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Abstract

This study investigates the oxidative degradation of N-nitrosodimethylamine (NDMA), a probable human carcinogen, by
advanced oxidation process (i.e., UV process). The experiments were performed with various pH, initial concentration, UV
intensity, and addition of H,O, or TiO, on UV process. The results showed that the direct UV photolysis was the most effective
treatment method. The lower pH, intial concentration and higher intensity of UV stimulated higher NDMA removal. However,
addition of oxidant (H2O,, TiO2) slows down photochemical treatment of NDMA since the oxidant can filter out the UV light
and block it to reach the NDMA molecules. Dimethylamine (DMA) and nitrite were found to be a major byproduct from
NDMA oxidation. To evaluate the chronic toxicity effects of UV-treated NDMA on the growth of microalgae, “ Skeletonema
costatum”, was studied as long term experiments. Results demonstrated that after the 13 days exposure the chronic toxicity
was decreased about 15% with application of UV process on NDMA degradation.
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1. M E
N-NitrosodimethylamingNDMA) =  EEd A=
A5 QI A= oFF ERIFA] 2 e FES AA &
A7t 9 B267Y FFECIth NDMAE E500A d4&
3t AFAY ¥R RYH AHEH= 23 EE0]L(Pata,
1982), otAstol 2oy} 1 Tt shEHe g oz REH
dimethylaming(DMA) <] UEZ35}uk3o] 95 A== A
2 gEA Stk E A 2ZAAEY JEQ] unsymmetrical
dimethylhydrazine(UDMH) 2] 4tslell <JsjA = NDMA7ZL A
et Ay AFAES §aL S ste E9949 NDMA
o ABPY AMERE 71AE WolWtiChoi and Vaentine,
2002; Mitch and Sedlak, 2002). NDMA+ UDMHE Al-&3}
£ ZAABAIEE FHAA AEHAL, HZoEe HF, &
24 A4, 7] 59 S E, 22 gl e g
ot 1994d 2H A ANEE 2158 #HFE W=
NDMA BEE XA ZAFe] 9shd, ZARGE @39 520
A AEMAEE(50 nglkg) oISl NDMAZE AEE Atk
(Izquierdo-Pulido et a., 1996). W53 H#E S oz
gt ZALE FARE ARE YER 2th(Gloria et al., 1997).
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Fig. 1. Chemicd structure of NDMA.

NDMAE = % 2 &ai=al deds7t Soba 4
B33 AU A48, ar-srippings 71£9 A2 A=
WHoRE AA 5&o] Uk T EAFo] Z7] wfE
IaEgGozw Z AAHA LE=tHMitch et a., 2003). @
A NDMA AA9Y HFdgt diek2 uvAI et Uuv7t
NDMAE AAsI= 23 e £3¥ NDMA %7}
02 AL2ZE ¢ F Ut 3% 5 NDMA 5E9 ®#HgE
ZAFSHE o] e Yol uvel 9t AA o] FoiA
Al NDMAE =7t Z4staL, 37 A= o] HH bAl §
7hetth w2 Al EYolF 23R FeE Y FEF e
Water Factory2l= NDMA &A1& sldsl7] fste Az
UVAEZ8E& F7tstd L, 2 23 NDMA 5=& 434
o2 G333 Aek(AHSEF FolF, 2002).

SE vl A el NDMAC tist FAl= obd fAT =S
AN BH71F0 2 07 ngLE 2Fs¥ T, Egges
9 ng/L, AgEYol= 20 ng/LolA 10 ng/L = action level
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2 FQtHDHS, 2002; MOE, 2000; US EPA, 2001).

