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물은 인간에게 가장 소중한 자원이지만 여러 유기물에 의해 오염되어 있다. 이러한 유기물은 인간과 환경에 큰 영향을
끼칠 수 있으므로 물 속 유기물의 특성 분석이 중요하다. 본 총설에서는 물 속 유기물의 자세한 분석 방법과 특성을
고찰하였다. 각 유기물의 물리적, 화학적, 생물학적면에 의거하여 전통적인 방법과 고도 특성 분석을 정리하였다.
Water is the most precious resource to human being, but it is polluted by different organic compounds. Organic matter (OM)
in aqeous solutions is one of the important parameters of concern for human and environmental impact, and thus, it is essential to better characterize specifically targeted organic matter in aggregated and individual level of concentrations. This review
presents different analytical tools and protocols to investigate detailed properties and characterization. Physical, chemical and
biological aspects of OM are envisaged in terms of traditional and advanced measurement methods.

Keywords: advanced characterization, analytical tool, organic matter, water

traditional analyses (e.g., light absorptivity, dissolved organic carbon
(DOC) concentration, aromaticity, fluorescence, XAD fractionation and
molecular weight (MW)) due to the complexicity, difficulty and higher
cost of detailed structure analyses. The advanced numerous analytical
approaches include nuclear magnetic resonance (NMR), pyrolysis-gas
chromatography-mass spectrometry (GC/MS), infrared (IR) and thermogravimetric methods. These analyses give more detailed information
to characterize OM. The most popular analytical methods of the
characterization of OM can be defined as i) aromaticity by UV absorbance,
charge density by potentiometric titrations, ii) hydrophobicity by
fractionation, iii) functional groups by attenuated total reflection-Fourier
transform infrared spectroscopy (ATR-FTIR), iv) polysaccharide,
protein, lipid, and fatty acid by flash pyrolysis/gas chromatography/mass
spectrometry analysis (pyrolysis/GC/MS), and v) MW size distribution
by high pressure size exclusion chromatography (HPSEC) and liquid
chromatography - organic carbon detection (LC-OCD).
In this paper, we have reviewed different analytical tools to better
characterize OM. The protocols of various traditional and advanced
characterization of OM are investigated and detailed information of
OM is also envisaged.

1. Introduction
1)

Over the years, a number of different analytical tools have been
developed to determine the organic content in natural and waste
waters. These methods aredivided into those used to measure gross
concentrations of organic matter (OM) greater than about 1 mg/L and
those used to measure trace concentrations in the range of nano- and
micro-sizes[1]. Here, OM includes both natural organic matter (NOM)
and effluent organic matter (EfOM). The analytical methods to measure
NOM are similar too those of EfOM.
OM is generally measured in terms of surrogate parameters such as
Biochemical oxygen demand (BOD), chemical oxygen demand (COD)
and total organic carbon (TOC). However, considering the harmful
effects of trace OM such as disinfection byproducts (DBP), endocrine
disrupting chemicals (EDC) and pharmaceuticals and personal care
products (PPCP), they are also measured using advanced analytical
tools. The characterization of OM can also be classified as two groups
of traditional analyses and numerous advanced analytical methods[2].
Most chemical or physical characteristics have been conducted on
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Figure 1. Scheme for the operational definition of humic substances[6].
Figure 2. Effect of acidity (pH value) on the ionization and solubility
of adsorbable organic acids and bases[7].

2. Analytical Methods of Aggregate OM
2.1. Aggregate Organic Content (BOD, COD, and TOC)

Table 1. Important Functional Groups of Organic Matter in Water[7]

The most widely used methods to measure OM are BOD, COD, and
TOC. BOD involves the measurement of the dissolved oxygen used by
microorganisms in the biochemical oxidation of OM. The dissolved
oxygen of the samples is measured before and after incubation, the
BOD is calculated using equation 1.
  
   


Functional group

Structure

Where found

Acidic groups
Carboxylic acid

(Ar-)R-CO2H

90% of all DOC

Phenolic OH

Ar-OH

Aquatic HS, phenols

Phenolic hydrogen (Ar-)R-CH=CH-OH
Quinone

(1)

Where D1 = dissolved oxygen of initial diluted sample immediately (mg/L)
D2 = dissolved oxygen of final diluted sample immediately (mg/L)
P = decimal volumetric fraction of sample used

Aquatic HS

Ar=O

Aquatic HS, quinones

Basic groups
Amine

(Ar-)R-CH2-NH2

Amino acids

Amide

(Ar-)R-C=O(-NH-R)

Peptides

Imines

CH2=NH

Unstable

Alcoholic OH

(Ar-)R-CH2-OH

Aquatic HS, sugars

Ether

(Ar-)R-CH2-O-CH2-R

Aquatic HS

Ketone

(Ar-)R-C=O(-R)

Aquatic HS, Volatiles, keto-acids

Aldehyde

(Ar-)R-C=O(-H)

Sugars

Neutral groups

In COD measurement, the oxygen equivalent is measured using a
strong chemical oxidizing agent in an acidic medium. The principal
reaction using dichromate as the oxidizing agent may be represented
in a general way by the following unbalanced chemical reaction:
heat
OM (C a H b O c ) + Cr2 O 7 + H + ⎯Catalyst
⎯ ⎯ and
⎯⎯
⎯→ Cr 3+ + CO 2 + H 2 O
-2

(2)

Since the concentrations of OM are recently required at the accurate
level, TOC is preferentially used. The test is performed by injecting a
known quantity of sample into a high-temperature furnace or chemicallyoxidizing environment. The OM is oxidized to carbon dioxide in the
presence of a catalyst. The carbon dioxide that is produced is
quantitatively measured by means of an infrared analyser.
The correlation of BOD5, COD, and TOC is generally established.
The BOD5/COD ratio varies from 0.4 to 0.8 and the BOD5/TOC ratio
varies from 1.0 to 1.6 (Tchobanoglous and Burton, 1991). It should be
noted that these ratios vary considerably with the degree of different
water sources.
2.2. Fractionation
2.2.1. Characteristic of OM and Resin

XAD resins have been used to obtain hydrophobic (HP), transphilic
(TP), and hydrophilic (HL) fractions[3-5]. The fraction of total humic
공업화학, 제 22 권 제 1 호, 2011

Ester, Lactone
Cyclic imides

(Ar-)R-C=O(-OR) Aquatic HS, hydroxy acids, tannins
(R-)O=C-NH-C=O(-R)

Aquatic HS

R aliphatic compounds and Ar aromatic ring. In addition to certain amino acids
sulphur (S) may also occur as mercaptol/thiol compounds (-SH) and sulfonic acid
derivatives (Ar-)R-SO3H. It is notable that the backbone may be R or Ar, but mostly
it is a combination of both.

