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N-Nitrosodimethylamine (NDMA) is a highly carcinogenic compound that is suspected of carcinogenic
activity in the human body. A variety of methods are used to remove NDMA from water, but the
main degradation products, dimethylamine (DMA) and NO,, are also precursors for NDMA formation.
UV irradiation combined with ozonation (UV/O3) was examined in this investigation for its ability to
inhibit the regeneration of NDMA after degradation. Both the degradation products and the regenera-
tion potential of NDMA were compared between UV irradiation alone and UV/Os. The yields of DMA

ggl‘i/:;gis;tion and NO,~ in the UV/Os; process were less than for UV irradiation alone. Yields of DMA and NO,~
UV/0s were 2.25mgL~! and 3.22mgL-! from UV irradiation, while they were 0.92mgL-! and 0.45mgL~!

from the UV/Os; process. Furthermore, the regeneration of NDMA was also less after the UV/O3 pro-
cess than after UV irradiation. The concentration of regenerated NDMA was more than 51.8 ugL-!
after UV irradiation regardless of the dosage of Cl,. However, the concentration of regenerated NDMA
in the UV/O3 process was less than 7.37 wgL~! under the same conditions. Consequently, the UV/O;
process was more effective than UV irradiation alone in inhibiting NDMA regeneration. The inhibition
of NDMA regeneration was due to a decrease in DMA and NO,~ produced by the UV/O3 process. As
the major products generated from NDMA, NO,~ and DMA were likely to be oxidized by ozone and
hydroxyl radicals (*OH). In addition, the reaction between NDMA and *OH would possibly generate
methylamine as the only product, leading to a decrease in the production of DMA by the UV/O3 process.
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1. Introduction tants chlorine and chloramine. Accordingly, NDMA is considered a

novel disinfection byproduct [6-13].

Nitrosamines, particularly N-nitrosodimethylamine (NDMA) is
highly carcinogenic, mutagenic and teratogenic [1,2]. The US Envi-
ronmental Protection Agency (US EPA) classified these compounds
into group B2, which indicates that these compounds are probably
carcinogenic to humans [3]. The esophagus and liver are the pri-
mary tumor formation sites for nitrosamines. Other organs, such
as the bladder, brain and lungs, are also targets for nitrosamines.
Previous research into NDMA focused on its presence in food, bev-
erages, consumer products, tobacco and polluted air [4]. NDMA
has received much attention as a potential drinking water pol-
lutant since it was detected in groundwater [5]. NDMA was also
found in drinking water that had been treated with the disinfec-
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NDMA cannot be biodegraded, adsorbed to particulate mat-
ter or volatilized due to its physical and chemical properties [14].
However, this compound is sensitive to ultraviolet (UV) light and
undergoes a rapid photolytic degradation reaction. UV irradiation
is the most common method for NDMA degradation, and the mech-
anism and the pathway of this process have been well studied
[1,2,15,16]. One study utilized low- and medium-pressure Hg lamps
for direct UV photodegradation and H,0,-assisted UV photodegra-
dation of NDMA in simulated drinking water [17]. The results of
that study showed that H,0, enhanced the time-based rate con-
stant only in the low-pressure system. The effectiveness of NDMA
removal and the mechanism of NDMA reduction in the presence
of granular iron and nickel-catalyzed granular iron were reported
by Gui and co-workers [18,19]. The rate of the reduction reaction
in that process was too low, and the catalyst was easily poisoned.
Fenton reagent proved to be effective for the removal of NDMA
from water [20]. Furthermore, Lee et al. [21] investigated the pho-
tocatalytic degradation of NDMA with pure and surface-modified
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TiO,. The photocatalytic degradation products were methylamine
(MA), dimethylamine (DMA), nitrite, nitrate and ammonium. The
distribution of products changed in response to modifications to
the surface of TiO,. The degradation of NDMA has been reported to
occur as a result of conventional ozonation and the advanced oxi-
dation process O3/H,0, [22]. The results of that study showed that
reaction with hydroxyl radicals (*OH) dominated NDMA oxidation
during ozonation. The self-decomposition of the carbon-centered
NDMA radical resulting from the attack of hydroxyl radicals on
the methyl group was suggested as the main oxidative pathway
of NDMA to MA.