71E ATFolA Lee 5(2007)2 LE/FHASFLTHOR
NDMAS AAE A=&t93, Stefan and Bolton(2002)&=
AHAQ UVE ol&ste] Had TxEQ 1 mMY %7
EZdx NDMAE &L 2 5HFAFTE AT
th. E Plumlee §(2007)2 NDMAXZE 93] Reverse
Osmosis(RO)%+ UVEE& Zeste] NDMAXZEE A3}
At

2 AFelAxE= NDMAY Aol 7Hd 359 uvE
of Tt JIAE MdAFste] AP, HlLA AEFEQ] 5
uMeldte] sEE SPME(Solid-phase microextraction)& ©
&3to] GC/INPDE EAsta FFZwi(TiOy) St Hitstea
A7kstel 2 AA EAHES AFstAnh E a2 AH /3
< #osl7] 98l NDMAY 548 2/E o835t ¥
Eigsi=

C
ox,

— O

q

‘,_

Noox

P =

N-Nitrosodimethylaming(NDMA)+ Aldrich
I FZEu) 2 Degusadl P-255 FUste] A}

At Al i aHd
gal9th pH =2 0.1 N9 H;S0:$ NaOHE AM&3t3d

Fe@WITE Philipse TUV 6W(G6 T5)

75 um carboxen™-PDMS fiberS AM&atgth A& HkS
719] = Fig. 29 Zoh

2.2. NDMAZ2} 11 2At=9 2M

NDMA$} DMAE SPME(75um carboxen™-PDMS)S A}
&35t GC-NPDE ZX 8%t} Fiberd] A7t &3hA
e e dudd e B M 2gFolga #ddEe
77 30, 582 TPkt SPMES AHEsty] WEel
HE] FEHEE AFsta w2 REH AP AF
€ 2mLge ¥3 "t GCNPDE EASIch AT &
A z27AL Table 13 2},

NO»N+& HACHALS] DR-2800< ©]&3te] &4 38t91th.

Table 1. GC/NPD operating parameters

Gas chromatograph Agilent 6890N gas chromatograph
Detector NPD (nitrogen-phosphorus detection)
HP-5 (5% Phenyl Methyl Siloxane,

Column Capillary, 50.0 mx 200 m x 0.33 g film)

Carrier gas N2 (1.0 mL/min)

Injection port system  Splitless mode

Injector temp. 280°C

Detector temp. 300°C

Oven temp. 4°0°C (1 min hold), heating to 100°C at
5°C/min

9 TL 6W/052 A}-&3tth SPMEE Supelco?] holderst
23. =F SMME
N AR ZFE BAUYSGn mARFELH94  Skeletonema
costatum NFUP D-245 ®&wrol ARE3stal, F2ujAlE &
LN Aosta oAEREPAN TUs AgaTh W
o R shaking incubatorS AMg-3ste] wwkel® %% 5000 Lux, &
T o 20°CE AP Aoz FAEUr: 10°
& cdlgmL7t HES 391, A7t tg5HS 5335
w e 7 Slstel 1393 WStk 4 3L opticd
woames \\ | 1 T density-750 nm(OD)% A E58 23] JAVAE T3
" ] e % oD At
Voo 24 ME =
- Zr APzAL Table 201 Yepfidict 19432 NDMA
O ?51" AA e UV-ASH UV-COl E82 washy] 98 A%
o]a 2L pHe ¥ 3HS NDMA 2715%9 I, 49
Uit agiaton o gy 9, oM FAssrae I 6We BEv)
Fig. 2. Photolysis batch reactor. (TI0)Y 9F, Iz 74L& NDMAY &) FHE3
Table 2. Experiment condition
No. uv NDMA Con.o pH Additive
1 UV-A, C 3 WIL 50 uM 5 X
2 uv-C 3 WIL 50 uM 3,579 X
3 uv-C 3 WIL 10, 40, 70, 100 uM 5 X
4 UV-C 15, 3, 45 WI/L 50 uM 5 X
5 uv-C 3 WIL 50 uM 5 H,0, 25, 50, 100 mM
6 uv-C 3 WIL 50 uM 5 TiO, 0.01, 0.2 g/L
7 uv-C 3 WIL 100 uM 5 X
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3.1. UV-A2} UV-C2| NDMA MH&E H|n
NDMA AA] UVE Z&37] $13l 50 uM &) 275 %
of pH 58 A& UV-A9t UV-C 3 WILE 3t & 30

B APES ANSAT = s A4 9Fd 88
2 AAHE A$E vasty] 984 control A@o =2 UV
Az glo] AHE Fedth o 2% Fig 33 29

