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Abstract; Nitrogenous disinfection byproducts (N-DBPs) have received attention in recent years because of high bi-
ological toxicity and carcinogenicity. In this paper, the research progress on N-DBPs is summarized, emphatically for-
mation mechanism and the toxicity effects of the typical N-DBPs, including haloacetonitriles (HANs), halonitrometh-
anes (HNMs), haloacetamides (HAcAms) and N-nitrosamines (NAs). Based on the formation pathways and toxicolog-
ical effets, amine-containing precursors should be reduced before disinfection and the design of disinfection systems
should be optimized to minimize N-DBPs formation and meet the pathogen reduction goals. This review paper pro-
vides information for reducing the generation of disinfection by-products and improving drinking water quality.
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ST A T RE R 40 (DBPs) 11 35 Rl ™9 1 F 5
T 20 tited 70 AEAR O, AATTE IR AE A AT RS 1)
KRBT = i B B (THMs), BE 5 = & B
(TCM)# E 52 % W 145 25 20 ) B A S0 v, X (15
DBPs & Wi 13 | 3¢ i, 20 22 80 4EAX, i £ W2
(HAAS)FI G £ i (HANSs ) 55 S A0 T 55 Bl 7 1) 94 A 4k
KB B 600 Fft DBPs # & #, H A Fl 2%
FXF 80 AFh DBPs [1AE AL 35 A0 M
5™, (HR, AR ST 4T THMs F1 HAAs
At UL B BRI 15 B P2 4 (C-DBPs) , 4% [ 141k FH 7K 7k
JFEARAEHT X THMs 1 HAAs 28347 7 B0 A0AE o

5% # C-DBPs A A, AT & A EOC R 1 IH
BRI =G RR A B ZIH BRI (N-DBPs),, UL
N-DBPs 4§ HANs < Z [ i (HAcAms) , (< 48 filf 3
FH 2 (HNMs) I fild 1 (NAs) % . BL#R N-DBPs /0
NS R R K K S 1 LR L 20 4 44 51 248 it 52
KW HANs . HAcAms Fll HNMs F) 4i fitd 75 4 Fn it
fEFEVEIT & T THMs #1 HAAsP ', [, NAs #%IA
J R TR Y BRI R m R — ., S
SEERFR I N-E Al 35— B (NDEA) B A5 B0 XU
Eb THMs #l HAAs @& 3 D™, B, R4 N-
DBPs 2 i 3% 3 {7 C-DBPs,, {H H %k A A £ B iy
JEUI AN 7R A

(EAFE R, 3 4 o — BB IR K 6 32 31 e 2
IKHEFN TR K HE TS B, S BOK s i A HLA

KB T S A HLE T VE ) N-DB-
Ps R {4y, #1715 /K h N-DBPs ¥ & 7K ¥ i 2 54 K 9F
R R KU, OB R K K e 4, BRI, an
furdz il DBPs A& B EL A IR K AR 7K 22 4 O i 451 4k
() A Al i 2 — , Ho  N-DBPs (19 A4 ML K 21
VERMEAS I S OGH:, ASSCIL BB T [ Y AN A
FEFORL, XF N-DBPs 1Az BUKF- AR LI DA S sk
BN BTG /324, N-DBPs # il $2 {EHis 2%

1 SRESFAYWHFHER 4 MK FE ( Types and
occurrence of N-DBPs)
L1 BRI EER R 2 Kok BEBR 1

Z 1 C & T HANs . HAcAms 1 HNMs 7&Kk
KB PBRIE,, HANs 32876 S A ol @M i 2 5 A2 v
A, BT ) LR 2 R LR RN AR 1 B 2R W)
&P HETX HANs fBFE R EhF AN
(DCAN) . 1% Z.Ji5 (DBAN) . IR 4 2 Ji (BCAN) 1 =
FALNE(TCAN), HNMs J& N-DBPs H & PEAR = 1)
— KW 5T, HNMs (245 9 Ry ot , — S 55 H e (TC-
NM)J& e RN X 7K DBPs 19— HNMs,
& H T8I A B R A B —Ff HNMs™ . HAcAms
JEFE 2000—2002 AF3E E K 7K Hi7K DBPs 2B BT
DA R Uk R HAcAms A 13 F, HETAFSE
FEE ST 5 L B (DCAcAm), —J1 2 B j
(DBACAmM)FI A LM (TCAcAm),, S LK