substances (HS) with dilute alkali dissolves fulvic acid (FA) and humic
acid (HA), leaving the undissolved humins behind. If this alkaline
extract is acidified, the HA precipitate, leaving the FA in solution. This
operational definition is shown in Figure 1.
The fractionation of aquatic HS is based on their differing solubility
in acids and alkalis. Here one makes use only of the pH dependent absorption of organic solutions at the hpsurfaces. Under acidic conditions, the carboxylic groups of organics are not further dissociated
(-COOH). These organic molecules can now be adsorbed on coating
on their surface (Figure 2). Under acidic conditions, the organic bases
cannot be adsorbed on the surface of adsorbers, since the basic groups,
such as -NH2 now are protonated as -NH3. Organic bases are first ad-
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Table 2. Typical Properties of Amberlite Polymeric Adsorbent[9]
Porosity (vol. %) Wet density (g/cc)

2

Sorbing solid

Nature

Area (m /g)

Average pore diameter (Å)

Skeletal density (g/cc)

Mesh sizes

XAD-1

Polystyrene

37

1.02

100

200

1.07

20-50

XAD-2

Polystyrene

42

XAD-4

Polystyrene

51

1.02

330

90

1.07

20-50

1.02

750

50

1.08

20-50

XAD-7

Acrylic ester

55

1.05

XAD-8

Acrylic ester

52

1.09

450

80

1.24

20-50

140

250

1.23

20-50

XAD-9

Sulfoxide

45

1.14

250

80

1.26

20-50

XAD-11

Amide

41

1.07

XAD-12

Very polar

45

1.06

170

210

1.18

16-50

25

1300

1.17

20-50

Nonpolar

Intermediate polarity

Polar

Table 3. Nature of Anion-exchange Resins[9]
Type of resin matrix
Crosslinked polystyrene or polyacrylic acid

Functional group
+
RNR3 ,

-

OH

Characteristic
Strongly basic

Crosslinked polystyrene or polyacrylic acid

RNH2, RNHR1, RNR1R2

Weakly basic

Phenolic

ROH, RNH2, RNHR1, RNR1R2

Weakly basic

R = resin matrix. Material based on different kinds of cellulose matrix are also available, consisting of functional groups bound to microgranular or fibrous cellulose.
- NH2 = primary amine. - NHR1 = secondary amine. - RNR1R2 = tertiary amine. R1, R2, and R3 = substituents attached to amine groups.

sorbed under non-protonating conditionssuch as basic and neutral pH;
the organic acids dissociate and are desorbed from the adsorber.
In order to separate HP, the XAD-8 resin is not produced anymore.
Instead of it, DAX-8 can be used with this method. The comparison
of the efficiency between XAD-8 and DAX-8 can be found in the
study of Peuravuori et al.[8]. The detailed functional groups of possible
acidic, basic, and neutral components present in Table 1. This classification
is based on the capacity of the functional groups to donate or accept
protons.
Some typical properties of Amberlite polymericadsorbents are shown
in Table 2. For nearly 20 years, XAD-2, XAD-4, and XAD-8 have
been the most applied sorbing solids for the isolation of aquatic HS
from different environments. XAD-2 has been widely used for the
isolation of HS from seawater. It has also been used for the isolation
of HS from freshwater, surface water, and groundwater. XAD-4 has
been applied for the isolation of HS from tap water and TP from
natural water or wastewater. Table 3 summarizes anion-exchange resins.
Theresin matrix in both groups (strong and weak basic) is usually
crosslinked polystyrene or polyacrylic acid.
Figure 3. Schematic diagram of the XAD-8/4 isolation[10].
2.2.2. Analytical Method of Fractionation

During last two decades, basically three methods of isolation have
been in use for OM in water: the XAD-8/4 methods, the low pressure
evaporation, and the reverse osmosis isolation method. The low
pressure evaporation and the reverse osmosis can isolate only OM and
water. However, OM with XAD-8/4 methods can be classified into HP,
TP, and HL. Thus, the fractions are important to characterize different
waters.
Figure 3 summarize the different methods to fractionate OM. Sample

filtrates are fractionated into six fractions : HP acids (equivalent to
aquatic HS (AHS)), HP neutrals (HoN), HP bases (HoB), HLacids
(HiA), HL neutrals (HiN), and HL bases (HiB), based on their
adsorption on a series of resin adsorbents. Nonionic Amberlite XAD-8
resin (2060 mesh), strong cation exchange resin (Bio-Rad AG-MP50,
50100 mesh), and strong anion exchange resin (Bio-Rad AG-MP-1,
50100 mesh) are the resins used. Details of the procedure are presented
elsewhere[10].
Appl. Chem. Eng., Vol. 22, No. 1, 2011
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Table 4. Hydrophilic (HL), Hydrophobic (HP), and Transphilic (TP)
Fractions in the Secondary Effluent After Hlocculation in Spring Season
Fractionation

(a)

(b)

Initial of DOC (mg/L) Fraction of DOC (%)

HP

4.98

50.6

TP

1.68

17.1

HL

3.19

32.3

Table 5. Hydrophilic (HL), Hydrophobic (HP), and Transphilic (TP)
Fractions in the Secondary Effluent After Flocculation in Summer
Season
Fractionation
HP

Initial of DOC (mg/L) Fraction of DOC (%)
1.65

25.4

TP

1.03

15.8

HL

3.82

58.8

accounting for 3∼28% of the DOC. The HP neutral fraction also
(c)

(d)

Figure 4. Fraction of different biologically treated sewage effluents
[10-12].

(a)

(b)

varies from 0∼21%[10]. HP acid and neutral and HL acid are the
fractionations that change substantially and differ characteristically
among the samples studied. As can be seen in Figures 3-5 BTSE
involves the majority of HP and HL fractionations[11,12]. It may be
due to microbial origin and refractory organic since it is what remains
after extensive biodegradation. This above finding suggests that HP
neutral and TP fraction may be easily biodegradable and adsorbable by
activated sludge.
The difference of the BTSE characteristics was presented in terms
of fractions[10-12]. Although the fractions wereconducted in several
times with the same wastewater plantduring one year, the characteristics
of BTSE fractions consisted of different fractions (Tables 4, 5). HP and
HL acids and neutral were the fractions that change substantially and
differ characteristically among the samples studied. As can be seen in
Figure 5, BTSE in different places shows various portions of fractionations.
2.3. Aromatic and Aliphatic Compounds

Aromaticity can be characterized by UV absorbance at 254 nm
(UVA254), which represents both EfOM concentration and humic
content[5,13,14]. Edzwald et al.[13] compared a specific UVA (SUVA
= UVA254/DOC) of FA and natural bulk water. Table 6shows SUVA
values of different water sources. SUVA values are smaller than those
(c)

