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Formation and Removal of Nitrogenous Disinfection By-products NDM A

in Drinking Water

Chu Wenhai , Go Naiyun
(Sae Key Laboraory of Rollution Gontrol and Resource Reus, Tongi Universty , Shanghai 200092)

Abgract  N-nitrooodmethylamine (NDMA) is a probable human carcinogen found in ng/L concertraions in
chlorinated and chioraminated water. NDMA , a newborn disrfection by-product (DBP) , would be the research hotgpot in
weter environment fidd gradudly. Relevart background of NDMA was introduced , and formation mechaniam of NDMA was
discussed induding two pathways: nitrosfication and indirect oxidation via unsymmetricd dimethyl hydrazine (UDMH)
intermediate. Other formation pathways of NDMA and its precurors in water were dill unclear, and further gudy was
required urgently. The renova methods of NDMA in water including physcd method, photolyss, biodegradetion and
advanced oxidation process were summarized. At lag , severd research trendsfor the future in NDMA were proposed.

Keywor ds
oxidation process

(DBPS) 600
[2] N-
1998
NDMA ,
S0ng/L
(20082X07421-002)
(2008AA062302)

2008-04-06 ,2008-11-07

DBPs

60

[1]

(NDMA)  N-
NDMA DBPs
NDMA
(USER) NDMA
(IRIS NDMA

(2006BAJ0OBB06)

N-Nitroodmethylamine, Nitrogerous disrfection by-products, Disolved organic nitrogen, Advanced

DBPs,
DBPs
[3]
el NDMA
, NDMA
TngL";
(863)



http :/Mww. hxtb. org 2009 5

NDMA gL' ;

10ng/L"" NDMA , NDMA

, NDMA ; NDMA
NDMA

1 NDMA

NDMA , (D™MA) NDMA
(UDMH) NDMA
11 NDMA
DMA NDMA
DMA NDMA ,
, 2 N> O; ; N.O;  DMA

NDMA , 1
HONO

DMA
HONO N.Os; (ONNO,-ONONO) —  NDMA

Lv : NDMA
DMA , NDMA |, pH 3.4;
DMA ( (2™

AINDMAL | (CH,) .NH] [HNO, I

k =1.5x10°(molL) 2s*
NDMA , NDMA
e NDMA pH . pH=7
DMA 24h 100 gL  NDMA , ,
NDMA
Coi ™ DMA NDMA ,
, NDMA ( 1)

MA

NO,”
2o N,0; 2MA, NDMA

HONO - oN*
g —H,0 B
NO,™ NO;™ (&A1)
+HOCI1 NO,~
2
N02C1 —>N204(ON-NO3<_>02N-N02)
l OMA L)
NO;~ NDMA
0

. I
RoNH + N—NO3;—> R;NNO + HNO3

1 NDMA
Sheme 1 Pathway for NDMA formation via HOCI-enhanced nitr osification

HOQ a’  Hod , (N, ) (

’ NZ 04 ( 4) ’ (
N204 ’

N> O, , N.O, DMA NDMA (

HOQ + NO, ~=— NO.d + OH
NO, O + NO, =— N,O, + A~

- 389 -

NDMA

(8]

)
DMA

(2)

10Q nol /L

3)

N2 O,

6)

(3
(4)



- 390 -

2009 5
NO,d +OH — NO; + H' +d~
DMA + N,O, —— NDMA
2007 Andzgenski Y HOO ,
DMA , DMA NDMA
, NDMA , NDMA
1.2 UDMH NDM A
N, N- (UDMH)
NDMA s UDMH
NDMA UDMH , UDMH ,
NDMA Jobb ™! UDMH , DMA UDMH
NDMA
2000 , Mitch Choi ™® ®  NDMA ,
JUDMH  NDMA ( 2)
CDMA
L CH,
N—Cl+ H—N_ — C]|—N + NH4+
+\CH3 \CH3 :I‘%
e “ NH,* (FEpHINTHY )
Ho _CH; H_ _CHj;
N—Cl+ H—N — N—N + HCl
H cH,  HT ep,
UDMH =~
Fr— ~ i (L =FpH)
(>99% 7 3) _CH;
O=N—N_ (<1% ;7 #)
NDMA CH;
2 UDMH NDMA