*®1 ABHEEEE% (HANs . HNMs HAcAms) ZE4% A7k B BR{E

Table 1 Standard limits of nitrogenous disinfection by-products (HANs, HNMs, HAcAms) in drinking water
TP AR (L) 5T A= 2H 4 (WHO)
) 7N .
T AR 9 e PO TR (g L)

Chinese name English name and abbreviation

Standards for Drinking
World Health Organization

(WHO) Guidelines/(ug-L™")

Water Quality in China/(pug-L™")

zhE Haloacetonitriles ( HANs)
TR Dichloroacetonitrile (DCAN)
REALNE Bromochloroacetonitrile (BCAN)
Y Dibromoacetonitrile (DBAN)
= Trichloroacetonitrile (TCAN)
=R Tribromoacetonitrile (TBAN)
REEERR Halonitromethanes ( HNMs)
AL e Trichloronitromethane (TCNM)
Z B % Haloacetamides ( HAcAms)
TR O Dichloroacetamide (DCAcAm)
IR Dibromoacetamide (DBAcAm)
=R LT Trichloroacetamide (TCAcAm)
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WK 1 A XK FH /K Hr 138 N-DBPs H 7K v B BR {1
HRLE | (HJ | 15 AR 240 4 (WHO) UK H DCAN
1 DBAN 7K~V 73 AN 5 T 20 170 wg-L7'

NAs 7K Ab P45 5l 7 % B8y — 25 3F i A N-
DBPs, 1989 4 N-ilV i3t — H i (NDMA)FE & K
BERMEAR WK K gl dar th, 5 R AT S,
2 IR NAs £ 5 NDMA N-V A4 FE % kg N-iF
fiF MGk NDEA N-Z i 5k N i N-EAE 5 — T
e NP i 35— 2 i N-SIF il i T 5 2 i AT N-3F
THFEORNE AR T2 NDMA . NAs Hi T HAd 5 X
AR H v, P22 AL UMLK 30 %6 HAE AR K Hp
R B FRAELAE 1 B A R 2 (36 2), Hirh NDMA 22 5¢
W R i —Fh, RE A NAs 22 8] 1 B K5 e R
{f(maximum contaminant level, MCL) 2= 5l %% &, Nl
NDEA f) MCL & 2 ng-L™", Ifii N-iFfil§ % — %
(NDPHA)/ MCL ik 70 000 ng-L™",

1.2 HRIEFR AR B IR K e K

I & TR FH /K N-DBPs ¥ J¥ A 18 4 3 10
SEA G RIT AH R R 2R TS U iR 1 K

T, R/ A SRR b DX J g i A e dse /b | i b
TR b, DX BT | VP ORI H R AR D REAR R
TR KK T K & RIK DL oK e Sk HiK . 2
3L T I E KK DL oK K 1 HANs . HAcAms
Fl HAMs ik BEKF , HEAE L+ ng- L' 2L pg-
L7k, Hor AR K o HANs B fe s, e
TEHIN 53 ~392 pg-L7', 5EETKAK HANs 7K
F(3.0~14.0 pg- L™ B F| WK 7K HANs 7K
F-(f i {E 36.0 pg-L7)RIFA% 22 Ik HIZK HANS 7K
(a4 pg- LM E, & B AR 7K H HANS
W AR 2 ol b 5, AR 7K HACcAms 13- 34 3 i
KK F HANs, i @ E KT 10.0 pg- L',
HNMs 753 E AR Tk EE<3.0 pg L7, & TR
FE KK o HNMs 3% B8 (Femi fH 0.97 pg-L7H™,
EIE AR T 36 [ AR /K HNMs 3 B (B =i 10.0 g
LYY 5341 ,2019 AR — I 5T A A T s K
b FEVE 28X R K o B R RS BROR 5 R SR
B, KB Sk 7K H HANSs ¥R A e s 9.0 pg -
L, &5 KA 4% f5 HANS BER 52 4 2240,
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Table 2 Maximum concentration level of N-nitrosamines in drinking water

[12]

PRI K5 Y R (ng - L)

Maximum concentration level in drinking water/(ng-L™")

