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and Drinking Water Treatment Plants

Gyunga Kim' - Jaesoon Roh - Jaehun Bin - Changwon Kim"

Water Quality Institute, Busan Water Authority
“Department of Environmental Engineering, Pusan National University
(Received 6 November 2009, Revised 4 March 2010, Accepted 8 March 2010)

Abstract

This study was investigated nine nitrosamines in small tributary rivers, sewage treatment plants (STPs) and drinking water
treatment plants. They are N-nitrosodimethylamine (NDMA), N-nitrosomethylethylamine (NMEA), N-nitrosodiethylamine
(NDEA), N-nitrosopyrrolidine (NPYR), N-nitrosodi-n-propylamine (NDPA), N-nitrosomorpholine (NMOR), N-nitrosopiperidine
(NPIP), N-nitrosodi-n-butylamine (NDBA) and N-nitrosodiphenylamine (NDPHA). The nine nitrosamines were analyzed by
gas chromatography mass spectrometry (GC/MS) using solid phase extraction (SPE) with a coconut charcoal cartridge.
Among the nine nitrosamines, NDMA, NMEA, NDEA, NDPA NDBA and NDPHA were detected in small tributary rivers
and sewage tretment plants. In small tributary rivers, NDMA, NMEA, NDEA, NDPA, NDBA and NDPHA were obtained as
ND~16.4 ng/L, ND~17.7 ng/L, ND~102.4 ng/L, ND~455.4 ng/L, ND~330.1 ng/L and ND~161.0 ng/L, respectively. Also
NDMA, NMEA, NDEA, NDPA and NDBA were investigated ND~821.4 ng/L, 22.5~55.4 ng/L, 53.2~588.5 ng/L, ND~56.6
ng/L and ND~527.9 ng/L in STPs, respectively. In drinking water treatment plants, NMEA and NDEA concentration were
increased to as high as 38.8 ng/L after ozonation process. However nitrosamines were decreased subsequent biological
activated carbon (BAC) treatment process. It was supposed that nitrosamines were formed by O3 oxidation and were removed
by biodegradation of BAC.
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1. A—i = 2003; Oh et al., 2004; Yurchenko and Mdlder, 2005).

1990t Ayt el 9 daggolA NDMAZE g

A2 0FT AT FeoA oot g azy  AEI0obb et al, 1992) 1998 ¥ Aok g5
2= = o i=4 =

&2 N-Nitrosodimethylamine(NDMA)©] 7 =]o] o] 43} ol A= NDMAZE AEH el 2t A2 29=dE F
Ha glE=dl(Charrois et al., 2004), °] 22 diaE = E57] A& @A7EA] AAYTiel Al NDMA g6l &

dimethylamine(DMA)Y T2 23} amineEol s 434 7}
540 v Aoz <A QoHChoi and Valentine,
2002; Mitch and Sedlak, 2002). NDMAE= ZAES] AAA
89l 1,1-dimethylhydrazin® Z7tA12 A4 = v (Fleming et
al., 1996) T4, E2H, 5 98, AZ 59 A
A HH AREEHAY FAAEER A EK(Tricker et al.,
1989). =3 AF, &, A, EASF 59 H=H
g, S8, stEs A HRe 2 AxEEHA § oo
oA AEHD tksns] 5, 2004; Dutra et al.,
2006; Gavinelli et al., 1988; Hotchkiss, 1989; Mitch et al.,
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@ A7 guks] APF|o] A% LA 1,000 ng/Lo]
A AzF9gE 2t JiRELY AEF, 2006). T
FNE A EUol Fd AT AT PR
NDMA sEE ARG Ado] sid dF A ZdolMe
100 ng/LE zFst= 1EES NDMAZH AEH7E 89
o (Mitch and Sedlak, 2002) Az EUo}F QA 7}12-E
Water Factory 21¢] o] &dlA] §Y(66 ng/lL)Eo+
(152 ngiL)AlA o B =7t AEAVE SRR
ST folE, 2002). HZ °] AFZANE FEFAAY
NDMA AAE fst] UVAIES AAS & 52 AAE
S dATn Husa glow, A 8FY UERAMF
ZAE 8P A Fol Aok FoH(FelF, 2008).

