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Abstract 

 

The presence of various organic contaminants in water sources is of concern due to 

their direct threats to human health and potential to react with disinfectants to form 

carcinogenic byproducts including trihalomathanes, haloacetic acids and nitrosoamines 

in water disinfection process. Ultraviolet light coupled with hydrogen peroxide 

(UV/H2O2) is a powerful water treatment technology by forming highly reactive 

hydroxyl radicals. This study examined the relationships between organic matter 

compositions and disinfection by-product formation potential (DBPFP) by two major 

aspects. First, laboratory synthetic water with various compositions of organic carbon 

and nitrogen were treated with UV/H2O2 to evaluate its degradation efficacy. Second, 

both high-pressure and low-pressure ultraviolet light were applied to evaluate its 

efficacy for degradation of six selected nitrogenous organic compounds. After UV/H2O2 

oxidations, corresponding disinfection byproducts (DBPs) formation potentials were 

measured.  

In laboratory synthetic water, it was found that carbon containing precursors were 

relatively easier to mineralize by UV/H2O2 treatment than the nitrogen containing 

compounds. UV/H2O2 processes successfully reduced the precursors of trihalomethanes 

(THMs) and haloacetic acids (HAAs); however, the treatment efficiency was lower for 

N-nitrosodimethylamine (NDMA) precursors. It was also observed that the degree of 

precursor removal was reduced when raw water was contaminated by domestic 

wastewater effluents. In comparison to untreated water, UV/H2O2 treated water 

produced a higher ratio of HAAs than THMs after chlorination. This suggests that a 

higher fraction of hydrophilic compounds was obtained after UV/H2O2 treatment. Raw 

water impaired by wastewater effluent also altered the formation and species 
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distribution of DBPs, since higher ratio of HAAs and brominated DBPs were observed. 

With higher oxidation power and simpler molecular structure, target compounds 

resulted in better reduction of organic matters and DBP formation potentials (DBPFPs). 

However, insufficient contact time and oxidant doses could lead to a rise of DBPFPs in 

the early stages of UV/H2O2 reactions. A greater percentage removal was achieved for 

organic carbon than organic nitrogen after UV/H2O2 treatment, especially for complex 

compounds such as diltiazem. During the UV/H2O2 treatment, the intermediate products 

include tertiary amine, dimethyl amine (DMA) or DMA-like structures, which are 

N-nitrosodimethylamine (NDMA) precursors after disinfection. Furthermore, it was 

observed that using dissolved organic nitrogen and DMA to predict NDMA formation 

potential could lead to biased conclusions because of the complex nature of nitrogenous 

matters in aqueous environments. 
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(advanced oxidation processes, AOPs)

(hydroxyl radicals, OH‧)
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1.2  

    UV/H2O2
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NDMAFP  
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2.1  

(allochthonous)

(autochthonous)

 

 

2.1.1  

    (Thurman and Malcolm, 

1981) 0.45 µm (dissolved organic matter, DOM)

50 30

10 (dissolved organic carbon, DOC)

(humin) (humic acid)

(fulvic acid)

Cook and Langford (1998)

(carboxyl)  

(dissolved organic nitrogen, DON)
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0.5 – 10%

Guo et al. (2003) 60%

1 kDa 0.45 µm 30%

1 kDa 0.45 µm 10%

 

DOM

DOM DON

DOC DON DOC/DON

DON

amine DOC/DON

(Westerhoff and Mash, 2002; Leenheer et 

al., 2007) DOC/DON

0.45 

µm DOC/DON DON

(Guo et al., 2003)  

 

2.1.2  
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(assimiable organic carbonAOC) (Kemmy et al., 1989)

10 – 50% 16% (Jacangelo et al., 

1995; Lee et al., 2006)

(>10 kDa)

(Sohn et al., 2007)

polyamine

polyDADMAC

 

 

2.2    

Rook 1974

(haloacetic 

acids) 1980

(haloacetonitrites)

(halogenated ketones) (chloral hydrates)

Krasner et al. (2006)
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N-nitrosodimethylamine (NDMA) (MX, 

chlorinated furanone)  

(THMs) (Trichloromethane, TCM)

(Bromodichloromethane, BDCM)

(Dibromochloromethane, DBCM) (Tribromomethane, TBM)

(Cantor et al., 1978; 

Yang et al., 1998; Dodds and King, 2001) (The 

Integrated Risk Information System, IRIS) TCM BDCM TBM

Group B2 DBCM Group C THMs

100 µg/L THMs

THMs

(TTHM) 80 µg/L

TTHM 30 µg/L TTHM

10 µg/L  

    (HAAs) (Monochloroacetic acid, 

MCAA) (Monobromoacetic acid, MBAA)

(Dichloroacetic acid, DCAA) (Dibromoacetic acid, DBAA)
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(Bromochloroacetic acid, BCAA) (Trichloroacetic acid, 

TCAA) (Tribromoacetic acid, TBAA) (Dichlorobromoacetic 

acid, DCBAA) (Dibromochloroacetic acid, DBCAA)

(180-250 °C)

(Parrish et al., 1996; Pereira and McGlynn, 1997; Johnson et al., 1998)

HAAs

(Hinckley et al., 2005; King et al., 2005)IRIS

DCAA Group B2 TCAA Group C MCAA

HAA5 1.0 ~ 38.9 µg/L DCAA TCAA

HAA (HAA9) 50 ~ 60%

(Chang et al., 2010) HAAs

HAA5(MCAA MBAA DCAA DBAA TCAA )

60 µg/L WHO MCAA DCAA TCAA 20 

µg/L 50 µg/L 200 µg/L  

 

2.3 THMs HAAs  

THMs HAAs

pH  

Singer THMs HAAs

pyrrole

(Singer, 1999; Plummer and Edzwald, 2001; Chang 

et al., 2006; Hong et al., 2009) Zhao et al. 
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(2006) 500 500,000

500 50%  

pH 7 TCM TBM

pH

pH 8 THMs HAAs pH 6

HAAs pH

(Dore et al., 1982; Liang and Singer, 2003) 

THMs HAAs

THMs TCM

THMs HAAs

(Marhaba and Van, 2000; Buchanan et al., 2006) 

Liang and Singer (2003)

(Boyce and Horing, 1983) 

TTHM HAA

HAA9 HAA5

THMs (Hua et al., 2006)
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glycine

 

THMs HAAs

HAAs 90% THMs 70%

NDMA (Wolfe et al., 1984)

THM

TBM

THMFP

HAAFP

THMFP (Li et al., 

1996 2009 2010  
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2.4  - NDMA 

    

THM

(Nitrosamines)

N-Nitrosodimethylamine (NDMA) N-nitrosodiethylamine 

(NDEA) N-nitroso-n-propylamine (NDPA) N-Nitrosomorpholine (Nmor)

N-Nitrosopyrrolidine (Npyr) N-Nitrosopiperidine (Npip) N-Nitrosodi-n-butylamine 

(NDBA) N-Nitrosodi-n-propylamine (NDPhA) 2.1 N-

(NDMA)

NDMA 1970

NDMA IRIS NDMA B2

0.7 ng/L 10-6

NDMA

(UCMR 2) USEPA, 2007 2002 (CDHS CPDH)

NDMA (notification level) 10 ng/L

(Response level) 300 ng/L

(CDPH, 2009) CDHS NDEA NDPA

notification level 10 ng/L OEHHA

NDMA public health goal 3 ng/L  
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2.1  

 

 

2.4.1 NDMA  

    NDMA

NDMA (N-nitrosation)

(dimethylamine, DMA) tetramethylthiuram disulfide

(UDMH)

NDMA(Choi and Valentine, 2002; Mitch and Sedlak, 2002) Schreiber and Mitch (2006)

UDMH

UDMH  

DMA (Mitch and Sedlak, 2002)  

 

 

 

 



 

 
12

DMA (Schreiber and Mitch, 2006) 

 

 

 

 

 

 

 

