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Abstract : Haloacetamide (HAcAm) is one of the emerging nitrogeneous disinfection by-products (DBPs) in drink-
ing water. To evaluate the mutagenic potential of HAcAm, effects of 5 HAcAms including chloroacetamide, dichlo-
roacetamide, trichloroacetamide, iodoacetamide and diiodoacetamide (DIAcAm) on thymidine kinase (Tk) gene in
the well-validated mouse lymphoma assay were investigated in this study. The results showed that with the expo-
sure levels from 0.05 to 20 pmol-L™, all the 5 HAcAms investigated exhibited cytotoxicity, which increased with
the elevated exposure level. After 4 h of exposure, only DIAcAm increased the frequency of mutant colonies, with

a higher proportion of small colonies. These results of HAcAms provided basic data for the evaluation of mutagen-
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ic potential to mammalian cells.

Keywords: haloacetamide; mouse lymphoma cells; mutation assay

KT 35 8= ) (DBPs) & R K N ST 2 i
A A Y5 0 . #84) DBPs Xt A slii L s 4)
A EUE BURE B =80, =& Z &

e

IR AR, H P AL A5 R I G TN Y (LA A% | 2 9

SE Y = AR B2 fE R R R . 36T DBPs £
AR H R R KRB BT Y A 5 S A
A 3 E B IR E 7 B RFHZK ) 14 F 11
Filt DBPs 44 tH BR i 42 il 22Kk, FRIE (A= i AR K T A=
FRUEYtHE 13 Ff DBPs 44 A 7 il v il (F 4% = 1
B K ORI RER K OIS, AR K TS
YA B AR (0 % R N B A BT IR A, R R
224 DBPs A G Xt A AR fg B 1 A 3 A XUBS: B K
H R 3245 DBPs H 2552 3 67F

Vi —Fiolr 2 1 140 X 5 &L DBPs, <0 8 I e 2
(HAcAms)DBPs CL7ERKE E 38|z EAN, —
ALBENE(CAcAm) ,— 5 LT | — 5 LBt (DCA-
cAm), IR L WERE T = £ e (TCAcAm) ) & 7E
LR T KR s W EE TR L g -
L'® A S AT R, HAcAms 1) 41 i 8 P
JEK LR (HAAS) [ 10° £ /247, it AL B J& HAAs
)20 5224 HAcAms A0 d vk I 3 m T 2 26
= & BE(THMSs) . HAAs, 2R i HAcAms X1 L34
N B B R S B AR M R A SOk R, T R
HAcAms X I L 34 40 it 2 A8 A i 58 % 4 1 T fige

0 KU PR RN RBEAR K A FK B
p= B

JINERIAK B RS A I Tk 3 IR 28 A8 iR 06 2 — Fh L
AR p R R BORE BT ARSI S HL AT A B Ay
RSN B0 AR B0 i, ok ke &
AT Th AL 0 s A8 /NS T B 3 B A
i Tk AL fE N REK G F 20 5 2 g ik
AT st ok, R E R ek
HG g — 20 0 1 1 352 4% 25 P 3% 1 TR 6 )
AR 2 At A R R R AN P
B IESLG Z — o ASBIFSE R /N BRI LR 40 . Tk
R R K 5 Fh HAcAms 2% DBPs 2 %€
A KR T HAcAms 2 DBPs 51 A9 4t i XU
PRALTE A AKYE | IR IR AT The g PR 98 A8 156 K
B AE K AR H A 5 G W RS DAy H g 1 AR 2R K
PGORL,

1 ##57i% (Materials and methods)
1.1 SZse bRt

S F/INERL A LR 4TI L178 Ytk 3.7.2C th H
ARE S DA TR, 5 F3ZiX HAcAms TR
Bk 1 pron, SC5% A PH PR X RO R R e
(MMS,98% )iy [ Sigma Aldrich(3& [E)2\ 7], — F 3t
EA(DMSO,99% )W [ [ [ 2547 FRA 7]

