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HEERRERAKZENEZETZ, HIEELRE D™ E 4% 2505/ 5”9 (disinfection by-
products, DBPs) 23 5 & AMRAERE . ARIEH R = WL RS N, nREH S8 & Z SR
F=4) (N-DBPs) 155 ik 74 75 8 =4 (C-DBPs, H & C A N, FH2A0F5 &, #HLF C-DBPs,
N-DBPs (1)t /& 761 . 40 6 2 1 A 850 v s P, B 0 A B 78 N-DBPs J High #g ) L 3 1, X 4%
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MR . B R T =) H e (THMs) ALK & R (HAASs),  H: v 40 Jf 35 M 5 =5 7T 35 THMs A9
150 £5. KANCHANAMAYOON" # 45 T 3 # HANs U AE 5 (3 2), &2 nl, HAEMWE T
T2 0 A i fg B T U o Y N-DBPs A AL . IR E R R BR ik, RHMRRE IR OK &4 R
oA A e B B A L S
1 N-DBPs B4 gl &

7E DBPs AR Z TSR, KKK SRAT HLY) (nature organic matter, NOM) /i [ K. Horr, i
eI AT B B 05 A kR SR AR IR R A R ) N-DBPs A= i RE' . N-DBPs 119 32 22 [ 3K 97
fift M43 HLA (dissolved organic nitrogen, DON) (1) 4 I 4y J& 5 57 v s 26 W3 sl i A 7= . B ik
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*1 #EZFHSE Y (N-DBPs) HyfH 3
Table 1 Species of typical nitrogenous disinfection by-products (N-DBPs)
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=4 ZINE(TCAN), =HZiE(TBAN)

ZJE(HANs) R,CCN

K 2B (HAcAms)  R,CCONH, —SAZMBMi(DCAcAm), —JHZBEIE(DBAcAm), = ZEEI(TCAcAm)

AR GE(TCNM) . =V AEIE R Le(TBNM) . A —IRAEFEH b
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N-IF A%~ e (NDMA) . N-JE A S e (NPYR) . N- 305 il 25 1 e A s
(NMOR), N-Wi i = Z }i(NDEA)
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Fig. 1 Species of typical nitrogenous disinfection by-products (N-DBPs)
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Table 2 Toxicity of three kinds of haloacetonitrile under quantitative conditions

Wi IERESO)] SHF i/ (mg- (kg-d) ) WK M/ (mg L) EME AR (ng L™ Btk
TCAN C — — 1 o BEAE
DCAN C 0.008 0.300 90 ISR e (S R
DBAN C 0.020 0.800 100 N BT B

AN, R PR TR K P SRR . R, AT EIRIEHIX, TR
Pesgmd, AR, ek BRI, TR RS AR R SRR Hh Y SRS IR R A T R A TR R RN
WHLER , HF AR —h £ (DHAN) 5% 46 IR S S (BCAN),  fe 28 A4 J8E PR B9 1) — 1R O
(DBAN)¥L,

FRRRE LT ) O (HANs) £ 2 P EZHLE . ) R EE, B A mASE S ol
SR RACR N 5 2) BE s, RIS B I - X 5 8 2 R AR SR R AR AL A B, RS T
JI5 7K 52 1 91 25 HC1 A= i HANG,

R FH K RS B3R A e ) IF il i 2S N-DBPs 3= 22 2 N-IF A 2 — H e (NDMA). SGROI 45 AR
PR ATE 20, B85 NDMA 1y 4 FAE s (81 2): 1) @ WA L CEAEfb) /EH, i —H
e (DMA) 5 P fiF§ 2% PH 5 B B3 E Y Fh S A= B NDMA 5 2) W0 i R £h 5 YA i 35 4 B CINO,,
WE— 2 55 0 i W R S 1 A R s T I A A R R AR NLO,, 5 DMA U A B NDMA ;3 3) NH,Cl 5 i
B DMA & A4 BRI, TE A XS BRI S AL IR, 25 i i S A ik NDMA; 4) 76 5L
AT, NH,OH 5 DMA )i 4 Ji NDMA .
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ks 0, \ / 0,
NH + NHOH —> N—N —> O=—=N—N
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Fig.2 Four mechanisms of NDMA formation