NDMA pH 7-8

pH NDMA

NDMA DMA NDMA

(Mitch and Sedlak, 2002) NDMA

NDMA

NDMA NDMA

(Choi and 

Valentine, 2002; Mitch et al., 2003a; Kim and Clevenger, 2007)  

NDMA

(Najm and Trussell, 2001)

NDMA

5 NDMA

(Charrois et al., 2004)

Chen and Valentine (2007) NDMA

3~5 mg/L NDMA 10-40 ng/L

(DOC/DON)

DOC/DON NDMA
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THM (Lee et al., 2007b)

NDMA NDMA

NDMA NDMA

(Sedlak et al., 2005)  

DMA NDMA

DMA NDMA

NDMA NDMA

(Gerecke and Sedlak, 2003)

1-5% NDMA

DMA NDMA

NDMAFP

1 kDa (Pehlivanoglu-Mantas, 2008)

NDMA

NDMA (Oya 

et al., 2008; Schmidt and Brauch, 2008; Park et al., 2009; Kemper et al., 2010) 

 

2.4.2 NDMA  

NDMA

0.6 – 45 ng/mg  

ng/L(Mumma et al., 1984; Padhye et al., 2009)

NDMA 5 – 20 ng/L 1000 ng/L

5 – 30 ng/L NMOR nitrosamine (Krauss et al., 

2009) 1989 Ontario

(Charrois et al., 2007) 1999

/
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NDMA 10 

ng/L NDMA 60 

ng/L NDMA

(CDPH, 2009) alberta 20 NDMA

 100 ng/L (Charrois et al., 2007)

NDMA

ND 4.3 

ng/L 2100 ng/L NDMA

(Asami et al., 2009; Kosaka et al., 2010)

NDMA

NDMA

2010 2010  

 

2.4.3 NDMA  

NDMA NDMA

NDMA

NDMA

NDMA

10 (Mitch et al., 2003b; Lee et al., 

2005; Plumlee et al., 2008)

NDMA NDMAFP 10

(Schreiber and Mitch, 2005) 

NDMA

Lee et al. (2007a)
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(0.5 - 1.0 mM)

NDMA

DMA

DMA

(Andrzejewski and Nawrocki, 2007; Lee et 

al., 2008; Park et al., 2009) NDMA

NDMA DMA

NDMA

NDMA

NDMA NDMA

 

 

2.5 UV/H2O2  

(Advanced Oxidation ProcessesAOP)

Fenton photo-Fenton UV/H2O2 UV/TiO2

O3 O3/H2O2 O3/UV 2.80 V

(Clarke and Knowles, 1982)

UV/H2O2 (homogenous photolysis)H2O2

(UV/TiO2)
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2.5.1 UV/H2O2  

    UV/H2O2 (Legrini et al., 1993)

 

1  

 

 

 

 

 

                                          C*,R*,X*  

 

253.7 nm

UVC C-Cl 210 - 230 nm

190 nm C-F UVB UVA

 

2  H2O2 TiO2 O3

200 – 280 nm

(Von Sonntag, 2008)  

(hydrogen abstraction) (R )

(RHO2 )

S-H C-H O-H  

(electrophilic addition)

OH
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(electron transfer reactions)

(steric hindrance) OH OH-  

    2.2 UV/H2O2 UV

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 UV/H2O2  (Peyton, 1990) 

 

2.5.2  

UV/H2O2 /

pH

 

1

TCE
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PCE dichloromathame carbon tetrachloride (Sundstorm et 

al., 1986)  

2 UVA UVB UVC

254 nm

200 – 400 nm H2O2

H2O2 280 nm

250 nm (Molar Absorption Coefficient) 23.0 L/mol/cm

254 nm 18.6 L/mol/cm 315 nm

0.36 L/mol/cm (Kawaguchi, 1992)

H2O2  

3 H2O2 H2O2 H2O2

slovent cage cage reaction

H2O2 H2O2

H2O2

(Ku et al., 1998; Poon et al., 1999; Wang et al., 2000)  

4 pH H2O2

HO2
- H2O2 pH

pH 6 ~ 10 HCO3
-

CO3
2- pH

(Buxton et al., 1988; 

Wang et al., 2000)  

5 UV/H2O2

(Clarke and 

Knowles, 1982)

20 °C TCE 5 (Sundstorm et al., 
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1986) UV/H2O2  

6 H2O2

 

7 240 nm

H2O2

(Glaze et al., 1987) 27 ppm 5 ppm chlorophenol phenol

40%

(Tseng and Huang, 1991; Wang et al., 2001) 

8

(hydrogen peroxide scavenger)

Co2+ Al3+ Fe3+ Cl- / (Bielski et al., 1985; Kormann et al., 

1991) Cu2+ Fe2+ UV/H2O2 Fe2+ H2O2

Fenton reaction  

 

2.5.3 UV/H2O2  

UV/H2O2

COD

(Beltran et al., 1999; Rodriguez et al., 2007; Wert et al., 2007)

(Wang and Huang, 2006; Toor 

and Mohseni, 2007; Dotson et al., 2010) nitrobenzene

(EDCs) (Rosenfeldt and Linden, 

2004; Bandy et al., 2009; Einschlag et al., 2009; Kim et al., 2009)

110~280 nm UVC UV254

DNA
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UV/H2O2

(Munter, 2001; Sutherland et al., 2004)

45 mJ/cm2 99.9%

540 mJ/cm2 6 mg/L H2O2

80% atrazine NDMA MTBE A

ibuprofen H2O2

(Kruithof et al., 2007) UV/H2O2
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3.1  

NDMA

UV/H2O2

 

UV/H2O2

UV/H2O2 3.1  

    

Histamine

UV/H2O2

UV/H2O2 450 W 3.26 mM 

(0.01%) H2O2 (non-pergeable 

dissolved organic acid, NPDOC) (dissolved organic nitrogen, DON)
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(nitrogen species) (THMs HAAs)

(NDMA)  

    

UV/H2O2

3.1

H2O2

UV/H2O2

NDMA

dimethylamine (DMA)
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3.1 

酚UV/H2O2

酚

UV/H2O2

酚
UV/H2O2

酚

酚UV/H2O2  

酚

 

histamine  

酚

酚

酚

UV/H2O2  

1.NPDOC 

2.DON 

3.UV scan 

DBPFPs 

1.THMFP 

2.HAAFP 

3.NDMAFP 

DOM 

1.NPDOC 

2.DON 

N-species 

1.NH4
+ 

2.NO2
-
 

3.NO3
-
 

4.TN 

1.NPDOC 

2.N-species 

3.turbidity 

4.HAAFP 

 

HPUV/H2O2

diltiazem酚

DOM 

1.NPDOC 

2.DON 

3.  

N-species 

1.NH4
+ 

2.NO2
-
 

3.NO3
-
 

4.DMA 

DBPFPs 

1.THMFP 

2.HAAFP 

3.NDMAFP 

1.DOM 

2.UV spectrum 

3.N-species 

4.NDMAFP 
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3.2  

3.2.1 UV/H2O2  

    8 L 20 

cm 34 cm

5 °C 450 W (Hanovia, Ace Glass co., 

Vineland, NJ) 3.26 mM (0.01%) H2O2

10

3.2  

450 W 3 L

13.2 cm 30 cm H2O2

14 W

254 nm 650 mL (Watertec, Taiwan)

5.7 cm 27.2 cm 3.3

5 °C

3 diltiazem

H2O2

0 mM 6.5 mM 3.26 mM

10 2.6 mM H2O2 H2O2
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3.2  

酚 酚

酚

酚

酚

酚

酚

酚

酚
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3.3  
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3.3  

1 µm

histamine

histamine

Aldrich RO pH 2

0.45 µm pH PE

1 µm

4 °C

histamine

UV/H2O2 pH

6.5 7.5 pH

3.1  

UV/H2O2

3.1 RO 1 µm

NPDOC 5 mg/L DON

3 mg/L Sigma-Aldrich (St. Louis, MO, USA)

Merck (Darmstadt, Germany)

pH  
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3.1  

 