K1 SHNRZERIEESE =Y (DBPs) R

Table 1 Detailed information of the five investigated haloacetamides (HacAms)
44 YN FR w5 CAS k= P37 2l
Chinese name English name Molecular formula Abbrevation Structure Source Purity
Cl
Alfa Aesar
— A LR Chloroacetamide C,H,CINO CAcAm 79-07-2 98.5%
H,N Corp.
o]
Cl
o . . . ¢l Alfa Aesar
— AR Dichloroacetamide C,H;Cl,NO DCAcAm 683-72-7 N c 98.5%
orp.
. . . . ol Alfa Aesar
=S LBt Trichloroacetamide C,H,CI;NO TCAcAm 594-65-0 Hi I c 99%
¢ orp.
!
. CanSyn
— il 2 Wk TIodoacetamide C,H,INO [AcAm 144-48-9 99%
H N Chem. Corp.
o]
(o]
. B ) CanSyn
Y 7T Diiodoacetamide C,H;1,NO DIAcAm 5875-23-0 ! H, 99%
Chem. Corp.
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1.2 SE ik

FLfih B 2 FL(RPMI-0) 1 RPMI 1640 15111 200
g-mL" B RH,100 U-mL"' HEZE M 100 pg-mL"
BERE R AP FRFL(RPMI-5) 5 BT % F B 92 3
(RPMI-10)FII4E 7% A= 4 15 77 3 (RPMI-20) 43 51 A 3
REEEFRFE A 5% L 10% 5 20% ) 5 IfiL 5 (56 °C .30
min K5 H A, L5178Y 40 M0 & F-AE, B )G
W GE TR R 75 F RPMI-10, 7E 37 °C 5% CO,

SAF T B 2 AE 0BG HOIR A | 20 0 25 i 4k 5
FE1x10° - mL" LUF, il FH BGOSR 3 10 4R,
e SIERGR IS A R A5 0 T Ab BN, SRk 5% 2 d
Ji 0 5 A X 7 3 K %R (relative suspension growth,
RSG), 7E20% ~100% RSG U Fil P L) %5 H el 45 2%
WAE 4 DA, 535 X6 HE (DMSO) Al FH 1 Xi) R
(MMS, 10 pg - mL"), Z ik ¥ 4 # 40 g H
RPMI - 5 & %% 41 Jiftd % £ #910° - mL™' (4 4120mL)

®2 SRR ZBEBAEZE DBPs EESHRTE
Table 2 Toxicity and mutagenicity of five HAcAms in mouse lymphoma cells

HAcAms Concentration/(pmol - L") PE/% RSG/% RTG/% Mutant frequency/x 107 MF(S/L) S/AS+L) (%)
0 98 100 100 102 52/50 50.98
0.05 96 98 107 106 40/66 37.74
0.1 94 91 94 96 58/38 60.42
CAcAm 1 89 70 72 114 72/42 63.16
5 91 65 61 153 89/64 58.17
20 83 55 48 182 103/79 57.41
MMS (10 pg-mL™") 90 59 43 482" " 320/162 66.39
0 106 100 100 121 71/40 58.68
0.05 98 102 97 110 56/54 50.91
0.1 94 90 91 130 72/58 5538
DCAcAm 1 91 82 79 142 92/50 64.79
5 90 61 53 157 99/58 63.06
20 82 53 42 176 106/70 60.23
MMS (10 pg-mL™") 85 61 46 516" " 412/104 79.84
0 101 100 100 112 76/36 67.86
0.05 96 98 102 131 68/63 5191
0.1 99 96 98 128 70/58 54.69
TCAcAm 1 91 81 80 140 86/54 6143
5 90 62 52 146 92/54 63.01
20 85 58 35 179 112/67 62.56
MMS (10 pg-mL™") 80 60 57 558" " " 430/128 77.06
0 98 100 100 101 56/45 5545
0.05 96 102 97 110 68/42 61.82
0.1 95 98 95 109 60/49 55.05
TAcAm 1 80 81 73 127 77/50 60.63
5 72 52 59 147 92/55 62.59
20 45 47 38 192 113/79 59.30
MMS (10 pg-mL™") 50 64 60 602" " " 382/220 63.46
0 99 100 100 122 71/51 5820
0.05 92 104 98 134 68/66 50.75
0.1 87 83 78 143 82/61 57.34
DIAcAm 1 73 67 52 187 106/81 56.68
5 42 50 41 286" 172/114 60.14
20 38 41 28 3720 252/120 67.74
MMS (10 pg-mL™") 45 60 53 626" " " 438/188 69.97