Previous studies focused mainly on finding effective methods
for NDMA removal and on the pathways of NDMA degradation,
whereas the fates of the degradation products of NDMA have rarely
been discussed. DMA and NO,~ are the main products of NDMA
degradation, while they are also precursors of NDMA formation
[1,17,21]. The formation of NDMA can occur during chloramine dis-
infection through a reaction between monochloramine and organic
nitrogen-containing precursors. NDMA is generated from the reac-
tion of DMA and monochloramine through a mechanism involving
the formation and the oxidation of 1,1-dimethylhydrazine (UDMH).
NDMA can also be generated by the nitrosation of DMA with
various nitric oxides including nitrite [7,11,12,23]. Choi and Valen-
tine reported that the formation of NDMA by the nitrosation of
DMA was greatly enhanced by free chlorine (HOCI) [24]. However,
several studies found an additional novel pathway of NDMA for-
mation [25,26]. A reaction between dichloramine and DMA can
form chlorinated UDMH that is subsequently transformed to NDMA
by dissolved oxygen. Although it has been shown that the DMA
concentration in nature is not high enough to account for NDMA
formation, tertiary amines containing DMA functional groups could
be transformed to DMA by dealkylation [27]. Thus, DMA is one of
the direct and essential precursors of NDMA formation [23-25].
Accordingly, it is necessary to examine the generation of DMA and
NO,~ in the NDMA degradation process. The reaction between
DMA and NO,~ is likely to result in the regeneration of NDMA
[11,12]. In order to reduce the possibility of NDMA regeneration,
decreasing the formation of DMA and NO,~ becomes the key prob-
lem.

A pulsed UV system using a small amount of H,0, is able to
control the formation of by-products and inhibit the regeneration
of NDMA after chlorinated and chloraminated disinfection [17],
however the amount of H,0, used in the UV/H,0, system signif-
icantly decreases the effectiveness of NDMA removal [2]. A large
amount of H,O0, will decrease the effectiveness of NDMA removal
in the UV/H,0, system, and residual H,0, becomes a problem. By
comparison, the combination of ozonation with UV irradiation is
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Fig. 1. Schematic diagram of UV and UV/O3 systems. (1) Oxygen bottle, (2) ozone
generator, (3) reactor, (4) dissolved ozone analysis, (5) HPLC, (6) GC-MS, (7) IC, (8)
KI solution, (9) UV lamp.

considered a more effective process for removing organics [28-30].
Hydroxyl radicals (*OH) that are generated in the UV/O3 process
are non-selective and vigorous oxidants. The rate constants for *OH
reacting with most organic compounds are within the range of
106-10° Lmol~' s~1 [31]. The degradation of resistant compounds
can be accelerated by free radicals. Moreover, ozone is unstable in
water, so it will not have a negative impact on the human body.

In this investigation, UV/O3 was used to remove NDMA and
decrease the regeneration of NDMA in drinking water after chlo-
rination. The aims of this paper were to assess the ability of UV/O3
to decrease the regeneration of NDMA by decreasing the forma-
tion of DMA and NO,~, as well as to discuss the possible inhibiting
mechanisms and pathways of the regeneration of NDMA.

2. Materials and methods
2.1. Reagents

NDMA was synthesized using the method described by Hu and
Ma [32]. The purity of NDMA was greater than 95%, as confirmed
by HPLC. Other chemicals (MA, DMA, benzensulfonyl chloride,
dichloromethane, NaNO,, NaNO3, NaHCO3, Na;SOy4, Na,SO3 NaOH
and H,S04) were of analytical grade and were used without further
purification. All stock solutions were prepared in distilled water.