FHH T FFE AURYW FFE LAY T EFE



o

S U ASIEHE B Y0NSl UERAIR T4 447

5(2008)% ATZEAE BW FA FE7s
shetEd EFRSHAYGeA FA RS GEAS 1
TAMA EFIE 9 NDMAY ATFEZZ ¢ 1 A
DMAS} N,N- dlmethylformamlde(DMF)7} 3EY 181259
IFNA ALd B F A WEFe] 819 £2 &
Aoz.o & om NDMAS NDPA7} 4&$118-123%
A aFAA A" EF F FA W&ol nEdd =2
& THLR-CR HE°“E¥ wehx A A DMAS
DMF7} Wl&H i gleus dF Hdiisg ol e st
TAZ g 3+ %% 5 NDMA7} A&€ 7Fsiol &
S Ae=E dAddr.

o232 NDMAS IEFE A3 EW USEPAYdA = <2l
A EdrbsAdol g B2aEeR AFstn o,
FALGATL(IARC)E 2ATEC R BEFs JthH = o
ARZ =, 2009, http://mww.epa.gov). USEPACT A= w et
°] & #E(10° cancer risk level)2 ¢+S HAAZL F e
NDMA 5=E 0.7 ng/Li 778 351 th(http://www.epa.gov).

TEZE USEPAYA & T LEEE FRES EH
Qo %E]iwo}-r-J BAZNA= NDMA-J notification
level 2 10 ng/LE AFsta Ack(r=Ag EUolE BA,
2009, http:/iwww.cdph.ca.gov). &3] Ayt e eF=
&AM F4 F£271FS 9 ng/LE AHsta JAT
(http:/Awww.gov.on.ca) WHOOI A& 71o]=2kQ1-S 100 ng/L
2 st ATHAA BAZ]T, 2009, http:/wvww.who.int).

JH YEZAMIF 5 NDMA, N-nitrosodi-n-propylamine
(NDPA), N-nitrosodiphenylamine(NDPHA)7}  USEPA®I A
18 49 2 29 EZ (organic priority pollutants)
2 AgHIA dem o EZ F NDPA, NDPHAR
USEPA A= WIERF F B2IFoZ, IALGIATFA
(IARC)x= NDPA7} 2B1H, NDPHAZ} 31FoZ ER/FH
oA Atk 2 9]  N-Nitrosomethylethylamine(NMEA),
N-Nitrosodiethylamine(NDEA), N-Nitrosopyrrolidine(NPYR),
N-Nitrosopiperidine(NPIP), N-Nitrosodi-n-butylamine(NDBA),
N-Nitrosomorpholine(NMOR)x= USEPAdI M= B2I1Fo 2
AZ=H dokr=E AP EYolr AARAANY H7MI
#, 2009, http://www.oehha.ca.gov; Pl=3HZF R 5=, 2009b,
http://www.epa.gov/iris/subst/0045.htm). F7}=2, 2 oo}
Foll A= NDMAS w72 S-&5ol4 ¢ NDEASH
NDPA2] notification levelsg 10 ng/L2 B&skal itk V=
UEZAMIFE= 2G5 AA] Eohttp://mmww.cdph.ca.gov).

231 NDMASY BEHZ2 A F 72 LA 3
=8 AA, Mitch and Sedlak(2002), Choi and Valentine
(2002)& A& 2=2gvlo] NDMAJATFEZQ DMAS
&3t NDMAE ZAAIZIHaL sttt o] A2 M4
JEZ 1,1-dimethylhydrazine(UDMH)7} l=Hl o] &
o] AgtEo] BPHE Zolth 97]A4 UDMHY 342
dimethylchloramine(DMCA) 2] A/gd¥t33 Mz ZAu39]
FA A7l @ DMCAY AHZEAZZ whgo] dE
2% NDMAS] 440l A8 % adrhFig. 1). EAE 4

FHE7PEENE EZARAT()(2006)9] Loz <
=x0] 9
O

).