"~ = S =N R
YA IGRE EE PR R o - N o
AR _ ) AL T AR JEwN FRIEH E R Pk SR
) English name and United States ) 5 T A 2H 41 X e
Chinese name . California T 78R S heLE =
abbreviation Environmental World Health
Department Health The Ontario  Australian National
Protection . Organization . .
A of Public Canada  Ministry of the Health and Medical
enc
geney Health Environment Research Council
N-IF fiff 3 N-nitrosodimethylamine
. 7 100 40 9 100
i3 (NDMA)
N-TAE3  N-nitrosomethylethylamine -
P 2 e (NMEA)
N-IF il 3 N-nitrosodiethylamine 5 0
M (NDEA)
N-TF g N-nitrosopyrrolidine 200
Mg A (NPYR)
N- 3V fifg 5 N-nitroso-di-n-butylamine 6
TR (NDBA)
N-Wfi53E  N-nitroso-di-n-propylamine s 0
ZAME (NDPA)
N-Wfi53  N-nitroso-di-phenylamine
o 70 000 — — — — —
TR (NDPHA)
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F 4B T IRE 10 4K IEAK L KR H K
NAs ¥, 4550 Bos , 3% FE K K K&K 7K b NAs
WSEFEAALF 100 ng - L7, Hyk KV F 95 [
(ND ~15.6 ng- L)' FI H ARUKIEK :ND ~4.3 ng-
L™ RHZK T 7K ND ~ 10 ng-L™)9®", 55—
e 23 N4 44 A K3 RN O K
AR A FRE R 2K T 7K A e Sk K NAs
AR R B B 1 38 Y s 53R E A Tl A AR T
THKIG YA P Hith NAs f5 s {H B0 78 ) 7
BB 1l KR 5 A A — TR KA
M NDMA ¥ BE 2 2 30, 7E e 25 AL B i 4s M rh
RGN 380 B v v B2 ) NDMA P! i B % /e HoA B R
AR 15 B T A R AT A 22 T 6 4 fi st ]

NAs A jl iR E HEAEH, 2010 4F, Wang 4552 %¢
HE 30 ST 54 SRR AR BRT H K B NAs
JE K- HEATIFFE WIS B S A A VL e I T
I EEAT R VTR R BRI, S5 R Tk
JHAKT ™ 7K NAs (9 0.4 ~ 1532 ng-L7'(h
fI{E 4 9.95 ng-L™"), Hrft NDMA 78 K#H 43 K7k
FEF R HEEE 0.9 ~40.8 ng- L™, 7EARFH/K)
IKHEEHR B 11 ng - L7, JB koK iR 2k B oy
13 ng-L™", i KIT =X NAs &,
PRK T HIK FTHE Sk 7K NDMA 192599k B2 43 591y
27 f128.5 ng-L™'® . FAk i B Sz SE Kd
AEAGIN 2] NDMA F1 N-IF. fiff 5 1 s (NMOR ), H
NMOR #5 H % H 25% - E 16 ng- L'
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Table 3 Occurrence of nitrogenous disinfection by-products in drinking water distributed in China

{75 ) (DBPs)

WEEK P A(ug L)