All glassware used in the experiments was soaked in a solution
of H,S04-K;Cr,07 overnight, and then washed three times in both
tap water and distilled water.

2.2. Experimental procedure

The NDMA degradation experiments using UV alone and UV/O3
were performed in a cylindrical glass reactor (see Fig. 1). The valid
sample bulk of the reactor was 700 mL. The solution of NDMA
was exposed to UV irradiation using a low-pressure Hg lamp (8 W,
emission at 253.7 nm, Tianjin Xinjing Co. China). In the NDMA
degradation experiments using UV/O3, ozone was produced by a
laboratory ozonizer (DHX-SS-1G, Harbin Jiujiu Electrochemistry
Engineering Ltd. China), which had a maximum ozone production
of 9gh~1, using pure oxygen as feed gas. Dissolved ozone concen-
tration in the reactor was controlled by varying the oxygen flux,
the voltage of ozone production and the time at which ozone was
introduced into the reactor. The ozone was introduced into the reac-
tor in a single addition before the beginning of the experiment. The
stock solution of NDMA was then dropped into the reactor immedi-
ately following the introduction of the ozone, and the low-pressure
Hg lamp was turned on at the same time. Reaction solution pH
was adjusted by H,SO,4 and NaOH solution (0.1 molL-1). Samples
were collected at predetermined time intervals, and were analyzed
quickly after sampling. The ozone oxidation reaction was quenched
with Na,SO3 solution (0.1 molL-1).

Chlorination was performed after the UV and UV/O3 processes.
Reactions were performed in 120 mL vials, which were kept in the
dark at room temperature for 24 h. The concentration of the chlorine
stock was standardized iodometrically (2.15g L1 as Cl,). Reactions
were halted by the addition of excess Na;SO3 solution (0.1 mol L~1)
to quench the residual free chlorine prior to the analysis of NDMA.

2.3. Analysis

NDMA was analyzed by HPLC (LC-10A, Shimadzu, Japan) with
UV detection at 230 nm. Separation was performed with a Venusil
Mp-Cyg column (150 mm x 4.6 mm, 5 pm, Agela Technologies Inc.)
using isocratic elution of 95% water and 5% methane at a flow rate
of 1.0mLmin~!. The detection limit (DL) of NDMA was approxi-
mately 8.04ngL-!, and the relative standard deviation (RSD) was
approximately 2.31%.
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DMA and MA were quantified by GC-MS (Agilent 6890-5973N,
USA) after derivatization with benzensulfonyl chloride [33]. The
sample (20 mL) was diluted to 200 mL in a 250 mL round-bottomed
flask, then mixed with 10 molL~! NaOH solution (8 mL) and ben-
zensulfonyl chloride (2 mL). The flask was closed and stirred for
10 min at room temperature. After that, another solution of 10 mL
NaOH (10molL-') was added and the mixture was stirred for
another 10 min at 80°C to hydrolyze the excess derivatization
reagent. Subsequently, the solution was cooled to room temper-
ature with ice water, and was then acidified using 18.5% HCl
solution to pH 5.5. The mixture was extracted twice with 10 mL
dichloromethane. The aqueous solution was discarded and the
organic phase was washed once with 15mL NaHCO5 solution
(0.05 mol L-1) and dried with anhydrous Na;SO4. The solvent (1 L)
was then injected into the GC-MS to determine DMA and MA
concentrations. All GC-MS data were obtained from an Agilent
6890/5973N instrument equipped with a column (DB-1MS, 30
m x 0.25mm i.d. x 0.25 wm, J & W Scientific, Folsom, CA). The oven
temperature was varied according to the following program. The
initial oven temperature was 80°C (held for 5min). It was then
increased to 150°C (held for 10min) at 10°Cmin~!, and then to
300°C (held for 1min) at 50°Cmin~'. The injection port was in
splitless mode and the temperature was 290 °C. High purity He gas
was used as carrier gas, and the column flow rate was 0.5 mLmin~!.
The ion source of the mass spectra was operated in the electron-
impact mode (EI; electron energy 70eV, 230°C). Full-scan mass
(m/z 40-500) was recorded for the identification of the analytes
at high concentration. The identification of trace chemicals was
achieved by the use of SIM mode. As the quantitative ion, m/z 77 was
selected for DMA derivatives and MA derivatives. The qualitative
ions for DMA derivatives were m/z 44 and m/z 185. The qualitative
ions for MA derivatives were m/z 141 and m/z 171.