1:18,

aster) (CH,y),NCI+ NH,

(CHp),NH + NH,CI

lJD'\|H N IJ\IA

Fig. 1. Proposed reaction scheme for NDMA formation from
DMA and monochloramine (Mitch and Sedlak, 2002 /
Choi and Valentine, 2002).
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Fig. 2. Formation mechanism of NDMA by free chlorine
and nitrite (Choi and Valentine, 2003).

29t oA o] Hk2E= ZA$olth. Choi and Valentine
(2003)2 E<o 9= NO,; I HOCIo] wf$ w=A A3}
S5 3t N:O& AAHAIZIL o]F N,Os= DMASH 4t
S5to] NDMAZ A7t B stdthFig. 2).

S J1EF o2 % NDMA 8489 AFEE2 DMA
2 84 JAT, HZT AT s DMAYE ofd E
OE ZAAaSEEEC] AT £5IFAA TS
NDMAY AFEZZ HEZL F Ut k. Lee T
(2007)2 2&3 oldstds EAtAlA 2xtoll} 3xtot
7] gste] tis] ZARIEU, NDMAS Aol 7]odste
EARE RxeZEgv, §7183E, DMAY 3xtotulst 2
2 A4TRER, UErE st EZEo|#A o
Gerecke and Sedlak(2003)2 A <-371&Z (natural organic
matter)o] NDMA<S] F o3t AFERo|ga FFSHTH
NDMAZ Ao digt & tt& FZ o2+ Andrzejewski 5]
o] Aksld A~ (Andrzejewski et al., 2005), 2=(Andrzejewski
et al., 2007), ZFsk4=2x(Andrzejewski and Kulik, 2007)7}
DMAS$} ¥h-g35te] NDMAE A/gA171tkal skt

mha B ATl AE EPA 521y olA §&< SPEZ
A9 oA dY FEHAR AASFHL T EPA
21T 59 GCE HHE AHEste] GC/MSZE parts
per trillion levels7tz] At 9452 4 F8 A
a0 ARH? N SR RN 95 UERARIF o

rtf.

rlo
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2Absa 2a 2 B35 338 A%
B4R N2ARE FEALA D),

2.1, A=Y

G574 A 4N AL 8€ol 13 AFRaL st5AE
e 6d, 747 99 Agste] BASAT 2 F
ALY FZAXNY As ZAbe 499 13 HAAlSETh G
BEA AFARY dut FARA FEL2 F2, pH, DO,
TOC, NHs-N, NOs:-N, T-N, T-PE % 8FEo|t}t. TOCE
SHIMADZUA}S] TOC-VepnE, NHz-N+ uvivis  spectro-
photometer(Cary 100 Conc. Varian)Z A3t T3
NOs-N+= ion chromatograph(DX-320, Dionex, Sunnyvale,
California)g ©ol&3at% 2™ T-NI T-P= BRAN+RUEBBE
Ate] AutoAnalyzer3& A&t Z#ghe Ath

2.2. M 2|dH

EE ANEe A8 AesH 1L Fedd gobA
At g ATd ARES YAES AAI] H5td
GF/C oJ=)(Whatman)$t 0.45 /m ®E#H o= (Millipore)
£ ol&std AFAZT. AqFE AlE(1 L)EE EPA
method 521& &&3td F&st% =0l SPE X & Supelco
AFe] Visiprep™ Large Volume Samplero]® SPE 7HE&] A
(cFAHAIZAH e JlEZ A : RestekAK(Bellefonte, PA, USA,
cat. # 26032))+= TEFZE2Hgte g AL WS
FRTE AFSAT AFE ARES AERHAAN &
polytetrafluoroethylene(PTFE) ¢]& Q1&g &3l d&H
o|F50o] SPE ZIEZAE AAEF I ol
8~10 mL/minth. Elution HE=2Hgoz Az
A g o] AA 12 mL7t HEE S¥Th B
% 7](TurboVapsLV Concentration Workstation, Zymark Cor-
poration)E ol &3t P2 HAa%H FE&F9 2=V}
20~25°C7F FAHEE ot 250 wW7HA] EFAIA T

