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Formation Mechanism of the Disinfection By-product 1, 1-Dichloroacetone in

Drinking Water

DING Chun-sheng, MENG Zhuang,XU Yang-yang, MIAO Jia "
(College of Architecture and Civil Engineering, Zhejiang University of Technology, Hangzhou 310012, China)

Abstract: A novel method using methyl tertiary butyl ether (MTBE) as extractant and 1,2-dibromopropane as internal standard for the
determination of the disinfection by-producs 1, 1-dichloroacetone (DCAce) by gas chromatography mass spectrometry ( GC-MS) was
described. The formation process of DCAce and its influencing factors were discussed with L-leucine as the precursor during the
chloramination process. The results indicated that the DCAce production increased with the increase of chloramine dosage when the
chloramine addition was in the range of 5-30 mg-L™"'. The DCAce amount produced under alkaline condition was higher than those
produced under the neutral and acidic conditions, and the DCAce amount reduced with the increase of pH value. Temperature was
another important factor that affected the DCAce formation from methylamine especially in the range of 15-35°C, and the higher the
temperature,, the more the DCAce produced. The formation process of DCAce from L-leucine by chloramine consisted of a series of
complicated reactions, including substitution, oxidation, bond breaking, amino diazotization, reduction and so on, and eventually
DCAce was formed.

Key words ; disinfection byproduct; 1,1-dichloroacetone (DCAce) ; precursor; formation mechanism; influencing factor
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Refrigerator shaker %Y {H & ¥k 3% #%; Hach 2% A LA-
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1.2 R

1.2.1 DCAce FpifEVETR

$ 5 mg-mL 1, 1- SN ERBRHE S CFE T
M) T A B oK E AR % 100 mL, BB 1,1-
SR 0V B o 50 we-mL ™t BRIC N B R E H bR
W HEBE T RKBHRE—E BRI E Bk 2
10 pg-mL™",ic R HFRH.
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W BTR LR 2R T 1 L KE oK,
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mmol - L ™'Y L-7 & FRIA A5 .

1.2.3  fic i SR

I — 7 IR — S IR S s TR T
I RO SN E i 1 W B sl e8I o )
pH 2 8.3 15 S W R 22 v Wi, BRI R 2% v (50
mL) 2 T/NEM T IR LR 401, 58 mMA —&
AR R R RS 3R 2 min S5
— PR GERRE, mEERERE 30 min )5, 15 2 S
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RIS LA 1, 2-T IR BE R AR, SR VR A6 B
(LLE) 1 GC/MS BEATAI Y . A3 Mr 460k, 805 7%
afi He, Jit s 0y =20 e Jp#%l; M3k K. 60 ~70
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E: 1200C; B\%ﬁ%%%ﬁﬁﬁlg ZOOOC; ?}D(ﬂ%g
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BRI DCAce TR RZ ML, 25 R ANl 1 Fis.
M1 AT LUE Y BEE BRI 3S , DCAce RO
AR AR N, AT 5 3 AN B, ROV R
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3 L 7% pH {H X DCAce & B M52 M, &5 i &l 3. 4
' Fi7R.
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Fig. 1

pg-L™"; 150 min LU, DCAce YA i FEA AR AR,
BRI Dy, RN NI b, M IS L5 2R 7ty
Pefoh, B ke A R B, 4T & A — FR B Sy A
DCAce, Tl DCAce A/ B R AR5 BB 7 TR
o NH, Cl Fl L-52 2 B2 (198070, DCAce Y AR G 38 B
e e Je A i R B E
2.1.2 AHIEX DCAce R IR

L@ BN E 0.5 mmol-L~", Jz i At [A]
150 min, T=25°C ,pH =7.0 W 51FF, WF 58 &350
X DCAce JE RN, 25 5 4n[&] 2 fiis.

—— GBS mg L™ —e— B E20 mg L™

—=— GURAE IR0 mg L™ —s— SR INE25 mg L™
—h— GRS me- L™ —e— GUHHE N30 mg-L™!

Effect of reaction time on DCAce formation

DCAcejf i /ug-L™"

0 20 40 60 80 100 120 140 160
B [i)/min

B2 SmEXt DCAce I
Fig. 2 Effects of chlorine dosage on DCAce formation

M 2 TT LU Y Bl ST 2 70 48 = (4 3
T, DCAce 1A Bt 328 7 38 . & i 5
mg- L~ KK IE N3] 30 mg- L' i, DCAce #9442 R
Ayl 2,92, 3.54, 4.23, 5.11, 6.12, 7.10
pee L7 AT RUE Y B RN A B R .

DCAcejf Jif/jug-L™!
i)
|

5]
T

—+—pH=50 ——pH=635
1 + —s—pH=55 —@pH=70
—=—pH=6.0 —%—pH=38.0

0 1 1 1 1 | 1 1
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Fi i)/min

E 3 pH %t DCAce RIS MR
Fig. 3  Effect of pH on DCAce formation
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Fig. 4 Variation of DCAce concentration with pH

M 3, 4 TTLLFE H, DCAce 4 B pH

(B MR/ TR R T 45 1 1 AR i B I L b e

FmEPE S R Er. 24 pH =8. 0 B, DCAce A4 i

5 2.78 wg-L~" i pH =5. 0 B, DCAce B4 N
5.32 pge L7 A2 47.74%.

FE R R R AN BT R T A AE T )

oA, = (1) ~ (5).

