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Abstract

Overall studies for the N-nitrosodimethylamine (NDMA) formation and treatment methods were conducted. In this study,
occurrence in several countries and emerging treatment technologies of NDMA were generally reviewed. The NDMA
formation was dependent on pH, contact time, and molar ratio (monochloramine/dimethylamine). The formation was rapidly
increased when the molar ratio was greater than 1. It was likely that monochloramine could be related to stimulate NDMA
formation. NDMA concentrations in water supply and wastewater plants after disinfection were approximately 10 ng/L and
100 ng/L, respectively. UV oxidation and adsorption processes are regarded as effective technologies for the NDMA removal.
It is suggested that the UV oxidation with proper lamps is applied in water supply system.
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1. Introduction

1990 o] AUt e LT S8R0 AFgelA
N-nitrosodimethylamine (NDMA)7} S22 AZ&HJoH,
= AP EUol e AS 1998 o]F X&EFHOZ
NDMA7} EAsts 22 ZALEY NE2E &2FFAE
HEAZ FHL7] A1ZSATHOntario MOE, 2000; Mitch
and Sedlak, 2004). V= #FFAAME= g F/Y 5
o} 3] HASIFE o Ad AT Fo EAseE A
o2 wEsgoen Wi d FEZ ¢S DAYAE ¢
9= NDMA 5EZ 0.7 ng/LE 7339 TtHU.S.EPA, 2004).
z71e Ayeret vlFe A A7 7 @83 APHA
o
(e}

b P

U @A A8 ygelx ZAL olFolA A F ¥
g 2 sppollA o] SeE F=7F 1,000 ng/L o A
HE AT BaE 3 gitOntario MOE, 2000; Krauss et al.,
2009).

NDMAARY #38& A F 72 T2F 5+ AUtHChoi
and Valentine, 2002a; Mitch and Sedlak, 2002; Mitch and
Sedlak, 2004). AR = Fou Rx=F=2Ylo] NDMA AT
EZQI g Aot} wh-gate F3F AFER 1.1-dimethyl-
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Disinfection, Dimethylamine (DMA), Monochloramine, N-nitrosodimethylamine (NDMA), Treatment method,

hydrazine DMH)Z 4tst= o] AP=E Aotk EAE= t
Fotwlo] opA st gt UERZAsto|t FedodA s
nZFolA gt tuFoldlF ofdidd e TG A8 FTHY
AFEZ] o Ago] 7HsdtH, Choi (2002)9 ATl
m2H oA BEEBr) ¥ @40l NDMAY Y&
3171 EF9ES St HESIATH NDMA ATE
22X Adder EAd= 7718, olUFAAE NDMA
7b AYHAT sE= 9ol o7 dFolx EuEHAT
(Gerecke and Sedlak, 2003; Mitch and Sedlak, 2004; Chen
and Valentine, 2007; Shen and Andrews, 2013). &3}, o]
Ao A ol FHA QJoFEE I AEA|(Shen and Andrews,
2013), ol #HA ZI Ay #Z(Najm and Trussell, 2001;
Mitch and Sedlak, 2004)o = HTFEZo] EAftia A4
S th Shen and Andrews (2013)= <)<k AE<Q ranitidine
7} sumatriptan<, Najm and Trussell (2001)2 4579 &
ol #HAE AT=EAEAN HIAHY At e FF
v-3A171 A3, NDMA AR Ade] e Ag &A
o} Lee and Yoon (2007)< oF24h ¢ doldl, &&
7b EAste 2AA B35 dkgel o NDMA A
daiA dxsIHTh o9 Fol|, 4y BeFRITG o
£ B 2 st A FFelA NDMAYE B/ H
o, 44% NDMAY s&& E:=F2Hls=e JHF
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#A#o] 9Jom Gerecke and Sedlak (2003)2 AAFNA & B¢ AXA & gazEdeer FE9T ExgE
EAQ day Exgzgdlo] fu ol wkgste] oF gue Ay HE Ho| DPD-FAS Wil 28 AxsHs]