Y ol Ho
Br oL o o
of 2 o fu

=0
=

2.3, AlgddHy

YEZARFE 4317 9 FFEA 7= AgilentAtS]
GC/MS(Agilent 6890N/5973, Agilent Technologies, USA)E
AHgst o AH L RestekAle] 30 m x 0.25 mm L.D. x
1.0 ¢m film thickness®] Rtx 5SIL MSE o] &8}t o2
2IME %27] 2% 35°ColA 6837t FAA1F1AL 4°C/min
A 90°C7HA] &€, 2°C/minZ 120°C7HA] $2A171 %
mtA g o 2 10°C/minE 260°C7HA] €& 7latdth 99
UEZAMFE= MS9 SIMEES] s FFHoz EAL
Aok AFE7F2Y FFL 1.0 mUming LFsHA FA 8
. MS transfer line == 280°CE &} ion soure &
E&= 230°CE gsHA et 183 MSe El modeZ
Aes ok 4 BFE2 HEEAILRT), 2L 2HEHTG
AA ABPE 2FEYY o]ES Hwsty FRIstth 8
A HEZAMFE gAld 24 5o3A A% NMORE t
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Table 1. LOD and LOQ of the nine nitrosamines

(unit : ng/L)

Compound LOD LOQ RSD
NDMA 2.5 7.9 2.7
NMEA 4.8 15.2 4.8
NDEA 55 17.5 5.0
NPYR 43.0 136.9 13.4
NDPA 10.3 32.9 9.8
NMOR 46.3 147.6 14.9
NPIP 10.0 32.0 11.2
NDBA 20.3 64.7 18.8
NDPHA 10.3 329 14.3

2 B2 Bt g4E3sA gol WE injection I F
2As9 T ol AFFZ 99% WA AEFA(LOD)
£ 25~46.3 ng/L o™, FEFAA(LOQ)= 7.9~147.6 ng/L
Aot U= HHEEHIHRSD)E 20%m] THo] At Table 1.
Fx). B9 SHFY UEIAFE FYT AE(FES
APE o)l&dd FEE(% I5e)d AdYes Y=
FUE(RSD)E &AM £ A3 30 ng/L(NPYRZ NMOR2
AYE)d weo ZAdEs 77.5-1222%+25~11.1%JoH
100 ng/LY @& 70.3~121.7%(100 ng/L) + 3.3~15.8%C. %
YeR T

=23 A F2 XMUMe| LIEZAIRIFR H

549 Fx4¢ dste] Table 29} Fig. 391 71&35+%
2 A AN AQANA # IAAFLE BF
1 SR8 JEdE ol XA Ay F
Table 31 YeEReH, 47] AAANA YEZA
ZAGE AT Table 48 22 ZAHE d& F
NDMAS Z$-E DAH(16.4 ng/L)g A A A
2% BAZ092HW NPYR, NMOR, NPIPE RE &0
A EAZ2 Uewgth NMEAE BS C AFAA 169
ng/Lek 17.7 ng/LE AEHAS™ NDEAY dF= A% B
QA 53.1 ng/LT 102.4 ng/LYE ZFAE T NDPA
= B24%5~4554 ng/LEYE YElten NDBAE C9 D
A ZQolA 330.1 ng/Let 308.4 ng/lLE ZAMHATH E3I B
A Qe NDPHAZE 161.0 ng/lLE A&H AT uwahA
HEZAFZE AQdA AgZolAgt AZEHAL gloH
olgg A I ALY T HEoE wgdHrh

rE o
ool
m ox =

32
2 32
x &

3.2. HEY R SITXEIE ZAL
$Ed 85 S1, S2, S3, 849 47 sprA P gl st

UEZAWFS ZAFEGTE S1, S2, S3¢ AF FHTIA
Astgor s4e AF R AdY FRT A2AA
AA Atttk S1-12 sisteA e Ads F AF
(10 THE/DE AtARAA s A A2 AAl sFAFA &
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Table 2. Properties of nitrosamines (Schreiber and Mitch, 2006)