   

pH 6.53 ± 0.18 6.76 ± 0.39 

SS (mg/L) 6.63 ± 2.14 - 

COD (mg/L) 15.02 ± 2.68 - 

Cl- (mg/L) 11.54 ± 0.45 4.43 ± 0.02 

NH4
+ (mg-N/L) 8.66 ± 4.14 0.62 ± 0.02 

NO3
2- (mg-N/L) 7.07 ± 0.34 0.07 ± 0.10 

NO2
- (mg-N/L)  0.79 ± 0.02 0.09 ± 0.00 

SO4
2- (mg/L) 9.02 ± 0.15 4.36 ± 0.01 
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3.2  

 

    

Atrazine C8H14ClN5 215 

 

 

 

Caffeine C8H10N4O2 194 

 

 

 

Diltiazem 
C22H26N2O4S

2HCl 
414 

 

 

 

Dimethylamino propyl 

methacrylamide 

(DMAPMA) 

C9H18N2O 170 

 

 

 

Glutamic Acid C5H9NO4 147 

 

 

 

Histamine 2HCl‧  C5H8N3 2HCl 184 

 

 

 

Melamine C3H6N6 126 

 

 

 

Triethanolamine C6H15NO3 149 

 

 

 

Urea CH4N2O 60 
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3.4 THMFP HAAFP NDMAFP  

        

THMFP HAAFP

pH 7 40 mL

7 20 

mg/L (as Cl2)

60 mg/L (as Cl2)

THM HAA pH

2 HAA  

NDMA Mitch et al. (2003a)

7

1.2 1 (pH = 8) N,N 

- diethy1 - p - phenylenediamine (DPD) ferrous titrimetric method (Standard Method 

4500-Cl F) 2 mM 0.5 mM

2 mM  
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3.5  

    UV/ H2O2 0.45 

µm brovine catalase

H2O2 calatase

4 °C 7  

 

3.5.1  

    (NPDOC non-purgeable dissolved 

organic carbon) 0.45 µm 2 1N HCl

(TOC – 5000A

Shimadzu Kyoto Japan) NPDOC

TOC 0.1 mg/L as NPDOC

NPDOC 0.22 µm 1 µm 5µm

NPDOC<0.22 µm NPDOC0.22-0.45 µm NPDOC0.45-1 µm NPDOC1-5 µm

NPDOC<0.45 µm  

1.  

(1) (Potassium hydrogen phthalate)  

(2) (Hydrochloric acid) ACS grade 37% Sigma-Aldrich 

 

3.5.2  

3.5.2.1  

    (DON)

 

 [DON] = [TDN] - [NO3
--N] - [NO2

--N] - [NH4
+-N] 
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3.5.2.2-5  

 

3.5.2.2  

(Standard Method 4110B) Dionex 

DX-120 ion chromatography (Sunnyvale, CA, USA) IonPac AS4A-SC 

(Sunnyvale, CA, USA) 1.8 mM 1.7 mM

2 mL/min 500 µL 50 µg/L

(OnGuard II Ag Cartridge, DIONEX, 

CA, USA)  

1.  

(1) (Nitrate Standard Solution)1000 mg/L as Nitrate Merck 

(2) (Sodium Carbonate) 99.0% Ridel-deHaen 

(3) (Sodium Bicarbonate) 99.0% Ridel-deHaen 

 

3.5.2.3  

(Standard Method 4500-NO2
- B)

N-1- (N -(1- naphthyl)-ethylenediamine 

dihydrochloride)

0.2 ml 5 ml 10

543 nm 1 cm 10 

µg/L (Shimadzu 

UV 160A, Kyoto, Japan).  

1.  

(1) (Nitrite Standard Solution) 1000 mg/L as Nitrite Merck 
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(2) (sulfanilamide) 99% Aldrich 

(3) N 1 (N -(1- naphthyl)-ethylenediamine 

dihydrochloride) ACS grade >98% Sigma-Aldrich 

(4) (Phosphoric Acid) 85% Sigma-Aldrich 

 

3.5.2.4  

MERCK Spectroquant®

indophenol blue( Standard Method 

4500-NH3 D) 5 ml 0.6 mL 9N 

5

5 690 nm

1 cm 50 µg/L

(Shimadzu UV 160A, Kyoto, Japan). 

1.  

(1) (Ammonium Standard Solution)1000 mg/L as Nitrite AccuStandard 

(2) Spectroquant® Test Kit - Ammonium Cell Test Merck 

 

3.5.2.5 (TN) 

Koroleff 

 (Wang et al., 2003) ( 3:2)

2,6- 4- -2,6- 5 mL

1 mL 10 mL

100 °C 1 mL

4 mL 15 337 nm

1 cm 0.1 mg/L
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(Shimadzu UV 160A, Kyoto, Japan). 

 

(1) (Potassium persulfate)ACS grade 99% Sigma-Aldrich 

(2) (Sodium hydroxide) reagent grade 98% Sigma-Aldrich 

(3) 2,6- (2,6-dimethylphenol) 99% Aldrich 

(4) (Sulfuric acid) ACS grade 95-98% Sigma-Aldrich 

(5) (Phosphoric Acid) 85%  Sigma-Aldrich 

 

3.5.2.6 (DMA) 

   DMA (dansyl chloride) DMA

(dansyl DMA) (Cha et al., 2006) DMA 150 µL

75 µL 1M NaOH 300 µL 0.5M NaHCO3

200 mg/L 225 µL 40 °C

10 UPLC/MS/MS DMA

(ultra performance liquid chromatography, ACQUITY UPLC system, 

Waters, Milford, MA, U.S.A.) Quattro Premier

(Quattro Premier XE, Waters, MA, U.S.A.) 100 mm C18 (BEH 

C18 UPLC column, Waters) 60 °C

(acetonitrile) 10 mM

(N-methylmorpholine) 0.5 ml/min 50 µg/L

pH DMA dansyl chloride

DMA pH 3.5 5.5 9.5

pH 9.5 pH 3.5 pH 5.5

pH9.5 95% pH 7

DMA
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1.  

Instrument parameters 

Ionization Mode ESI + 

Parent Ion 279.4 

Daughter ion 156 

capillary Voltage 3.5 kv 

Cone Voltage 28 V 

Collision Energy  24 V 

Source Temperature 120 °C 

Desolvation Temperature 250 °C 

Cone Gas Flow 50 L/hr 

Desolvation Gas Flow 800 L/hr 

 

2.  

 (%) (%) 

1. 0 min 80 20 

2. 2.0 min 100 0 

3. 2.1 min 80 20 

4. 2.5 min 80 20 

 

3.  

(1) (Dimethylamine) : 40% w/w aqueous solutionAlfa Aesar 

(2) (Dansyl Chloride): 99%, HPLC grade Sigma-Aldrich 

(3) (Sodium Bicarbonate) : 99.0% Ridel-deHaen 

(4) (Sodium Carbonate) : 99.0% Ridel-deHaen 

(5) (Acetonitrile) : 99.9% Mallinckrodt 

(6) (N-methylmorpholine) : redistilled 99.5% Sigma-Aldrich 
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3.5.3 H2O2  

H2O2

H2O2 Ti( ) 400 nm

(K2[TiO(C2O4)2] 2H2O) 272 ml (36N)

300mL 1000 mL 35.4 g

1000 mL H2O2 5 ml 5 mL

25 mL 400 nm

1 cm 0.02 mM  

1.UV-VIS UV-160A Shimatzu Kyoto, Japan 

2.  

(1) (Hydrogen Peroxide) 30%(W/W) Sigma-Aldrich 

(2) (Potassium Titanyl Oxalate) 99 Sigm-Aldrich 

(3) ACS grade 95-98% Sigma-Aldrich 

 

3.5.4  

10 mL Hach 2100P 

Portable Turbidimeter (Loveland, CO, USA) 

 

3.5.5 pH 

    pH pH Jenco Model 6171, San Diego, CA, 

USA  

 

3.5.6 THMs  

THMs EPA 524.2 /

(purge and trap/GC/MS) (
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5 mL) THMs

220

O.I. Analytical Eclipse 4660 

Purge-and-Trap Sample Concentrator (O.I. Corporation, TX, USA)

Agilent 6890N (Agilent Technologies, CA, USA) RTX – Volatiles (60 m x 

0.32 mm ID coating 1.5 µm DF ,Supelco) 5970MSD (Agilent, Cary, NC, 

USA) 2 µg/L  

 

1.  