1 MMS S F R R H G 6 B840, PE \RSG \ RTG 43 51l 54 - M 42 Tl sk R A X B 7 8 K R MG R
< 0.01 SFAMEXT R 0 22 5

(SR
I,

P < 0.05 5 M BEA I 3F 2

Note: MMS is the control group of methyl methanesulfonate; PE, RSG and RTG are the abbreviation of plating efficiency, relative suspension growth and

relative total growth, respectively;

* ok

means difference is significant at the 0.05 level and

* ok x

means difference is significant at the 0.01 level.
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0 0 0
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g 500l HAcAms/(umol L)
h 460
2 400 =
8 300 <
% - 440 '—f
& 200} <
g {20 ©
§ 100}
0 0
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1 A[E HAcAms FIZERT Tk ERBRRTHMERNEZETEE

Fig. 1

F& 1% ARFIMASZ IR 35700 6T BBl PE X IR 4R %
REFE 4 h, AEFREEYE 1 000 r-min” .0 5 min, 3
5, FH PBS BRIR MK, HE T RPMI-10
FF R EE A0 B %% B & 2x10° -mL

d0 F-H #22 Fp % K (plating efficiency, PE,): ¥ 4b
RS A0 A RPMI-20 #6 E #i BE = 8 4~ -mL™", 25
mL(BIPEXT IR A 50 mL), DA 200 wL-fL7(1.6 4iff
SFLHEEFN R 96 FLEEFRAR (BT BEERR 2 B,
AR 12 d JE iR e R AR AR TR AR K B LB
d2 VM A% Fh 3K (plating efficiency, PE,): %4 41 ffd
YEFRIBEEFE 2 d, BERITEAIM B R 2 2x10°
-mL", I F 5 AR B4 Y K % (daily cell growth,
DCG), #EttR & 2 d N RSG,, PE,## )5 A] PE, .

TFT Ptk 2 A8 45 K (mutant frequency, MF)#4
A RIIEFREE G BUE B4 M, RPMI-20 %%
B 1x10%-mL", 50 mL(FAPEXT LA 100 mL),

Effect of HAcAms dose on the mutant frequency of Tk gene and relative amount of small colony

P =5 H (TFT), i Wk 2 pg-mL", LA
200 wL-fL7"(2 000 4L - FL )3 2 e 96 L% FE
M (BAPEXT BRELF 0 4 By, K53% 12 d S5l g
K E VL (large colony, LC) I FLEL, H & /NETE
(small colony, SC)IJfLEL . [FAF & A LC Fl SC 4L
B, KAMEIE X bRt . LC R/ L AR
14, HE50 10 SC KAMERAL B 14 LIT 2
Yotk 25 80%
1.3 BEgit50 0

BARSEH i F SPSS 19.0(IBM, USA)#EAT,
K ANOVA 75 35 50 #f HAcAms 2 72 4 5 %5 (1 %
M Z AR5 P <0.05 FRnEREE;P<0.01
FIRZEE T

2 455 (Results)
2.1 ZfEEEtE
24 HAcAms [ %5877 &5 = T 50 wmol - L' A, &8
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5% RTG BT AR MR 7 2 85 1 R A2 11 (20% )™, I 1
A 5 B HAcAms 19 % 2% 551 FE 445 I 7E 0.05~20
pwmol - L' JE I, 413 2 FraR, /)N B bk L 93 40 ff A1
X EA KR (RSG)  RTG ¥ Ffi % HAcAms 7| 2 1)
WAL, 24 CAcAm.DCAcAm ., TCAcAm . IA-
cAm DIAcAm FJ7) & 4 20 wmol - L™ B, /N Bk 2
JEANNERY RSG 4354 55% .53% .58% 47% 41% ,
RTG 1H5 50 48% 42% .35% .38% .28% , /n i
SR %) 2 L 75 M, Fo b TAcAm , DIAcAm %) RSG .
RTG {4 # 1 T & 4 HAcAms Ay {H, 35 B At A%
HAcAms 1208k = T2 HAcAms,
2.2 5 HAcAms TEF T Tk 5& [R5 AR SR K /)N
EVEMIN