(d)

Figure 5. Fractions of different biologically treated sewage effluents
[10-12].
EfOM fractionations in biologically treated sewage effluent (BTSE)
can be also categorized into six classes: HP acids, bases and neutrals
and HL acids, bases and neutrals. DOC-fractionationdistribution varies
substantially depending on the kind of wastewater and the type of
treatment process. HP acid and HL aciddominate in all effluents,
collectively accounting for more than 55% of the DOC measured as
DOC. In particular, HL acid is the most abundant fraction in the
majority of effluent; constituting 32∼74% of the DOC. HP acid
appears to be the second most dominant fraction and variesconsiderably,
공업화학, 제 22 권 제 1 호, 2011

of various water sources, suggesting that OM includes more aliphatic
compounds. Especially, groundwater involves the highest aromaticity
among the three water sources. Owen et al.[14] found that ozonated
water quality exhibits smaller SUVA than raw water quality due to the
breakdown of aromatic structure by ozone.
2.4. Charge Density

Acidity represents the charge density of OM acidic components. It
is important in the case of electrostatic (charge) repulsion and attraction
with OM. Thus, charge density can be an important factor on OM
characterization[15]. The OM charge density is difficult to measure by
titration with base because of interference from inorganic solutes.
Potenntiometric titration can be used for resin isolates, eluted solution
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Table 6. Comparison of SUVA Values by Different Water Sources[2,5,11]
Water source
BTSE

Ground water

Surface water

-1

-1

-1

Area

UVA254 (cm )

DOC (mg L )

Gwangju, Korea

0.114

9.55

1.19

Hawaii, USA

0.29

12.9

2.25

-1

SUVA (L m mg )

Irvine Ranch, USA

0.79

11.9

6.6

Orange county, USA

0.387

6.81

5.7

Horsetooth reservoir, USA

0.092

3.12

2.9

Baseflow silver lake, USA

0.048

2.0

2.4

Table 7. Charge Density of OM in Different Water Sources[15,16]
Acidity (meq/g C)
Water source

Area

XAD-8 isolate
Carboxylic

XAD-4 isolate

Phenolic

Carboxylic

Phenolic

BTSE

Gwangju, Korea

11.0

23.1

11.3

23.3

Ground water

Irvine Ranch, USA

14.9

27.5

15.0

39.0

Surface water

Horsetooth reservoir, USA

11.4

29.1

31.0

64.2

from XAD-8/4 resins, using an autotitration unit with a pH meter. A
sample is first acidified with 5 N HCl (pH < 3.0) and then spared with
nitrogen gas for about 15∼20 minutes to remove inorganic carbonatespecies and to keep the titration vessel carbonate free. A microinjector which can add 0.025 mL increments of 0.05 NaOH into the
sample is used. Added amounts of NaOH and pH values, according to
the NaOH additions, are monitored to obtain a titration curve, enabling
one to calculate carboxylic acidity (pH = 3∼8) and phenolic acidity
(twice pH = 8∼0). The following equation is used to calculate OM
acidity :

   
∙

(3)

Where x is the added volume (mL) of 0.05 N NaOH, DOC is DOC
concentration (mg/L), and y is a sample volume (mL).
Table 7 presents the charge density in different water sources after
0.45 µm filtration[15,16]. For the phenolic group content of OM, twice
the amount of NaOH required to titrate from pH 8∼10 is used as
estimation[14]. The acidity of HL acids associated with BTSE, ground
and surface waters is greater than that of HP acids, indicating that HL
acids contain more ionisable groups per unit organic carbon. On the
other hand, EfOM from BTSE compared to NOM from ground and
surface water shows smaller values, suggesting that EfOM is less
ionized than NOM in terms of HP compounds.
2.5. Functional Groups

Fourier transform infrared (FTIR) spectroscopy is a powerful
analytical tool for characterizing and identifying organic molecules.
Using the IR spectrum, chemical bonds and the molecular structure of
organic compounds can be identified. This provides the ability to
non-destructively determine the source of organic contaminants. Two
new advances in FTIR, microbeam technology and attenuated total
reflectance (ATR), allow analyzing organic and inorganic functional

(a)

(b)

Figure 6. ATR-FTIR spectra of colloids, hydrophobic and transphilic
acid in BTSE (a) Sain Julien L’Ars BTSE and (b) Naintre BTSE in
France[18].
groups. Internal reflection spectrometry or ATR/FTIR spectrometry can
provide valuable information related to the chemical structure of OM.
Mid-infrared spectra are obtained against an internal reflection
element (IRE), e.g., zinc selenide (ZnSe) or germanium (Ge). IR
radiation is focused onto the end of the IRE. Light enters the IRE and
reflects down the length of the crystal. At each internal reflection, the
IR radiation actually penetrates a short distance (∼1 mm) from the
surface of the IRE. It is this unique physical phenomenon that enables
one to obtain infrared spectra of samples placed in contact with the
IRE. In the mid-infrared, absorption of radiation is related to
fundamental vibrations of the chemical bonds. Internal reflection
spectrometry provides information related to the presence or absence
of specific functional groups, as well as the chemical structure of
polymer membranes. Absorption bands are assigned to functional
groups (e.g., C=O stretch and C-H bend). Shifts in the frequency of
absorption bands and changes in relative band intensities indicate
changes in the chemical structure or changes in the environment
around the polymer membrane. The same analysis of vibrational
spectra is applied to characterize the organic fouling layer that may be
present on the membrane surface. ATR/IR spectrometry can also be
used to determine changes in surface chemistry after special chemical
or physical treatments are applied, e.g., exposure to surfactants or
Appl. Chem. Eng., Vol. 22, No. 1, 2011
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Table 8. Typical IR Spectra for Aliphatic, Aromatic Groups, and Humic Substances[5,18]
-1

Type and frequencies (cm )

Assignment
Aliphatic groups

1) Hydrocarbon
- 2950-2750
- 1460
- 1380

- -CH, -CH2, and -CH3
- -CH2, and -CH3
- -CH3

2) Aldehyde
- 2900-2700
- 1740-1730
- 975-780

- -CH stretching for aldehyde group
- C=O carbonyl structure in aliphatic aldehyde
- -CH deformation of aliphatic aldehydes

3) Ketone
- 1715
- 1250-1050

- Aliphatic ketone or carboxylic acid
- C-CO-C structure in aliphatic ketones

4) Amide
- 3600-3200
- 1640
- 750-700

- -NH2 stretching vibration of primary amide
- Amide carbonyl group
- -NH2/‐NH structure in aliphatic primary and secondary amide
Aromatic groups