0.6% NDMA7} AR €cha 2xstgth

FAHY FF Fol EAs= NDMAR I8, B2 -3
FAHE AldeA NDMAE M2 o7t Ha gled, &
3 AgsE AstdFFozr FYste EF AP XY
oA Aolg AEENA ts & FAE FZ4 5 A H(Barrett
et al., 2003; Patterson, 2012; US Orange County Sanitation
District, 2002). ©] &g&E2 LEA ZFHE AHEF 34
FAFH o]2uEg ol &T FFAHY FHAME EAHE
Ao ZAMHO I AR L wolA L, EgdErg Bo
=40 g ) Zste dFoMe 94 dFVELRE T
Akl ATh NDMA A2 o2= o] 7hA] o] A+
HALu UV AT FFYol dutyoer asd Ad
Hel Aoz LA ItHWebster et al, 2013). A&7}
ALgolEgt 22 FHAANE FFol & HA &ed o
£ NDMAZF 354 Z44& Yeh7] #Eolth Lee et al.
(2007)°] W29, AE5HQ & Xz= NDMA A|A&o]
g$stoy, e E/FHNGFLE AHEY FF s 5:4%
H g Wt E2 AALES BH ol Hatzinger et al. (2011)
& R. ruber ENV425E FUS FEHA HE wH3x0A
99.95% ol AMAH AL FAtatt stAwE A kol
PR3, e Aol
el & s 2
&2 AFdME Y -kl EASs NDMA B4

& XA BE S3S9eH pH WSt wE d4S
starhk 2 o] = P 2eFed AHEE
Zste] gEuetel 4o 2= AALRY Ax S G
¢ kA g d4 A AFY NDMA AF 7Hsds
A8t
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2. Materials and Methods

21. M=

2 A7 AFE" AMEQ N-nitrosodimethylamine (100
ug/mL)< Ultra Scientific NS-100(USA), NDMA-d6 (1
mg/mL)< Cambridge Isotope Laboratory (USA), 2Fo}§d4~
4 YEFEENLS Fisher Scientific (USA), T Zolql
Alfa Acsar (USA)AA 242+ F{lst4ch

2.2. NDMA 4o

o
O Aoty 5EE AFeA fAST mezzdw 5
= =]
=

To] 2 NDMA AAEEE 24 A7 34
2]

¢ E59 FAh FFEZ (Ambersorb
F FEoA 1~2 AZE

SIZE28AEs|A| ®30A A15, 2014

Restek Rtx-Vrx ZH(60 m, 0.32 mm ID, 1.8 um
film, USA)°] AX =1 AFEA7]= El B2 g3) o]
37} E& GC/MS (Shimadzu QP5050, Japan)S AH&3}%)
o AE AE7) Ji taRzHEor F2H 4 ul Al
2E AFstd FYsAL, EAxRAL o8 FY, A
2x7F 247 35°C, 200°C, 200°CE sfal %7]d] eBL
ANA 487 FAFT F 10°C/minIA FSA AT 246 7
Ae dFolH FF2 1.2 mL/min® 3L splitless &AL
L

AT 24 ZH9 NDMA AEdA= 1 ug/Lolth

F iy

N

3. Results and Discussion

3.1. pHOI[ chE NDMA ‘2
FFolAe] NDMA A4 Z2e Gaiddd 9% 2xF
2% AFEZQ] YuFopRle 95 wAYst=d pHIF
93 98 ) Fig 12 2 AFAFHZA, pH 7~ 99l
A B2y 5xo] WE NDMA 448 BoF

[e)]

ki

PR
o} pH 9914 %< NDMAZI AAEHIL oy mxeZad
9 EE7H 1 mM ol el HAe] FAEE EES B
o] 3lom pH 8ol A&HHoE JFrtete ATFS U

BT Utk Be=F2#N =7 5 mMY 4% pH 8%
9914 NDMA A4 s 47 18.1 ug/l, 32.7 ugL
2 245 rxZ2 ey 37 2HS Aol ATk
Mitch and Sedlak (2002)9] o] W= NDMA 4
o] pHol|l Wz} Wat=s pH 894 NDMABE7F FH v}
He RS #AGAT G2 pHAME Fhole, 2 pH
AME Fislo] 20] NDMA 240 Bs) &t AL
2 FZ3"t}h Shen and Andrews (2013)°] 5 pH 8ollA
Fvle] NDMAZF AAEI pH 7°)8llM e HlFAgste
(non-protonated) o}¥13} F=Zo] Lol QjA, L pHY 7

| ce-pH7  -a-pH=8  —=—pH=9 |

40

NDMA(ug/L)

Monochloramine(mM)