Cl, + H,0 ==HCIO + HCI (1)

HCIO ==H"+ ClO~ (2)

NH, + HC1I0 — NH,CI + H,0 (3)
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NH,Cl + HCI0 — NHCI, + H,0 (4)
NHCI, + HCI0 — NCI; + H,0 (5)
1 pH (EBARE; i b & A (1) A (3) 1Y
J N, A A AR E 1) NH, C, 5 L-sE &R &4
Ji ,DCAce WA MU 22 5 FEAmBEPE S50, W
A NHCL, F1 NCI, A= B, NH,Cl (1% A= Bl i 320
HCIO 43 =2y Cl0 -~ &34, & A& B AE FH A2 i
220y v R 7=, AH N M A A5 AR B DCAce U
//|\L23J.
2.1.4 X B R Y5 e
TEAIINE N 5 mg- L' LA AR 0.5
mmol - L =", 2 W I 1] 150 min, I&JF 15 ~35°C H)4&
PR, HEIR X DCAce TE BRI, 25 N IE 5
FI7R.

4.0

——|5°C -—=-25°C —=—35°C

3.0 -

25

2.0

DCAcei /gL

0 I I I I L L 1
0 20 40 60 80 100 120 140 160

B [l/min

E5 KRABEX DCAce A RIS NE

Fig. 5 Effect of reaction temperature on DCAce formation

MES AT LAE B 15°C 3 hnE] 35°C i,
DCAce M4 BURAT0 168, 2.92 3.60 pg-L~".
X R PR R Il BE R e, (A o sl ReE ok, Ak o
W2 orF ARG Y JL 383 R I, DCAce 942 1
R bRl RS LR & ERIE A DCAce

A 5 AR FE— 0 BN RS BT, DCAce 1Y
A R K.
2.2 1,1-" SRR
1 pH {EXHE 1l i 72 (0 5 ma BF 55 vh ol LU
DCAce [ S Bl pH A0 U8 /IN 28 8748 i, 3 g2 [
RERME %A A A F A AR E 19 NH,CL, NH, Cl
5 L5 2R K A R IO [R) Uk SRR 1 AR A
Rt ®© ~ @K | it 7, I8 6 A R e 25 A AL
P TR RS A R AR, A —
YA I L TR R AL AR T 55 5
KA Wi (AR R 55 B Y 3 | R R L
R B A AT @ ~ @4 KRR, A PR
AR EBRAE N R & 3 Ak, 7R 5 F A
He—H BUR, 54 DCAce (E 6).
L-55 AR W, DCAce 1T LLFH DL B2 i 72 5k
R
S—4 78 NH, Cl (FEH T A R I «
(CH,),CHCH,CH (NH,)COOH + NH,Cl —
(CH,),CHCH,CH,NH, + HCOOH  (6)
%0 FE HOCL AVEF N & A B SRR RN
(CH,),CHCH,CH,NH, + HOCl —
(CH,),CHCH(OH)CH,NH, + HCl  (7)
85 =4, 7 HOCI E AR F B 25 H,0 A %
—C =0,
(CH,),CHCH(OH)CH,NH, + HOCl —
(CH,),CHCOCH,NH, + HCl + H,0  (8)
SEUUA KA CLBUR H R
(CH,),CHCOCH,NH, + HOCl —
(CH,),CCICOCH,NH, + H,0 (9)
SR 1 HOCL 1 OH ™ (3L [RIE T T, c—C
RAWiHE

i CHy CHs CH;
= N CH — CH; HOCI CH—CHs  jocl H—C—CHs
T”J @ CH, @ CH —OH ® c=0
. . |
H:N—CH — COOH HoN— CH, HaN— CH, HN —CH,
@}luom
Cl Cl Cl H CH;
I H;0 | HOCI HOCI | HOCI, OH |
CH; —C —C—Cl = Cl— C—H <«——— Cl—C—H Cl—C—CH; <«———— Cl— C—CH;
| 9 @ ® ®
0 H T= o C=0 C=—0 c=o0
CI'N»* —CH H,N — CH, H;N —CHa H,N —CH,

El6 L-Z&EEEMK1,1-ZSAMHEKEZE

Fig. 6 Formation pathway of DCAce from L-leucine
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(CH,),CCICOCH,NH, + HOCl + OH™ ——>

CH,CHCICOCH,NH, (10)
SN, CLEUR H, R C—C KA Wi,
CH,CHCICOCH,NH, + HOCl —
CHCL,COCH,NH, (11)

Bt /B Bk RE A, R G ER I
Bi—H B AR 1, 1- .
CHCL,COCH,NH, + HOCl —

CHCLCOCH, N; Cl” + H,0 (12)
CHCL,COCH, N; Cl” + H,0 —
CHCL,COCH, (13)

3 it

() FER K SR st B rh | SR s [e] | S8
BehniE | pH {E AR BE S DCAce JE R Z 5200 [
K. W SN ] A 34 0, DCAce YA it 78 3
W N, DCAce F92E Jb i bifi o SO A5 0 o 9 364 3%
Wrkam , biE pH ARG KGE W/, 7E 15 ~35C {8
FEI PN, DCAce [ ol tek Fifi 5 1050 85 79 P v TS .

) FEAMH SR, LR ARIE R 1,1- 2=
SN FRERE 8 RN PR, B, T
NH,Cl ER T L-se @M & AR N 3 5 1
HOCI WIVEF N A2 0™ W e A 3 SR IR S g 5 R 5
= Wb b2 A B P AR SE R HOCL &4 I
ML SEEE H,0 2 li—C =0; Hk 4 Bt H
Ny S5 7E HOC Al OH - iy L [F4E T, c—C
KAWL o5 LB H, [FRf C—C &AW
2 B L, \PEEREAEREE, REEA
Feli—H B, 42 1L DCAce.
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