  

(mL/min) 

 

(°C) 

 

(min) 

purge  40 - 11 

Desorb  190 190 4 

Bake   210 15 

 

2.  

 (°C)  

1 100 5 min 

2 100 to 220 20 °C/min 

3 220 5 °C/min 

 

3.  – Scan mode 

   

Benzene – d6 84 56 

 83 85 

 83 128.9 

 128.9 126.9 

 172.8 170.8 
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4.  

(1) trihalomethanes Calibration Mix 200 µg/mL in methonal 

(Supelco) 

(2) Benzene – d6 2000 µg/mL in methonal (Supelco) 

 

3.5.7 HAAs  

USEPA Method 552.3 HAA

USEPA Method 552.3 30 mL

2-Bromobutyric acid surrogate pH<0.5 3 

ml 1,2,3-Trichlropropane MTBE 13.5 g

1

2 ml 15 mL 2 mL 10%

50 °C 2

5 mL (150 g/L) 2 mL

1 

mL 1.8 mL 4 °C HAA

(Model 6890N, Agilent Technologies, CA, USA)

DB-1701 (30 m x 0.25 mm, 0.25 µm thickness, Agilent)

(micro-electron capture detector)  

 

1.  

 °C   

1 40 10 min 

2 40 to 65 2.5 °C/min 

3 65 to 85 10 °C/min 

4 85 to 205 20 °C/min 

5 205 7 min 
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2.  

 (min) 

MCAA 9.769 

MBAA 14.63 

DCAA 15.45 

TCAA 19.21 

1,2,3-Trichlropropane 20.96 

BCAA 21.49 

2-Bromobutyric acid 21.85 

BDCAA 23.75 

DBAA 24.16 

DBCAA 25.68 

TBAA 27.02 

 

3.  

(1) 1,2,3 - (1,2,3-Trichlropropane) 98.9% Supelco 

(2) 2 - (2-Bromobutyric acid) 99.9% Supelco 

(3) (HAA standard solution) : 96.9-99.9% purity for 9 HAAs 

standards Supelco 

(4) (Methyl tert-buytl ether): 99% Riedel-deHaen 

(5) (Methnol): HPLC grade Mallinckrodt 

(6) (Sodium sulfate anhydrous): 99%Riedel-deHaen 

(7) (Sodium bicarbonate): 99%Riedel-deHaen 

(8) (Sulfuric acid): 99% Fluka Chemika 
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3.5.8 NDMA 

NDMA (solid phase 

microextration, SPME) GC/MS/MS

GC/MS NDMAFP

SPME NDMAFP

NDMA  

 

GC/MS/MS 

NDMA 4.5 mL 12 mL

0.6 (NDMA-d6)

50 ng/L 1.45 g NaCl 300 rpm

85 °C

250 °C

Varian 4000 GC/MS CP-3800 GC 4000 ion trap mass spectrometer 

(Varian Inc., CA, USA) Factor Four VF - 624ms capillary 

column (60 m x 0.25 mm, 1.4 µm thickness, Varian Inc., CA, USA) 3.2 

ng/L(Hung et al., 2010)  

 

1.  

Instrument parameters 

Ionization Mode CI + 

Reagent Gas Methanol 

Transfer line temperature 250 °C 

Ion Trap MS system temperature 150 °C 

Emission Current 50 micro-ampere 

Multiplier Voltage 300 volt 

Carrier Gas He (1 mL/min) 
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2.  

 

  (min) m/z  (m/z) 

NDMA 12.1 75 44, 47, 58 

NDMA- d6 12.1 81 50 

 

3.  

 °C   

1 50 2 min 

2 50 to 90 10 °C/min 

3 90 1 min 

4 90 to 200 15°C/min 

5 200 8 min 

6 200 to 220 20 °C/min 

7 220 2 min 

  43.33 min 

 

4.  

(1) nitrosoamines mixture standard solution 2000 ng/mL in methylene 

chloride ChemService 

(2) NDMA - d6 2000 ng/mL in methylene chlorideChemService 

(3) Sodium Chloride 99.0% Sigma-Aldrich 

 

GC/MS 

    NDMA (Raksit and Johri, 2001) 100 mL

125 mL 20 ng NDMA- d6 20 mL 

(dichloromethane) 2

60 mL 0.5 mL
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1 mL 1.8 mL 2

20 ng/L  

 

1.  

Instrument parameters 

Ionization Mode Electron Ionization 

Scan mode SIM 

Injection Volume 2 µL 

Carrier Gas He (1 mL/min) 

 

2.  

 

  (min) m/z  

NDMA 12.3 74 

NDMA- d6 12.2 80 

 

 3.  

 °C   

1 50 2 min 

2 50 to 90 10 °C/min 

3 90 1 min 

4 90 to 200 15°C/min 

5 200 8 min 

6 200 to 220 20 °C/min 

7 220 20 min 

  43.33 min 

 

4.  

(1) nitrosoamines mixture standard solution 2000 ng/mL in methylene 

chloride ChemService 
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(2) NDMA - d6 2000 ng/mL in methylene chloride, ChemService 

(3) methylene chloride 99.9% Mallinckrodt 

(4) Sodium sulfate andyhrous 99.2% Mallinckrodt 
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4.1 UV/H2O2  

UV/H2O2

Histamine

(PPCPs)

UV/H2O2

histamine His/HA

(WW)

WW-U Histamine 0 mg N/L 0.25 

mg N/L 0.5 mg N/L 5 mg/L

5% 10% 20%

1 µm

UV/H2O2
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1-2 mg/L 0.1 mg N/L 1 µm

13 mg/L 0.4 mg N/L

NPDOC DON 4.1 UV/H2O2 H2O2 0.01 

% v/v 3.26 mM  

 

4.1 H2O2 NPDOC DON  

 

  [H2O2]0 

(mM) 

[NPDOC]0 

(mg/L) 

[DON]0 

(mg N/L) 

0 mg N/L 3.26 5.09 0.12 

0.25 mg N/L 3.26 5.35 0.34 
Histamine 

 
0.5 mg N/L 3.26 5.41 0.61 

5% 3.26 1.87 0.78 

10% 3.26 2.24 1.43 
WW 

* 
20% 3.26 3.11 1.86 

5% 3.26 2.15 0.37 

10% 3.26 2.38 0.63 
WW-U 

* 
20% 3.26 2.84 1.09 

* WW WW-U  
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4.1.1 NPDOC  

UV/H2O2 4.1

UV/H2O2 NPDOC

His/HA 5-10 4.1A 10

60 NPDOC 40 - 60%

(Dwyer et al., 2008) His/HA

1µm

0.45 1 µm NPDOC 0.45 µm

0.45 µm 0.45 µm

NPDOC NPDOC

0.45 µm

His/HA

histamine

NPDOC 5 - 5.4 mg/L histamine

NPDOC 0.7 mg/L NPDOC 10%

histamine  

4.1B

(WW) 10 NPDOC

6.63 mg/L

10% NPDOC

10 NPDOC

10

NPDOC NPDOC

4.1 C



 

 
47

10

NPDOC UV/H2O2

UV/H2O2

UV UV

H2O2

30 60 10% WW NPDOC 80 45

10% WW-U NPDOC 20 60% 60

30 UV/H2O2

5% - 20%

NPDOC 1.8 mg/L 2.15

2.84 mg/L NPDOC 0.25-1 mg/L

20% NPDOC 30

NPDOC 40-50 60 5% NPDOC

10% 20% NPDOC NPDOC 1 mg/L

UV/H2O2
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4.1 UV/H2O2 NPDOC  

A His/HA B WW C WW-U ([H2O2] 0 = 3.3 mM) 
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Histamine Spiked Dose
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4.1.2 DON  