3 S

UV-A Rx8 ZeE & 3089 dhsAIF sdel® oF 20%
AA" WEe] UV-C #ZY FSEe © 92 ue A9
100%7F A AT £ FALARSEOZ T3 HSEEY
42 BE UV-AE 0002 minte2 UV-CY 0571 min™e
v ske] @ ugkth wEkAd NDMAS A Aol UV-ARTH
UV-C7t €55 &80 &th Table 391 NDMASH H|aL
Ve fUISSEAEY FEA &= g, EFFAS,
FE 85 Ut Table 39 3} Zo] NDMAY
254 nmel| A e BEEFZA 7L T2 SFgEe vE dEFe
2 AA(e=7378) FEAN FEE M E A & F UG
(Kang and Lee, 1998; Plumlee and Reinhard, 2007).

o] A7= NDMAY F & F53-do] 228 nml UV-C
ggolgte 71&9 d7(Stefan and Bolton, 2002)9F FA}
gt Aot} J]EAT 95t (Stefan and Bolton, 2002)

50 ¢

c
2 4
= ]
<4
=]
@ —e— UV-Alamp
e —0— UV-C lamp
8 20 4 —w— control
s
[=]
=

10 4

0 4 T T

0 5 10 15 20 25 30
time(min)

Fig. 3. The effect of UV-A and UV-C on NDMA degradation
by photolysis.

Table 3. Direct photolysis rate, molar extinction coefficient
and quantum yield of each organic compounds

Compound kmovS” €254mm b
NDMA 95+10° 7378 041
TCE 1.1-10* 8 0.12
PCE 5.7-10° 181 031
Benzene 5.1*10* 160 0.075
Toluene 25510 169 0.08

TAEN shaEEsts|x| M5 F1s, 2009

NDMAS Z&F 2FEYPL 228 nm(e=7378 M'em™)E
ARoz 74 AsA F5s 332 nm(e=109 Mtem?)E
FHo ol Frdch A WA FEUGe B
Astol 5ol BAF] Yt v F WA FrUge A
ol ¢(transition band)e]l FAFA Utk UVZE ZAMEH
NDMAEAY N-NE2E7F €ojRal F7HAARE S £+
@8t Zo] AHET. AT HZ AT7E2HELE 5
2008)¢] ¢Jstd UV-CETE HlF kAS UV-Ad] FZw)
(TIO)E A7KAW 0.2 ppm)FozZA UV-Col <93t A
FE3 B e 78302 F 100%A A)ol AT UV-A
e dEoz AR FET F4E 288 48 F o
Atk o= UV-AQ E F3AF7E uv-Coll vlske] <F 70
W= g27] el uvel 9§ FEEtHs 2 OHzZ
Oz gt B2 BRItk B AFdA=E &89 Sdst
£ 98 UV-CE ¢l &3t A4S AAletATh

o
2
%

ol

3.2. pH tH5lol| = NDMAS| MAH&EE HlW

NDMA AHA Al pHe ¥&F& st7] f8i4 pH 3, 5,
7, 9914 NDMA %7]%% 50 uM, UV-C 3 W/LY ZZd
A AFE ArETh B AL 80g s 4
Stod #WZglo] control S F7HetATh Fig. 49 AHE
Hel pH 99 FolE F 1589 HSARE oF 50%]
NDMAZF AAZ YA pH7F Gold +5 AA &=71 o
WA pH 3, 5olME 629 A 100% A AHJTH T
At g2 7o HeEEYFE HW pH 3,5, 7, 9
oA Z+zh 0.932, 0.651, 0.078, 0.050 MiN".& pH7} Z&
FE FF MeETt Utske A € F Atk JEA
T(o133h, 2006)°14 AAlE NDMAQ HilZ25 Hd
a7k 97] fsidE uvel g5t Z97] Aee FAst
7} A@Fojok Frh. o] W&o pH7F 2™ NDMAQ A
Agol oA pHZt F&FE IR & o] FAA A
AZEgo] FFAT ole pH 859149 Ea&e FFT
StEe 2 pKagts 852 AHFSAA T £ dAFelA+= pH
85K TH= pH 59 pH 7Atoldl &al&<9 FAT stge] &
AFA T T2 pHAME Bilgol Zaste HolAe