1) Hydrocarbon
- 3050-3000
- 1600 and/or 1500
- Around 675

- -CH stretching vibration in aromatic ring
- -C=C- stretching of aromatic ring
- Bending and vibration of benzene ring

2) Amide
- Around 3300
- 1680-1630

- N-H stretching in secondary aromatic amides
- Carbonyl group of secondary amide

3) Aromatic acids
- 3200-2500
- 1690
- 1320-1210

- -OH stretching of hydrogen bonded carboxylic acid
- Carbonyl group absorption of conjugated carboxylic acid
- -C-O- stretching absorption of carboxylic acid

4) Aromatic ketone
- 1700
- 1600 and 1500
- Around 1715-1680

- Ketone carbonyl
- C=C functional group
- Carbonyl absorption of conjugated aldehyde
Humic substances

-

3400-3300
2940-2900
1725-1720
1660-1630
1620-1600
1590-1517
1460-1450
1400-1390
1280-1200
1170-950

-

O-H stretching, N-H stretching
Aliphatic C-H stretching
C=O stretching of COOH and ketones
C=O stretching amide groups (1° amide), quinone, C=O and/or C=O or H-bonded conjugated ketones
Aromatic C=C
COO symmetric stretching, N-H deformation, C=N stretching (21° amide)
Aliphatic C-H
OH deformation, C-O stretching of phenolic OH, C-H deformation of CH2 and CH3 groups
C-O stretching, OH deformation of COOH, C-O stretching of aryl ethers
C-O stretching of polysaccharide, polysaccharide‐like substances, Si-O of silicate impurities

chlorine and temperature annealing.
A functional group of OM can be investigated both by extraction of
organics and by ATR-FTIR analysis[17]. ATR-FTIR especially is
possible to confirm a detailed screen of the molecular functional
groups consisted of OM. The typical IR bands for aliphatic, aromatic
functional groups, and humic substances, are summarized in Table 8.
Some of known compounds were also characterized for their functional
groups using FTIR. They include polysaccharides, proteins, and humic
substances. The IR bands of these compounds are shown in Table 9.
FTIR analyzes withfunctional groups of different fractionations
(Figure 6). Jarusutthirak et al.[12] studied the functional groups of
different fractionations in BTSE. In colloidal fraction, the peaks at
wave numbers of 1540 and 1640 cm-1 reflect functional groups of
공업화학, 제 22 권 제 1 호, 2011
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primary and secondary amides. A peak at wave number of 1040 cm
indicates polysaccharides. These all are indicative of proteins and
N-acetyl aminosugars, possibly present in bacteria-related cell wall[3].
In their study, HP and TP fractions included a peak of 1720 cm-1,
which is associated with carboxylic groups (HA and FA). The major
difference between EfOM and NOM isolates is the series of distinct
peaks at 1170, 1125, and 1040 cm-1.
2.6. Size Distribution

Particle sizes and distributions in water can be measured by
electronic particle counter, light scattering devices, light microscopy,
scanning electron microscopy (SEM), centrifugation, gradient sedimentation,
serial filtration, field flow fractionation, and gel filtration chroma-
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Table 9. FTIR Spectra of Known Compounds[19]
Compounds

Groups

Wave number

Functional group

Sucrose
Dextran
Blue dextran
Starch

Polysaccharides

3400
2940
1480
1370
1170
1120
1040
1000
775

Alcohol (1.2.3. Ar)
Alkane
Alkane
Alkane
Tertiary alcohol
Secondary alcohol
Aliphatic ether
Primary alcohol
Ethyl

3100
2800
1420
1340
1120
1050
1040
1000
750

-

3500
3000
1480
1400
1120
1150
1170
1080
800

Glutamic acid
Lysozyme
BSA
Bovine pancrease

Proteins

3300

Alcohol (1.2.3. Ar)
Amides
Carboxylic acid
1.2.or 3 amines
Alkene in aromatic
Amides (mono and di substituted)
Mono substituted amide
Sec. tert amines (C-N)
Ether
Esters
Aldehydes
Ketones

3100
3200
2900
3200
1630
1640
1480
1480
1040
1080
1020
1070

-

3500
3500
3300
3500
1670
1720
1580
1581
1170
1150
1150
1220

1640
1540
1100

Range

Steric acids

Fatty acids

2950. 2850
1700
1470. 1430
1300

Alkane
Carboxylic acids
Alkane
-OH in carboxylic or alcohol

2800
1660
1420
1260

-

3000
1740
1480
1350

PEG

Alcohols

2900
1470
1350
1280
1240
1150
1120
960

Alkane
Alkane
Alcohol
Alcohol
Ether
Ether
Alcohol
Aldehydes

2800
1420
1330
1250
1180
1040
1050
830

-

3000
1480
1430
1350
1300
1170
1160
970

SRHA, SRFA

Humic substances

3400
2960
1720

Alcohol (1.2.3. Ar)
Alkane
Amides (mono and di substituted)
Carboxylic acids
Alkene in aromatic
Amides (mono and di substituted)
Alkane
Tertiary alcohol
Ether
Ketone

3100
2800
1640
1660
1630
1640
1340
1120
1180
1070

-

3500
3000
1720
1740
1670
1720
1400
1220
1300
1220

1640
1400
1200

tography. The analytical techniques used to measure different particle
and MW sizes can be found elsewhere[20].
Particulate matter larger than 0.1 µm can also be measured by serial
filtration and steric field flow fractionation (FFF). SEM is used to
measure individual particle sizes. On the other hand, OM smaller than
0.1 µm can be measured using gel filtration chromatography and
ultrafiltration sieves.
2.6.1. Molecular Weight (MW) Distribution

MW distribution of OM is an influential factor to understand OM
size. It is necessary to comprehend the range of MW of EfOM. This
helps in the characteristics of the majority of EfOM and in the
selection of suitable processes and a mechanism for a given application.
High performance size exclusion chromatography (HPSEC) is used to

measure MW distribution. Its measurements have been used to analyze
MW distribution and weight-averaged MW values using a modified
silica column (e.g. Waters Protein-Pak 125)[21]. Standard solutions of
different polystyrene sulfonates with known MW (PSS : 210, 1800,
4600, 8000, and 18000 Da) are used to calibrate the HPSEC equipment
[22]. Many researchers have applied the technique to measure MW
distribution of NOM and EfOM. The weight-averaged MW (Mw) of
OM is different for different water sources.
Typical MW distribution of BTSE is different from season to
season. MW distribution of EfOM during winter, spring, and summer
seasons illustrates in Figure 7. The MW range of EfOM shows from
50000 to 200 Da in winter. On the other hand, the MW distributed
from 3000 to 200 Da in summer and spring seasons. It is also noted
that the MW distribution depends on the type of biological treatment
Appl. Chem. Eng., Vol. 22, No. 1, 2011
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(a) BTSE in winter

(b) BTSE in spring

(c) BTSE in summer

Figure 7. MW distributions of OM in BTSE with different seasons.