iﬁ]ﬁiﬁhfﬁ iﬁgﬂﬂg iﬁ]ﬁlﬁ'lﬁ] Disinfecti 7k1$;’§§! Concentration/(ug.L_]) %%j{ﬁk
isinfection - N
City Region Time Types of samples el HrLfE References
by-products (DBPs) . .
Maximum Median
) DCAcAm 29 —
R TRHIZK) ik
— ) 2008 DCAN o 6.3 — [17]
Eastern China Finished water
TCNM 1.0 —
DCAcAm 20 1.1
. . DCAN 63 1.8
it K= TRHK) K
2008—2009 BCAN 35 24 [18]
Shanghai Yangtze River Delta Finished water
DBAN 27 14
TCNM 09 05
TCAN 5.1 0.1
dest Aedbix 2010 DCAN AR K 34 06 119]
Beijing North China BCAN Finished water 38 09
DBAN 47 09
31 AT 2 KRS X HANs IR K 392 1.11
. . 2010—2011 o [20]
31 cities Cities across China HNMs Finished water 096 0.05
T il B .
Tk = Al HANS WA ik >3 '
Guangzhou, pearl River Del 2011—2012 Finished [21]
ear] River Delta inished water
Foshan, Zhuhai TCNM 12 02
pd
. - B 7K
(’%ﬂ” i;k AAﬁ HANs o 64 20
2015 Water from drinking [22]
Shenzhen Pearl River Delta HACA 3] 15
CAmMS water distribution system : -
R Hk
— — 2012 HAcAms o 82 — [23]
Finished water
&t K= HANs Kk ik 76 22
) ) 2015—2016 [24]
Jinhua Yangtze River Delta HNMs Tap water 29 0.7
A TR HIX 2018 HANs AR KRR IERK 269 40 Ds]
Rural area Eastern China TCNM Finished water and tap water 02 —
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Table 4 Occurrence of N-nitrosamines in drinking water distributed in China
VEA T P H X JEA B[] DEP TKBER WK FAng-L™") E =D UIN
s
City Region Time Types of samples Concentration/(ng'L']) References
K PAK
47~15.1
() Source water
— ) 2009 NDMA [34]
South China AR ik
468 ~469
Finished water
NDMA 21 2(F¢ = fH Maximum)
fedt YRR oK e .
— ) — NMOR o 9.0(F¢ 7 {H Maximum) [35]
North China Finished water o
NPYR 10.8 (F5¢ = {H. Maximum)
JKIEIK
ND ~424
Source water
NAs
KK K
ND ~26.3
Finished water
IR IEIK
ND ~139
Source water
— — 2010 NDMA [36]
KK K
ND ~20.5
Finished water
TR IEIK
ND ~16.3
Source water
NDEA
KKK
ND ~14.0
Finished water
I F ferh
L Hi K
A city in Henan Central 2010—2011 NAs ND~101.0 [30]
Groundwater
Province China
i K PRI
16~624
River water
ER B R NAs
) ﬁijﬁg \lz]f;( h A TK ND ~60.3
i Y ~60.
’ Rt Groundwater
Jilin, Songyuan, ) 2014 [37]
. Northeast of China K PR IK
Harbin, Jiamusi 08~320
. River water
and Tongjiang NDMA
HRK
06~180
Groundwater
B KK K
— 2015—2016 NDMA ND ~163 [38]

Taiwan, China

Finished water

TE :NMOR /R N-TEAHHEM M NAs 7R N-TEAfE ; “ ND” 375 fy TR TR0 BR i oz i

Note: NMOR stands for N-nitrosomorpholine; NAs stands for N-nitrosoamines; ND means no detection.

2 SRESEFYHERILE ( Formation mecha-
nism of N-DBPs)
2.1 X\ BRI A L

1 2 HANs 1% F 224 sl i, B x5
HANS (125 BB A 32 B2 3T DL S0 B R 0 g 77 1 A1 e
VERRTARPIRA Y, F2A 2 FhA: i . < R ik
Ry RS DhaE SRR B, < WORIER T —
A TH 2] (R U i SR B

FURTFHUCE 5 e T2 MR 5 T 0 B BE R L
1], 2437 B G/ R TR (BE /R L) > 1 A, B A 1) T4
AR Y, AR 4 R AR HC
R SR, A R RO A9 (R—CH — NH B,
R—CH = NCI), It b & FREA IR BRIk
E Y T BRI IC K A R IR, H A B
BHMBREL ZEEE—RmW, “BRERE"
HANs %k B F & &y,
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THA B R AL B 3 1T DA — 25 K 1
529 B (R—CHO), 3l 1o “ [ 342" 4 i HANs,, [H]
¥ R—CH = NCI 7] DL 1 it $2 HCl A= B g 259
JBT, 3K L6 i 25 W) JFOR T o — &R A R AR AR L Y
HANs, “PEAe” 5 % B U I 2Ry 2 2
HANSs BIARY), A & Z A HLY o n] LLGE i« 1 i%
27 A B HANs,, AR T R 42, i 4 “ Bk
27 HE R HANSs A 0K 5 T U, 3 i B 4
SUAE RIS EE A AT BE 4R R HANs 1945, HANSs 2k
BGER AR T ) 4 EE v ) ) R A O S B
A, 1 Yang 259058 38 LC/MS a5 2 5E0e 5 — Ut
F B —EACE LR (& 1A, 2L A T HEN W) a) RIS
FerlE] = 1A ZLET7HE NPT b) A B ik 00U
HE =S M R (& 1A 20T HE IR ¢,

R R, DL 2 SR AR vl RE IR kAT (0
A TR) ) S5 o 1 28 RN 2 4, e — 40 £
At . BAFR O TR Suwannee 1 1 KK A HLY)
5PNH,Cl ), A= i) DCAN /1 N J6 2 K3#4 (>
70% ) | NH, Cl, B« BER 42 76 SO 14 & rp iy 5
TP (E AR 5 G B 0 45 SR A R 1, L
e B FR i 4 J2 HANs 19 32 BAE g2 53—
5T e B, TE RS AR R A THE R | R 4 2 1 Al HH SE ik
% 5 NH,Cl R Bi{& Z Wi A2 J& 4 il HANS 1)