“EF AT H AT O R R AR 3 B (HNMs) ) = & RS 2L H e (TCNM), 3 )5 = 580 B g 1
TCNM 9 3 FpAE HLH . 1) USRS B e A O 3 P e, A L35 T C—H BB PE, i o Bk & 2E
B AE S TE B TCNM ;- 2) IV i 2 58 vk S 2 3 1ok 79 45 2 7 439l A6 A A 7= 4 CINO, I N,O,, “E i)
G H LS A LY ST AL, Bl S SAk N i R FR 24 0#% , JE A TCNM; 3)UV T3 4h 383 {off STV A 7R &
B h 73 f 7~ 4= N,O,. NO, Al ONOOH “5 6k, Jf 5 NOM #EA7 il Ak [ . Ji5 P e A Ak B v A6 B
TCNM. DENG %" DL S MR 1E N E MR 3, $2 S SE R A 45 N/ R ZE B TCNM 19 7] fig
HUHIANIE 3 Fios o ek, SHAH S8 A7 TIRACIIAEAE T, 5 SAh 3 25 2 2t VLAl 25k PR e I T

HOOC-CH,-NHCI

EEL

HOCI -CH,-CH,-NCl, Atk HOCI
-NCl, , -NHCI -HCI
-C0,
HO HOOC-CH,-NCI
HO CH, —»UV C—CH ——>
i NH %
V4 \ ° NH, -CHy-CHy-NH.
o NH, e
A, uv Ak uv
AR HOOC-CH,-NH, CHy-NH,
A2 uv HOCI

-CH,
C-NH
’ { -NH,
3 BRRERIINEERTER TCNM HLH
Fig.3 Mechanism of TCNM formation from tryptophan under UV/chlorine

X £ M (HAcAms) J& — 25 81 & P AY N-DBPs, H:/F ik 42 4 1) HANs 89 5 /K fi# A= i
HAcAms!'™; 2) 28 FE R A Ak A= . HAcAms!'®, HAcAms [ 45 i it 15 & L MR I 4k 245 0 b 00 B REHH A
X, HEAm . ERMEE L&A RGN, 55 KkAEFBEBAR N MR, R HAcAms A %
R, RAHEMMEE S AREERA, ZEAEMBR M — 25 FBR RN, MRS
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HAcAms A= i el HAET, S HEAE sHLEE IR o 8 M A4, BT Bk —E &R,
2 N-DBPs HYZ#I & KR

AT SCAT N, FEBA K T2 R, 4525 N-DBPs [ 7= A4 AN a] b4, 0f A fE R s i . 1%
BRI K 4, 2E PR T R a4 M L Br/K v N-DBPs 19055 . H T, X} N-DBPs Ay il J 25
BROGBESE S0 A 3 A . 1) ATSRY A Lk, EZRELBR/KS DON; 2) RIS T2, G HH
BEFUHE . WEHEIE AR . R T AU Ak 3) XF N-DBPs A B Lk .

2.1 BEIIRYIAY KPR

22 1% N-DBPs §ij 4K 4 BRI & BR K P 9 DON. 7K H DON R i1Z . WM& 2%, X425 N-DBPs 4=
BT AE 1Y 52 AN [7] . N-DBPs = %X H DON 578 8 5% s b 2B B, SUARFSE4E v T3 8. 1) &k
225 : DON Hr 45 & Pk FiE B M R, 2 ) O JF (HANs). 1 AR 55 H B (HNMs) Fil i & i i
(HACAMs) (1 5 ZLRT IR U100 2) 2t . BV — W ik (DMA) J2 N-TF fil§ 2 — H e (NDMA) B3 3L
BBy, — 243 Ze e 2 e Ak & W o 1T B & NDMA B9 RTSRYIPY; 3) 928 76 58 T 3 3 20 i oK &
TS, HERNSWRREIK T, Bkt DON KR, H T DON > FRE/N, &8 FEKES
RERER, ZHKSFIEREHES, G5 T AL Bar, % RAMIRE T4 . WELAR
FrE A e B R 2 BR/K 9 DON.

g T2 AR B REE A s 5 BR @ o Tl i . SRR B A ALY, (R xE PRI T
FEK AL ik HEE B — e AN A HL Y, Rk AP B9 T 190 4 Ak R 358 16 FH X
T 7K DON BRI, 7E43 5% H 0, KMnO, Fl1 NaClO ff A Wi A L7 AL B , TR EEXT DON f) 2%
B 2% fi 155 T 3K 36.8% . fift RS AR T 1k e FER 5 UM AR R FHE AT VR R AL 38, OB SR 30 M i XHIK 4 T o
A B A WL A B AR, B 5 R A AR AR TR i TURE 22 4 R 6% v R0 2 B 4 97 F 7 B i
Hl, XK o DON 25 BRALR 5 im ol 3k 7190, SR AR EE-B U BB A , iR & FIE il i 28 (g
B L 25 A ML L B UE DE 2, BB AP D8 I o 9 Ty YRR I RE AT A BH 1A ALY 1 T A
JE, W BRETS gy, R, 3Z T XK C-NBPs £ N-DBPs 1 3K 2 #4545 4 1) 25 B b 2