A sk,

50 o

40 1

30

20 4 —e— pH3
—O— pH5
—w— pH7
—A— pH9
10 4 —&— control

NDMA concentration (uM)

time(min)

Fig. 4. The pH effect on NDMA degradation by photolysis.
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3.3. NDMA =7|=sEH MHEE H|n
NDMASY ZENA 27155 TS A HsiA
Z+z+ 100, 70, 40, 10 uMZ W3S
WILEZ 2385t AFS AAstanh Tk A3l 89l
& sl sty AzZglol control A E S
Fig. 591 2 2745 Yepi ik fAGAgo 2 F3 bt
245442 ¥y NDMAY %7]%%7F 100, 70, 40, 10
UME ZE9EFS W& =45E 0450, 0470, 0.703,
1060 min'ez ARAWMY AN FXFHOZ F&siqch of
t gutg oz Aoy HE B £A3= NDMAY &
b HnA 9g e B o, 3Ee UVASERER
NDMAE 43Ho2 AAZ & &S Uehdrh

100

80 -

T 2
2
B 60
s
o
[
Q
=
S 4%
§ —e— 100uM
=] —o— 70uM
20 4 —w— 40uM
—A— 10uM
0 N X 2 —r— : .
0 2 4 6 8 10 12 14

time(min)

Fig. 5. The effect of initid NDMA concentration on
NDMA degradation by photolysis.

34. UV-C &2kol| tH= NDMA MIH&E H

FFo] NDMAY AA mAe TS A7 A8
pH 5 NDMASY %7]15%EE 50 uMZ L%
UV-CE 0, 15, 3, 45 W/LE ZZ3EA 28-S AAE9Q
o = AFYHA 2de FAE] Hste FZglo)
control g & F71stth Fig. 691 2 AZE JeR At
FAGAE o2 P MEEENFE B UV-CY 3F
o] 0, 15, 3, 45 W/LE EolUHA Z+z+ 0.008 min’,

ox
o
kd
T
olo
N,
Lo

50

Y ¥— 3 F3
— 40 -
=
=3
c
2
w® 304
£
=
Q
Q
g —e— control
20
Q —O0— 1.5WIL
s —— 3WAL
o —A— 45WIL
=
10 4
0 T 2 A T e T T T ]
0 2 4 6 8 10 12 14
time(min)

Fig. 6. The effect of UV intensity on NDMA degradation
by photolyss.

0.267 min®, 0.543 min™, 0.771 min'2 Aoz =754
o} ZZo] 15 WILAS <F 15%0] xubok A 100% Al
A== WA 45 WILZE S oF 485l 100% A A= At
o] Z&=Z NDMA A Al UV-C F&Fe] 7Hd & &S

nige AS & F Uk

3.5, opAbEteA Aol 2 NDMA A B3}

FAE e A7l B2 NDMA AA e dFS =
Abst7] 9lE ZAFLe R pHY 52 2FsA HI) Qe
¥ (control)¥} pH 5, NDMA %7]5% 50 uM$}t UV-C 3
WLE 233 AFS st #itsteigte] 43S
ZAFS7] YA 0 WiLell #atskeagt 100 mM FH7HsEA
3, UV-C 3 WILE 2FHE Agole HitsleaE 25, 50,
100 mM A7}stdth Fig. 791 2 232 JeRAdS. #41
Axpkg oz Fot MEEENFE B ksl 4T 100
mM, Z3Ek5E2 100 mM3 UV-C 3 WIL, 34Fak44 50
mM3 UV-C 3 WL, #3844 25 mM3 UV-C 3 WIL
a8la FHAEEA glol UV-C 3 WLY W 42 0.046,
0.071, 0.096, 0.118 0543 min*o.2 F=HYth AHRS B
W sesE AUMESE 25y &80 Yokdlth
UV-C 3 WiLel #F8te4E 25 mM, 50 mME 7k
A% we&eadr 7b7 0118, 0.096 mintelI, A7
of FAstEAE 100 mM E7M Afe weERAET)
0071 min'2 $3l8 © Yokt 71EAF(Maik and
Sanya, 2004)E HWE UV/H0, vH&2 UV-C E9le Hof
HA A H0,2 OHEOZZE 2] ()P o] Eafgn
Bisa ok AT A (29 Zo] FHitsirt FFo
2 EAEE 238 I AAVE OHEHZ S &EAT+
scavengers] J2g sh7l:= ot

