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BRALTE-MESEREENERAKS 7K 28

g IRF ERMK EE? R
BAxHE exk xR
(AU O X B 0y, B AT 210031)  P(REsBERMR A AL TAESABE, BEaT 211166)
3R BT K X B R 2 bt | FE AT 211229)

# E XL (Haloacetic acids, HAAs) 2R FH/K P — 2 BERI™ 1, X A R B W AE S , K
JRARGH AR FTRIET RS DU HAAs 97 2 PR B R K 28 4 LA BB o ARFFR T X HA As RS U TR
S MTAEAE B IR, B F IR AT AR AL R AR RN I 52 SR i BT TR /K 7 F HA As (9 [R1 5 e i) 2 B
o WL R RIS BE T IR RN . RVARRIREE . AR AL E . iR
FAEBCRFVARFR S AT A A RN B8, k225 SR, 7 B HAAs 7845 AR EEIE RN 2 R
TFILRPEDCFR (R7>0.998) , A HIBR A 0.04~0.33 wg/L, 5t B 0.14~1.34 wg/Lo F A A6 55 Bk
FEAEY 7 Rl HAAs , SERT AR IR H7 90.9%~107.7% , AHXARAERZE N 1.55%~6.49% , K A HAAs 5 53
TR E AR AK AEARHE ) (GB 5749—2022) LE RIRRME . A BARMERIME . s et . RAEUE
e HERRTELE AT EH K HAAs 5 3«90 B W

XEER RO T @Rk BOIKs THRRDTY; LR

KK TE TR R A 5 7= A — R PIE BRI P29 ( Disinfection by-products, DBPs) , HiH | X ZLTiR
(Haloacetic acids, HAAs )& B §ii 45 [ PR KM A LAG 25 V) 5 1 — 28 DBPs!', WigY LI ,EERZ WK ]
KRG ORI Y HAAs , I AR RN RS T, HAAs TR B E S BERppf I 45 R 3%
B, HAAs XTI FLsh Py HoA st fe st . BOoS AR P RE0R 1 | 20 b 25 Pk st A% 25 M 09 K/ NI S Ak
HAAs>TRAL HAAs>F AL HAAS O S8 T HAAs FOMERE G 2, 1 5 T4 2040 (World Health Organization,
WHO) Fi #4226 DO K o HAAs SREBU™ R i . WHO HEFR IR /K Hh & £ 82 (Chloroacetic
acid, CAA). 5 LR (Dichloroacetic acid, DCAA)F1 =44 £ R (Trichloroacetic acid, TCAA) F7HE NI {E 43
B4 0.02, 0.05F10.2 mg/Ll7, FEFGE (U.S. Environmental Protection Agency, US EPA)FIAE , T HIK
i CAA . DCAA FlTCAA W KI5 4 & H AR (Maximum contaminant level goal, MCLG ) 43514 0.07 .
0 f110.02 mg/L.,, CAA, DCAA. TCAA .  Z R (Bromoacetic acid, BAA)Fl 75 Z iR (Dibromoacetic acid,
DBAA) i K15 944 & & (Maximum contaminant level, MCL) 4 0.060 mg/Lig}o FHE AR AR
7EY (GB 5749—2022) " BARA G , A 1E A FHZK TH DCAA . TCAA FILZ, i (Todoacetic acid, TAA) [ FRAE
435024 0.05., 0.10 F10.02 mg/L.

HAAs J& T/ FAVURIR , BA R A Bk PERIMERE K v 2 R K A sl 2 19— DBPs.,
WE KK HAAs, F58 AN GLER T T 2R A 8 75 32, F 2SR A AT AR Ak | B RE L B
AL P71 ORI A Ak B R 2 SR AT AR BT 5 (H AR R B RRI K ELARAL,
AT AR HI ST AT VST, FEma R 45 SR A MR PR 213 E B R e e o it 3 B4 ) i Ak
B, B SR T I S T AT R A AT, AR T T K R HA A B9
MR, AR, B T OEE A BRA S R, RSN, U TItRE )22, IR LA ik & 5t
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IBAEA R SRR SR HAAs SR80 AT BIFSE & TR R S BB R B8 A2 TR R T R0
AL FE 735 , AR A S| AR R 59 o B R T 2 R A B 20 4 L S G T AR
FJRIL TR S HTPERE (A AEAE A IR B AREYEA R | SFYRR)Z M A an B LA S o 4 R k2
FERE