URBE AL T 2R F O A= Wy I R i Bk 2 AR . O, AL BRI R A WL 1Y 70 T4k,
%7 F B FUR K YA DL T 25 5 9 e MR A Y IR — P b B vk B e, 8 07 40 RN EOMIL K
WKL A5y F 40 JF, ATAR 48 N W] N-DBPs 59K 9 09 21 43 b, S8 854 38 9 ISR 47 Ab BEP), TAN 460
XHE T B SR WAL G K A BE T4 F Oy/4= W 1% P 5k (biological activated carbon, BAC) TN —& 4
 (DCAN) A= iU RE 932 HIAE T, F BUK Ab 38 T 22 X% DCAN Hif BK 4 19 25 B 8 Ok 21.89%, 248 O/BAC
TP BRI, DCAN B B3R 4 4 22 B3 42 5 5] 50.58%. 4 Hr 2B, 7EHS i Oy/BAC AL B4 & T. 2
Hh, T TR R B R A AR AL B T SRR, O A AR VR R] M A I e ) W E i Oy/BAC
() S8 A0 L % i R BEE 25 B o ERSAN S8 B HT 3 F AS [w] 114 5 A 28 1 e 18 J &2 & 40 J€ (nanofiltration,
NF) 2B M 3R K | 32 7K 52 Wil (%) His 2R 7K S 3 i 0 Tl J2 7K Ak 3 i 7K 1 NDMA . HNMs B9 Hif 35477
AT IR Y 0 S E B R 5N 57%~83% . 48%~87%., FAN 258 SR TR 5E-O,- B & 8 I - A= W 0 1 ik 21
G2, X0E bR K H DCAN FT TCAN 19K 47 14 25 B3 58 20 5l ik 21 77% R 51%. 4 0, 5P &
UELEA I, B B Oy S HEA ML — Uk ABRSL, O, A MLY 2 7E AL N & A KR, B K8
N ST BSF [B) RS 2 BsF () o A, O S5 BEEFL N B ML 2 e A O, DB /INIEE TS e R )

AL R (advanced oxidation processes, AOPs) J&=— S DA = A A &AL A9 -OH A FE 195
RIS, B REED . MBI . SRITHEP P W5 TR R E AR Lk —H o
& (DCAN) T 8K 4 1 3l J1 2= R 1E, R H L — B 3l J1 2= B A48 & UV/H,0,. UV/O;, UV/H,0,/0, 3 Fi
T 25 % DCAN Fif SR8y 00 A i 2 0 3 3 b T 20 B K o (25 B DON A — 28 52 I8 5 K00 39K T o (25

7
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Bk DCAN R {4 (1) — 2% 5 1y o 850, JEIR A BE 2 76 X = DOC/DON (/K AT i F i, A 364> BHLA =
5 DCAN (4 TE R38N B ff ME B, UV/O, T B Ko M kyean e lEL B /DN, M1 B 2212 . DING %515 it
58 T UV/H,0, E Ak J5 I 8 J7 ¥ X%F DBPs A= s 52 i, UV BERE B4 6 i 30 o B ALY, RE IS
H,0, 77/ -OH, #— LA ALY . 4 UV/H,0, /b5, /K DON ¥ B ] [ AKX 70% /24, L&
AN 5 10 O (HAN) b AH e (HNM) 25 BR 38 B 5 7T 35 83.6% il 87.3%
22 MEEIZE

MHEETFE KA, ZERETIRYREW > 5 22 N-DBPs A4 i, H1 TS5 T2 MR, 28T 28
FHE R fift £ N-DBPs Fif 9K 4 0] (%) 2B, LA BRSA AT 16 R A2, G 36 1 o 0 3l o ke 2 0 1)
M . B IE | B PR R B AT BUA SR ), AR SCBR R T, AR R KK BT
FIORY . b PR S SR BB A T 28R T2, PRIE R KK R % 4

AL T T8 2RI ACE R ) K B SE PR oL, BEX R 5 A B . AR HOME 2 BRI N-
DBPs, EGIEHEAWACRMATIRT, @l MWHESE TES8 . T n . RELAAHFTE T
P, SEPUNT N-DBPs (A RS Hl, LA R KK Bk bR, R B8 A0aE8 1 7 R AR