The anions NO,~ and NO3~ were analyzed by ion chromatog-
raphy (ICS-3000, Dionex, USA) with an Ion Pac ASII-HC (Dionex,
USA) ion-exchange column, using KOH solution (30.0 mmol L) as
the eluent at a flow rate of 1.2 mLmin~1.

The aqueous ozone concentration was measured by the indigo
method [34].

The incident irradiance value (WW cm~2) was measured in sep-
arated experiments by a ferrioxalate actinometry experiment, as
described by Murov et al. [35].

3. Results and discussion
3.1. NDMA degradation by UV and UV/O3

The results of the NDMA-removal experiments using UV and
UV/0O3 are shown in Fig. 2. UV irradiation is well known as an
effective method of NDMA degradation. Irradiation with UV for
20 min achieved up to 99% removal of NDMA, meaning that NDMA
was almost completely removed within 20 min. The introduction
of ozone over a range from 2.6mgL-! to 6.6 mgL-1, resulted in a
similar degree of NDMA removal in the UV/O3 process. The removal
of NDMA was greater than 99% in all cases, which confirmed that
both UV and UV/03 were effective methods for NDMA removal from
water.

The combination of ozonation with UV irradiation is consid-
ered a more effective process for removing organics than the use of
UV alone. When UV irradiation is combined with ozonation, ozone
decomposition is enhanced to yield more free radicals, thus allow-
ing a higher rate of oxidation to be attained (Formula (1)):

O3 +hv + H,O — *OH + other species (1)

It was found in this study that introducing O3 into the UV process
did not enhance significantly the effectiveness of NDMA removal
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Fig. 2. Removal efficiency of NDMA degradation by UV and UV/Os3 processes.
[NDMA]p =0.1 mmol L-!, pH 6.0, irradiation 1000 .W cm~2.

Table 1

Kinetic parameters of NDMA degradation by UV/Os.

03 dosage (mgL~"') K (min~—1) R?

0 0.6168 0.9948
2.6 0.6191 0.9968
44 0.6319 0.9982
6.6 0.6642 0.9991

from water. The rates of NDMA degradation by UV/O3 with differ-
ent O3 dosages were only a little faster than that attained by UV
irradiation alone (see Table 1). This demonstrated that UV played
a more important role than the O3 in NDMA degradation by the
UV/05 process. The effectiveness of NDMA removal by UV/O3 was
mainly due to the UV irradiation.

Previous studies on the mechanism of NDMA photolysis indi-
cated that the principal products of NDMA degradation were DMA,
MA, NO,~ and NO3~ [15]. Small amounts of N0, N,, HCHO and
HCOOH were also formed by UV irradiation [1]. The yields of DMA,
MA, NO,~ and NO3~ formed in the UV process are shown in Fig. 3. It
was clear that the yields of DMA and NO,~ were much greater than
the yields of MA and NOs —, respectively. An imbalance of nitrogen
mass was maintained throughout the reaction. Results suggested
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Fig. 3. Reaction of NDMA degradation by UV irradiation. [NDMA]o = 0.1 mmol L,
pH 6.0, irradiation 1000 wW cm~2.
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Fig. 4. Reaction of NDMA degradation by UV/Os;. [NDMA]p=0.1 mmolL~",
[03]o =6.6 mgL~!, pH 6.0, irradiation 1000 pW cm—2.

that some undetected species containing nitrogen were generated
by UV irradiation. Lee et al. [16] confirmed, using GC-MS, that N-
methylformamide (NMF) was a novel photolysis product of NDMA,
and they used this to explain the nitrogen imbalance in the process
of NDMA degradation by UV.