JEAATAE AL (In situ derivatization, 1SD) FTFERE il A BT Hh [R5 5¢ 1 H AR A& W) 09 2 ORI A=, B it
R D | SRR FER MRS A, Tz N T . BRI . B2k M. ARIRMIA
A ﬁ:}’*}fm’m o TAS VRO AE B ( Headspace liquid-liquid microextraction, HS-LLME ) 4E 4 i & 4 |
SR ES FIERE T — 1 Bl T WO MO B T 25 SRR A UL 3, v S 3 MR S L B 2, <kt
1% (Gas chromatography , GC) 43T HAAs i & FH ORI #8500 35 B T3 SRAGS T 48 (Electron capture detector,
ECD) . Bl i pd 2k a2 SR MEMI, ECD MU . R, & foR
L AETOAIR, I H6 A LA S W A e R AN s R AU UGS T T2 S E TR H O
M TAE, Wizs SRS TR AL (HS-GC/ECD ) HA mi Ab BE (8 A e e s, 2
R ARSI 5 A E i BT 4 R MR TS e .0 AL

K R WL HAAs EEAZURZER . RARZ IR TAAN . FRIECH IAA AT A4
BRI B [H i R i 20 5 AR TR I 7 2 | BT A SO R K H TAA Bk B2 K
MELARLFIPAG AR O IR A2 2 8 T2 B SRR XU . ABIFFE I T 0 1R FY e LA A BN T
K B R R ST T AR K T 28 HA As [R]250 7 i AT Az - T2 A €8 385 325 (In situ
derivatization technology and headspace gas chromatography, ISD-HS-GC) , NFREIAAK e 4 W . US54
Fbrdedili T4t 7% .

1 SEIGERS

1.1 5 HF

7697A-7890B [ B0 25 - A (4354 (26 [H Agilent 237 ); VF-1701ms B (30 m=0.32 mm),
0.25 pm, 3 [F Agilent 24 H] ) 5 Milli-Q Hi4fi/K 24 (36 Millipore 22 1] ) 5 DMT-2500 248 s 1R &4 (HTH
KBALZFABRAF] ) ; LA2002E/A B HL 7 K- (3£ Mettler Toledo A F]); FEUAR (2~20 pL., 20~200 pL.
100~1000 L., 1~10 mL,{&[E Eppendorf 23] ); 20 mL )i 2 BE SR AR 5 (35 Agilent A7) .

CAA. BAA., DCAA, =JRZFR(TBAA). TCAA. TAA FI DBAA #RiEY F (=99%, | Anpel 2
Fl); BRBR (GR, B i Ab2A iR B A PR A F] ) 5 DU T FEMR AR S 8% (Tetrabutylammonium hydrogen sulfate,
TBAHS) (4 98%) . 1ESKE (3540 ) FMBRACUE RN (AR 9%) ( LI Aladdin 28] ) ; SRR TR . BRlR
EE M BE(AR 2%, EZG AL a BRA D) o SER K NAF A GBIT 6682—2008  HILAE fil—2K
1.2 KEREFMRE

I VR £ 3 B SRR CRAERT A 0.5 mL 0.02 mol/L B ACHR R BHI e ) R 82 i o v (1 IX s R Ak
TERHIZKEE 500 mL, 3631 20 4y o BEALERAS =05 1 A2 as FRRG AN 1 B A8 FIRESD B A i S5t
BB ARG | ARAE, 7 d NSERAT T
1.3 ZXWHE
1.3.1 FERE

TERRYE ST, LA TBAHS AAHEEASAALT . SR W R AT . B M ZEBGR, K Hh HAAs PR
ST A R 1 R IS , 3 RO B TR s 77, U SUR#EA T GC-ECD Ml 2
1.3.2  FRAEREE S

PLEEACRIE R B AR o I 1.0 mg/mL B PRARGE AT o 3 BE BABR A 2, T o) TR B s o T
VEW , 4% 203 Y B M BE 43 3 CAA 5.0 mg/L, BAA F1 DCAA #4 2.0 mg/L, TBAA, TCAA . IAA Fil
DBAA ¥J°4 1.0 mg/L.
1.3.3 {(UBIWEHE