FERRAR OIS 5 NH, Cl S 2 D)« iR 2
M Yang IR SR K A B I ARV WL
Sy B4 AT GREAKMERR M | B K M b M B K 1
A SRR PR BRE RS 43 , 4351 5 P NH, CL SN, 25
R % B, °N-DCAN & #i 7K # 7 4 it ) = %
DCAN, “N-DCAN J& 3% K 84342 114 £ 22 DCAN,
W IHAH Eb 85K P AR, S /KM R i B Ao 1) T
I PRI AR R AR B DCAN, 40, feilt k3
(1) — s SCEEGE TAESCPRoK a3 v, < IR R J2
A4 B DCAN B E e
2.2 ARSI B e 1 A L

HNMs 7£3& FE IR FH 7K 0 77 76 i BEARAIR, S5 s
{EAEJL ng- L™ K- (36 3), 7K v i #7761 L TR
SHNE IR S5 A WL S LS HNMs A i
AR B 3L B e 3 -l 6 2K I 7E S AL T 2
H) TCNM = R AR5 &, 53 018 45% 1 53% ,
DA AL 5 P J2 HNMs B9 B Z iR B
F DL SR A B AR D R R 4R 2 TCNM 1A=
RS , WNE 1 BTN DA R R a3 R ok ], sk
SN FRA DL 1Y) 2 (—NH, ) Ak B 5 (—
NO,), SR J5 il — R 5 = A i TCNM, {5 H Fijif
A SCHkeA s HLAR ) 8t 72 D) R i B4k & ik
B TCNM (1953, F PN Fric Y NH,Cl 5 KR4

Cl HCI Hb
| I Co, HQ 5| @ INHCl —
o [c1] HN—CIH-C—OH.¥>‘ R—CH=NH Q» R- EH — R_CIH NHCI
OH
A, HN—CH-C—OH R HO0 HO
| HCI ; 2
R 2\ C[I (”) CO, —© al o
A5 i 2 ] .
B (€1 N—CH-C—OH S R cHe=Nel | =HCL R—C==N-----# CH-C=N L0 b=
Amino acid a’ ] cr al
R
jHOC[ ~— NH,CI+H,0 DCAN TCAN
Cl cl R, cl Roa  a
/7 -HCl 2 % | Cl )
oxidation R—CH—N —"HC=%—N\ LCI>H(;—C!—I—N< u"H — '—N\
-co Ccl OH OH OHCl OH OH CI OH
O Ccl O cl L0 al
/7 2[C1) [ 4y N cl R,CHO
—CH -] o oaews —C—=N’~  |leeemcmann N\, / 2
R—CH; I\\\ —>Cl—]C ]\k\ » (I (Ij N\\ 53 9H—N\
6] R1 (6] Cl Cl OH
TCNM
2H' o c o c o, o
- +/ 2 i 4/
3Cl 26N ﬂ,Cl_é_g( ______ - 1N
201 g 0 L) 4 o
[C1] 1 :
Cl Cl Cl HCI TONM
21cn I ? i CI Cl
B. HZN—$H2—>CI/N—$Hz N=(IIH¥-A> R—c=N “‘“‘EICH—CEN &CI—C—CEN
R Cl
e R, RNgo DCAN TCAN
JEI AR B 8
Primary aliphatic amine i NH.CI
HC—R, —2— OH-C—R,

NHCI

T (Note): [CIJ=HOCINH,CI

B 1 HANSs 1 HNMs 4 B g2 [¥-41.4]

Fig. 1

Formation pathways for HANs and HNMs™ ™'+
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HLI(NOM) U, #R A 1Y) TCNM HY N ORI, 2
RFL A/ TCNM /9 N 3k 3 T NOM Tl A &
NH, CI"™! Ui B iR 2 2 TCNM A= (i F ik fe
WAL, B R YRR R AL A P fES S TC-
NM Az i, Sk H )4 e BB (C = N) B
SRR, Hom Wi i i HCL IR iR i AU (C = C)Jf:
AR, &t — RPN AR TR
N, -8 RCHO it 25, JE i T CHCLN(OH)CI, i J&
AN TCNM,