(a)

(b)

Figure 9. MW distribution of HP, TP, and HL fractions.

(c)

(d)

Figure 8. MW distributions of OM in BTSE : (a) Mesa BTSE, USA
(b) Saint Julien l’Ars and Naintre BTSE, France, (c) Olympic park,
Australia, and (d) Gwangju BTSE, Korea[2,11,18,23].
and wastewater treatment processes.
MW distributions also vary from place to place. The MW of the
BTSE in Gwangju, South Korea ranged from 300 Da to about 98,943
with the highest fraction of 300∼5000 Da (Figure 8(a)). The secondary
effluent of a wastewater treatment plant (WTP) in Hawaii, USA shows
that the MW distribution is the range from approximately 50000 Da
to 100 with the highest fraction of 20500∼900 Da (Figure 8(b)).
According to the previous study[11], around 43109 Damay be due to
polysaccharide : 580 Da and 865 - humic substances, 330 Da - building
blocks, 250 Da - acids, and less than 200 Da - amphiphilics. Here, the
building block represents humic substances - hydrolates. MW distributions also vary with the different fractionations isolated from
XAD-8/4 (Figure 9).
2.7. NMR Spectroscopy

NMR spectroscopy has, to date, found little or no application in
water. It is at its most useful in organic structure identification. The
percentage of integrated shift ranges representing different functional
공업화학, 제 22 권 제 1 호, 2011

Figure 10. 13C-NMR spectra for XAD-isolates of corresponding samples
in Mesa, Arizona[25].
groups can be compared to describe potential changes of chemical
properties[4].
13
Figure 10 shows the C-NMR spectroscopy for different waters. All
spectra are dominated by four broad unresolved humps representing
complex mixtures which are typical for HP acids isolated from streams
and rivers[24]. Table 10 summarizes the chemical shift areas
representing the dominant functional groups with NMR. The reclaimed
water after short-term soil aquifertreatment (SAT) has significantly
more aromatic character and less carboxylic functional groups as
compared to drinking water NOM. However, during long-term SAT
reclaimed water DOC is losing its aromatic and carboxylic character
resulting in a relative increase in aliphatic compounds.
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Table 10. Percentage of Chemical Shift Areas for C-NMR Spectra of XAD Isolates[25]

Chemical shift

Drinking water

Reclaimed water

Reclaimed after short-term SAT

Reclaimed after long-term SAT

Aliphatic

61.5

50.8

52.1

63.6

Carbohydrates

11.3

16.0

14.1

12.6

Aromatic

5.3

13.8

11.1

7.2

Carboxylic

15.9

13.2

14.1

12.9

2.8. Algogenic Organic Matter (AOM)

Algae are abundant and diverse in drinking water supplies including
lakes, reservoirs, rivers, and streams. They are important primary
producers and an important food source for freshwater fish and
crustaceans. Occasional algal blooms, comprised of blue-green algae
(cyanobacteria) and/or green algae, cause significant challenges in
drinking water treatment due to the release of organic compounds
(algogenic organic matter, AOM) into water extracellularly and, upon
cell lysis, intracellularly. The soluble AOM includes lipid (about 3%),
glycolic acid, carbohydrates (about 22%), polysaccharides, amino acids,
peptides, organic phosphorus, enzymes (protein, about 68%), chlorophyll
a (about 3%), chvitamins, hormonal substances, inhibitors, and toxins[26].
The release rates of AOM are quite variable depending on the algal
growth phase, type of algae, and physiological and environmental
conditions. Blue-green algae are enriched in proteins, generally 4065%
by dry weight[27].
AOM can be extracted using the following procedure : AOM is
extracted in water after physically grinding algal cells with a mortar
and pestle while another AOM is also extracted in water after
ultrasonification of algal cells in water for 1 AOM can be extracted
in 90% methanol over 24 Chlorophyll a extracted from Anacystis
nidulans algae can beobtained from Sigma to identify the AOM
components by UV/visible and fluorescence analyses. Chlorophyll a is
dissolved in 90% methanol as a solvent. AOM is filtered through a
0.45 µm filter.
2.9. Biodegradable Organic Carbon (BDOC)

OM can simply be divided into two fractions : biodegradableand
refractory. Numerous methods have been developed to quantify the
biodegradable fraction of OMin water, from which two major
established methods exist today for the measurement of biodegradable
organic matter (BOM). The first method, the AOC bioassay, is one in
which the growth of a test organism(s) is correlated with the
concentration of BOM. The second method, the BDOC assay, consists
of measuring the consumption of DOC through the ability of a mixed
microflora to catabolize organic carbon to carbon dioxide and/or new
biomass. In evaluating and comparing methods, it is important to
define the purpose for which the measurement is being made[28]. If
the concern is with bacterial regrowth, the parameter that should be
measured is bacterial biomass. An appropriate term for the OM
producing this growth is AOC. On the other hand, if the concern is
the reduction in chlorine demand or disinfection by-products formation
potential through a biological process, then a more closely related
parameter is DOC; in the case of biologically mediated chlorine
demand, the most appropriate term would be BDOC. However, BDOC

Figure 11. Monthly BDOC concentrations for raw water in Floridan
aquifer, USA[32].
has also been related to biological stability of water[29,30].
BDOC can be measured with a sand media fixed with bacteria that
have been acclimatized to the natural water for approximately 30 days
(Figure 11). The bacteria with the sand media are placed in a flask and
a sample is added. The BDOC tests are aerated with air. The flask is
incubated in a dark room. After the DOC has a minimum value (about
5 days), the difference between the initial and final DOC values is
taken to be the BDOC of the sample[31].
2.10. Assimilableorganic Carbon (AOC)

AOC refers to a fraction of TOC, which can be utilized by specific
strains or defined mixtures of bacteria, resulting in an increase in
biomass concentration that is quantified (Escobar and Randall, 2001).
AOC typically comprises just a small fraction (0.1∼9.0%) of the TOC.
AOC represents the most readily degradable fraction of BDOC/BOM.
The temporal variation of AOC is shown in Figure 12 during one year.
AOC in a water sample is determined by measuring the growth of
Pseudomonas fluorescens strain P17. It utilizes amino acids, carboxylic
acids, hydrocarboxylic acids, and carbohydrates. However, itcannot
metabolize oxalic acid, one of the compounds frequently produced
during ozonation. The procedure of AOC measurements is outlined in
details elsewhere[33].
2.11. Toxicity Analysis

