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Aspartic Acid Generated in the Process of Chlorination Disinfection By-product

Dichloroacetonitrile

DING Chun-sheng, LI Nai-jun,ZHANG Tao,ZHANG Meng-qing

(College of Civil Engineering and Architecture, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: In this study, a method was developed for the determination of dichloroacetonitrile (DCAN) in drinking water by liquid-
liquid micro-extraction and gas chromatography/mass spectrometry ( LLE-GC/MS), which used 1,2-dibromopropane as the internal
standard and methyl tertiary butyl ether (MTBE) as the extractant for high accuracy. The aspartic acid was used as the precursor of the
DCAN formation during chlorination and the influencing factors were evaluated. The formation mechanism of DCAN was also discussed.
The results showed that the DCAN amount increased with the increase of pH value under the neutral and acidic conditions, however,
the amount of DCAN decreased with the increase of pH value under the alkali condition. And the final amount of DCAN under the
alkali condition was much less than that under the neutral and acidic conditions. It was also found that the DCAN amount increased
with the increase of chlorine addition, while the temperature in the range of 10-30°C had little influence on the DCAN formation. The
formation process of the DCAN from aspartic acid by chlorination included seven steps, such as substitution, decarboxylation,
oxidation, etc and ultimately formed DCAN.

Key words ; drinking water; dichloroacetonitrile( DCAN) ; aspartic acid; formation mechanism; influencing factors
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1.2 FWRECH

(1) FCHZz vyl PRI 14. 58 g W =l —4H
F13.53 g B — A4, HIA1000 mL FYEEAR, 0
AKBETFIKL 900 mL, BI53HHE 1 HL 8 2, SR
JAEZE1000 mL, BIFS5] pH o~ 7.0 A9 B R 2% v
W

(2) FeE A LR PRI 069 8 g fb 5k
A 50 mL R, A LB F/KZ) 40 mL, #%5)
ik, FF A RS, £ 45 2 50 mL, RIS 3k
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8.0.8.5.9.0), A2, 4,6,8,10, 12, 14
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(> 100 000)
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74.00 (1.00)
82.00 (1.70)
84,00 (2.75)

J

1 " |
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[ [} /min

1 DCAN ¥ GC-MS ik E
Fig. 1 Chromatograms of DCAN in GC/MS
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2.1  pH {EXE WG R 14 5 iR
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1 1 1 1 1
6.25 6.50 6.75 7.00 1.25 7.50 A

[ i) /min
B2 MR 1,2-ZRAKRE GC-MS HE)&iLkE
Fig. 2 Chromatograms of the internal standard

1,2-dibromopropane in GC/MS

&1 DCAN B4R [E =
Table 1 ~ Spike recovery of DCAN

i H JFs 10 pg L JnFR 20 pg-L-! JFR 40 pg L
IKFEAR/ pg- L7 0 0 0

W EAE T4/ pg - L 10.76 20. 69 39.43

[ml %/ % 107.6 103. 45 98.6

mmol-L ™" ,pH 5.0 ~9.0, &} 20°C K &4 T,
5% pH XK A& 2R 4 A ALY L DCAN (1520 | i
B A5 I 3.

150

(]
=

b=
(=]
T

DCANie B ug- L™
L=
=

. T

p —6—pH=5.0 —8—pH=8.0
30 # —&—pH=6.0 —*pH=9.0
i —e—pH=7.0

0 8 16 24 32 40 48 56 64 72
[ B ) /b

3 pHXIRESEEUER DCAN HIRI0

Fig. 3 Effect of pH on DCAN formation by aspartate chlorination
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FEAT A B 70% 16 8 ~56 h 18 4= 1,56 h
J5 AR FEA i, DCAN B AR Hfae. 1
Bt 25 T (pH 8 ~9) , [ i Bf [B] 4E 4 DCAN 4%
JEFifi 2 SIS /b, DCAN 7ERT 8 h & Hd A al,
TE 8 ~24 h &M A N, 24 h G EIT A F .
K13 AT UL, DCAN (%A i ot ZE B 1 S5 440 T B ik L iR
PEFITR PSR TR, P RESE B T 78 R0 2ok A% A2 7
AR IR N | Ak SO A 5 4 DL Rl

R DCAN ZKfig SN, 3% 3 A sz 1 =22 (8] A B A
S WioE

MRARENE TP G, Sl E kA S it S
A B FIE IR GETR , R 1 AR FH 2 A TR A
THBERY LA, ] B U Rt Pl 5 R & 2R A=
BRI A AT TR B P2 8 DCAN. W R
SRS TEK RS LR FEANIA] pH S50 R W
ClO~ F1 HCIO YR EE A A AR AN[R). >4 pH M 5.0 ¥4
7.0 BF, HCIO 19434 2N 1.0 FEARE] 0. 8, 1M1
ClO ™ A943 i ZRELM 0 35 hn %) 0. 2. HCIO F1 C10~ 7E
AR R AR 4 TR, o] A& AR B R 2. A
(1) F(2) A %0, HCI0/Cl~ Y A v H B L A7 L
ClO~/C1 iyt

HCIO + H* + 2e=—=CI" + H,0 (1)
E° =1.49V

ClIO"+ H,O0 +2e==Cl" +20H" (2)
E’° =0.90V

4 pH B RS, BT HCI10 MR BRI,
1M C1O ~ ¥R BEAERE K, LA KA IR M AL 6%
Wk s, WO VR e B i g . L, 78 pH 5 ~ 7
iF, DCAN B4 il Rl pH B934 KiK.

