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Determination of nine haloacetamides in drinking water using high
performance liquid chromatography-triple quadropole mass spectrometry

ZHOU Yanan' WANG Fen' LI Yajing®  JI Min' ZHAI Hongyan'™

(1. School of Environmental Science and Engineering, Tianjin University, Tianjin, 300350, China;

2. School of Environmental and Municipal Engineering, Tianjin Chengjian University, Tianjin, 300384, China)

Abstract; In this study, a new method for the simultaneous determination of nine chlorinated and
brominated haloacetamides in drinking water was developed using solid phase extraction (SPE) and
high performance liquid chromatography-triple quadropole mass spectrometry ( HPLC-tqMS) with
positive electron spray ionization. The optimized HPLC mobile phase was composed of methanol and
water (5/95, V/V) with a flow rate of 0.3 mL-min™'. The linear ranges of the HPLC-tqMS method
were 5—200 wg+ L™ or 10—500 pg-L™"'(R*>0.99) for the nine haloacetamides. The detection
limits of the nine haloacetamides were 0.5—9.2 pg-L™". HLB column was found to be the optimal
SPE column. With the spiked concentrations of 0.02, 0.2 and 0.5 pg-L™", the recovery rates of the
nine haloacetamides were 61%—84%, 60%—93% and 70%—104% , respectively ( relative
standard deviations were 1.7%—4.4% , 1.1%—4.1% and 0.8%—4.1% , respectively).

Keywords: high performance liquid chromatography-triple quadropole mass spectrometry,

haloacetamides, disinfection byproducts, pretreatment, drinking water.
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1 SEEGHER Iy ( Experimental section)

1.1 AR 5]

9 Fh i S BERERRERE S . — LB (CAcAm) I ] AccuStandard 24 7, — 5 Z B ( DCAcAm) Fll =
HOTENE (TCAcAm) ) H Chemservice /A ), — R L BERE ( BAcAm) ) H CNW A A, — iR — & L kA%
(BCAcAm) \ IR L MWERE (DBAcAm) ,— R — 5 L if% ( BDCAcAm) | R — LI ( DBCAcAm) Fl =
IR ENE (TBAcAm) 14 A NS KA CanSyn 24 w], HIEE (354 19 3 CNW 23], 5286 e il (4 7K Sy i 4l
K (M UPHW 47K g /K R ali kA1), F A ZE B LC-C18 (3 mL/200 mg) \HC-C18(3 mL/200 mg) .
PSD(3 mL/250 mg) \HLB(6 mL/200 mg) Al[EAHIZECH B (12 ) I 1 CNW 23 7). R i 545 1%
LTI FAR# #5 ( 1000 mg-L7).

1.2 s

WAREIE . 22 EEE 1200, (035 . 22548 Poroshell 120 EC C18( 100 mmx2.1 mm i.d. 2.7 pm) , FEif
40 C, FFAEARRLS pL, i .0.3 mL-min™" SR ENAHALACH A B, B B IK. 05k 7 2 500 S BE VRN,
LREVEN AR A 5% ,B:95%.

1.3 FEiEsrHr

Fig A ZHEME 64108 — F PUSKAT BT , B U5 . TS5 FEL B U5 (ESI) |, 1F B PR i L IE A ) 5
B /K (V/V,5/95) TVEER 10 mg- L™ MEAT I3 SAUARAL R ALIE I3 28000 F . 4608
JE77:35 psi, TR AN, , THRAUREE 350 °C, TR . 10 Lomin™', B4045 L . 4000 V, L7
A8 . 200V FARE R . 22 5 7 W I A X ( MRM) |, B B3 B5F 1] : 200 ms , B4 4 5 2 Tk e 9 A Ak 8
T RE TR RIRERE AR 1 TR,

1.4 FiAbEE )T

K FH BEAHAE U HLB X 500 mL ZKAESEFT EAHAE L 156 R 5 mL FHEE 5 mLL 8 47K 3 fb [ A %2
HURE 75 B Z R ORAIE [ AH 25 BORE A3 5 15 KRR pH (ER 5 A4, DMRIIE o0 S BEREAS & AR K i, TR
25 SN AKRE LABERD 1 % 110 3 3 ok T A 2K BORE 5 S m 14 5% B I/ 7K 8 00395 0 T RR A BOR: , ol o s
15 min, FH 5 mL F BRI TURME  WSCAR DEIE , VERL IR AE 40 C F AR AR 2 0.5 mL, S8 )5 #EA VU540 7.

2 75 5118 (Results and dissusion)

2.1 il
ASCHFSE Y 9 Bk Z Bk ( CAcAm . DCAcAm , TCAcAm , BAcAm , BCAcAm , DBAcAm , BDCAcAm .
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DBCAcAm Fl TBAcAm) VR T 1 & 1 i I & 1 s, )0 S B RS 20 78 7 19 m/z #8 A DL
[M+H]"Fn, 8ot R IR e R MAY R [R) 7 R FE R 9 Fxd LB 43 F 38 FIE R A S A .
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Fig.1 Full scan mass spectra of nine haloacetamides
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(SIM) FARAbAF B L, SR 5 76 25 AR 22 B g W IS = S 3 B8 R s e, HG v B 2 -3k
BRI = B f KW 0 T B8 I m/z (8.9 Bl i O BERE I SISO 25 R 3% 1 i A SCAR AR A5 2 i B
BEFMTETS Chu 2 AR, RHE T 58 A XU LR ITR K OB, R WA F BT
IEAE S S H0R S LY 2 7.