H,O, + hv — 20H - Q)
OH- + HO, —» HO; - + HO (2)

SAg NDMAS 9 OHEtU Zo| s FAZHo=z
AYHE BE FFE Sl 7P w3 (k=3.3x10° L -
mol™s?)e] HtHWong, 2002). Wt £ AFexE= Fat

. 401 Y
=

S

c

2

w® 30 4

5

c

@

g 1
S 204 —e— H,0,100mM+UV-C 3 WL

< —o— H,0,50mM+UV-C 3 WL

= D
o —v— H,0,100mM

Z o —&— UV-C3WL v

—&— control
—s¢— H,0,25mM+UV-C 3W/L
0 . . Sy : : :
0 2 4 6 8 10 12 14
time(min)
Fig. 7. The effect of HO, on NDMA degradation by
photolysis.
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gt UV-C AZE#7t 9= AX NDMAY AA
o] Fisteie FAubgo| FUE wet ASHATH
12 ¥ NDMATH @502 ZA 5= Aol ofyz v
B BEFdFHoz &AFchd UVHO0,3EE 1 d

P ko

3.6. Z=04(Ti0) &7t0ll hE NDMA M| AH s}

FE9(TiO) E7H7F NDMA A A HX & &S
3171 91514 NDMA %7]%% 50 uMo] 22do=m
W(TiIO)E H7behAl &2 A7} F7K0.01 gL, 0.2 glL)
3 A9E vasyt g2 2742 UV-C 3 WILS pH 5
2 3dedth =3 AFFA 8Ag A5 {5
A glo] controldPS
e Tk AR A
UV-C 3 W/LS} &Zn] 0.2 g/L, UV-C 3 WL &=
001 g/L, I8 UV-C 3 W/iLY o) Z+z} 0.056, 0.132,
0543 min'elgth. ZAES BW FEUES FrF AP
(0.056 min™, 0.132 min)o] FA3(0.543 min™)el H]5kA]
o358 HA7MFo] BolFE AALEE =AE Ao=
Uelstth ole #atsteiet nikAE OHEH 2Rt
NDMAA Aol= AR A FEN7F 0% 2843 UV-C
o Aejie] FFu(TiO)el <Jste] Ao} NDMA &4
o E2Ee A& sty @Eel NDMAAIAZL E3H5 &
Ao 2 ALEHTh UV-CY AP AGHo| ofgtd F
#x2k =HA etk gA FEAME Frbskd EEEA

gog AslAol ARG & ¢iok

>
=

o N
e

50 &

E S % P
— 404
3 ]
o
2 L —e— TiO,0.2g/L+UV-C 3 W/L
g —0— Ti0,0.01g/L+UV-C 3 W/L
S —v— UV-C3WL
e —A— control
S 204
<
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=
10 4
)
0 T T v T v T T T
0 2 4 6 8 10 12 14
time(min)
Fig. 8. The effect of TiO, on NDMA degradation by
photolysis.

3.7. NDMA EEsliA| F FALED ME =Y

eSS o A4 #Es] YA NDMA 278 %
£ =94 100 uMol UV-C 3 W/LS} pH 58 %=Fstx F
FAEZ 421x DMASE NO-Ng Zo] B4 1 2
7} Fig. 99 #Z°] NDMAZ} FA3HA AAHHA oAk
A7t % 40 uM7HA] B = AL DMAZE <F 60 uM7HA]
ARFGATE SAFE 208747 2A HSAAE F B
AEQ oldAN A4 DMAE 2HHE ¢S Both

TAEN shaEEsts|x| M5 F1s, 2009

100

®
=}

—e— NDMA
—o— NOsN
—v— DMA

60

NDMA concentration (uM)

20

0 T T A T

] 5 10 15 20

time(min)
Fig. 9. Variaions of NDMA, DMA, NO>-N concentration
during NDMA photolysis.