Fig. 1. NDMA formation according to different pH and
monochloramine at DMA of 0.01 mM.
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Fig. 2. NDMA formation as a function of different pH at
monochloramine and DMA concentrations of 0.1 mM
(pH 6, 7.5, and 9.3 from Choi, 2002; pH 7 and 8 from
Kim, 2008).
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o o] SE Aol HFETL ST F pH 9°]4del
27 =2 U5t NDMA BHE Fa
g3ttt pHE NDMA Adel Fa3d A4S
g d&ste A7 #xH7|E tHChoi and
Valentine, 2002b; Kim and Clevenger, 2007). Hatt et al.
(2013) sk A ZelA NDMA B8E& Zol7] A=
pHE 6 °J3t2 fAske AF} daidd JFFALE Y
A& AIAT Fig. 2& 7]&€ AT ¥ AT Ae=
E-gRgvs gudoly 571 22 £ 0.1 mMd
A NDMA #AS yebd Ao|thChoi, 2002; Kim, 2008).
pH7F 7.5 ~80lA Hil &5 Holgrt Ha dasthes Ae
BoFa gl dgolA pH 282 44 AT pH 7~8
& Fatoq A7 AE At ok

3.2. CHE =0l mE NDMA M

NDMA AAdl F& & AA2Es 2%, HHdod &
T, AFAE & 4 Atk Farré et al. (2011)2 A
B4 NDMA AB/gel A= Gl diste] FFHe=
Hla ERsigth 257 71 @545 F2 NDMA 242
S7tete A2 A HAed o HeEEYTT &
of w#Esty] wEelth &-skrellA] 2 NDMA 474
d2e 4 & =

= OEAEH AFEZQ ydHotdl

o o] @Ast Atk Choi®t Valentine (2002b)2] A2

Tl gstd BxZzRl/td oyl ujgo] 1 Ao A

NDMA A4 =9 Wsts HoleH), Hlgo] 18t & 3
Al

[0}

% NDMA A/gde] &A UehthFig. 3). oA AF3
o, BRIzl Zotnl Hgo] 18T F FF T
il

[Nt

A& 1.1-DMHE 2FstA7]7] 9l5te] BxgzEiol
452 ARHWA NDMA AAE 27471 RAo=
AR,

Mitch and Sedlak (2004)9] AFAHE 475 AIF ¢
NDMA Mgl #ste] ZASAEY 7] 150 AR
Aol F&sHA Fvtsttl 2 olgE AR £sEHE 4
FE BHYA GLolR FEE o] AIAA F&
sto] NDMA Aol Aol daS LES3ATh Fig. 4004
E(Kim, 2008), €48 twHAoldld R-F2 Yl FEo| A

N w
T T

NDMA (ug/L)

0

0 1 2 3
Monochloramine (mM)/DMA& (mM) ratio

Fig. 3. NDMA formation as a function of monochloramine/

dimethylamine ratio.

40

NDMA (ug/L)
n
o

0 20 40 60 80
Contact time (hr)

Fig. 4. NDMA formation according to contact time (Kim, 2008).
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3.3. =2| &=0lA{2] NDMA 2

AA e v Hsliet TAEDZ EFHIL A= NDMAZH
HZ AFdAaAE AEHL e 2 EFTEA
gHTh 8 A Aoz FHAA Sk et st
A9 NDMA EUHFH S AUty 718 22 A5E g2
st lem=E Ayt e L FFY ARE FHOE
Aol A A= NDMA 558 AHHEIYT Fig 5& o
B F7bll A ZARE V1€ ATEA, sk Aol
AZ9 3 NDMA 5EE 29Kt ZHojtAsami et al. 2009;
Ontario MOE, 2000; US Orange County Sanitation District,
2002). 19903 1998 Alo] AFFE TR Agste
AL 10108 doz AR Ao 9, 3770 3
T8¢ dolA 1 ng/L ©]3¢ NDMAZF HEE k. NDMA
Agn oplg QM E HAFHGT e F U

AXTF 1007 FFFedr A55 A% Aol 9t
, 45%°l d|E3stE Al8elA 1 ng/L ©]42] NDMAZF 4
HAL HA 8 ng/L ] YA TH(Ontario MOE, 2000).

Aot npRATIA R Aol &FAANE NDMAZF EAEH Yot
= A XYool 2AAIEE Y FFEFe] e Water
Factory 21(WF 21)& st+AE% 23 AGFE 42 9
EalA 32 AT T A eI FPSEL AT (US

e (2 =2 rlr o
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280 ARAZITFE 100 nglLZE S8&F 7|2XE AFFo=z A

AlSFaL R th(Sakai et al., 2012). Aol AARAZT 7)