Compound Molecular weight ~ CAS No. Kow? Koc® Water solubility (mg/L)?
N-Nitrosodimethylamine (NDMA) 74.08 62-75-9 0.27 12 1,000,000
N-Nitrosomethylethylamine (NMEA) 88.13 10595-95-6 1.10 4-73 300,000
N-Nitrosodiethylamine (NDEA) 102.14 55-18-5 3.02 43 106,000
N-Nitrosopyrrolidine (NPYR) 100.12 930-55-2 0.65 n.a. 1,000,000
N-Nitrosodi-n-propylamine (NDPA) 130.19 621-64-7 2.29 n.a. 13,000
N-Nitrosomorpholine (NMOR) 116.12 59-89-2 0.36 n.a. 861,527.5
N-Nitrosopiperidine (NPIP) 114.17 100-75-4 22.9 n.a. 76,480
N-Nitrosodi-n-butylamine (NDBA) 158.28 924-16-3 427 n.a. 1,270
N-Nitrosodiphenylamine (NDPHA) 198.24 86-30-6 1349 1202 35

n.a.: not available
a: Zhao et al. (2008)
b: Spectrum Laboratories Inc., 2009

/CH, N’/o L Néo
0=N—N l!l N 0= N—N f 'h

NcH, ~ 0~ N A~ NN
(a) NDMA (b) NMEA (c) NDEA (d) NPYR (¢) NDPA

Néo O=H—N

o=N—N D o=NnN ) N

AN 4 N

(f) NMOR () NPIP (h) NDBA (i) NDPHA

Fig. 3. Molecular structures of NDMA and other nitrosamines.

Table 3. The quality of water in 4 sites of small tributary rivers

Month Point Temp. oH DO TOC NH3-N NO;-N T-N T-P
(°C) (mg/L) (mg/L) (mgiL) (mgiL) (mg/L) (mgiL)
’09.8 A 26 8.3 9.6 1.98 0.080 6.084 6.303 0.183
B 25 8.4 8.2 1.96 0.080 2.032 2.296 0.229
C 26 7.8 8.5 247 0.103 5.846 6.186 0.298
D 26 7.2 7.9 2.06 0.073 9.527 10.088 0.369
Table 4. The variations of nitrosamines in 4 sites of small tributary rivers (unit : ng/L)
Month Point NDMA NMEA NDEA NPYR NDPA NMOR NPIP NDBA NDPHA
’09.8 A ND ND 53.1 ND 245.2 ND ND ND ND
ND 16.9 102.4 ND 455.4 ND ND ND 161.0
C ND 17.7 ND ND ND ND ND 330.1 ND
D 16.4 ND ND ND 61.3 ND ND 3084 ND
2 gRea ded AEs A2 AHY FHRT ZAHCAA B AH&sH S3steAEEE AFATE LE0E &
AFstdtt o] S SiskeAgd g2 Agered 5 9ol ot WSkl JAtHTable 5).
SABAYALY WEFE I A s 8T UY 68 weby A7) 47 AR RS el UEzAR
THEolM S28trAE e A9 949 52 ©EY IFE FE XA a3 22 235 & 5 UATHTable 6).