UV/H2O2

His/HA

4.2A histamine 60 DON

histamine DON 0.25 mg N/L

0.5 mg N/L 80% 70%

histamine

1% (Malcolm and Maccarthy, 1986)

0.13 mg/L

histamine Histamine

histamine

DON

histamine

DON 0.25 mg N/L 0.5 mg N/L

0.09 mg N/L 0.2 mg N/L

histamine

 

4.2B UV/H2O2

60 DON 0 - 

20% 4.2C

5% 10% WW-U 10 DON

DON 60

50% DON 20% WW-U DON
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20 DON 30 – 60

PPCPs

WW

UV/H2O2 60 DON

0.45 µm

0.45 µm DON

UV/H2O2 DON

DON WW-U WW

0.8 – 1.8 mg N/L 0.4 – 1.0 mg N/L

0.45 µm

DON  
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4.2 UV/H2O2 DON  

A His/HA B WW C WW-U ([H2O2] 0 = 3.3 mM) 
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4.1.3  

4.3A

DON NH4
+ - N NO3

- - N 0.1 mg N/L

0.1 mg N/L 0.2 mg N/L NO2
- - N

His/HA

0.01 – 0.02 mg N/L

1.8 V

C-N

0.25 mg N/L 0.5 mg N/L DON

4.3

histamine

Histamine

histamine 0.5 mg N/L 0.17 mg N/L

0.15 mg N/L 0.25 mg N/L

0.07 mg N/L

histamine DON 0.08 mg N/L

histamine  

4.4

UV/H2O2

DON 0.45 µm

DON 5%
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5% DON NPDOC 0.4 mg N/L 1.5 mg/L

6.63 mg/L DON NPDOC

DON NPDOC

 

4.5 DON

4.3B

DON

0.45 µm

5%

DON 10 0.5 mg N/L 10% 20% DON

5 1 mg N/L
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4.3 histamine UV/H2O2  

A  B 0.25 mg/L C 0.5 mg/L ([H2O2] 0 = 3.3 mM) 
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4.4 UV/H2O2

A 5% B 10% C 20% ([H2O2] 0 = 3.3 mM) 
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4.5 UV/H2O2

A 5% B 10% C 20% ([H2O2] 0 = 3.3 mM) 
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4.1.4  

    

UV/H2O2

NPDOC

1 µm

10% 0 mL 1 mL 5 mL

UV/H2O2

0.5 NTU 2.5 NTU 14 NTU

5 mL

0.44 mg N/L 0.62 mg N/L

1.00 mg N/L 4.6

60 5 mL

0.15 mg N/L

5

 

1 mL

5 mL

5 mL 
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UV/H2O2

60 1 mL

UV/H2O2

UV/H2O2

60 50% UV/H2O2
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4.6 UV/H2O2

10% A 0 mL B 1 mL C 5 mL ([H2O2] 0 = 3.3 mM) 
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4.1.5 THMFP  

        UV/H2O2 THMs

UV/H2O2 20 ppm THMFP

0.25 mg N/L 0.5 mg N/L His/HA 10%

20% WW WW-U UV/H2O2 THMFP

4.7 4.8 0.25 mg N/L 10%WW WW-U

THMFP  

His/HA 4.7A histamine NPDOC

7.8% 15% 4.7A THMFP

THMFP UV/H2O2

UV/H2O2 90% THMFP histamin

THMFP 691 µg/L 79 µg/L 0.25 mg N/L histamine 714 µg/L

131 µg/L 0.5 mg N/L histamine 637 µg/L 55 

µg/L THM

THMFP

UV/H2O2

THM histamine 91%

70% THM

NOM

histamine THM

THM HAA (Singer, 1999)

histamine

histamine

THMFP (Hong et al., 2009) THMFP
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NPDOC

THMFP

NPDOC THMFP

THM  

    

20 mg/L

THMFP 4.7B C 5

THMFP 2

THM 142 µg/L 76 µg/L 20%

NPDOC 2 mg/L 3 mg/L

THMFP 5% WW

THMFP WW-U 0.5

20% WW THMFP 5% WW 0.25

20 mg/L 7

THMFP

THMFP THMFP  

    NPDOC THMFP

UV/H2O2 10 5%WW THMFP

10 - 30 THMFP 20% WW

THMFP 10 UV/H2O2

30 THMFP NPDOC

THMFP
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THMFP UV/H2O2 0 – 20

50% 20 – 60 THMFP

5% UV/H2O2

THMFP

THMFP  

    WW WW-U THM

5% WW 20%WW

56% 32% 60

THMFP 38% 10%

THM 5% WW 16%

28% 20% WW 34% 86%

HOBr 5% 

WW-U 67% 53%

8% 14% 20% WW-U 51% 18%

12% 50% WW  
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4.7 UV/H2O2 THMFP

A His/HA B WW C WW-U ([H2O2] 0 = 3.3 mM) 
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4.1.6 UV/H2O2 HAAFP  

    His/HA WW WW-U UV/H2O2

THMFP

UV/H2O2

HAA 4.8 A His/HA

HAAFP UV/H2O2

75% - 80% HAAFP HAA

His/HA HAAFP 513 µg/L 131 µg/L 0.5 mg N/L

HAAFP 550 µg/L 100 µg/L (Hong et al., 2009) 

HAA 0.5 mg N/L histamine

HAAFP HAAFP 10% histamine

HAA

UV/H2O2

HAAFP  

    HAFFP THMFP

HAAs THMs

5% WW-U HAAFP

WW 82 µg/L 47 µg/L 20%

WW-U HAAs WW 50 µg/L

12 µg/L

20 mg/L

HAAFP

HAA HAAFP

THMFP HAAFP
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5% WW 30 HAAFP

60 30% 20% WW

HAAFP UV/H2O2 5

12 µg/L 34 µg/L HAA

HAA WW-U

UV/H2O2 20 HAAFP

5% 20%WW-U HAA 50% 30%

UV/H2O2 HAAFPs

THMFP WW-U

HAAFP WW HAA

HAA THM

HAA Liang and Singer, 

2003 HAA THMFP

HAAFP  
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4.8 UV/H2O2 HAAFP  

 A His/HA B WW C WW-U ([H2O2] 0 = 3.3 mM) 
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4.1.7  

HOBr

H2O2

UV/H2O2

0.5 mg/L 7

His/HA WW-U

UV/H2O2

4.9  

THMFP His/HA UV/H2O2

TTHMs

60 72% WW

4% 16%

His/HA 31%

37% 3% 10% HOBr HOCl TTHMs

UV/H2O2 681 mg/L 767 mg/L UV/H2O2

88 mg/L 95 mg/L WW

26% UV/H2O2 47% UV/H2O2

62% UV/H2O2 4% TTHMs

THMFP 2 – 

3 UV/H2O2

HOBr HOBr

TTHMs
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    THMFP HAAFP

4.9 C His/HA

UV/H2O2 HAA TCAA 38% BCAA 50%

UV/H2O2 60 TCAA BCAA 16%

0.5 mg/L MCAA

DCAA 10%

TBAA UV/H2O2 10

TBAA DBAA MBAA DBCAA 40% HAA

HAA

WW

MBAA BDCAA TCAA

MBAA UV/H2O2 20%

BDCAA UV/H2O2  

    pH DBPFP

DBP (Liang and Singer, 2003; Buchanan et al., 2006; Wang and 

Huang, 2006) DBPs

Cl-THMs

THM HAA Br-THMs

pH pH=8 Br-DBPs

THMFP HAAFP

WW

Br-DBPs
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THMFP

UV/H2O2 HAAFP

UV/H2O2 HAA

pH UV/H2O2

pH 6.5-7.5

pH
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4.9 UV/H2O2 DBPFP C-DBPs A His/HA-THMFP 

(B)WW-THMFP (C)His/HA-HAAFP (D) WW-HAAFP 0.5 mg/L

T
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 (

%
)
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TCM
DCBM
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TBM
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681 767 319 464 260 306 161 195 88 95
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%
)
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)
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)
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31 41 45 45 40 37 35 36 20 21

time (min)