Identification and quantification of toxicity of OM is a very important
step in wastewater and natural water management. The majority of
quality policy is based on a chemical-specific approach. However,
many years’ experience has shown several limitations in the
Appl. Chem. Eng., Vol. 22, No. 1, 2011
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activated sludge process.
A major problem frequently detected in effluents is related to very
diverse sublethal effects on exposed aquatic organisms[37]. In this
way, mutagenic effects are actually being described in this kind of
effluents[38] and recent studies have demonstrated that sewage
effluents affect the development of fish embryos and larvae. Endocrine
disruption activity has also been frequently studied[36,37].
Toxicity is generally determined in (i) the bioluminescence test and
(ii) by monitoring biological oxygen consumption of sonicated samples[39].
(i) The bioluminescence test is performed with Vibrio fisheri. The
marine bacterium V. fisheri emits light during physiological activity. A
decreasing light intensity is correlated with an increasing toxicity of
Figure 12. Monthly AOC concentrations of water taken from Floridan
aquifer, USA[33].
measurement of individual chemicals or chemical groups. Only a
limited number of chemicals or chemical groups are prescribed by
legislation in the control of discharges into receiving water and thus
toxic compounds can remain undetected in water. The interactions
between compounds in water, i.e. synergism, antagonism, and addition,
could be measured only by using a whole-waterassessment based on
effect-specific parameters. Since test organisms exposed to effluents
give us an overall answer to all known and unknown chemicals as well
as combined effects in the effluent, a whole-water toxicity approach
can be a useful tool for effective effluent characterisation and control
[34]. The toxicity is more concerning in WTP than in drinking water
treatment. Thus, effluents from wastewater treatment are discussed
below.
An integrated strategy of both biological testing and chemical
analysis was recommended by the United States Environmental
Protection Agency (USEPA) in wastewater. Whole effluent toxicity
testing is an integrative tool that measures the toxic effect of an
effluent mixture as a whole and accounts for both uncharacterized
sources of toxicity as well as toxic interactions[35]. Toxicity identification
evaluation combines chemical and toxicological analyses in an aim to
identify key toxicants through physicochemical manipulations and the
application of bioassays. The modification and enhancement of certain
toxicity procedures (solid phase extraction) have been carried out with
the aim of detecting organic micro pollutants which are substances
present at ppb or ppt levels. Many of these micro pollutants are
persistent, lipophilic and bio-accumulative and, for the purpose of
knowledge expansion on these substances and furtherance of information
on the nature of effluents, detection limits of different chemical
technologies have also been optimized. Knowledge of the environmental
behavior of the organic compounds is a very important factor when
becoming familiar with their potential, so that treatment plants may be
appropriately designed in order to allow for the correct elimination of
these substances. Certain natural and synthetic hormones and
alkylphenolic surfactants are not removed during the treatment process
and their effects arising there from could be activated or increased
[36]. Nor are other substances, such as phthalates, removed in the
공업화학, 제 22 권 제 1 호, 2011

the sample tested. (ii) In order to study the biodegradability of the
sonicated samples, mineral salts suitable for microbial growth were
added and the pH was adjusted to 7.0. Inoculation was done with
activated sludge obtained from a municipal wastewater treatment plant,
and biological degradation was monitored in a respirometer at 20 ℃.
The different methods can also be found elsewhere[40].

3. Analytical Method of Individual Compounds
3.1. Soluble Microbial Products (SMP) and Extracellular Polymeric
Substances (EPS)
Since SMP are complex, it can not be measured with one analytical
method. The majority of analyses are combined[41]. First of all, all
samples are centrifuged at 13000 for 10 and then filtered through 0.2 µm
filters to separate any residual biomass. Hence, the definition of soluble

is any material passing through 0.2 µm filters. Samples collected are
analyzed for glucose, volatile fatty acids (VFA) and COD, and SMP
determined by difference as follows :
SMP (asCOD) = soluble COD effluent
- [remaining glucose (as COD) + VFA (as COD)]
- Glucose (as COD) = 1.07 (glucose) = concentration in mg/L
(4)
- VFA (as COD) = 0.35 (formate) + 1.07 (acetate) + 1.51
(propionate) + 1.82 (butyrate+isobutyrate) + 2.04 (valerate +
isovalerate)
Formate and glucose are determined using an HPLC system with a
Polyspher OH HY column (Merck). The sample volume is 100 µL, the
column is maintained at 35 ℃ and the eluent is 0.01 N H2SO4 at a
flow rate of 0.5 mL/min. Formate detection iswith ultra-violet (UV) at
210 and for glucose with refractive index (RI). The other VFA
aredetected using a GC-FID system fitted with a Carbograph 1 DA
column (2000 mm × 2 The carrier gas is nitrogen that is set at a flow
rate of 26 The column temperature is 180 ℃, the detector temperature
is 210 ℃ and the injector temperature is 210 ℃. The injection volume
is 5 µL, and the peak areas are calculated and printed out on a
Shimadzu Chromatopac C-R3A integrator.
Zhang et al.[42] compared different methods to extract EPS and
observed that the steaming extraction method is the best to extract
protein-EPS, whilst centrifugation with form aldehyde is the best to
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extract carbohydrate-EPS. For the steaming extraction, 10 of a sample
is first centrifuged at 13000 rpm for 10min at 4 ℃. The pellets obtained
are re-suspended in 10mL distilled water, and steam in an autoclave
at 80 ℃ and 1 for 10 After steaming the samples are re-centrifuged
and the supernatant filtered through a 0.2 µm filter to ensure biomass
is separated from the extracted EPS. For the centrifugation with form
aldehyde method, 10of the sample is centrifuged at 13000 rpm for 10
min at 4 ℃, and the pellets obtained are re-suspended in 10 of 0.22%
form aldehyde in 8.5% NaCl and mix for 10 min. The samples are
then re-centrifuged and the supernatant is filtered through 0.2 µm.
After both extraction procedures, the extracted EPS are estimated as
hexose and protein equivalents by the carbohydrate and protein method
described above allowing for the quantification of EPS as proteinaceous
and carbonaceous material. VFA are analyzed in soluble fractions by
HPLCUV. Acids are separated by ion exchange chromatography on a
column with a polydivinyl benzene phase and detected at 200 nm.
3.2. Proteins and Amino Acids