M= F TR 70 C; @R/ NRIE 80 °C; FMIZIRE 90 °C; T WEFIIA] 15 min; S
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A (A =99.999%) ; HIFE/E ) 103.4 kPa; ERIMAT 1.0 mL; SLFEA] 0.1 min; THZS PEREMT
[A] 0.5 min,

El A BACNRAIA (LI =99.999%) ; #ABIN 65.5 kPa fHE )5 HEFECREE 230 °C;
HERERER R BERE A0 o 20215 ECD JEJE 260 °C, B 60 mL/min; JHEFEF: WIHAEE 50 °C,
£34% 2 min, LA 25 °C/min FHEZE 150 C 445 2 min, J5i817: 250 C, 344.7 kPa, f#4%F 2 min,

1.3.4 JkEEAMEE

U 10 mL KA 20 mL TRZSHR A, A 7.0 g BifRE: . 100 pL SRERHF (1 mol/L) . 30 pL. TBAHS
(1 mol/L) . 30 wL g — H ER AN 250 wL 1E Sk , 37 RV 8 itk 2 min, §HE 53 2RI
1.4 REEHER

AL URE T AR T2 LS, 25 FUE AR T AR R s TARMZA I R BT KT 0.995,#+
s AR (TSR TE 80%~120%Z 1] 5 #2870 ATr 20 43 LA A i, 20000 e A i 2 v IRl ik B Ak, D45
5 R BE AR R 22 /N T 20% 5 it ViR A8 L1 2 MY T, 7 SR B s PR A ARSI

2 SRSt

F A O BEFF R 7 B S 5UALTFSY , Joh ) CAA B IIARYR BE A 150 pe/L, BAA Fl DCAA (9 nprvk
JEH 4 60 pe/L, TBAA, TCAA . TAA F1 DBAA BYMIARAIE R 30 ne/L.
2.1 BESTHERTREZHNER

BT R R (A 1 4 B A T A R R G R 2 . R PR VRO AR BT A SOME 8 1 D 2 7K HAAs B
EPA Method 552.3 #7757 F] DB-1701 B (& 3% H: Fll DB-5.625 B fa A2 i GB/T 5750.10—2023 HE#E%
I Hp-5 BUEGEAE L R I (L 1 2 B ROR , B ISR [ 22 1 19528677 15 , B H 10 mL Ak
FEZE 20 mL 2SR AR IINA 5.0 g TOKBRIREM . 125 WL 0.5 mol/L PU T AR S 4% VA W (TBA-H,S0,,
2.3 mol/L /KIEWE) . 100 wL HilR — FIE & 150 wL iE 8k, 7 BR8] 2500 v/min W EVETS 2 min, 1%
1.3.3 WIS AT A A | I LA BAs e (6 O B8 B 1] 04 7 =X, 25 58 AR € 3 A HP-5ms (30 m%0.32 mm,
0.25 wm) 5 AP PE (A REAE VF-1701ms (30 mx0.32 mm, 0.25 wm) X} 7 R < 2,12 FF g KAk FH 7K s i i
IR (=E P e, HaEAkmR . A — IR B — R IR B B B R . S5, HP-5ms (A% H T
BB =A BT S Z RS (K 1A), VF-1701ms AESE450 8 7 Rk 2012 WG 5 2T 7K i TLaY
KA 1B) .
2.2 BE{fTHEEGRRL
2.2.1 EWFIHEEMHAE

ERHTRIN A8 TERE S TR M A TCHLER DA S i 25 B DOTIA B M AR HUR0R . 1R ik
RAGHERI A2, EPA Method 552.3 A FeVH FIBRRRENAE S SR 71 , A8 1T SR FH B JoMLER (s Ak An
TRRENAE ), LB T | CI R K P IRATAE AL B BRRRENIE KM ) 4 . M, DABSOR I T
JE YA AN | 7 i 2 S A T AR L BRSO B, S S s RO R MERE AN A . PR Y AR
R ) SOF 1 R AU Ao B S, X /K G5 A B SR A A P S O S 3 . S5 IR MR BT, B A 14 3 P o
SALENIY 1.5 f5 , HEhAT R B N E AN 2 % BUAb, BRIR BT W 38 R HEa HLIL A W A R 4K
BIRIE . AW o8 i 2 A B & 0 =, 5 T SRR IR K b 7 B HAAs AV AT AR 3808 (AR
et A, R IR fsZm . aniEl 2 BEoR B G R e FH 38N, 7 i £ F R A T LR B IR, Y
TR S 7.0 g W, =78 2 WP R AN — 50 £ 1% P TR A e T AR S B0 T A 3, T HL A 20 43 1 0 T AL
TR SGAH R, PR BRI E R 7.0 ¢
2.2.2 REGRNERE