ofdibd Aie ALY HAE AdsiHA ol H4HY
AiE Fobd A Z(Methemoglobinemia)?] FE2l Edo)H,
H&o] AAAME FiE L7 H4tF wgstd YERZ
AtEl(nitrosaming) S FFFLEZH LS FIANHAE S
T 5, 2006). &= SR xANA obEddd 2Ais DMAE
THA] NDMAE Ag3t7] die] ol& sZdsty] g A+
7} a3ttty o] FsH2006) = ferrate, £, CIOE ] &3
o DMAY] MY E A= IA T, faraes ¥ F MEE
st 7FFo] i aivtoly] wiEe| F7RH] ATt

O ZQo35ta otstdae a3 A, LE2 DMA
9] 5% 2gA|H
9 A ANEE X8 Z=2EQ “Skeletonema cos-

tatum” & ©]&std B SAHAFES HAASAT 1 AFHE
Optical density(OD)$F A X5 Atole] A#FA(Fig. 10)E
SHH Tetal FES FHEAE Bl we tse AF
FEl= OD#TeZ Yerli et JE&A ] e JEAR
£ 2AANF A} RS 09968 ARHAL FAL
“Y=0.0004X+0.0166" 2 A=At OD#He=z =FY 4
Z AAE FF2 NDMAS F71s 279 NDMAS 7}
skA] &2 controlZF9 AAAtolZ AMstATh 1 AT
E Table 491 Yeidth AFHE A¥EY 2J]s5=<]
100 uMelA ECs% %S 51.8%°|Hth o= Z7]&d <
oF 51.8%7F £8H gHAA Skeletonema costatume] 50%
7b B4 4TS e AEY F4E& 7HAL UASE 9H
gteh FEIAIZO] Aol wEtA ZF A ECs #2
Z+7} 60.9, 655, 66.9, 66.9, 67.2%= UERAT. 22 A
9] 23%5EE 2 NDMAY BEE ¢ 625 A
9] 100% AAHAT 1 54L& A FLHA gEerh o
o]+= NDMAY F REZ 4=+ DMAZF AHSA
ZEA AL 917] WEelg AtsHT olet o|fE FAt
EAF g A7V o Zastth 71£9 NDMAY #Het
H 1A (Canadian EPA, 1999) X “Selenastrum caricor-
nutum” 3} “Anabaena flosagua’ ZHE AHEste] AEH=A
< F7hled 479 ECs #tol 13¥9 wigd s V&2
Z 4 ppm, 51 ppmeZ 7|&3ta k. 2FY F2 ©=2
A 2 AT tha AR AFE Bola

d

0

o o
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Fig. 10. Relationship among the cell number, optical density.

Table 4. The result of the Skeletonema costatum toxicity test

Reaction ECso (%)
time (min) | 0 3 6 9 12 20
UV-C 51.8 60.9 65.5 66.9 66.9 67.2
s Wi | (483~ | (884~ | (623~ | (647~ | (646~ | (646~
552) | 634) | 68.7) | 69.1) | 69.1) | 69.8)

4. 2 E

UVZ3E< ol &ste] NDMAE AA7] i st

ARE APsH. 2 22 S 2

1) NDMAS] AAdE UV-AERTE UV-C7} § EHFo|1
pH7} $&+5 S&°] SV & UV-C o] 59
ol w2k NDMAZE © w2 AZel] 100% Al A= A th

2) NDMAS =32 AAE fld Hitstgder F3Eu)
(TIO)A7FAA T o3y Fitsteidt FZW(TIO)H
7hEo] Eolde] we NDMAY UV-CY &5 Walst
o AALEE o=}

3) NDMA AA Al 545823 NDMA7E AASHAE
24 gL FEAEQ DMA W& 2 AE=40] 100%
AARA e Fes BAT

Ab AL
o] =EL 2006d% ARAAESAHAAY &
A

A o2 ﬂ%c&’*ﬂwﬁﬂA Adg wo}
2 -S(KRF-2006-521-D00257).