AP AMEELRE AEsret ¢ 9 JAAHIY B 9% YE=ZAYHF = NDMA, NMEA, NDEA, NDPA,
£ A ok E=3 SIsFEHEFS dY 407ES NDBAY] 5%F¢] AZHA+=d NDMAE EAE-821.4 ng/L
TE AYstH A5ty o I (E A 485,000 = FFol9er NMEAE 225~554 ng/L, NDEAE 53.2~
14) =), 9A8A4F £ EA FEF= @A A 588.5 ng/L'BY S B Y NDPAE EH%~56.6 ng/LBI4A
ShaL Qi S4steAE A A 49 45 THEY FFE t}l. NDBAE E743%-~527.9 ng/LE Yeytth 34, S18ks
A e AMYG LR Agstro 4 A sta ok o] A2 &7 S2strAE ZY AS 2~38]0 AX AR AT
% S1, S2, S4steAE A B AFAR AP AU E 64ET 74 dAH Lz ARgo] 2F A UsteH 9
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Table 5. Characteristics of the studied STPs (371337 HAE, 2009)

Name Disinfectant Process Flow (m*day) Influx
S1 NaOCl Advanced process 680,000 Domestic sewage, Rainwater,
Treated food waste water
S2 NaOCl Advanced process 520,000 Domesu;us;v;/:gj\l,ag:lnwater,
53 0, Advanced process 400000 Pometc sevage, indstial sevage,
S4 NaoCl Advanced process 45,000 Domestic sewage, Rainwater
+ sand filtration
Table 6. Resulting data of nitrosamines in the studied STPs (unit : ng/L)
Month STP NDMA NMEA NDEA NPYR NDPA NMOR NPIP NDBA NDPHA
’09.6 S1 ND 30.5 53.2 ND ND ND ND ND ND
S2 ND 26.9 77.8 ND ND ND ND ND ND
’09.7 S1 ND 55.4 112.2 ND ND ND ND 76.2 ND
S2 ND 52.3 713 ND ND ND ND ND ND
S3 821.4 51.7 1335 ND ND ND ND ND ND
’09.9 S1 ND 225 588.5 ND 425 ND ND 527.9 ND
S1-1 ND 28.7 212.6 ND 56.6 ND ND 506.0 ND
S4 ND 25.3 253.0 ND 50.7 ND ND 4149 ND
# S1: pH=7.3, TOC=2.271~3.795 (mg/L) S1-1 : pH=9.4, TOC=2.122 (mg/L)
2 : pH=7.2, TOC=3.805~4.068 (mg/L) S3 : pH=7.2, TOC=11.300 (mg/L)
4 : pH=7.4, TOC=2.274 (mg/L)
ol UERANIFY HAEEEE ZoX1 AEEAER AT 12 ng/L AEFIJTTL AT EF Krauss 5
ksl Ao}, ] =9 S1steAE Zel A NDBAS 2H (2009)2 A Fol FUHE LF(2 sample)dlA 9 Y
6L4(EH=)3 7€(76.2 ng/L)el Hls) 9€¥oll F=%k(527.9 EZANFE A EY 22 S7E 100~1000 ng/L
ng/L)el ZA F7tslged 7] dia4s FYHY & ©m™ NDEA, NPYR, NPIP, NDBA+ 150 ng/L°|3}, NMEA
7tet sE7] o Agsirol Bol TgF O YE S5 A sa} NDPAE E7AZ, NMORE 1749 AlgelA AZH
TEA= Qs Uit A3z 33"k NDPAZ 6, 7€ I Bustch A GAEZNAY HYERANF TS
= BERE0|Yoy 99+ 425~56.6 ng/lLE AEH A= ZAFE Oya 5(2008)2 N,N-Dimethylamino funtionsZ&-<
4719 22 9l g Aoz H4HAT) =3 S3EFHA 7¥A&=  Methylene blue, Auramine, N,N-Dimethylamino-
PZ9 Aee 799 13 Al S1F S235t5A bezene? 22 HMEZAET FA7I3o ©]&=H+= DMF<
Fe] NMEASH NDEAY AEFZE7E H&aAY 23 & 22 20 &3 wssld NDMAS IS RS &
skom NDBAE: ZEHA ggtch 2eu #4354 NDMA