PRHIZK A pH (B 7 4E351E 6.5~8.5 W, UK i HAAs JLP-58 4 LABS TA774E . EPA Method
552.3"2 K GB/T 5750.10—2023" 344576 A BT R A B R A AKAE 15 2 pH<<0.5, { HAAs F B 724578
KT DARTH USRI G R T IR St AL N . SR, SR 2 E Ak, o S BRI SR K £
2 H G (R 454 | I I LR e e S A 0 58 S AN 127 DRI, PR R A IO R T AR R A R4
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A 45 B 35
40 2 2
N 2 5 3.0t =
x 3 S X 2
~ O Z 25} 2
z 30 S <2 = = s << -
g < Z 2.0} <
g 250 s z&8alF 8 g 2 28z 2
2 ) T B g 2 gy a
g 20f = 2 5 & 5 E L5t g 29 g '
o @ S<xe 2 S > 2 <2 3| 3 N
z 1o 2 T i Z 10} 33 &7 e S
2 1o} = g Qe
[ 8 05¢ al =
~ 05} x el ‘1 l
0.0 A UL — 0.0 N
10 15 2.0 25 3.0 3.5 40 45 50 55 60 65 10 1.5 20 25 3.0 3.5 40 45 50 55 60 65
t/min t/min

1 (A) Hp-Sms HA1(B)VF-1701ms #5E5# LAY i K 7 Pl 2,82 H g

Fig.1 Chromatograms of common halohydrocarbon and seven methyl haloacetates on (A) Hp-5ms column and
(B) VF-1701ms column

TCM, =% F %% (Trichloromethane); CTC, PU541k#% (Carbon tetrachloride); BDCM, —&% — 4 F 4% (Bromodichloromethane) ;
CAA, 5 &1 (Chloroacetic acid); DBCM, —-#—% H %¢(Dibromochloromethane); BAA, JR] ZFi& (Bromoacetic acid); DCAA,
T4 L1 (Dichloroacetic acid); TBAA, =R ZE& (Tribromoacetic acid); TCAA, =% R (Trichloroacetic acid); IAA, fllZ,
fi2 (Iodoacetic acid); DBAA, "% Z & (Dibromoacetic acid)

5.0

—8— CAA —@— BAA —A— DCAA —v— TBAA —4— TCAA —¢—JAA—>—DBAA
4.5F

4.0}
35F
3.0F
2.5k
2.0k

1.5F

Response intensity (x10%)

1.0F

0.5F

0.0F

1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9
Dosage of ammonium sulfate/g

K2 IR X 7 R C R Y IR e S5 JEE AR

Fig.2 Effect of dosage of ammonium sulfate on response intensities of seven methyl haloacetates

T, AR E . SCIREERERY] M) 10 mL /KA IR 7.0 g BRIRELAE MERMT G , W pH=5.5,
FEULSS RSN K HAAs PTSEIREAIAT A A . B AR BE XK K 7 b HA As JRALATARICR 6
LM AREE 1) K R IR RV T, N 1E] 3 BT/ S IR AR R A 100 wL 1 mol/L BRERIA AT , 7 Fp £
FH g €20 135 0 127 ELAT 36 7o O i 7 0 B, 28R B 1 o, UV TR pH ~ 3.7 0 MBRERTE I (1 mol/L) JINA K
T 120 pL B, B =50 R BRAL , HoAr 14 SRR ER AL W T RS USRI R EE A R B . IR AR  e
JIA 100 L 1 mol/L i PRV K o
2.2.3 HEEBEAFIVAZE

FEAEY AR Z v MRS RS A AR R T (i S 7 4 B R AR A IR AE RS 22 00— A0 AR HEA WU AL . B R e
R E A HUEA R, LG B FEA DA 2= SR iz ] o Zepiedh | SRR FURGB R B A HLA L
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4.5

—8— CAA —8— BAA —4A— DCAA —v— TBAA —— TCAA —¢—JAA—>—DBAA
4.0

35F

3.0F

2.0F

1.5F

Response intensity (x10*)