4

ofy

&, AE&F, W2(2006). LEE AFPGDLY Car2s
FE3 AAESY 23FHA AHIE %% SBREFY
& FFBA FJFEHF A, 22(2), pp. 215-221.
&, o1& (2002). NDMA; M 22 =3, of ¢33 & 33
=], 24(4), pp. 743- 746

&, 2499, o|AA, Z<£-&(2008). UVITIO, <

5t NDMA—J %éuﬂ-‘:oﬂ. FETAGEeES] =85

ol

o

A

ofy

ofy
o,

FT=HF 3 - ddgetr =3, pp. 487-488.

ol &3t(2006). AH BFEA H s 7133 ol gdF FF
NDMAS] 2 &2Ql Alo]. BAlS =&, A&t dhal
Canadian Environmental Protection Act (1999). Priority sub-

stances list assessment report (NDMA).

Choi, J. and Vaentine, R. L. (2002). Formation of N-nitroso-
dimethylamine (NDMA) from reaction of monochloramine:
a new disinfection by-product. Water Research, 36, pp.
817-824.

DHS (2002). California Department of Health Services; NDMA
in California Drinking Water; March 15, http://www.dhs.ca.
gov/ps/ddwem/chemicalNDMA/history.htm.

Gloria, M. B. A., Barbour, J. F., and Scanlan, R. A. (1997).
N-Nitrosodimethylamine in Brazilian, U.S. Domesgtic. and
U.S. Imported Beers. J. Agric. Food Chem., 45, pp. 814-816.

Izquierdo-Pulido, M., Barbour, J. F., and Scanlan, R. A. (1996).
N-Nitrosodimethylamine in Spanish Beers. Food Chem.
Toxicol., 34(3), pp. 297-299.

Kang, J. W. and Lee, K. H. (1998). A kinetic model of the
hydrogen peroxide/lUV process for the treatment of hazar-
dous waste chemicals. Environ. Eng. ., 17(4), pp. 183-192.

Lee, C. H,, Yoon, J. Y., and Gunten, U. V. (2007). Oxidation
degradation of N-nitrosodimethylamine by conventional ozo-
nation and the advanced oxidation process ozone/hydrogen
peroxode. Water Research, 41, pp. 581-590.

Malik, P. K. and Sanya, S. K. (2004). Kinetics of deco-
lourisation of azo dyes in wastewater by UV/H,O, process.
Sep. Pur. Technol., 36(3), pp. 167-175.

Mitch, W. A. and Sedlak, D. L. (2002). Formation of N-nitro-
sodimethylamine (NDMA) from dimethylamine during chlorina-
tion. Environ. Sci. Technol., 36, pp. 588-595.

Mitch, W., Sharp, J, Trussel, R, Vadentine, R., Alvarez-
Cohen, L., and Sedlak, D. (2003). N-Nitrosodimethylamine
(NDMA) as a drinking water contaminant: a review.
Environ. Eng. <ci., 20(5), pp. 389-404.

MOE (2000). Ontario Ministry of the Environment and Energy.
Regulation Made Under the Ontario Water Resources Act:
Drinking Water Protection—Larger Water Works, August
26, www://www.ene.gov.on.calenvision/WaterReg/Reg-fina .pdf.

Patai, S. (1982). The Chemistry of Amino, Nitroso and Nitro
Compounds and their Derivatives. Interscience, Wiley,
London, New York.

Plumlee, M. H., Mesas, M. L., Heidlberger, A., Ishida, K.,
and Reinhard, M. (2007). N-nitrosodimethylamine removal
by reverse osmosis and UV treatment and analysis via
LC-MS/MS. Water Research, 10, pp. 347-355.

Plumlee, M. H. and Reinhard, M. (2007). Photochemical
attenuation of N-Nitrosodimethylamine and other Nitrosamines
in surface water. Environ, Sci. Technol., 41, pp. 6170-6176.

Stefan, M. |. and Bolton, J. R. (2002). UV direct phtolysis of
N-nitrosodimethylamine: Kinetic and product study. Helve-
tica Chimica Acta, 85, pp. 1416-1426.

U.S. EPA (2001). Record of Decision for the Western Ground-
water Operable Unit OU-3, Aerojet Sacramento Site, July 20.

Wong, J. M. (2002). Treatment technologies for remova of
NDMA from contaminated groundwater. Hydro Visions,
11(2), pp. 4-5.

Journal of Korean Society on Water Quality, Vol. 25, No. 1, 2009