5 Ff HAcAms 1EH T Tk B PRLE 58 AR 351 5 S /)N
BETEARXS A b 3R 2 B 1 R . MMS BHPEXT
TR ZE LR, 2 MMS B8R 10 pg-mL" Tk
BB R AR R F T H B St (P <
0.001), Ffi5 5 F HAcAms 25257 & (1914 K, Tk Jit
BRLE ST R I 2 B s i #a s, (B HA DIA-
cAm ZFEHFHIEE] 5 wmol-L™ 20 wmol - LI, Tk
BB RAR SGIERI BEF A RIS
(P < 0.05), Hif K 52 AW 53 5l IA B H K 5748 4
R 4 F% K 9 f% . % DIAcAm & B 5EH 1 5 gy
AN DG R BT A 23 BT, A7 383 1 340) i i O 3R
(P<0.05), TEMELE]IRETR(LC), 5/MET(SC)2
R A A& /N SC I FEE L T LC £
JiE, Ht DIAcAm Z§5 74 5 wmol-L" 20 wmol
<L B, SC By AH X 3 BE AT 43 51 ik #) 60. 14% |
67.14% , 5 Liviac 5" UL %] DBPs % #& & /)N Utk
CL e 2 L R/ N T =F B o A 45 R — B

3 i}i8(Discussion)

TR DBPs (14K 1 2 5% 7] 527 >F 114 i B JX
W & B IR K Z R R R AR Z — ., EA
FEssF 5T 4 T DBPs K W1 5 58 5 E | Ak 5
fEFEROLE RYERIE SRR U AR | R
JEERDRE W ) A5 ) G BRF HOh E R T
DBPs (144 J& 7K - 5 5% W g 2 o ABE 28 (0 AH G 1, 1B
A= B 5 DBPs [ OCHK i AR A e, AR SCRH
W FL S P AN R SZ R AL, 552 T 5 F HAcAms 2
F& TR Tk BED G RZBHA LB 5 A HAcAms 1
I —E R4 i, Horh DIAcAm B AT 41t
BB, fE R (20 pmol - L) B EE T,
Tk FEH AR A DIAcAm > IAcAm > CAcAm

> TCAcAm =~ DCAcAm,Plewa 25" 38 51 13 Fh
HAcAms F412 1 20 i B 1 (LA A 42 6 BRI 55 40 Bt b
ZAK), o DIAcAm > IAcAm > CAcAm > DCA-
cAm > TCAcAm, 5 A SCHEMEAKE 73 A SR — 2,

MX (3-chloro-4- ( dichloromethyl )-5-hydroxy-2
(5H)-furanone)&—Fh G AR ARG IR S 4 o, 56 ] D] |
HAS hEAGEARTE R A KRR B Mx™ R
E MX AERK e B — e 7 )L ng - L 4
Sl AERT o G AR AR OK A AILEE O 75 AR PR 50% A
AU ARG AR Y 25 E AR E LT QSAR A
1) TE.S. TAHR P 5 Fl HAcAms 5 MX Ay RS
BARHEAT LR, B AR R R I # 2 B, Horp
DIAcAm (1A X} 30 28 25 P £ 151 (0.87), CAcAm fiz fi%
(039), ARG A SR 45 RAH 3L,

LA DBPs fi4 4 i 25 1 5 a5t 4% 2 18 34 v T
A% DBPs 5iRAt DBPs!"? A SO 5 45 Rk S
HAcAms 1852 M 8 % & T8 HAcAms, i#f —
AUESE T UG DBPs W =B R, C AR
W, U8 Se K RIS - | LR A HL B AR Y
MBS 73445 T B8 A LA DBPs A9 RIS , 32 177 AR B
7 PG DBPs"M Ik K At DBPs 4=
B R B2 oA S dE VAR R o i R g AL, LUA
385 ) HLA I 1R AR FH 7K At BRE XU

e o =
[*)) o0 <
T T T T

|

Relative mutagenicity value
N
A T

o ©
SN

CAcAm DCAcAm TCAcAm IAcAm DIAcAm
HAcAms
B2 ETF QSARITHEK 57 HAcAms BIREAEIE
(##E7E B USEPA T.E.S.T.#iEE, U 3-5-4
S(ZEHRE)-S-FE-2(SH) - (MX) AEEY)
Fig. 2 Mutagenicity of five HAcAms based
on the calculation of QSAR
(Relative mutagenicity value is calculated using USEPA T.E.S.T.
database values and 3-chloro-4- (dichloromethyl)-5-hydroxy-

2(5H)-furanone is selected as the reference compound).
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