200 | [RResenen SAE 2AAE F7E YoM AL ] YA

s Nee 23 s 297 Yol oldl tiF talo] Feai)
z 34. 29| SI0IA2] NDMA 24

“ 2719 54 NDMA EUHIE At} 714 8

w0 | I =I o A2 FHaT Yom, F5RT 5504 NDMATH

o 2o xxz A9l Fig SO 2ol AP

0 A 39709 AEE BAS AT 9atd 279 AR

General Japan Canada CA,USA oﬂ}\_l NDMA7]' 7—1XQ91 ‘4 @E%E‘C 220 l‘lg/Loﬂ

Fig. 5. NDMA concentrations of water and wastewater after o] 22 tHOntario MOE, 2000). 12 Az £Uo} Zujo] <
disinfection in each country. o -
IIECTION I SR oY A% SrAEE BHSY) NDMASES 2413 A o

Orange County Sanitation District, 2002). ©] A &FE < stE, 47 AZeME 100 ngLe 2Fshes As=9
2 AN Q42 AFgst=d, WF 219 AgzFe NDMAZF AZHJS "= Wl 1470 steAg g oA
2XFE o83 38 FA, o|AHBAS 0] &3 pHE g Az SAY EFE NDMA =5 AR 2
A, o3 agx QAR zFos FAL o Qi HZAF ostd st EEAdAME 0.6~45 ugldl °l2& AFE
o2 24" 284 9549, 66 ng/Le] NDMAZF WF 219 ¢] NDMAE st UATHMumma et al., 1984). 4&
FAEAM 152 ng/L2 2299t olga ane noMa 9 1271 SEA AN U5 NDMAE 1~80 nglLol

O =~

7 A BEL AXNEA AAFE A Ad"gE Be g SFAH F AEFTe 1-73 nglE 2 Fel7h fiiH
BT gtk = AE ojgx waxm gx oy (Yoon et al, 2011). 2912 2178 A4 NDMA
WF 212 A3 T FY9HE 942 <siA NDMAZH =T g7l 5~20 ng/LolYot AR | ugLAE AS
Fal @Itk Asami et al. (2009)9] & 5 A (Krauss et al., 2009).

3‘: o{

BEHe Aer F5503
FolldEe &9 F4 9594 NDMAZE 2.6~43 ng/L duwtg o oA NDMA 24 sE& 4Rt &
AEHJAL, & A A T 5= 10 ng/L77]-X] =7} AEFdet ol #71ES TS B2 AFEZ A4
s} xggg Aet g = F3} ghse Aoz zA} 37 W7o g AZtEh ofF st v &5 &S AgEH
5t th Huy et al. (2011)2 Q&9 2370 A&t 1871 I YA go HI | ugl o AEHIL Y AgF
ZolA ABE EAG AT NDMA 557 Asksrst go] T AEF] #9925 2lo] ole] W@ A= Basith
A 247} 0.5~5.2 ng/L, 0.5~3.4 ng/LZ HE3AT dellA AFsRRol Ad BRAA F7t FER dh 5
oy YaolA dAT1E A NDMAE A4 g = =24, pH 24 & S5t 24 JAE F=F A& A
w22, oF AFAY FFAN Ftshe 74°i wa oo
T} Mitch et al. (2003)2 @4 EE FEHY A4 9o
nZe AALTF G g EC] UoE AHE 9}01' S 35. I &=+ H S0lA 2] NDMA
st NDMA, & &5%2kEo] B49thal otk Dai and SWolA NDMASY 4 FEE gotRux Hpd:
Mitch (2013) F=2HRezr A48 "5 5 A& gokr A 2 e s AdS AAE |
34%01]*1 NDMAZ} EAshs A& SR 2L 4 A B B¢ g AEe daAE A% daAe &
Hol o] stE sEE P& UeiA Xate EAA o Ak EAIGS @4 B AYA A4AGE
% AAlskal NDMA B49 $e48S Z=xath i34 ste e 474 dgslen, A Fas dad A
Oi QE At HEAAME o FEEY Y FET X2 A A A Folw EA AFE Table 13+ 2T
o2 Hof YA ded SdH =80l He AAZAH, FF9 79 EE X594 NDMAE AS
?“zﬂri olgd Aog AAY. "= A EYok= 3 ng/L, FAEE( ug/l) olstz A AT FAA dFsHA =0l
Aut 28L& 9 ng/L, Auth AFFF= 40 ng/L, Al 79 4= NDMAZE 22 sEE EAstY W A=
Table 1. NDMA concentration at wastewater treatment plant
Before chlorination After chlorination
A wastewater treatment plant Below DL Below DL
Before UV oxidation After UV oxidation
B wastewater treatment plant Below DL Below DL
C wastewater treatment plant Below DL Below DL