The products of the UV/O3 process were quite different from
those of UV irradiation alone (see Fig. 4). DMA and NO, ~ decreased
markedly in the UV/O3 process compared with UV irradiation. In
the UV/Os3 process, yields of MA and NO3~ were greater than the
yields of DMA and NO,~. The nitrogen imbalance was also more
marked in the UV/O3 process, which indicated that more nitrogen-
containing products of NDMA were generated. In other words, it
was easy for other nitrogen-containing species to form, and the
pathway of NDMA degradation was changed in the UV/O3 process.

The aim of this study was not to explain the imbalance of nitro-
gen, but to focus on the yields of the dominant nitrogen-containing
products of NDMA degradation as a result of the UV irradiation
and UV/O3 processes. As products generated from NDMA, DMA
and NO,~ were well known as the ubiquitous precursors of NDMA
formation. Their presence in water creates a risk of NDMA regener-
ation, so the yields of DMA and NO,~ are of particular concern.

3.2. Regeneration of NDMA

It is well known that NDMA can be produced by both chlorina-
tion and chloramination in the presence of DMA in water [11,12].
The formation of NDMA can also occur by DMA nitrosation with
NO,~ [7,11,12,23]. DMA and NO, ™~ are considered to be the ubiqui-
tous precursors of NDMA formation in water, while they are also
the primary products of NDMA photolysis [1,15]. The presence of
DMA and NO,~ in water may lead to the regeneration of NDMA.
Moreover, disinfection using such processes as chlorination and
chloramination is an essential part of drinking water and wastew-
ater treatment. Accordingly, it is of particular concern to know
whether the degradation products DMA and NO,~ will cause the
regeneration of NDMA.

In China, chlorination is more widely used than chloramination
in the treatment of drinking water and wastewater. Therefore, this
study assessed the regeneration potential of NDMA using chlori-
nation. The results are shown in Fig. 5. After being degraded by UV
irradiation, the regeneration of NDMA increased greatly in the pres-
ence of chlorine. Regardless of the dosage of Cl,, the regeneration
of NDMA was greater than 51.8 ug L~1. However, the regeneration
of NDMA was less than 7.37 pgL~! in the UV/O3 process under the
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Fig. 5. Regeneration of NDMA. [NDMA], = 0.54 mmol L~ chlorination 24 h after UV
and UV/Os processes.

same conditions. That is, the UV/O3 process was more effective than
UV irradiation in inhibiting NDMA regeneration.

The regeneration of NDMA is caused by DMA nitrosation that is
greatly enhanced by free chlorine. In addition, the regeneration of
NDMA follows the reactions below [24].

HOCl + NO,~ — NO,Cl + OH™ (2)
NO,Cl + NO3;~™ — N304 +CI™ 3)
N;04+O0H™ — NO3~ +HT +Cl~ (4)
DMA + N,0, — NDMA (5)

DMA and NO, ~ are the precursors of NDMA regeneration in UV-
irradiated or UV/Os-treated water. As shown in Fig. 3 and Fig. 4,
yields of DMA and NO,~ were 2.25mgL-!and 3.22mgL-! inthe UV
irradiation process, while they were 0.92mgL-! and 0.45mgL-1 in
the UV/O3 process. As a result of the yields of DMA and NO, ~ being
much lower in the UV/O3; process compared with the UV process,
the regeneration of NDMA in UV/O3-treated water was much less
than in UV-treated water. This observation indicated that decreas-
ing the formation of DMA and NO, ~ was the key to inhibiting NDMA
regeneration.