( D )
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4.1.8 UV/H2O2 THMFP HAAFP  

    THMFP HAAFP

C-DBPs 4.2

THMFP HAAFP

His/HA

THMFP/HAAFP

Histamine THMFP/HAAFP 1.34 0.60 Histamine

C-DBP

THMFP HAAFP

HAA (Liang and 

Singer, 2003) HAA

HAA

HOBr

THMFP/HAAFP

HAA THMFP/HAAFP

THMFP/HAAFP  

   WW WW-U

5% WW-U

THMFP/HAAFP 2.12

1.2 THMFP/HAAFP His/HA

WW

C-DBPFP THM HAA
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THMFP/HAAFP

HAAFP THMFP
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4.2 UV/H2O2 THMFP/HAAFP  

 

 His/HA WW WW-U 

Br = 0 mg/L 0 mg/L 0.25 mg/L 0.5 mg/L 5% 10% 20% 5% 10% 20% 

0 min 1.34 2.97 1.16 1.62 0.93 1.46 2.12 2.60 0.66 

5 min 0.72 1.27 0.55 1.80 0.94 0.84    

10 min 1.14 1.22 0.73 1.61 1.18 1.07 

30 min 0.78 1.35 0.31 0.96 0.99 0.52 
1.59 1.99 0.66 

60 min 0.60 0.75 0.55 1.04 0.68 0.47 1.23 2.20 0.61 

Br = 0.5 mg/L 0 mg/L 0.25 mg/L 0.5 mg/L 5% 10% 20% 5% 10% 20% 

0 min 2.03 5.06 1.60 1.83 2.89 1.66 1.93 2.16 1.76 

5 min 1.17 1.92 0.81 4.07 4.00 2.46    

10 min 0.68 1.69 0.88 4.45 3.78 3.51 

30 min 0.85 1.67 0.95 2.14 1.97 1.06 
1.56 2.61 1.64 

60 min 0.57 1.07 0.75 2.48 1.33 0.92 1.07 2.06 0.45 

WW-U  0, 20, 60  

73  
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4.1.9 UV/H2O2 NDMAFP  

    UV/H2O2 NDMA 1 

µm 10% 3.26 mM

H2O2 UV/H2O2 0 20 60

NDMA 2.0 mM 0.05 

mM 2.0 mM NDMA

0.05 mM NDMA 4.10

NPDOC DON NDMA NPDOC

50% 2.39 mg/L 1.21 mg/L DON

0.216 mg N/L 0.108 mg 

N/L 50% NPDOC DON 4.1.1-2

UV/H2O2  

Nitrosamine NDMA

NDMA 2 mM

66 ng/L 34 ng/L 0.05 mM 20 ng/L 11 ng/L

NDMAFP 30 50 60

NPDOC DON

NDMA

NDMA NPDOC UV254 DON DMA

NDMA (Chen and Valentine, 2007; Lee et al., 

2007a) NPDOC UV254 NDMA

THMFP DOC

NDMA
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NDMAFP  

DON NDMAFP DON

NDMAFP UV/H2O2 NPDOC

DON 30 60 NDMAFP

30 NDMA

50% H2O2

NDMA

DMA

NDMA

UV/H2O2

DMA 30 DON NDMAFP

30-60 H2O2

DON

NDMAFP  

0.05 mM NDMAFP 10 ng/L

2 mM NDMA 68 ng/L

NDMAFP 40 3 NDMA

NDMA

UV/H2O2 UV/H2O2

NDMA

40

NDMAFP 10 ng/L

notification level
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NDMA 10 ng/L

NDMA  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.10 UV/ H2O2

NPDOC DON NDMA  
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4.2 UV/H2O2  

    UV/H2O2

4.1.5 4.1.6

HAAFP

HAAFP 20 mL RO

1990 NPDOC 5 

mg/L H2O2 3.26-16.6 mM

UV/H2O2 16.3 mM H2O2 60

NPDOC 30 60

5 µm 1 µm 0.45 µm 0.22 µm

1 ~ 5µm 0.45 ~ 1µm

0.22 ~ 0.45µm 0.22µm TOC

HAAFP  

 

4.2.1 UV/H2O2 NPDOC TOC  

    18 NTU

4.11

20 30% 13 NTU 60 8 NTU

NPDOC 60

0.45 µm NPDOC<0.45 µm 150% 2.48 mg/L 3.36 

mg/L NPDOC 0.016 mg/L/min

0.22 µm NPDOC<0.22 µm 130% 2.04 mg/L 3.09 mg/L

0.22 0.45µm NPDOC 0.003 

mg/L/min NPDOC
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(Ku et al., 1998) H2O2

H2O2 H2O2

1.4 mM

NPDOC

NPDOC

5 60 NPDOC>0.45 µm/NPDOC<0.22 µm 1.03 – 1.09

CO2 0.22 µm NPDOC

0.45 µm 0.22 µm 0.22 µm

NPDOC

NPDOC

0.22 µm NPDOC

 

 

 

 

 

 

 

 

 

 

 

4.11 UV/H2O2 NPDOC NTU

([H2O2] 0 = 16.3 mM) 
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8 L

30

12 ~ 13 NTU 60 8 NTU

UV/H2O2 40% 4.12  NPDOC<5 µm 5% 4.56 

mg/L 4.81 mg/L 5 µm

NPDOC 5 µm

COD  

5 µm NPDOC

NPDOC  

[1-5 µm] = [5 µm] - [1 µm] 

[0.45- 1 µm] = [1 µm] - [0.45 µm] 

[0.22- 0.45 µm] = [0.45 µm] - [0.22 µm] 

[<0.22 µm] NPDOC  

UV/H2O2 NPDOC

60 [1 ~ 5 µm] [0.45 ~ 1 µm] [0.22 ~ 0.45 µm]

[< 0.22 µm] NPDOC 30 22% 190% 21% 295%

NPDOC1-5 µm 30

40.5% 60 8.6%

NPDOC<0.22 µm

30

0.22 µm 50%

TOC

1 µm 1 ~ 

5 µm
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30-60

NPDOC1-5µm

90% 1 µm

0.22 ~ 0.45 µm < 0.22 µm

NPDOC 0.45 µm

0.45 µm 0.22 

µm NPDOC<0.22µm NPDOC 50.1%

61.3% NPDOC0.22-0.45µm 40.5% 8.6% Dwyer 2008

melanoidin UV/H2O2

>10 KDa

<1 kDa
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4.12 UV/H2O2 NPDOC ([H2O2] 0 = 16.3 mM) 

N
P

D
O

C
 c

on
c.

 (
m

g/
L)

0

1

2

3

4

5

6

~ 5 µm

~ 1 µm

~ 0.45 µm

~ 0.22 µm

30 min 60 min

1 ~ 5 µm
0.45 ~ 1 µm

0.22 ~ 0.45 µm

 ~ 0.22 µm40.5 %

50.1 %

8.7 %

61.3 %

8.6 %

15.7 %14.4 %

0.7 %

30 min 60 min
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4.2.2 UV/H2O2 HAAFP  

    DBPs

1999 THMFP

>10 KDa 0.5-5KDa

HAA THM

HAAFP TOC mg/L

HAAFP HAAFP 60 mg/L as chlorine

0 - 5 µm 0 – 1 µm 0 - 0.45 µm 0 - 0.22 µm

HAAFP 0.5 mg/L HAA

4.13  

    30 mg NPDOC HAAFP

0 - 0.45 µm 0 - 0.22 µm 0.22 - 0.45µm

TOC HAAFP 0 - 1 µm TOC

HAA 0 - 5 µm HAAFP 0 

- 0.45 µm HAAFP 0 - 0.45 µm

HAAFP

60 mg/L

HAA HAAFP 60

mg TOC HAAFP

30 0 - 0.45 µm

0 - 0.22 µm HAA

HAAFP 30 0 - 5 µm

0.22 µm TOC 60% 0 - 0.22 µm HAAFP

5 µm 1 - 5 µm
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HAAFP  

    30 HAAFP

mg TOC HAA

5% HAAs TCAA

DCAA BCAA BDCAA 4.1.7

60

HAAFP 15% 40%

0 - 0.22 µm TOC

4.1.7

HAAFP  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.13 UV/H2O2 NPDOC

HAAFP NPDOC mg/L  

Molecule range (µm)