(DL: Detected limit)
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JAE FAYE JE2 EAT AR ARG =9 5
F ARAAME 1 uglleld HEHe B97 AF e
3] U seAlEC A= NDMAZE EA8HA] kA,
EAsttgE 2 s=7t SuF 4 & AeE F3dch
2A71719 AEEE AR dste] 1 oaR EAT Z
dog F7HHQ A7 Bad AFelth

4or4

36. Azl n&

Fig. 62 NDMA 243 A& FFHo2 Yehd 43
olth, <kellA AFFASC], NDMA AHZHezE UV 4t
Sz FHol QuHolw EEH WHoE A4sy 9
tHKommineni, 2003). Sakai et al.(2012)9] Aol &= UV
& WE NDMA FE3d disiA i3 =d 222-nm

o] 254-nm Bt} 4 ] X §80] &7} = ALE XA}
stgon BRI BT ERo| M E Lol WI Ao

2 23t ST AFE FUIEC] E4 2 75‘% %
state] ot whgo] W& =8A A7} oHAA= AH
Mg Agge @Ho] o tE oA AUt EEEHIL
Atk B FFo] EFHHA PHORE gEA AT A
AL F2 HYEE HehlL gl arH| o] FAF
= gk

dte g AESA st dFEHL ed A Azt
o] Al AT AP MBE HPo] T4 aavt Aok
Hatzinger et al. (2011)2 R. ruber ENV425E& F4% WH
g9 ME wrSzoA $9 NDMA 7.4 ug/LolA 0.0023
ug/L2 Zr4ske] 99.95% ol AASAC AT A sh4
o 1k EfFEIdqEo] EANF A AYEES F
astgnk Asted A o8 7R g frIsEEl
EA & 7he/dol wo BESH A A A AL
2 AMZEt}. Webster et al. (2013)2 R. ruber ENV4255
F3 54 FAE o) &std 308 AFAIZAA AekF
o £A13= NDMA &%=7}F 0.01 ug/Lolgt2 ZAMEY UV
o tA &2 A¥sithal Basgnh o9 o], A
X5 HE&SF NDMA AHFY Al=7F Qo A F{FA|Zo|

@do] Qlo] AY FAZ A AZIT) Pisarenko et al.
(012)= L&/FAs4A At 2 GAEGS AL 3y
A 3719 ZAE o] & 459 s E AT 4 NDMA

_1

o

ri i

Disinfectant

Chlorination
a, ‘:> Chloraminati
Chloramine on

0; Ozonation

ER=

Fig. 6. Formation and treatment of NDMA.

\A dsorption

vy (Removal ). _

/Bloreactior,

Table 2. Comparison of NDMA Treatment Methods

Methods Degree

UV oxidation
Adsorption

Comment

Excellent | Low treatment in high organics
Excellent Low treatment with silica
Membrane bioreactor | Good Long retention time

Chemical oxidation Good -

BE7t AFelAe ot gastd ey stee 0.006 ~0.033
ug/L AAEE 23S A0tk Chen and Valentine (2008)2 7
71Eo] EASte AEFA Ei, FASFL, LETH WA
2 & B8 A& o 27 NDMA7F 4T 21& 3o
Table 2] L9Fstg o], o8] 7kx] NDMA A Ho|
TFHIAL Qe FFdr DA EEFHOE AR T
AYHL UV Aoz gAY 288 U] ﬁéﬁ
AMe UV #ze o3 ERE Aoz A88 3
Tgol 2 AoE AZAHY e AYFIME daud 2
Ad T UV Ee 8487 22 FFA=E FE A
A5 NDMAS9] &A=

ol N

4. Conclusion
F-stFol A 2 NDMA A4 BEE ATEAL
v ol JAAF o] Fo] WA AFAFTILAY
sZ2eug if*—i ol s HAE gk B2 AF
T RxZ2 vl FEo| H|#H st NDMAS A=
e & F ATk ole dadd A BAsE

4 2RY2a Be2ednd 47126 g du
oldlzte] @Al Q7] WECl I pHY FEHA
o AR LT ARL A oF AL WUE 4
Zrd 222 F4 $TUYP} B 5= 2z BR

AGAA A5 AAEL A G BFE D A5
28R FPIA B F5E NDMAY AHe
Fo7h a7, o ME WA vHEE BeF Aow
AYET WAL LEHOE ALG H5T NDMA A7
We UV Mo odAAM AYnge U] 93
AE gRe UV 4 das EiE 498

o2 o oox AL e oo W fm O

P

Ab Ab
B e 2013dE EXetn seds dTu A
9Jste] FHFHYLH olof A=Y T
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