20 B B A Y SR P i 85 SR I S T I AT 7 T A BRSO e SRR, BRSE RONE R[] L
AT . 2 AT LR pH O AR BRCR S e, 25 SR R TE 2 e AL ] R 30 min, AU i
o (5:1)~3:1), SHEEEMEM 240 )5, —A LN (DCAN), =& H & (TCNM) Fil 1,1,1- =& N
B (4 A A s D T 72.08% ., 70.37% F1 82.61%., LIU 409 g T A M A e 1H 3% , KMnO, Al
K,FeO, A ML . ANk /At S AL & (UV/H,0,) FIE SN /L B iR 58 (UV/PS) T2 %} /K o DBPs Ay 1fil ,
K BG NE I 75 BE A A4 i C-DBPs {94 A%, [HRBE#E i N-DBPs (1 /E i ; 5 KMnO, i & b AH L,
K,FeO, T %A1k AE 4 A 45 1l DBPs (4= 5, 4 FhAb ¥ T 2 ¥ RE MUK FE R AN M B MR8 5. G dtbdR
RO BTG, I, 7 S BRI F R e, R LLE i3 A %25 4 N-DBPs /i 9K 49 5K [ AR I 2k
SN #E L B2 b N-DBPs i 2E B0 g, AT 52 B[R] 2P il Js C-DBPs F1 N-DBPs., HU %0 XiJ LU VR -1
#E-1d € (CSF). KMnO,/0,/K,Fe0,/ClO, il % {1k +CSF LA K2 KMnO,/O,/K,Fe0,/C10, i % fL+CSF+0,/GAC
X3 PP IR EE AL FAH A T 2% N-DBPs A= 5L 52 0 5 >R FH 190 480 6 4b 21 ff DCAN B 1 0% 68 43 ) [ AIG
26.8%(KMnO,). 31.9%(0,). 30.2%(K,Fe0,). 24.0%(ClO,), i O/GAC I JE b Bl DCAN % B4k
RO T 48.6% . 53.0%. 51.0%. 48.5%.
2.3 HBE¥# APk N-DBPs

SEPR AN, FERR RN AOK BT L 2R T, FEIRIE AT A R S #R K b 3 7 58 Y DG B
PRI 2. 38Ok 25 SR A B A AL T 55 T 20 % /K vh N-DBPs 214 — @ I S0R , [BIA T EARIEEA 2
ZAhb o AR T B2 IR KK B . Ab BRRASE R B AR R, B RBRATIKY AR LT T
CAEMLE G, B AR BR AT IR RS ST A A B A ey, AR TR K T, B
LA o X F 2 AV K I B R S5 5 A7 78 () N-DBPs, 1] il i — 2677 ok H B 82 5Bk . I,
WF5% N-DBPs [ 1 3 2B AR 68t . 3L TR [A) N-DBPs Y BEAL Bt 22 5, 22010007 TH X £ BT
PAMLER 7w ORFSE, FEITEERI 0o 325 WFuL | g A A Rl SR ik

R4 N-DBPs 73+ K/ WPk o H A FUE B8 T S8R5 A, R I P 2 W A R0 S 008 1 vk L
W . B EFAERT BESY TR MR N G 2Tk (HACAMSs) 19 £, & B HAcAMS 92 % 8RS A &
IK St I A e T B SCEE VR, 3 P O W A 85 Y — S L B (TCACAM) TR R e dr . T /R
SEBSUIF G T oM G T R X = G 2 Y B (TCNM) B W VR o i B A ik, 8 T BRI 5 7
Tk e FLIE N A 28 I, e HLER T RE I DR R P JE AT, S AR M, B X TONM WG R RR , LBk
A5 87%. FUJIOKA 4507 il ok A Ah B 57 [ 98 i J, (Y SR G 45 R AR s, AR T B F
SRR RIS ER, FEE A N A S F B (NDMA) B HER ZOR, {#f NDMA B 25 5 3k 5] 92%.
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B SRR BEY T AN (UV) ZEA R4 T X A O (DCAN) Fl iR & JiF (DBAN) 9 25 BR 3%
o BEE DA E, UV IJLT-RELBRITA ) DBAN, i T X DCAN BB Z2BR% . HEM LR
&= UV BEfE B 6 f# K38 4> N-DBPs, [ B Bl 90 F W BB TG K 40 7, /K i OH & el UV #%
% -OH, #F—LFEfEA LY, T DBAN T/ C—Bri g/, AL, LBRERE.
HOU 4511 Sk U — 2 8l )1 BRI G UV/PS ik L bR A TH 3 77 4 HANs i 2 R B, Bl A e
FER I, UV/PS L7 A1) -OH & E 2 A MY 1) C—ClEE b M B Re 5 /N C—H 8, fH &, B
I, Bl B 2 i T B