7} 8214 ng/L9 AEER HAEHA SsstrA g F
= S-S vRe 24S Biled #Ys9 oA

Qa0 SAkel ekt A AALh 2 9 S11A

Ae siasAe g vo 557 23 Eol=E 4% B
9om 53] NDEAS Z9E o 60% 44HE 4TS B

Aok Fu=2 T AHE AHEW Sedlak 5(2005)
California®] STPs WHFE A 733} NDMAS] H#7#k
o] 88 ng/L F=olH 77] STPse AZEHLE 7~790 ng/L
olgta FF3Yth EIF Krauss 3(2009)01] o)slH Switzer-
land9] 207} STPs AR 2 YEZAIANF it AERAE
S A7 2348 E FHRTA NDMAY H9l+= 1.5(L0Q)
ng/L~33 ng/L(F+ 5 ng/L)°]™ NMOR<Z 3~26 ng/L(E+
7 ng/L), NDEA, NPIP, NDBAE 5 ng/LE=Q L B 13}
Atk a8t 583 1719 STP(Regensdorf) AlECA =
NDMA AZ&W$]7F <1.5~188 ng/L, NDEAZ} 24 ng/L, NPIP,
NDBAX: 19 ng/LolQ2™ NDPAS Z$: 17] STP(Buchs)

S
Sh=

A sl x| M26H H35, 2010

ARtk a2y B ZAIAE S1¢F S23teAEd SR
Fox NDMAE AEHA EAAT UEZARF F
NMEA~} 26.9~55.4 ng/L, NDEA 53.2~112.2 ng/L, NDBA7}
E4E~762 ng/LHAE ZAFE AT 19 NPYR, NDPA,
NPIP, NDPHAE HEHA &ttt SistrAeE g B9e
SAEAYAIEY wE7E FPFHERE Aol NDMA
AE7tsgel & AolFa Agstdth 18y AA XA
AFo e BRAEZE YeRTh o AFde AT
A FGA AN 254 FH9 Zold gt AFEDY
zfole] M2 ZAFZ AAZIY. FHH S3eHEAE
e steAEE B UERANN RS HEE=7F
on E35 NDMA7} LEEZ 7 e g
Oya 5(2008)¢] ATZA7e} 2o H 9
Fo AFEHo] 2EH} ¥gste] NDMAZ

=

A ++
W
A oolger AFrE vEbd AeE AZdnh 1 ¢
Andrzejewski and Kulik(2007)2 <2=3 DMAZ} ¥Hg3td
NDMAE XA F&s92™ Schmidt and Brauch

O 2 W o ¢
o |o )
e

o
l
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NMEA, NDEA concentration(ng/L)
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(@) A drinking water treatment plant

=
m

=
o
T

—*—NMEA
®-NDEA

NME#&, NDEA concentration(ng/L)
- = NN W W
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T
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Clean water

(b) B drinking water treatment plant

Fig. 4. Variations of NMEA and NDEA concentration in A and B drinking water treatment plant.

(2008)ll 93tH UDMH<} N,N-Dimethylsulfamide(DMS) <}
T2 2ol AFEAC] EAE B LEH HSEd
UDMHE 80%, DMSE 52%7F NDMAZ Agddcy B
A ed S3EAE Y] FSE FdHFT F 2xobdlY
ATEZo] 27 W33l NDMAS HAEAAE Rz
AZ-Et,

eh(Biological Activated Carbon BAC) o3,
Atk WA 270FFEY A HE
BEAEE ZAEAY olnf A 4Ry
opgA AL 0.46~0.55 mg/L'EIP oW TOCE 4.901~4.997
mg/Le] Atk FIE Asami 5(2009)2 LC/MS/MS(H &3+
Al 1.0 ng/L)E ol&st] d& A AQY Fgdsel dist
o A A 44 3AARE F 1570, 2870 AR F 9
N AHNA NDMAZL 88%~26 ng/L, BH%&~4.3 ng/L
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