. Opposite to the average

in molecular weight and that LMW NOM is a precursor for

TTHM during the ﬁrst two years, which increased during a

brominated THMs (Hua & Reckhow ). The LMW

high ﬂow season, a small seasonal increase in the TTHM

NOM fractions are also strongly associated with N-nitroso-

concentration was observed during the high ﬂow season of

dimethylamine formation after chloramination as indicated

year 3 (high ﬂow 3). TTHM formation in year 3 increased

Figure 5

|

TTHM formation in the ﬁnal water during the low and high ﬂow seasons.
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on average from 37.1 μg/L to 38.2 μg/L. These increased

et al. () studied the relationship between SUVA and the

TTHM levels during the high ﬂow seasons (summer

different chlorinated and chloraminated DBP classes based

months) coincided with results from a study done by

on the hydrophobicity and molecular weight of NOM frac-

Knight et al. () where an increase in TTHM was also

tions and also observed weak correlations between SUVA

observed during summer. However, TTHM decreased in

and TTHM during chlorination, and observed no correlation

year 5 from 60.8 μg/L in the low ﬂow season to 42.9 μg/L

between SUVA and chloramination THMs.

in the high ﬂow season (Figure 5). It was also noted that
year 5 (June 2014–February 2015) was the only period
where raw water DOC and mean DOC removal decreased

CONCLUSIONS

during the high ﬂow season (Table 1). In addition to smaller
DOC values, year 5 received the lowest rainfall during the

The novelty of this study is that it demonstrates variability in

high ﬂow season (241.0 mm) compared to the previous

NOM character in Vaal Dam surface water during a 5-year

4 years average rainfall during the high ﬂow (rain) seasons.

study period and shows that a deﬁnite seasonal pattern could

Controversially, studies have demonstrated the use of

not be predicted. A low and high ﬂow NOM seasonal relation-

SUVA and UV254 as surrogate parameters for DBP for-

ship based on the aromatic character of NOM was not evident

mation by demonstrating positive regression coefﬁcients

since the results did not show a strong correlation using Pear-

between UV254 or SUVA and TTHM formation potential

son’s correlation. Seasonal inﬂuence on organic loading and

(Kitis et al. ; Parsons et al. ). Although an increase

NOM removal did however exist as indicated by an increase

in TTHM formation and accompanying decrease in UV254

in DOC and less-aromatic NOM (reduced source water

removal (Table 1) by the water treatment plant during high

SUVA) which resulted in an increase in the average TTHM

ﬂow seasons 1 and 2 were experienced, poor correlations

formation during high ﬂow (summer) seasons. Conventional

between raw water UV254 and TTHM (R 2 ¼ 0.1874) and

water treatment is more prone to removal of HMW aromatic

between SUVA and TTHM (R 2 ¼ 0.1117) in the ﬁnal water

humic matter compared with LMW less-aromatic NOM. Aver-

were evident (Figure 6). These small regression coefﬁcients

age NOM removal achieved by the water treatment plant was

between UV254 and TTHM suggest that aromatic com-

65% and correlated well with the treatability prediction

pounds are not the only precursors to the THMs formed.

(SUVA) made based on raw water NOM composition.

Similar results suggesting nonaromatic compounds contrib-

Decreased UV254 removal percentages were noted when raw

ute to the formation of THMs were reported by Weishaar

water SUVA was low during the high ﬂow seasons.

et al. () and the total SUVA of the source water was

NOM removal was not affected by seasonal inﬂuence

not strongly correlated to THM formation potential. Hua

but rather by organic loading, as high NOM removal can

Figure 6

|

Weak positive correlation between aromatic NOM (UV254 and SUVA) in the source water and TTHM measured in the ﬁnal water.
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be expected during times of increased DOC or UV254 absorbancies. Measuring the aromatic carbon content of NOM
could not be used as an indicator of NOM reactivity with
chlorine since SUVA did not correlate well with TTHM
formation in the ﬁnal treated water. This indicates that aromatic humic compounds were not the only precursors to the
TTHMs formed and the reactivity of non-humic substances
with the disinfectant should in future also be investigated.
Also, THMFP and not TTHM formed in the ﬁnal treated
water should be considered when investigating the inﬂuence
of individual NOM fractions and their reactivity with chlorine and chloramine.
The change in NOM polarity over the years and also
during the different seasons necessitates NOM characterization and monitoring of NOM removal on a continuous
basis. This study stresses the need to implement advanced
NOM characterization techniques during NOM monitoring
to provide insight into NOM character and reactivity of the
individual NOM fractions with the disinfectants used at the
Rand Water treatment plant.
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