— e, AL T EEAY TONM AR A 8 T S
THREYT, 7K s fi M A HLB (DOC) AN s M M A HIL A
(DON) Lt i (DOC/DON 1K) 5 HNMs A= il & Al 1E
P71 BLA A Ak BB 3 4R S HNMs A9 AR K
B X RAAE TONM A i #2 P g FE T BF
FEINN S AU 5 S Tb 1 RE AP e - ) 2 3 (—NH,)
AL B L (—NO,)M , F34b, WAE R £ (NO;) ERE
i) TCNM 75 2U/SA M 7 AR i . Song 555 Y
B e I Wiy oy o R AR Eae ) S SR 30y v ol K2
AL Je /&N B, NO, AR A 42 /= HNMs
A B, H A AR ERI] NO, 233 in HNMs 2k
B0 Hor Hong 4FUF5Y & 8L, NO; X TC-
NM A= B AR 32 %8 (mmol TCNM/mmol C)5 Lt 48 4h
R (SUVA ) 5 IE A E K R (£ =0.60), FF4R 1
NO; 7E SUVA {H {1 (7K h 2 g i & Akt 72t HNMs
B, BRI, NO; i &4k 2 B 4B i CINO, ,
CINO, 5 NO; 4 i N,0,,N,O, ¥ — b5 ¥ il
b, i HNMs 1) 8 B2 iR Y —af S50 & ™,
EERiIR LRI E S R N AU N s (e /N
FL 285 B 1, B o LA AR AR 1 ek x4 1T SU-
VA (ERAKAR 55 AL G W) & s 48 b, X i B
T M4 NO; X TCNM A= A 520 5 SUVA (AT
FHIGPERY ) NO; il 77 7E T4 Pk i, 247K ik 3
T T2 RANFERT, NOS A O, X HNMs 4= i,
(AR 1 2 [ AR R B2

AN, KT S A RS IR Fh (NOL B, SR A R 48
HMT(MP UV) MRS I FREFT S A6 1 5 1 TCNM
P TR LT B, T H TONM 2R A i B
# NO; WREEHETINsl, UV BRESF0 5 (% 38 T m ™
KR MP UV 518 NO; 22t —se i WL Lk
TCNM FifA#, ¥F&4A NO; HIZKIAR ] MP UV Al
AW H S MP UV BE SN 2t % 8L TCNM
BERAING, H R AR R SR AT (LP UV) A 22 i
TCNM A B, Ry MP UV R K S

NO; 1 NO; W e K45 8 &, MP UV F& 4 fifi
NO; Hl NO; Ytk NO, -+, I3t — £ 5 i Ak
i N,0, Fl ONOO™,NO, - N,O, Fl ONOO™ #pJ2: ity
AR, a0 b i i ik Seas A0 7R RRKE K Hh e A HILAY (R
SR DT A AN S A, B HNMs BIETIRY,
T34 HNMs 2R i 5%
2.3 AR IR A B

HAcAms 14 B A2 AN E 2 Fr s, Bl vk 4 1
T ,HANs 1] DL B4 K i A2 5O 9 HAcAms , H A
BRI 2A FTRPY, 554 HANs 5 OCIm & 4E
SEARZN BN, A B ]2 ) N-Cl-HAcAms®" | H:
43 11 N—C1 45 5 Bl VDGR T, Az BN I )
HAcAms™ | H:f" HANs 5 OH™ Al OCI™ 1) % [ Jvj
HORE R A 6.85%10° 1 5.6%10° (mol - L") ™" -
h'B¥ 5 AN, HAcAms i A7 At 4l 57 9 2B AR &
W70 Huang 28 XK K 15K HK B I
SMNREG W) NOM FlZ SE 2 55 2 A4~ K i 4T & A6 TH
BEAIGNALTE TR, R ILAE LIS D DCAN A i i
F DCAcAm, {HJ2&: 76 & e 14 # /5 DCAcAm ¥ Ji 1=
T DCAN, & W S e I 75 A7 7 HAcAms 1Y H A A=
PR o T LA K A% T i Ay R 780 i A 40 1) S B 235 SRR
0, DCAcAm FE BT LIAN 25 A2 i HANSs Fp (]
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x5 SRYSFEY (N-DBPs) ) CHO 124 M0 B AR K (SCGE ) A H XAt RICAD)
Table 5 Summary of nitrogenous disinfection byproducts (N-DBPs) toxicity analyzed with the CHO chronic