H
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30 min 60 min
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4.3 UV/H2O2  

    

THMs HAAs

NDMA UV/H2O2

UV/H2O2

 

 

4.3.1  

    UV//H2O2

UV//H2O2

NPDOC DON UV

caffeine histamine glutamic acid urea

NPDOC 5 mg/L

5 mg/L NPDOC

2.9 mg N/L 3.5mg N/L 1.2mg N/L 11.7 mg N/L 450 W

UV 8 L 3.26 mM H2O2

60 NPDOC 4.14 urea

C-C UV//H2O2

60 NPDOC 5% glutamic acid

NPDOC 20 NPDOC 6% 98%

NPDOC caffeine histamine

NPDOC 60 20% NPDOC Urea DON
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NPDOC 60 5%

UV/H2O2

DON DON

NPDOC DON

 

    4.15 UV 5

5 UV Urea

glutamic acid

H2O2

catalase 30 H2O2

H2O2

UV

Urea glutamic acid NPDOC DON

UV Caffeine histamine

4.16 caffeine 275 nm 205 nm

histamine 210 nm UV/H2O2 5 caffeine

histamine

NPDOC DON

UV

NPDOC DON

 

    UV/H2O2 urea

glutamic acid NDMA

malemine
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triethanolamine (TEA) Dimethylamino propyl methacrylamide(DMAPMA)

DON 3 mg N/L

3 mg N/L malemine TEA DMAPMA

NPDOC 1.28 mg/L 15.4 mg/L 11.5 mg/L melamine

NPDOC DON 10%

DON TEA DMAPMA

NPDOC 50% DON 20%

TEA DMAPMA

H2O2

3.26 mM H2O2 H2O2 60

H2O2 UV H2O2

UV

H2O2 UV/H2O2

NPDOC 5 mg/L H2O2 3.26-16.6 mM

HPUV/ H2O2 3.26 mM H2O2  
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4.14 UV/H2O2  

A NPDOC B DON ([H2O2] 0 = 3.3 mM)
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4.15 UV/H2O2 UV  
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4.3.2 UV/H2O2 NPDOC  

4.3.1 2010

NDMA

UV/H2O2

atrazine caffeine diltiazem Dimethylamino propyl methacrylamide

DMAPMA) histamine triethanolamine (TEA)

4.2

DON 3 mg N/L 60 UV/H2O2

UV/H2O2 3.1.1 3.3

UV/ H2O2 60

H2O2 HPUV LPUV H2O2

3.26 mM 0.01% 0.326 mM 0.001%

UV254 UV340 UV365

HPUV LPUV HPUV

200-400 nm 4.16(Wang et al., 2000) 

 

4.3 HPUV LPUV  

 UV range (nm) UV intensity at specific wavelength (mW/cm2) 

  UV254 UV340 UV365 

HPUV 200-400 1.53 1.98 6.64 

LPUV 254 0.04 0 0 
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4.16 HPUV  

 

DON 3 mg N/L NPDOC

NPDOC 4.11 mg/L 

(atrazine) 5.14 mg/L (caffeine) 28.29 mg/L (diltiazem) 11.57 mg/L (DMAPMA)

4.29 mg/L (histamine) 15.43 mg/L (TEA) NPDOC

4-28 mg/L

HPUV/H2O2 NPDOC

30 4.17A NPDOC diltiazem

diltiazem

s-triazine-ring UV/H2O2 60

40% NPDOC

DMAPMA 60 60%

NPDOC TEA 60 80%

NPDOC TEA
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30 80 NPDOC DMAPMA

TEA TEA C/N 6 DMAPMA

4.5 diltiazem C/N 11

2 DMAPMA TEA

histamine caffeine NPDOC

30 60% 70% 60 80

TEA

 

LPUV/H2O2 4.17B

LPUV/H2O2 NPDOC HPUV/H2O2

NPDOC HPUV/H2O2 NPDOC

NPDOC

LPUV/H2O2

histamine caffeine 60 60 - 70%

NPDOC LPUV/H2O2 H2O2 0.32mM 60

H2O2 15W LPUV

(254 nm) H2O2 UV254

H2O2 LPUV

HPUV/H2O2

200-400 nm H2O2

HPUV

H2O2  

LPUV/H2O2 diltiazem NPDOC 30

5% LC/MS/MS diltiazem 80%
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Diltiazem UV240 2.1 cm-1 1.36 

cm-1 35% diltiazem

1,4-thiazepine

UV240 diltiazem

60 NPDOC 90%

LPUV/H2O2 diltiazem

HPUV/H2O2 diltiazem

30 diltiazem

UV240 65% 2.1 cm-1 0.74 cm-1 NPDOC

82%  

 

4.3.3 UV/H2O2 DON  

    HPUV/H2O2 DON NPDOC

DON NPDOC 4.17 caffeine

histamine 90%

histamine DMAPMA

Einschlag et al. (2009) MPUV/H2O2

Histamine imidazole ring 

caffeine

histamine caffeine DON 60

25% histamine DON

30 40% DON

Histamine UV210 30 UV210 0.4 cm-1 0
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imidazole ring DON

diltiazem caffeine diltiazem

1,4-thiazepine ringcaffeine purine

30 diltiazem UV240 65% caffeine UV275

0.47 cm-1 0

DON LPUV/H2O2

H2O2 HPUV DON

caffeine histamine 90% DON

 

 



 

 
94

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.17 UV/H2O2 NPDOC DON A HPUV B LPUV 
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4.3.4 UV/H2O2 THMFP HAAFP  

    HPUV/H2O2 LPUV/H2O2 THMFP HAAFP

C-DBPFPs 4.18

THM HAA MCAA DCAA TCAA HAAs

C-DBPFP

caffeine histamine TEA atrazine diltiazem

DMAPMA C-DBPFP

THMFP NPDOC THMFP

4.18A histamine HPUV/H2O2

THMFP caffeine TEA HPUV/H2O2

LPUV/H2O2 THMFP DMAPMA

THM DON 3 mg N/L NPDOC 11.57 

mg/L THMFP 739 µg/L THMFP

DMAPMA HPUV/H2O2 THM 90% THMFP

20 µg/L LPUV/H2O2 60% THMFP 324 µg/L

Atrazine THMFP

HPUV/H2O2 LPUV/H2O2 80%

30% atrazine s-triazine 2~3

THMFP UV/H2O2 diltiazem

THMFP diltiazem THMFP 173 µg/L

HPUV/H2O2 15% 146 µg/L

THMFP LPUV/H2O2 1.56 270 µg/L

diltiazem LPUV/H2O2 diltiazem
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THMFP

HPUV/H2O2 diltiazem THMFP NPDOC

H2O2

LPUV/H2O2 HPUV/H2O2 THMFP  

    UV/H2O2 HAAFP 4.18B diltiazem

DMAPMA HAAFP 200 

µg/L C/N 1.6-6 NPDOC 4.11 – 15.43 mg/L

HAAFP diltiazem DMAPMA C/N 11

4.5 28.29 11.57 mg/L NPDOC

HAA diltiazem DMAPMA

UV/H2O2

HAA THM

4.1.6 UV/H2O2 HAAFP 20 30

HAAFP

UV/H2O2 diltiazem

LPUV/H2O2 HAAFP

HPUV/H2O2

HAAFP DMAPMA

HAAFP HAAFP 288 µg/L LPUV/H2O2

2.5 727 µg/L HPUV/H2O2 60%

HAAFP 110 µg/L diltiazem LPUV/H2O2 HPUV/H2O2

HAAFP 108 µg/L 4 437 µg/L 9 966 

µg/L HPUV 60 H2O2 diltizem NPDOC

50% HAAFP



 