1.0R

0.5}

0.0k - - L - - - - -

0 20 40 60 80 100 120 140 160 180 200
Dosage of sulfuric acid solution/pL

3 BRIRIA (1 mol/L) Xt 7 il £ 1 HY I i 17 548 B P 5 )

Fig.3 Effect of dosage of sulfuric acid solution (1 mol/L) on response intensities of seven methyl haloacetate

s AL S 2 Mol LR A 2 ) DU T S b o e P S 1 () 5 SRR R IRAR ) JE I 2
X B 2R A% KA 7% 22 G AR, vT A R S NG A g o A S 5038 ik 14 25 38 Jin TBAHS I
(1 mol/L) FH#t , 5 T HXFR K 7 B HAAs JEA AT AESCR I (] 4) o 253K, 1m ROV AR R ImA
1 mol/L TBAHS W5 , 7 Fl i £ 1 H TR 174 U i) 107 5 B 457 W 5 4 T o o, = VR R BRAE DA 2 pl.
1 mol/L TBAHS ¥R ATIE AL e KA ; —W O ER . A R ERA IR SR ERAE A 10 pL
1 mol/L TBAHS ¥ W IR e K s W O TRHIEE . TR LR H R ANt & R R ZE A 30 L 1 mol/L
TBAHS I I AR B R K . B TBAHS BN A P20, B A SRR . IO PR FI 2,

55

—8— CAA —®— BAA —A—DCAA —v— TBAA —— TCAA —¢—IAA—»>—DBAA

5.0F
4.5
4.0
35
3.0
2.5
2.0

Response intensity (x10%)

1.5
1.0
0.5

0.0

z| 44

0 10 20 30 40 50
Dosage of TBAHS solution/pL

P4 DUT BRI S0 (TBAHS ) IR (1 mol/L) A FH X 7 Fof 7 1 FFY TRk 7 8 1495
Fig4 Effect of dosage of tetrabutylammonium hydrogen sulfate (TBAHS) solution (1 mol/L) on response
intensities of seven methyl haloacetate
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iz F I ) e T R T AR A, AR 4 AL S I T AR 2 R R 2R A0 B W i U 7 i B At o
TBAHS % (1 mol/L) HyFcfE &4 30 L.
2.2.4 TEFIHAZ

PR A S AR SR /INor - SR TR AT AE 1 28 T B, 70 0 (35 A7 S I A 52 s 45y T LA i & A
PO RIREEA AT 2 A A BR | R i B R AL B L (H HAAs TERRIE S PE T k™) b
TR B R S R R AL PR BB . RCRAR T AR PR e . B S o P SRkt
5w AT MBS A7, Cardador %[ZZJ PLid s iR — W R M ATAE R, T & T KR HAAs JEAE T 43
Mroridie SR, BRER — H R A m ZE IR, i i 2 Z) 5 e g R 40, HE B FE NS iR A . ARIERY
I PP AR — P R 0 R, B B HR K R 7 R HAAs SR AT AR A 52 m (1] 5) o S50, iy
AARZHINA 30 wL G W ERET , S CFRH R . IR TR W B M 2 g W I 1 g TR B SR 3 B KA 4k
SEEINGRRR — H R G &, R Ak A W i i 1 5 BN T S S PR T A i £ TR HE R ) e RSt YRR AR S
PHAR A R R L DRI B B R R A SR FEFH AR 30 L.

5.0

—8— CAA —@— BAA —A— DCAA —¥— TBAA —— TCAA —¢— [AA—>— DBAA
4.5F
4.0F y

S 3sf

z

2 3.0F %

&

g 25}F

E

2 20k

@]

&

K 1.5F - == =3
1.0 E— —_ - -~ - —N—
0.5} o

= * <= - -- o - -
- "

0.0} F—— -
5 10 15 20 25 30 35 40 45

Dosage of dimethyl sulfate solution/pL

PE5  BRLIR — F R FH R X 7 Al i 2 P P o 5 38 4 52

Fig.5 Effect of dosage of dimethyl sulfate on response intensities of seven methyl haloacetates