Sheme 2 Pathway for NDMA for mation during chloramination of dimethylamine via a UDM H inter mediate

2006 ,Schreiber (NHQ,) NDMA NDMA
3 , NHJd, DMA UubMH-d | NDMA
, o, N-O [22 24]
UDMH-CI
CI ~CH; Cl /CH}
ON—H+H-N_ ~——> °N—N_ _~+ Hcl
Cl CH; H CH;
Cl\N N/CH3 . HO_ H - /CH3
— — "N—N + CI-
- “CH; oH~ “CH,
H _CHj _CH;
—N +0;—> _N—N + 0y + H'
OH™ CH, on” cHy
CHs CH;
7 3 / 3
OH/N_N\CH + 02 +H — OZN_N\ + H,0O,
3 NpmaA CH3
3 UWDMHC NDMA

Sheme 3 Pathway for NDMA formation during chloramination of dimethylamine via a UDM HCl inter mediate

, UDMH

NDMA
NDMA

http :/Mmmw. hxtb. org

(5)
(6)

NDMA™

, NDMA



http :/Mww. hxtb. org 2009 5 - 391 -
1.3 NDMA
Fdder'™ , NDMA 4
NDMA C—N NDMA (2] ,
NDMA , NDMA
DMA , , NDMA , :
NDMA (DON)
2 NDMA
2.1
20 NDMA 360Pd %" | NDMA ,NDMA (2.6
x 10" *am/mol) ' | , , NDMA
NDMA , NDMA i
NDMA ASANY, (logKw) - 0.57%,
Heming '* NDMA
Amberrb572 NDMA , , Freundlich
K(9.65 %10 °mg/g)  1/n(1.17) ,
2.2
NDMA NDMA 225  250nm
NDMA m o’ = N—N (7
) l (] l
NDMA = , ,NDMA
_CHj _CHj;
O=N—N \CH3LO=N. + ~N\CH3 (7)
NDMA , 300 350nm , , n -’ ,
Aumee ™ NDMA (NDEA) (NDPA)
(NDBA) 7 , NDMA ® 0.41,
6 ®=0.43 0.61, (DOC) ,NDMA
, NDMA NDMA
2.3
( P450 ) NDMA
(NADPH) (%l NDMA ,
12 550", NDMA
, ,NDMA (%1
, 2007 ,Chung (MBfR)  NDMA
, MBfR  NDMA 9 %; H
NDMA , NDMA ( 8 10
(CHs)2N,O + (2H" + 2¢") — (CH:)N; + H,0O (8)
(CHs) 2N, + (2H+ +26) 7 (CH))N; + H, (9
(CHs)2NoH, + (2H" + 27 ) — (CHs)NH (10)