Total protein content is measured using the modified Lowry procedure
using Bovine Serum Albumin (BSA) for the calibration curve. Samples
are analyzed colorimetrically at a wavelength of 595 using a UV/Vis
scanning spectrophotometer. As the precise chemical formula of the
proteins detected are not determined, the percentage of soluble COD
represented by protein is estimated for each sample assuming a
stoichiometric conversion factor of 1.5 which is derived from the
typical formula of proteins (C16H24O5N4) and stoichiometric equations
present in elsewhere[43].
Proteins are also measured with hydrolyzed forms. Proteins are
hydrolyzed by hydrochloric acid (6 N) during 18h at 110 ℃ in vacuum
tubes. The duration of the hydrolysis (18 h) is chosen after testing the
evolution of the release/destruction of each amino acid at four different
times (18, 24, 48, and 96 h). The concentrations of valine and isoleucine
show a maximum after 48but three amino acids (threonine, serine and
tyrosine) are slightly decreased for hydrolysis longer than 18 h. The
concentration of the other amino acids does not show significant
evolution as a function of hydrolysis time. Released amino acids are
derivatized into fluorescent compounds[44] and separated by HPLC on
a Nova-Pak column (Waters). Detection is achieved with a spectrofluorimetric
detector (Shimadzu RF-551). Standard deviation for the analysis of
proteins is about 7% in average, ranging from 4% (proline) to 15%
(cysteine) depending on the amino acid.
The concentration of amino acids in water samples is based on the
following considerations. Under acidic conditions, the amino groups
are carrying a positive charge and therefore retained by cation-exchange
resins, together with inorganic and other cations. Anions and non-ionic
compounds pass through the columns, and they can be washed out.
When injecting 1 N ammonia solution, the amino acids will lose their
positive charge in the alkaline medium and are eluted as the pH front
progress. Since ammonia solution is a relatively weak base, inorganic
cations will be eluted only slowly, so that there will be a good
elimination of salts from the amino acids.

Figure 13. Analysis schematic of carbohydrates[45].
3.3. Carbohydrates

Carbohydrates can be measured by wet chemistry/colorimetric
detection, high-performance liquid chromatography-pulsed amperometric
detection, thermospray mass spectrometry, and gas chromatography/mass
spectrometry (GC/MS). Carbohydrate concentration isdetermined according
to the colorimetric procedure using glucose for the calibration curve.
Samples areanalysed colorimetrically at a wavelength of 490 nm using
the same spectrophotometer as described above for protein analysis. As
the precise chemical formula of the carbohydrates detected is not
determined, the percentage of soluble COD represented by carbohydrates
is estimated assuming a stoichiometric conversion factor of 1.2 which
isderived from the typical formula of carbohydrates (C6H10O5) and
stoichiometric equations presented in a previous study[43].
Figure 13 presents the analysis method of carbohydrates. For example,
polysaccharides are hydrolyzed by a two-step sulfuric acid treatment
(25 ℃, 30 min in concentrated acid; 100 ℃, 2 h in diluted acid).
Monosaccharides released arederivatized by the alditol acetate method
[45]. Eight neutral sugars are analyzed, with inositol as internal
standard by GC. Standard deviation for the analysis of sugars is 9%
in average, ranging from 2% (glucose) to 21% (fucose) depending on
the monosaccharide.
3.4. Fat, Oil, and Grease (FOG)

In the determination of FOG, an absolute quantity of a specific
substance is not measured[40] Rather, groups of substances with
similar physical characteristics are determined quantitatively on the
basis of their common solubility in an organic extracting solvent. FOG
is defined as any material recovered as a substance soluble in the
solvent. It includes other material extracted by the solvent from an
acidified sample such as sulfur compounds, organic dyes, and chlorophyll
and not volatilized during the test. The solvents used are n-hexane,
trichlorotrifluorethane, and 80% n-hexane and 20% methyl-tert-butyl
ether.
Appl. Chem. Eng., Vol. 22, No. 1, 2011
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For liquid samples, three methods are presented : the partition
gravimetric method, the partition-infrared method (volatile hydrocarbon;
low level of concentration), and the Soxhlet method (relatively polar
and heavy petroleum). The gain in weight of the distilled flask from
the extractedsolvent is due to FOG. Total gain in weight, A, of tared
flask less calculated residue, B, from solvent blank is the amount of
FOG in water. The following formula is below:
   ×
   


(5)

The majority of FOG can also be analyzed by GC and HPLC
methods. FOG from mineral petroleum can be measured using the
integration of carbon number peaks. The analysis of FOG from animal
and plant has most often been performed with deriviatization followed
by GC, which has an advantage of high chromatographic resolution
and the possibility of analyte identification with mass spectroscopy.
This FOG are extracted with dichloromethane and analyzed by gas
chromatography/flame ionization detection (GC/FID) after transmethylation
with BF3/MeOH and purification of lipid classes on a silica gel
column. Cholestane is used as internal standard for sterol quantification,
and methylated, deuterium substituted C23 : 0 for quantification of
fatty acids. Standard deviationfor the analysis of fatty acids is 14% in
average, ranging from 3% (14 : 0) to 25% (18 : 1ω7). More recent
studies have involved the use of HPLC [26] or ion chromatography
[47], which avoid a derivatization step and thus potential problems
from highly polar or volatile derivatization products, and have shown
detection limits in the submicromolar range. Of the monomeric
compound classes in aquatic environments, the carboxylic acids are the
least studied, and this limits our present ability to estimate the
metabolism that could be supported by monomers alone.
3.5. Surfactants
Surfactants enter waters and wastewaters mainly by discharge of
aqueous waste from household and industrial laundering and other
cleaning operations. A surfactant combines in a single molecule a
strongly hydrophobic group with a strongly hydrophilic one. Such
molecules tend to congregate at the interfaces between the aqueous
medium and the other phases of the system such as air, oily liquids,
and particles, thus imparting properties such as foaming, emulsification, and particle suspension[40].
The surfactant hydrophobic group generally is a hydrocarbon radical
(R) containing about 10 to 20 carbon atoms. The hydrophilic groups
are of two types, those that ionize in water and those that do not. Ionic
surfactants are subdivided into two caterories, differentiated by the
charge. An anionic surfactant ion is negatively charged, e.g.,
+ (RMe3N) Cl . Nonionic surfactants commonly contain a polyoxyethylene
hydrophilic group (ROCH2CH2OCH2CH2……OCH2CH2OH, often abbreviated REn, where n is the average number of -OCH2CH2- units in
the hydrophilic group). Hybrids of these types exist as well.
Surfactants canbe separated by sublation apparatus. The sublation
process isolates the surfactant, regardless type, from dilute aqueous
공업화학, 제 22 권 제 1 호, 2011