2.2.5 ERBEFMWHAE

BT WA BUR B, 78 5 AT A SOV AR 2 iP5 |AGE 24 B9 HLIET, ASCE I 50 288 B S K A H
Ve ORI, o T B S T 2 T P P TR S 0B A 2 AR PP B K A7 . Cardador 25 2/ H AT 5 ViR T R0 T 2%
fit . IE S M SR RO A UK S (9 5 SR PR , P35 IR 23501 R 96% . 93% 11 70%., 4ET1E
PBEELA KB (<0.01 /1, 20 °C) . KB4 (36 °C) K I B 8 At S O 3, e 43l T2 Rt
A o BRI E S R, 5T AEBGIARBIXT R K T 7 Fl HA As SR AT AR B8R 1 5720 .
WE 6 FR , S IE SR AT Ry 250 wL B, 7 Fpk £ 0% B B35 2 A S R TR ; AkEas KOE sobe H
i, 25 HARE A e R 5 B 42 T 53X PR T3 AR IBGRI (ot , RERSAIR T 10 2 1% R g A9 R % 5
L, MR T 2SR, TR TR, S8 B AR & ARk
2.3 FHiEMISHTIESE
2.3.1 AEMEMEEE. wHRMESR

K FEKBCH] 75 HAAs IR B FRUER IR, S FZ M 3K L HAAs WREE MR ARER . XN 2,
T Y i A s v BN AR B EA TR [0, ANk 1 BIEZs | 7 Fb HAAs 20 507E 2.5~150 pg/L. 1.0~60 pg/L
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6.5
6.0k —8— CAA—@— BAA—4A— DCAA —v— TBAA —¢— TCAA —¢—JAA—>—DBAA

5.5}
5.0F
45
4.0F
3.5F
3.0F
25F
2.0F
1.5F
1.0F

0.5F
0.0l - - -~ -+

Response intensity (x10%)

0 50 100 150 200 250 300 350 400 450 500
n-Pentane volume/pL

o IESCHEAR IR WA 7 ol £ 1R P TG 17 540 2 14 52 )

Fig.6  Effect of n-pentane extractant volume on the response intensity of seven methyl haloacetates

£ THX LR (HAAs) LEMERTINTE R . Ltk RIE TR FYeE R4

Table 1 Linear ranges, linear regression equations and determination coefficients of 7 kinds of haloacetic acids (HAAs)

EY R din| M=y e ZEL
Compound Linear range/(wg/L) Linear regression equation Determination coefficient (R?)

CAA 2.5~150 y=7.16x+21.14 0.9988
BAA 1.0~60 ¥=59.10x+22.94 0.9998

DCAA 1.0~60 »=268.27x+99.65 0.9994

TBAA 0.5~30 y=402.13x+108.84 0.9985

TCAA 0.5~30 y=1469.00x—45.14 0.9986
IAA 0.5~30 »=559.15x+62.08 0.9998

DBAA 0.5~30 ¥=919.09x-182.01 0.9986

110.5~30 pg/L v BE S Bl N 2R 56 R RAF, Ui RBU(RY) YK T 0.998 ., HieSCHk[ 31 JHERERI ik, Lhbs
WEZZ N B AR BE 7 N 52 5 R bR v 22 S Al 1158 5 248 Y BR (Method detection limits, MDLs ) F15
1 5 PR (Limits of quantification, LOQs) , 7 7 HAAs ) MDLs 4 0.04~0.33 pg/L, LOQs 4 0.14~1.34 pg/L
(#2). AHFFERA HS-GC/ECD A A AR T 15 5 40, K R aU% & 0T LLE-GC/ECD! |
1C-CD' K LC-MS/MS 21| 5 LLME/methylation-HS-GC-MS?2 | 1C-ESI-MS/MS! >/l CE-1CP-MS! 7/ 3
AAb TRk 1AM, DCAA. TCAA FlTAA B LOQs ¥k T AR IR KK TLAEFRUE) (GB 5749—
2022) W HLE BRI, S8 A T K PR HAAS ORISR
2.3.2 FHEMERE

] F SR AKAE FP AR IN— AR 7 B HAAs TR A PRI, MENS . o & 3 ANIERIR KPR -3 [l
WK, 435900 90.9%~104.3% . 95.1%~106.6%F1 98.9%~107.7% , FHXH A5 2% (Relative standard deviations,
RSDs) BJ7E 1.55%~6.49% 2 [] , F WA J5 10 ELA ¢ o W) MR BE RORG 285 B2 (2 3) o X Ra st i 1 IX 20 17 H
AR EEPEATAGIN , 45 5 S | FEIX K REFR R R HE CAA . BAA 5 1AA; DCAA. TBAA 5 TCAA M4
K R 100% , 2086 A FE /30 1.04, 1.68 F14.58 we/L; DBAA ZEGH RN 80% , 4446 H vk JiF
7072 pe/l; HAAs SR HIMREE N 4.76~12.3 g/, R4 H MR 8.60 wg/Lo
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Table 2 Comparison of sensitivity of determination methods for HAAs in drinking water samples