3.3. Decreasing the formation of DMA and NO,~ by UV/O3

The product yields from the UV/O3 process were quite different
from those resulting from UV irradiation. In particular, the forma-
tion of DMA and NO,~ were markedly decreased in the UV/O3
process. The combination of UV and ozonation played an important
role in decreasing the formation of DMA and NO, .

Fig. 6 shows the yields of DMA formed during the UV/O3 process
with different dosages of ozone. The yield of DMA from the UV/O3
process was clearly less than that from UV irradiation. This shows
that UV/O3; was effective in decreasing the formation of DMA. The
yields of DMA decreased with increases in the ozone dosage, which
suggested that the combination of UV and ozone accounted for the
decrease in DMA production. The lowest yield of DMA was observed
at an ozone dosage of 6.6 mgL-1.

The influence of ozone dosage on the formation of NO,~ is
shown in Fig. 7. When ozone was introduced into the UV irradi-
ation process, the yield of NO,~ decreased abruptly. The yield of
NO,~ decreased as the ozone dosage increased. Therefore, UV/O3
was an effective method of controlling NO,~ formation.
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Fig. 6. Effect of O3 dosage on the control of DMA formation by UV/Os.
[NDMAJo =0.1 mmolL-!, (A) UV, (B) UV/O3 [O3]o=2.6mgL-!, (C) UV/Os
[03]0=4.4mgL-1, (D): UV/O3 [Os3]o =6.6 mgL~", pH 6.0, irradiation 1000 pW cm~2.

3.4. Mechanism for decreasing the formation of DMA and NO,~
by UV/0;3

There are two possible reaction pathways by which ozone may
attack pollutants: (1) direct ozonation by the ozone molecule, or
(2) oxidation by highly oxidative free radicals such as *OH, which
are formed by the decomposition of ozone in aqueous solution. In
the UV/O3 process, the decomposition of ozone was enhanced (see
Fig. 8). Accordingly, UV irradiation, ozone and *OH were all able to
assist in the UV/O3 process.

The nitrogen in the NO,~ group is in the middle valence state,
allowing it to be oxidized further. Both ozone and *OH are strong
oxidants, and their oxidation-reduction standard potentials are
2.07V and 2.80V, respectively. Therefore, both ozone and *OH can
oxidize NO,~ to NO3~ easily. As a result, UV/O3 is an effective
method for decreasing the formation of NO, ~ thatis generated from
NDMA degradation.

The mechanism by which UV/O3; decreased the formation of
DMA is complicated by the presence of UV, ozone and *OH. Two
possible mechanisms are proposed. First, as a product generated
from NDMA, DMA was oxidized by ozone and *OH in the UV/O3
process. To confirm this hypothesis, DMA degradation experiments
by UV irradiation, ozonation and UV/O3 were performed. The
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Fig. 7. Effect of O3 dosage on control of NO,~ formation by UV/Os.

[NDMAJo=0.1mmolL-!, (A) UV, (B) UV/O; [Os]o=2.6mgL~!, (C) UV/Os
[03]0=4.4mgL", (D) UV/O;3 [03]p =6.6 mg L1, pH 6.0, irradiation 1000 wW cm~2.
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Fig. 8. Ozone decay in O3 alone and UV/0s. [03]p =6.6 mgL~"', pH 6.0, irradiation
1000 pW cm—2,

concentration-time profiles are shown in Fig. 9, which show that
DMA was not likely to be degraded effectively by UV irradiation.
According to the published literature, rate constants of DMA react-
ing with ozone and *OH were 1.9 x 107 (molL-1)~1s~1 [36] and
8.9 x 102 (mol L-1)~1s-1 [37], respectively. Therefore, both ozone
and UV/O3 were able to enhance DMA degradation compared with
UV irradiation. From Fig. 9, the residual concentration of DMA in
both ozonation and UV/O3 was much lower than in UV irradia-
tion. These results suggest that both ozone and *OH played a role
in decreasing the formation of DMA in the UV/O3 process. Further-
more, *OH played a more important role than ozone in decreasing
the formation of DMA in the UV/O3 process.