solution, and yields a dried residue relatively free of nonsurfactant
substances. It is accomplished by bubbling a stream of nitrogenup
through a column containing the sample and an overlying layer of
ethyl acetate. The surfactant is adsorbed at the water-gas interfaces of
the bubbles and is carried into the ethyl acetate layer. The bubbles
escape into the atmosphere leaving behind the surfactant dissolved in
ethyl acetate. The solvent is separated, dehydrated, and evaporated,
leaving the surfactant as a residue suitable for analysis[40].
Another way to measure anionic surfactants is methylene blue active
substances (MBAS). MBAS bring about the transfer of methylene blue,
a cationic dye, from an aqueous solution into an immiscible organic
liquid upon equilibration. This occurs through ion pair formation by
the MBAS anion and the methylene blue cation. The intensity of the
resulting blue color in the organic phase is a measure of MBAS.
Anionic surfactants are among the most prominent of many substances,
natural and synthetic, showing mehylene blue activity. The MBAS
method is useful for estimating the anionic surfactant content of
waters, but the possible presence of other types of MBAS always must
be kept in mind. This method is relatively simple and precise.
Therecovery with this method is about 94%.
Nonionic surfactants are analyzed by cobalt thiocyanate active
substances (CTAS). They react with aqueous cobalt thiocyanate
solution to give a cobalt-containing product extractable into an organic
liquid. Nonionic surfactants exhibit such activity, as may other natural
and synthetic materials. The recovery with this method is about 92%.
3.6. Endocrine Disrupting Chemicals (EDC) and Pharmaceutical
and Personal Care Products (PPCP)
Different methods, mainly based on LC-MS and GC-MS, in combination
with either polymer or C18-based solid-phase extraction (SPE), are
being developed for the analysis of pharmaceutical compounds. However,
most methods are tailored for neutral compounds (e.g. antibiotics) and
less complex matrices (surface and groundwater), while only a limited
number of papers describe procedures applicable to the analysis of
polar drugs in wastewater.

A typical analytical method includes the use of octadecylsilica,
polymeric, or hydrophilic-lipophilic balanced (HBL) supports for off-line
SPE of water samples, with either disks or, most frequently, cartridges
at low pH (typically pH = 2). Separation techniques include GC and
LC, while, for detection, MS is the technique most widely employed.
Because of the low volatility of polar pharmaceuticals, GC-MS analysis
requires an additional derivatization, which makes sample preparation
laborious and time consuming, and also increases the possibility of
contamination and errors. Moreover, some compounds are thermolabile
and decompose during GC analysis (e.g. carbamazepine forms iminostilben
as degradation product)[48].
As a result, use of LC-MS and LC-MS-MS is increasing. When
reviewing the principal methods for the analysis of pharmaceuticals in
aqueous environmental samples, Ternes[48] indicated that LC-MS-MS
is the technique of choice for assaying polar pharmaceuticals and their
metabolites. However, hepointed out the difficulty in the enrichment
step, as well as the low resolution and signal suppression in the
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Table 11. Analytical Methods of Pesticides[50]
Class

Analysis

Compound

Phenoxy/neutral herbcide

GC/MSD

Bromoxynil, 2,4-D, Dicamba (Banvel), Diclofop-methy (Hoe grass), MCPA, Picloram (Tordon), Triallate
(Avadex), Trifluralin (Treflan)

Sterilant

HPLC/UV

Sulfonylurea pesticide

LC/MS

Atrzine, Bromacil (Hyvar), Diuron (karmex), Linuron, Simazine, Tebuthiuron

Organo-chlorine pesticide

GC/ECD

Aldrin, Mirex, δ BHC (Lindaine), δ Chlordane,α BHC, p,p’-DDT, Endrin, Methoxychlor, Oxychlordane,
p,p’-DDE, Endosulfan I&II, δ chlordane, β BHC, Nonachlor, Heptachlor, Dieldrin, Quintozine (PCNB),
p,p’-DDD

Organo-phosphrous pesticide

GC/MS

Acephate, Fonofos, Demeton, Dimethoate, Naled, Fenitrothion, Fenthion, Chlorpyrifos, Methidathion,
Mevinphos, Ethion, Phorate, Chlorfenvinphos, Malathion, Diazinon, Disulfoton, Parathion

Accent, Oust, Express, Sulfosulfuron, Classic, Ally, Londax, Harmony, Glean, Refine, Prosulfuron

Carbamate pesticide

LC/MS

Aldicarb, Carbofuran, Carbaryl, Methomyl, Methiocarb, Propoxur, Oxamyl, 3-OH-Carbofuran, Aldicarb sulfone

Triazine

GC/MS

Atrazine, Cyanazine, Hexazinone, Propazine, Simazine, Terbutylazine

electrospray (ESI) interface because of matrix impurities. The detailed
measurements of various individual EDCs/PPCPs can be found
elsewhere[49].
3.7. Pesticides

Table 11 summarizes the analytical techniqueof different pesticides.
The majority of pesticides can be measured by GC and HPLC
procedures. The oranochorine pesticides commonly occur in waters that
have been affected by agricultural discharges. The organo-chlorine
pesticides can be detected by not only GC/electron capture detection
(ECD), but also GC/MS. GC/MS can analyze most of organo-chlorine
pesticides. The pretreatment method of pesticide measurement can be
found elsewhere[40].
Chlorinated phenoxy acid herbicides account for the majority of
pesticides used worldwide, and their presence in environmental waters
iswell documented. This group includes mecoprop (MCPP), MCPA,
2,4-D, 2,4-DP 2,4,5-T, 2,4-DB. These compounds are characterized by
high polarity and thermal lability[51]. For these reasons, LC is
generally more suitable for their analysis. However, the methods used
to determine chlorinated phenoxy acid herbicides are still dominated by
GC with either ECD or MS detection. The main disadvantage of GC
analysis is that it requires prior derivatization step, usually using highly
toxic and carcinogenic diazomethane or, less frequently used, acid
anhydrides, benzyl halides and alkylchloroformates.

4. Conclusive Remarks
Physical, chemical and biological characteristics and analytical
methods of organic matter (OM) in water and wastewater have been
reviewed in the paper. The first generation of the aggregated OM
measurements is well established using BOD, COD and TOC. In order
to better identify detailed information, fractionation methods have been
developed with aromaticity, charge density, functional group and size
distribution. The analytical tools and sample preparation are relatively
simple, easy and convenient to provide additional information of OM.
The OM measurements have been also classified into AOM, BDOD
and AOC due to its favourable uptake by different microorganisms,
which lead to the contribution of biological aspects. The analytical

measurements of OM for more detailed OM characterization with a
trace level of concentrations result in the development of various
advanced analytical tools. The tools allow characterising a number of
individual compounds such as SMP, EPS, FOG, protein, surfactant,
EDCs, PPCPs and pesticides using GC/MS, HPLC/MS and NMR.
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