WLAESR, #HM 2 R EZMN 4 (zero-valent iron, ZVI) X} N-DBPs A b [ MEAE ] . T A4 41
FIHEE W A Fe/Cu G At , 38 0 B AR 22308 IR A K th IR S 1 (BCAN)., BT Cu B TR AR
fefbPEne, LA RS, PEAREURE . SN A R R R B Fe/Cu £ A B R B I, 0%
A 43 T BOBE IR TE B 0, AT 4R 5 4 BCAN B9 25 BR300, B il ik 91.6%., #haE &M R T
CuO f#E4L ZVI Xf 7K i N-JE A 2 — H e (NDMA) 19 2 BRI, WF58 & BRI 18 h J5 NDMA JEAs 423
PR B, M L BRALELA ZVIE i A S A B SR T, T SR T8 I NDMA A R
(DMA). X ZMF5% BT £ B2 46 78 T N-DBPs if JF B A i HLEE , (H B g4 ZVI B R W55 3 Ak i
LB, WWARTER T SEPRAK AR, BTRIRABRE .

3 HiEERE

TE 52 bR K ¥ Ak T8 vh 25 6 N-DBPs, 1 MR 4f B K K B R 5, 1 56 % 58 25 4 N-DBPs R AT SR,
B AT AT R BRI IR Y 5 vk . A0 T2 RERE Y /N 5 22 4k B i #2 Hh N-DBPs A9 s fE, X
REREMRE 2 T A ML B for ;. E— 2B 0Ab T 35 T2, RS2 BLIR 4 M8 C-DBPs il N-DBPs, {45 i
K% ate, FIRFREARAL BEALAS . ZEA RSO, Rmss LT 2 D5l i wrse . 1) B DON ik
7E 21 43 %F N-DBPs 2E iU g i 52, f — 2L & AN W) N-DBPs 194 AL FE 5 2) b 30 A (1 4b 31 T
20, ##37 N-DBPs 7EAS [ A0 R T2 rf i 2B v BEAS AR, DA AR 45 5 s 2% 2 il o S (A B 8

AR, HAYORDIGEM B AR Z 2 BN RIS, Tz TR SFRBE . ik
VRSN AR BEELA AT ARPE | R L T BURT R A TS M SRR, et s e A ST B
& WHT LK D REAT R E WG . S AL . E AR R A N-DBPs J7 i R B AR Ky Ak
LR AR R —FREZENERAMEAR, BATTFIMNNR . vk kis e . O 2R
A AR T 5 B o b T BN SRR A o FR AR 2 RN — P R A A F AR 2% T R B T ) )2 X, T =
A v A 2= R R TP R FAR R R 4 i T e ) B R SR TR A TR S, T R T 2 BR AR B AT L
Yo hFRAERRNRIEN, G55 S 40 /N B30 Bl K KR B, O A K R e AR IR
A5 Y R K R, SEER e Sk B K TG e il o R, B ALK D RE AT R A L Ak R T AL K
FHZK 1% N-DBPs 23 2 K K — A2 7 1] o

& % XM
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Research progress on the formation and control of typical nitrogenous
disinfection by-products in drinking water

JIANG Zhuwu', LIU Xinru, WU Jiangnan, PEI Yanyan, YU Hai, JJAO Chengyuan

College of Ecological Environment and Urban Construction, Fujian University of Technology, Fuzhou 350118, China
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Abstract Nitrogenous disinfection by-products (N-DBPs) are high-toxicity emerging disinfection by-products
with intensive ‘“‘carcinogenicity, teratogenicity, mutagenicity . Issues about their generation and control are
research focus and difficulty in the drinking water treatment field. The typical nitrogenous disinfection by-
products include haloacetonitrile, nitrosamine, halogenated nitromethane, and halogenated acetamide. Based on
the summary of generation mechanism and removal methods of these disinfection by-products, for the
bottleneck problems of difficult enrichment and low removal efficiency due to their low concentration and
strong polarity, the research focus on removal of nitrogenous disinfection by-products was proposed from the
aspects of new materials, new technological development and process optimization combination, and the
prospect of novel nanomaterials coupling electrochemical technology to treat nitrogenous disinfection by-
products was expected. This can provide reference for solving problems of high-toxicity emerging disinfection
by-products with intensive “carcinogenicity, teratogenicity, mutagenicity”.

Keywords drinking water; typical nitrogenous disinfection by-products; formation mechanism; removal
methods
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