2.2 AHAE AL

ASCHIBAR TG SNAN A I, B 4l /K. A 5% 14 5 LA SCHR o s R FE e A5 1 R B dib 24
TN [RIRE FE BRI A5 A, (ER A B2 e A5 4T 3 43 AR £ W (441 40 BDCAcAm ,DBCAcAm  TBAcAm)
TR TCIER A S BEVEI A 2514 (A/B 5/95) ,9 il i 2 Bk e 24 BEAS WG H | #h 2R Al MRM B XS
W, B 9% CAcAm BAcAm DCAcAm . BCAcAm DBAcAm %4 56470 85, (H 2 X I AR 5 P 2 2 40
A Y 033 3 B SR 8 N TR SIAHZE SN A/B 5/95 BOAERE VRS 7RIS T 9 Fpd 2 Mk e i) (33 1A
K 2 firs.

6 A i 2 Mt e ( CAcAm , DCAcAm , TCAcAm , BAcAm . BCAcAm Fl1 DBAcAm ) AY £& 14 70 il & 5—
200 wg-L™",3 Fh = pifC Y X Z Bz ( BDCAcAm . DBCAcAm 1 TBAcAm ) A8 £% 1 98 il J& 10—500 pg- L™
(F2) ,MERBEKT 0.99. ARWFFTRFHWKE N S pg- L8 10 we- L AR HERESSEATRI 7 ¥k, SR )5
THRR U O 22 159 2 7 R R R (R B = 3. 14 x AR A 25 ) , 9 Bl i & B i i A i B 5 [ R 0. 5—
9.2 wg L' (F£2).
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Table 1 Fragmentor and collision energy optimization results of nine haloacetamides in MRM
) S = FE : il 43 P
X Z IR [ v 2 0 . - Begr il B R TET -
. . Isotopic abundance . . Collision
Haloacetamides Isotopic peaks . Parent ion Fragmentor/V Product ion
ratio energy/V
CAcAm 94/96 3:1 94 50 58 10
DCAcAm 126/128/130 9:6:1 128 80 64 16
TCAcAm 162/164/166 3:3:1] 162 60 98 10
BAcAm 138/140 1:1 138 100 59 18
BCAcAm 172/174/176 3:4:] 174 80 93 5
DBAcAm 216/218/220 1:2:1 218 90 178 5
BDCAcAm 206/208/210/212 9:15:7:1 208 90 127 15
DBCAcAm 250/252/254/256 3:7:5:1 252 90 174 15
TBAcAm 294/296/298/300 1:3:3:1 298 90 219 15
10T CAcAM 201 DCACAM 1.0 TCAcAm
0.8 16 . 08f
- - S
s s z
X 0.6 X 12 s 06
2 2 5
=} = =3
% 04 § 0.8 % 041
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Of 4 v v vy Of P M 1) ; ; ; ;
0510 15 2.0 253035 40 05101520 253035 4.045 2 6 10 14 18
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0.8 L
. 0.8 = - 0.8
= X 2
X L
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8 Z 2
o 23 7] L
g 04 g 04 g 0.4
02 02 02f
0 1 1 1 1 ] 0 0 IE L ] 1 ] 1
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10fr BDCAcAm 1.0 fr DBCAcAm 1.0fr TBAcAm
0.8 08| 0.8
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Fig.2 MRM Chromatograms of nine haloacetamides solutions
2.3 HTALBRIT LA

O A 3R A T 5 R EAEZE BURE (MCX . MAX \WCX  WAX FI HLB) A9 %€ Bl SR | 25 532 i
JARE AR ZE B HLB 19 2 BURCR e R el | AR SCatk— 2 4 T HLB 228U | 5 HLB ALY
LC-C18 HC-C18, LA MW [t 25 ) PSD HLB [ AHZE BURE (9 2 BORSCR ZE IR E N 0.5 wg- L' R4 F, A
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[i] [FE1 A 26 BURE (19 SRR TE]L A P 3 7R, LC-C18 il HC-C18 [ AR AL BURE X 9 Fb < £ Bk e A BE 43 46
B, PSD [EAHAE B B9 TSGR AN 25 (30%—50% ) , HLB [ 4 26 BURE %6 USSR B 44, iR B HLB [ AH % H
FEXT 17 2 BRI A A T 2K B

R 2 ORGSR £ B R 8 0A 7 R R B

Table 2 The rentention time ,regression equation and detection limit of nine haloacetamides

5 2 R LD MR o
Haloacetamides RT/min Linear ratrige/ Regre,‘sslon R Detection }:m1l/
(pg-L7) equation (pg-L7)