cytotoxicity assay and the CHO single cell gel electrophoresis (SCGE) genotoxicity assay™”
GIESE ok s SRS EREMERN 51 50% 2 DNA
e e 18 A B AR DNA R i 1 i
THEER Y B &V E . . .
Disinfection English name and fmel-L7) HO LG Amol-L75) mal-L7)
by-product abbreviation Lowest cytotoxicity Amol-L™") Lowest genotoxicity 50% Tail DNA or
concentration concentration Midpoint of tail
Amol-L™") /(mol-L™") moment/(mol-L™")
ZEE Haloacetonitriles (HANs)
— M NG Bromoacetonitrile (BAN) 1.0x107° 321x107° 40x107° 385%107°
—RA LN Chloroacetonitrile (CAN) 50%x107° 6.83x107° 25%107° 6.01x107*
— NG Todoacetonitrile (IAN) 1.0x1077 330%107° 3.0%x107° 371x107°
TWKE Dibromoacetonitrile (DBAN) 10x107¢ 2.85x107° 3.0x107° 471x1075
R Dichloroacetonitrile (DCAN) 1.0x1073 573%107° 24x1073 2.75%1073
WA LN Bromochloroacetonitrile (BCAN) 7.0%1076 8.46x107° 25%x1074 324x107
=AM Trichloroacetonitrile (TCAN) 25%107° 1.6x107* 1.0x1073 101x1073
REERE Halonitromethanes ( HNMs)
— TR 3 e Bromonitromethane (BNM) NA 7.08x107° NA 136x107*
— S I T e Chloronitromethane (CNM) NA 529%107* NA 2.15%1073
TR R e Dibromonitromethane (DBNM) NA 6.09%107° NA 262%x1073
T R e Dichloronitromethane (DCNM) NA 373%107* NA 421x107*
TR HE TP e Bromochloronitromethane (BCNM) NA 405x107° NA 1.65x107™
IR R e Tribromonitromethane (TBNM) NA 8.57x107° NA 699%107°
= G 2 R Trichloronitromethane (TCNM) NA 536x107* NA 934x107°
—IR &R ¢ Bromodichloronitromethane (BDCNM) NA 132x107° NA 632x107°
TIR—FEEH5E  Dibromochloronitromethane (DBCNM) NA 6.88x107° NA 143x107*
RZBERR Haloacetamides ( HAcAms)
— IR LT Bromoacetamide (BAcAm) 5.0%1077 1.89%107¢ 25%107° 3.68x107°
— AL B Chloroacetamide (CAcAm) 75%1075 148x107 75%x107 138x1073
— i L lodoacetamide (IAcAm) 5.0%1077 142x107° 3.0%x107° 341x107°
TIR TR Dibromoacetamide (DBAcAm) 25x107° 122x107° 50x107* 744x107%
i Dichloroacetamide (DCAcAm) 8.0x107* 192x1073 NS NA
2 R Diiodoacetamide (DIAcAm) 25%1078 6.78%1077 25%107° 339x107°
TRILZ BERE Bromoiodoacetamide (BIAcAm) 20x107° 3.81x107¢ 25%107° 7211073
S Z Pk Chloroiodoacetamide (CIAcAm) 20x107¢ 597x107° 20x1074 3.02x107*
TS LTk Bromochloroacetamide (BCAcAm) 1.0x107° 171x107° 40x107* 5.83x107*
TR —& B Dibromochloroacetamide (DBCAcAm) 1.0x107° 475%1076 25%107° 6.94x107°
—IR K  Bromodichloroacetamide (BDCAcAm) 2.0x107° 8.68x107° 75%107° 146x107*
=R OB Tribromoacetamide (TBAcAm) 2.0x107° 3.14x107° 3.0x107° 325%107°
= Lk Trichloroacetamide (TCAcAm) 50x107* 205%1073 50x1073 6.54x1073
IR N-Nitrosamines ( NAs)
N- U RE i e N-nitrosodimethylamine (NDMA) NS NA NA 239%1073
NIV fiF 25 N e N-nitrosomorpholine (NMOR) NA 1.1x1072 NA 522x1072

T NS 378 5 R 4R LA Soit 23850 “ NA” FoR 8 oA

Note: NS means not statistically significant against the negative control; NA means not applicable or data not available.
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4 #5iE ( Conclusions)
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