& 5 LC-MS/ IC-ESI-MS LLME/methylation-
fead ISD-HS-GC/ECD  LLE-GC/ECD!™  1c-CD!™ i "o CE-ICP-MS™ metyaon
Compound MSH- MSH- HS-GC-MS
MDL/(ug/l) 0.33 / / / / / 0.13
CAA

LOQ/(pg/l) 1.34 5.0 1.9 / / / /

MDL/(pg/L) 0.12 / / / / / 0.11
BAA

LOQ/(pg/l) 0.48 / 3.0 / / / /

MDL/(g/L) 0.12 / / / 0.27 / 0.02
DCAA

LOQ/(pg/l) 0.49 2.0 3.7 8.1 0.82 / /

MDL/(g/L) 0.06 / / / / / 0.40
TBAA

LOQ/(e/L) 0.23 / / / / / /

MDL/(g/L) 0.07 / / / 0.28 / 0.03
TCAA

LOQ/(pe/l) 0.30 1.0 44 10.0 0.84 / /

MDL/(ug/l) 0.06 / / / / 1.22 /
TAA

LOQ/(pg/l) 0.24 / / / / / /

MDL/(pg/L) 0.04 / / / / / 0.05
DBAA

LOQ/(pg/l) 0.14 / 8.3 / / / /

7 (Note): ISD-HS-GC, JAiATAE-TiAs SAH A8 (In situ derivatization technology and headspace gas chromatography); ECD, AR A T 7
(Electron capture detector); LLE-GC, ‘Z&‘?ﬁiﬂ‘fgﬁl—%*ﬁ@ﬁf(Liquid—liquid extraction-gas chromatography); IC-CD, B 033 - H S AG T (Ton chromato-
graphy-conductivity detection); LC-MS/MS, i AH -3 B3 (Liquid chromatography-tandem mass spectrometry); 1C-ESI-MS/MS, 2§ T2, Hi W
5 H B -HR BB (Ton chromatography coupled with electrospray ionization tandem mass spectrometry) ; CE-ICP-MS, B404E H 1k - HLU AN A 46 B8 AR
J5ii% (Capillary electrophoresis with inductively coupled plasma mass spectrometry); LLME/methylation-HS-GC-MS , & & il % Bt/ HY JEAk-TH 25 AR €5
i[5 i (Liquid-liquid microextraction/methylation and headspace gas chromatography-mass spectrometry); MDL, 746 H FR (Method  detection

limit) ; LOQ,ﬁ?{%EﬁE(Limils of quantification); / /R “J&” (/ represent “none” ).
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Table 3 Detection results of 7 kinds of HAAs spiked in tap water samples

I BEAKF rhie K- KT
e PN Low spiking level Middle spiking level High spiking level
Compound Bat;kgrourld/ bRk EE R RSDY bRk EE Rl RSDY JbRABEE  EIR RSDY/
pg/L) Added/  Recovery/ %, n=6) Added/  Recovery/ %, n=6) Added/  Recovery/ %, n=6)
(ng/L) % (ng/L) % (ng/L) %
CAA / 25.0 96.8 2.92 50.0 102.1 3.83 100 100.9 3.89
BAA / 10.0 104.3 4.09 20.0 106.1 3.84 40.0 104.6 2.27
DCAA 1.22 10.0 96.6 2.49 20.0 99.2 2.06 40.0 100.6 3.18
TBAA 1.17 5.0 102.1 3.55 10.0 106.6 1.55 20.0 107.7 3.17
TCAA 3.11 5.0 101.7 3.82 10.0 102.1 2.54 20.0 103.9 5.05
IAA / 5.0 92.0 5.79 10.0 96.2 3.22 20.0 98.9 2.36
DBAA / 5.0 90.9 6.35 10.0 95.1 3.04 20.0 101.9 6.49
3 i

AWFFELL TBAHS NARFERS AL . BRER — W AT A0 IR N 2GR, 56 T I AT AR AR T s -
SETEROR AT ST T ERAIK R 7 B HAAs B[R] 2B PRGg I 5 J7 12 o AR T BUAT 1 S pm A 46 5
& A TRE R R TR K B HAAs IORTAALIRURR , KR4 A 1 AF i AL BRI (8] o 7 A e Uk 45
R ARTTIE T L PRiE R R, RO ERRIK R HAAs B9 H R I Bt e AR T S AR SRR H.