CAcAm 1.73 5—200 y=27.11x+4.2331 0.9988 1.2
DCAcAm 3.00 5—200 y=29.882x-19.776 0.9989 0.8
TCAcAm 13.50 5—200 y=27.815x+18.171 0.9976 1.3
BAcAm 1.92 5—200 y=43.902x+0.8077 0.9994 0.5
BCAcAm 3.53 5—200 y=6.94212+5.186 0.9978 4.3
DBAcAm 4.16 5—200 y=7.703x-16.664 0.9982 4.8
BDCAcAm 16.24 10—500 y=6.9765x+9.1523 0.9957 6.3
DBCAcAm 19.64 10—500 y=4.2869x-13.832 0.9974 8.7
TBAcAm 24.52 10—500 y=3.371x-22.047 0.9972 9.2

120 QLCc-Cl18 @mHC-CI8 EPSD MHLB
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Fig.3 Recovery rates of different SPE columns(n=3)

FENBRUCEE R 0.5 g LT AIELL T, XF W R IRFP 28 FPE AR FR 1T T Ui Ak AR 141 4 s i 45
F A A A B0 VR 5 mL 19 5% H BRI, VR R 5 mL B9 IS, 9 ol bt & IR 4 Jim s [
WK 70%—104%.

FERAC B AR AE B ST ,0.02.0.2.0.5 pg- LAY 3 AN INARZKSE T 9 ki £ BE R () [RTUSCR 40 531
61%—84% 60%—93% 1 709%—104% , A Xt 5 HE i 25 0 1.7%—4.4% 1.1%—4.1% F1 0.8%—4.1%
(#3), 5EHRE" ABFTE LS RAT.

AR SCAGHI () S K AR R B DL 9 1 R , LM EESE L 0.07—7.4 pg - L7 UREFSE K £
BEREAE EST VR P BKS H BR B SR FESCRR e APCT PR RS H R — A B el LA B (25 A Ak i 1
AHAEIUE Tk, AR T ik ] LASIEI UL R i 17 L R B 178 e P R o i AT
2.4 SCBRAE DN E

FRUEAREE ST B 43 A7 7 16 43 B 1 SE 88 3 R K i £ W I B R BE B SR K HRs T TR L Y
DCAcAm TCAcAm ,BCAcAm il DBAcAm (3% 4) .78 H A& K H B9 IR IR R 84%—101% (FH XS H M
£ 2.0%—4.9%) (F 4) , FAUK A ESCR AR, ULEH A 53 0T DL T SEBR KRR Fh e S A T
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Fig.4 Recovery rates of nine haloacetamides with (a) different washing solutions, (b) different eluent volumes

K3 AR 9 Bl L BERE AR [ R 45

Table 3 Recovery results of nine haloacetamides under different spiking concentrations

1 2. 0.02 pug-L™! 0.2 pg-L™! 0.5 pg-L™!
Haloace tamides e bR e ARG 2 B AR R 22
Recovery/ % RSD/% (n=3) Recovery/ % RSD/% (n=3) Recovery/ % RSD/% (n=3)
CAcAm ND — 60 3.1 77 2.3
DCAcAm 64 2.8 75 2.1 83 2.7
TCAcAm 84 4.4 93 23 104 2.5
BAcAm ND — 61 1.6 71 3.6
BCAcAm 65 3.2 70 2.3 73 4.1
DBAcAm ND — 69 2.1 70 3.2
BDCAcAm 61 2.1 79 1.1 83 3.7
DBCAcAm 63 1.7 69 1.6 77 1.0
TBAcAm 69 3.7 85 4.1 93 0.8

T ND, RKI H . ND, not detected.

R4 PRk O il Z BB I S AR [T iR

Table 4 Determination of nine haloacetamides in real water samples

2Bkl ) AR E ﬁﬂﬁfwﬁ“ Tk 5 {8 % *Exﬂﬂﬁﬂﬁ%
Haloacetamides ackgl‘ound_x]’alues/ Additive v_allucs/ Measured ‘flueS/ Recovery/% RS]Z/ %
(pg-L7) (pg-L7) (pegL7) (n=3)
CAcAm ND 0.5 0.45 86—94 4.4
DCAcAm 0.11 0.5 0.57 90—97 3.5
TCAcAm 0.13 0.5 0.61 92—101 4.9
BAcAm ND 0.5 0.43 84—88 23
BCAcAm 0.04 0.5 0.49 87—94 4.1
DBAcAm 0.07 0.5 0.51 88—91 2.0
BDCAcAm ND 0.5 0.51 98—106 3.9
DBCAcAm ND 0.5 0.47 9296 2.1
TBAcAm ND 0.5 0.44 86—90 2.3

T ND, RK H . ND not detected.
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3 %5 ( Conclusion)

A ST T AR AT AL B AT HPLC-ESL/tqMS H% A 5] i 20 A& 9 b S A% AR AL 2 Bk i 1Y
J5 1,9 Fh ki L BEREAE K TP EOAS I E R 0.02—0.2 pg- L7 A7 i dE— 53 i 1 1k 4 2 ki 14 ¥ 5 43 B
D7 ZOT R AR R R 1R B D0 S5O0 5 AR SRR B SR % LA S S5k i B 53 JF 8
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