Y pH A2 9.0 WF, HCIO 443 Aii 2 %% 2|
0. 04,1 C10 ~ A4 REE INE 0. 96. 40 - Frik HL
AE DCAN W 2E iU BBl E pH R3S KT K, H
J3— 7T, S pH K 25 MER, DCAN FE/K
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Nz kA3 (3) MK IRVE T, DCAN B A= 2

H

I 3 BB — AL

H H

cl cl
~_ .., cl Cl Cl Cl
CH CI\J: A \(| ~ \i -
l FOHT —> ‘ b0 —> ‘ — ‘ 3)
C C C
|JJ| o X\ © o Xy 0 S,
2.2 X B R R o
- N - N - 1 LLT L7
TERA GBI | mmol- L™, # 5k 4 180 £ o) ol L —a— 8 mmgl L
mmol-L_l,pHﬂﬂTO,‘]Ex‘LE?’f 10 ~30°CHIZRMHTF , % ——;u :jg
5 - - . =
SRR X KA TR A AL A L DCAN (152 m) | 45 58 L s 120
& 4 ?f 100
. < 80
A 60
40
- 20
.I_I] n ' 1 ' L s '} L L
E. 0 8 16 24 32 40 48 56 64 T2
g 2Bz e ) /h
Z — 10 Es $SUEN RS EBMAL LR DCAN HHI
a —&— = 20°C Fig. 5 Effects of chlorine dosage on DCAN formation
30 —a— (=30°C o
by aspartate chlorination
0 [ 1 1 1 1 ' I I 1
0 8 16 24 32 40 48 56 64 72 ‘
R R/ R

B4 EEXNXLEBILER DCAN B0
Fig. 4 Effect of temperature on DCAN formation

by aspartate chlorination

ME 4 AT Y, EAL R 56 h f5 251 il
FAF Y DCAN Ve B BEA LR AN AR | {H 2 R B2 A
10°CHEHNF) 30°C I, DCAN A= il B m {5 38
HAH XT8N, 10 ~ 30°C BF DCAN A= Jl & 43 5]
124. 15, 137.43 1 153.63 pg-L~'. XA fie 2K
TR R BT, S0 53T shRBHE K, TG4k 53
TG Z , T3 R T AT 43— ] % Al 48 48 2 i
FE DCAN A4 BB . H 2 T ey I 25 {2 i
DCAN F7Kfig >0, I T 9 B, 384 69 DCAN A&
BRCEE AN 33X 2 e B X A Bl fiE e 2 2R B DCAN
TR A [R5 i 1) 245
2.3 BT RN R R A R

TERE G RPN H 1 mmol-L™" pH H 7.0,
TREE K 20°C , AR N 1 ~8 mmol - L BT, %
SR G X R A TR S AL A L DCAN 52, 45
LS.

MEL5 ATLLVE Y, S AR 56 h J5 , DCAN H)¥k
JERALRFEAAS M EH i 1 mmol - L™ RN
F| 8 mmol-L~" i, DCAN B4 il 43 5l 4 42. 37 ,
81.55, 123.43 F1172.66 pg-L™". X FE KN NTE
REAFRAS D, B THREARAWIE N, K&
FAR 2 N RN 3 43, T DCAN 9 A& B 3k

2.4 DCAN B4 AL

W R, J I E b & A bk . J BT
AR AN 2tk &9 Al 3T R&HJRA
JE 8 DCAN ByiEAs, anf&l 6 s,

HH I 6 T, KA SR ALY B DCAN Y3
AIREAEE 7 IR, W (4) ~ (10). Ho
WG R ok R A S R ) L BE 1 9k S Ak AR AR
KA, a2

HOOCCH,CH(NH,) COOH + HClI0 —

HOOCCH,CH(NHCI)COOH + H,0  (4)

HOOCCH,CH(NHC]) COOH + HClI0 —

HOOCCH,CH(NCL,)COOH + H,0  (5)

55 =0 RN EARR AR N — MR IR
AR N B2 — 0 F AR SR R R, By =X
ﬁD‘F:ZZ,24,25] .

HOOCCH,CH(NCl,) COOH —
€O, + HOOCCH,CHNCI + HCI (6)

S RN B AREE R T 5 —A
FRELUREL R AR RN, B 25— 43 F 8 Ak, [
:T:tﬂl]_Fm’M‘m .

HOOCCH,CHNCl — CH,CHNCI + CO, (7)

SR RN AR KL AR HCI0 AL, &
FEREM B E—2r T HCl FIIPIE S, C=N =4k,
(a7 s W (1

CH,CHNC] — CH,CN + HCI (8)
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Fig. 6 Imaginary path diagram of DCAN generation by aspartate chlorination
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