NDMA , ( H



- 392 - 2009 5 http :/Mmmw. hxtb. org

2.4 (AOPs)
AOPs , DBPs ,
AOPs DBPs , Fenton
) ) , AOPs DBPs
Hiramoto ' ,Fenton NDMA , NDMA :
NO, DNA , , Fenton NDMA
, Fenton ,
pH , ,Fenton , AOPs
NDMA , AOPs NDMA ,AOPs
NDMA
3
, NDMA ,
, , (1)
, NDMA
, NDMA NDMA
pH NDMA 1 (2) NDMA ,
NDMA , ) )
NDMA ; (3) DON
, NDEA NDPA NDBA , , NDMA
; (4) NDMA NDMA
, NDMA
[1] SD Richardon. Trends And. Chem. , 2003, 22 (10) :666 684.
[2] MJHRewna, ED Wagner, SD Richardon et d. Environ. Sii. Tech. |, 2004, 38 (18) : 4713 4722,
[3] DM Perez, G GAlaorre, EB Alvarez et d. Food Chem. , 2008, 107(3) : 1348 1352
[4] CCRobet,JH Grddia, A TCynthiaet d. J. Amer. Water Works Asc. , 2006, 98(12) : 82 96.
[5] hitp:// www. epa. gov/iris/subst/index. htrr .
[ 6] hitp://Mmw. ene. gov.on. ca/envi Son/water/sdwa/leg dation. htm.
[ 7] hitp:/;Awwv. dhs. ca. gov/ps/ddwem/chemical s/NDMA /higtory . htm.
[8] , , , 2007, 65(16) : 1568 1572.
[9] CLLv, YDLiu,RGZongetd.J. Mol. Sruct. : THEOCHEM , 2007, 802(1-3) : 1 6.
[10] WA Mitch. Environ. Eng. , 2003, 36: 389 404.
[11] L K Keder, PP Roller. Sience, 1973, 181: 1245 1247.
[12] WA Mitch, DL Sedak. Erviron. Si. Tech. , 2002, 36(4) : 588 595.
[13] J Choi, RL Vdentine. Ewviron. Si. Tech. , 2003, 37,4871 4876.
[14] PAndzgewsk , HB Kaprzyk , J Namocki. Water Res. , 2008 42(45) :863 870.
[15] KL Brubaker ,J R Seiter , J C Demirgan et d. JANNAF Sfety and Environ. Protect. Subconmittee Meeting, Monterey , CA , USA , 1985.
[16] GLunn, EB Snone. Chenophere, 1994, 29(7) : 1577 1590.
[17] DBJobb, RB Hundnger , OMerez et d. Renova of N-nitrosodimethylami ne from the Ohaveken (S9x Nations) water supply final report. Ontario
Minigry of Environment and Energy , Queen’ s Printer for Ontario , 1994.
[18] J Choi. Dissrtation Abdracts International , 2002 , 63-07 :3419.
[19] J Choi, RL Vadertine. Water Res. , 2002, 36(4) : 817 824.
[20] WA Mitch, DL Sedak. Water Si. Tech. Water Spply, 2002, 2(3) : 191 198.
[21] | M Shreiber , W A Mitch. Erviron. Sii. Tech. , 2006, 40(19) : 6007 6014.
[22] PB Andrzgiensd , HB Kagprzyk , J Nawmocki et . Desdingtion, 2005, 176(1-3) : 37 45.
[23] J WA Charrois, S E Hrudey. Water Res. , 2007, 41(3) : 674 682.



http :/Mww. hxtb. org 2009 5

[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]

J Kim, T E Qevenger. J. Hazard. Mater. , 2007, 145(1-2) : 270 276.

W A Mitch, DL Sedak. Environ. Sii. Tech. , 2004, 38(5) : 1445 1454.

A C Gerecke, DL Sedak. Environ. Soi. Tech. , 2003, 37(7) : 1331 1336.

R G Klein. Toxicology , 1982, 23: 135 147.

A R Tricker , R Preussmann. Mutation Res. ,1990, 259: 277 289.

J L Daugherty. Maders Abgracts Internationa , 2002 , 41(3) : 0841.

D @Qnnion, M E Zappi , C Tedter et d. J. Hazard. Mater. , 2000, 73(2) : 179 197.

E C Hening, J C Pennington , B G Wachob et a. J. Hazard. Mater. , 1996, 51(1-3) : 151 164.
M | Sefan, J R Bolton. Hevetica Chimica Acta, 2002, 85:1416  1426.

PSvam, A Royce, T Srithet d. OmneSi. Eng. , 2008, 30: 34 42.

ClLee,J Yoon. J. Protochem. Protobio. A: Chem. , 2007, 189(1) : 128 134.

M H Humee, M Reinhard. Erviron. . Techrol. , 2007, 41(17) : 6170 6176.

Clee,J Yoon, U VonQunten et a. Water Res. , 2007, 41(3) : 581 590.

A J Fierdich, J R Shepley, TJ Srathmann. Environ. Soi. Tech. , 2008, 42(1) : 262  269.

393 -

K Hiranoto , Y Ryuro, K Kikugawa et d. Mutation Res. /Genetic Toxico. Environ. Mutageness, 2002, 520(1-2) : 103  111.

PM Bradey, SA Car, RB Bard e d. BioremediationJ. , 2005, 9(2) : 115 120.
J Chung, C HAhn, Z Chen et d. Chenpsphere, 2007, 70(3) : 516 520.
K Hiranoto , Y Ryuro, K Kikugawa. Mutation Res. , 2002, (520) : 103 111

Emeil :feedwater . 2008 @163. com

Email : feedwater-2008 @163. com