In the second possible mechanism, the pathway of NDMA degra-
dation was changed by introducing ozone into the UV irradiation
process. The reaction between NDMA and *OH generated MA as
the only product, resulting in a decrease in DMA yields. The reac-
tion between *OH and NDMA has been already studied by Heur
et al. [38] (see Fig. 10). The authors proposed a mechanism where
denitrosation occurred through self-decomposition of the carbon-
centered radical that was produced from the methyl group of
NDMA by hydrogen abstraction of the attacking hydroxyl radical.
Mezyk et al. [39] used <y-radiolysis to demonstrate the produc-
tion of a carbon-centered radical in NDMA oxidation with *OH.
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Fig. 9. DMA degradation by UV alone, O3 alone and UV/Os3. [DMA]o =0.3 mmol L,
[03]0=6.6 mgL-!, pH 6.0, irradiation 1000 W cm~2.
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Fig. 10. Possible pathway of NDMA oxidation initiated by hydroxyl radicals.

This result was confirmed by the DMPO spin trapping EPR tech-
nique. The second-order rate constants for the reaction of *OH and
NDMA were found to be (4.30+0.11) x 108 Lmol~1s~1 [40] and
(4.50+0.21) x 108 Lmol~1s~1[22].

The reaction of NDMA and *OH generated by a hydrogen atom
by abstraction from one of its methyl groups. NDMA was oxidized to
MA through the self-decomposition of the carbon-centered NDMA
radical. Lee et al. [22] found that MA and ammonium (AM) were
produced as oxidation products of NDMA oxidation by conventional
ozonation and an advanced oxidation process (03/H,0), finding
no formation of DMA in either case. However, DMA was still found
to be one of the products of NDMA degradation by UV/Os in the
present investigation. The fission of the N-N bond in NDMA by UV
irradiation was accounted for by the formation of DMA. Therefore,
both UV irradiation and *OH were able to remove NDMA during the
UV/03 process. The reaction between NDMA and *OH generated MA
as the only product, rather than DMA. Therefore, the degradation
of NDMA was observed in the UV/O3 process, and the formation of
DMA was decreased.

4. Conclusions

UV irradiation and the UV/O3; combination are effective meth-
ods for NDMA removal from drinking water. The introduction of
ozone into the UV process had little influence on the effectiveness
of NDMA removal. However, it had a great influence on the forma-
tion of particular degradation products from NDMA. As the main
products, DMA and NO, ~ decreased markedly in the UV/O3 process
compared with UV irradiation.

Chlorination was performed after NDMA degradation by the UV
and UV/03 processes, resulting in NDMA regeneration. The regen-
eration of NDMA in the presence of chlorine after the UV/O3 process
was much less than that observed after the UV process. The UV/O3
process was more effective than UV irradiation alone in inhibiting
the regeneration of NDMA.

Decreasing the formation of DMA and NO,~ was the key to
inhibiting the regeneration of NDMA. In the UV/O3 process, the
yields of DMA and NO,~ decreased with increases in the ozone
dosage. The presence of ozone and °OH allowed the oxidation
of NO,~ to NO3~. There were two possible mechanisms for the
decreased formation of DMA in the UV/Os process. In the first
mechanism, DMA was oxidized by ozone and *OH. In the second
mechanism, the introduction of ozone changed the degradation
products of NDMA so that the reaction between NDMA and *OH
generated MA as the only product, thus decreasing DMA formation.

Itis concluded that the UV/O3 process is an effective method for
degrading NDMA in drinking water and for inhibiting the regen-
eration of NDMA. However, it may be preferable for the water
treatment process to avoid forming NDMA in the first place rather
than having to implement these advanced water treatment pro-
cesses, which are expensive and consume energy.
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