 
97

HAAs  

    UV/H2O2 THMFP HAAFP

C-DBPs THMFP

HAA HAAFP

UV/H2O2

DMAPMA diltizem DBPFP

DMAPMA HPUV/H2O2

HPUV-DMAPMA THMFP HAAFP diltiazem

LPUV/H2O2 LPUV-diltiazem THMFP HAAFP

LPUV-DMAPMA HPUV-diltiazem THMFP HAAFP

LPUV-DMAPMA HPUV-diltiazem

NPDOC THMFP HAAFP 4.17

4.18 DMAPMA HPUV LPUV

diltiazem HPUV LPUV

diltiazem  

UV H2O2

(Kruithof et al., 2007) Kruithof et al. 2007

80% atrazine 1 µg/L 99.9%

6 mg/L H2O2 600 mJ/cm2 UV254

UV254 20
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UV/H2O2

UV H2O2

THMFP HAAFP
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4.18 UV/H2O2 C-DBPFP
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4.3.5 UV/H2O2 NDMAFP DMA

 

Atrazine caffeine histamine TEA

UV/H2O2 NDMA DMA

caffeine histamine

lactam C-N

NDMA

DMA

DMA Atrazine s-triazine

NPDOC DON 4.17

NDMA TEA

NDMA

TEA DMA NDMA TEA

NDMA DMA

HPUV/H2O2 LPUV/H2O2 0.227 mg N/L 0.072 mg 

N/L 94%

C-C C-N NDMA

 

4.19 DMAPMA diltiazem UV/H2O2 DON

DMA NDMA

DMA DMA DMA

NDMA DMAPMA diltiazem

HPUV/H2O2 LPUV/H2O2 DON

DMA LPUV/H2O2 DMA

30 60 0.24 mg N/L 0.32 mg N/L
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NDMAFP 51 µg/L 10% 58 µg/L HPUV/H2O2

DMA 30 60 0.33 mg N/L

0.31 mg N/L DON NDMA

DMA

NDMA 60 HPUV/H2O2 NDMAFP 27 µg/L  

DON DMA NDMAFP diltiazem DMAPMA

diltiazem HPUV/H2O2 LPUV/H2O2

DON 60 DON HPUV/H2O2

30 60 DMA 0.17 mg N/L 0.42 

mg N/L Diltiazem DMA

NDMA

NDMAFP 69 µg/L  127 µg/L

LPUV/H2O2 diltiazem DMA diltiazem

NDMA diltiazem

HPUV/H2O2 40 µg/L vs. 127 µg/L LC/MS/MS

diltiazem HPUV/H2O2 30

diltiazem

LPUV/H2O2 30 60 16% 6% diltiazem

DON DMA NDMA

UV/H2O2  

NDMA DON DMA

NDMA

DMA DMA

DON

DMA NDMA
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NDMA

DMA DMA NDMAFP

NDMAFP H2O2
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4.19 DMAPMA diltiazem UV/H2O2  
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4.4 HPUV/H2O2 Diltiazem  

    diltiazem 60 HPUV/H2O2

DON NPDOC C-DBPs NDMAFP

NDMAFP

HPUV/H2O2 diltiazem 180 DON 3 mg 

N/L HPUV/H2O2 diltiazem

H2O2 H2O2 6.5 mM H2O2

3.26 mM 10 2.6 mM H2O2

6.5 mM H2O2 H2O2 60

H2O2 60 180 HPUV

H2O2 H2O2

4.20  

 

 

 

 

 

 

 

 

 

 

 

4.20  UV/H2O2 60 H2O2  
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4.4.1 Diltiazem-HPUV 3 DOM  

    H2O2 4.21

180 80% NPDOC H2O2 NPDOC

60 4.3.2 H2O2

90% NPDOC 60-180 NPDOC

3 mg/L  4.20 H2O2 60

H2O2 HPUV 10% NPDOC

H2O2 H2O2

H2O2 3.26 mM

NPDOC 60 H2O2

diltiazem NPDOC 10

H2O2 H2O2 H2O2 60

H2O2 H2O2 NPDOC 90

H2O2

10% NPDOC  

NPDOC diltiazem DON 4.21 B

HPUV diltiazem DON 180

DON

H2O2 DON H2O2

60 H2O2

DON 70% 50%

diltiazem HPUV

H2O2 DON H2O2 DON

0 – 60 60

50% DON H2O2 DON
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(0-60 ) H2O2 60-180

H2O2 DON H2O2

180 85% DON
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4.21 Diltiazem HPUV/H2O2 A NPDOC B DON  
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    4.22 HPUV/H2O2 H2O2

45% 180

50%

5% H2O2

H2O2 H2O2

180 75% DON

DON

melenoidin (Dwyer et al., 2008)

NDMA NDMA Choi and 

Valentine (2002) NDMA

HPUV

NDMA  

    Diltiazem

4.3.5 DMAPMA diltiazem

DMA TEA

DMA DMA

diltiazem DMA

 

H2O2  DMA 60

0.35 mg N/L 60 180

0.20 mg N/L DMA DON 90
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DON 50% 3.22 mg N/L 1.64 mg N/L

H2O2 60 0.64 mg N/L 180

0.10 mg N/L H2O2 DMA DMA

H2O2

DMA H2O2

DON  
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4.22 Diltiazem HPUV/H2O2 A H2O2

[H2O2]o = 6.5 mM B H2O2 [H2O2]o = 3.3 mM 10 2.6 mM
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    Diltiazem HPUV/H2O2 UV 4.23 60 180

UV Diltiazem UV210

UV237 HPUV

diltiazem 30 UV210

UV210 60

H2O2

30 60 0 cm-1

diltiazem H2O2 30

diltiazem HPUV 30

80% diltiazem 0.1 mM 60 99%

HPUV  

HPUV 200 – 250 nm

diltiazem diltiazem

0 – 30

UV NPDOC DON UV

diltiazem UV

UV

DON  
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4.23 Diltiazem HPUV/H2O2 UV  
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4.4.2 Diltiazem-HPUV 3 NDMA  

HPUV LPUV Diltiazem-HPUV

NDMAFP 4.24

60 H2O2 NDMAFP 30

165 µg/L 85 µg/L 2 60

NDMAFP 66 µg/L NDMAFP 25 

µg/L NDMAFP 30 15% H2O2 NDMAFP

30 125 µg/L 75 µg/L 90

NDMAFP 180 10 µg/L  

diltiazem NDMAFP

diltiazem

NDMA NDMA

NDMA

NDMAFP diltiazem

DMA

diltiazem DMA DMA

DMA NDMAFP HPUV diltiazem

NPDOC DON

H2O2 H2O2 NDMAFP

 

H2O2 NDMAFP HPUV/H2O2 30

DON H2O2 30 60

NDMAFP 3 µg/L/min

0.34 µg/L/min DON DMA
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0 NDMAFP 30

H2O2 1 mg N/L DON DMA 56 µg/L 1256 µg/L

NDMA 180 17 µg/L 129 µg/L H2O2

30 1 mg N/L DON DMA 50 µg/L 1594 µg/L NDMA

180 21 µg/L 80 µg/L Kim Clevenger 2007

DMA NDMAFP DMA

log NDMA DMA DMA

1 28% DMA NDMA 1

NDMA DMA

NDMAFP

DMA NDMA DMA

NDMAFP DMA

DON NDMA

NDMAFP  

4.1.9 NDMA

NDMA

NDMAFP Choi Valetine 2002

DMA DMA

NDMAFP DMA 0.5-1 NDMA

DMA NDMA DMA

UDMH (dimethylchloramine, DMCA)

DMA DMCA

NDMA NDMAFP NDMA

NDMAFP  
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4.24 Diltiazem HPUV/H2O2 NDMAFP  
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(LPUV/H2O2)

H2O2

HPUV/H2O2  

    

DBPFP

DBPFP DMAPMA diltiazem

DBPFP DMAPMA diltiazem HPUV

LPUV diltiazem C-DBP
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    NDMA
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NDMA HPUV NPDOC DON

diltiazem H2O2 NPDOC
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diltiazem NDMAFP NDMA
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