A RAFRHET O E



1350 oy B Ak 2 53 %

References

[1] TAO Tian, LI Qiu-Ju, MAO Shun. Chin. J. Anal. Chem. , 2025, 53(2): 176-186.
P, 2Rk3, EBFE. SrHTikaE, 2025, 53(2): 176-186.
[2] TANG Y, LONG X, WU M, YANG S, GAO N, XU B, DUTTA S. Sep. Purif. Technol. , 2020, 241: 116741.
[3] CHU Wen-Hai, XIAO Rong, DING Shun-Ke, ZHANG Rui-Hua. Environ. Sci. , 2021, 42(11): 5059-5074.
SO, HEL, T, skImAR. PREERNE, 2021, 42(11): 5059-5074.
[4] ZHANGSH,MIAODY, LIU A L, ZHANG L, WEI W, XIE H, LU W Q. Mutat. Res. Genet. Toxicol. Environ. Mutagen. ,
2010, 703(2): 174-179.
[5] GONSIOROSKI A, LAWS M, MOURIKES V E, NEFF A, DRNEVICH J, PLEWA M J, FLAWS J A. J. Environ. Sci. ,
2022, 117: 46-57.
[6] PEREZ-ALBALADEJO E, PINTENO R, AZNAR-LUQUE M C, CASADO M, POSTIGO C, PORTE C. Sci. Total Environ. ,
2023, 879: 162981.
[7] World Health Organization. Guidelines for Drinking-Water Quality: Fourth Edition Incorporating the First and Second
Addenda, 2022.
[8] National Primary Drinking Water Regulations. U.S. Environmental Protection Agency, 2024.
[9] GB 5749—2022. Standards for Drinking Water Quality. National Standards of the People’s Republic of China.
PR RRR TUEARHE. hag NRIERIE FEZARE. GB 5749—2022.
[10] MA W, LI W, CHEN B, YANG Y, YANG J. TrAC, Trends Anal. Chem. , 2024, 173: 117617.
[11] LI Wen-Yu, MA Wei, YANG Yang, HE Huan, CHEN Bai-Yang. China Water Wastewater, 2024, 40(14): 1-7.
ZECUT, SR, BREE, fIXKR, BRI, RS KHEK, 2024, 40(14): 1-7.

[12] Determination of Haloacetic Acids and Dalapon in Drinking Water by Liquid-Liquid Microextraction, Derivatization, and
Gas Chromatography with Electron Capture Detection. United States Environmental Protection Agency, Method 552.3,
Rev.1.0, 2003.

[13] GB/T 5750.10—2023. Standard Examination Methods for Drinking Water-Part 10: Disinfection By-products Indices.
National Standards of the People’s Republic of China.

PERE RIS ERL I TT ¥ S 10500 I RERD=MER. e N RICHE [ ZARME. GB/T 5750.10—2023.

[14] ZHAO Hao, ZHA He-Xia, JI Tong-Tong. J. Environ. Health, 2024, 41(9): 816-819.

BXGF, AEE, FEEE. B S RE, 2024, 41(9): 816-819.

[15] ZUO Y, CHENG S, JIANG H, ZHANG H, WU J, SUN H, ZHU F, LI A, HUO Z, LI W. Talanta, 2023, 253: 124022.
[16] ALBOLAFIO S, MARIN A, GIL M L. J. Chromatogr. A, 2023, 1711: 464449,
[17] WU Y, WANG X, PANG Z, ZHANG J, ZHENG C. Microchem. J. , 2024, 203: 110809.
[18] SARAJI M, JAMSHIDI F, MOSSADDEGH M, FARAJMAND B. Microchem. J. , 2019, 146: 914-921.
[19] FERREIRA A M C, LAESPADA M E F, PAVON J L P, CORDERO B M. J. Chromatogr. A, 2013, 1318: 35-42.
[20] HAMMAMI B, DRISS M R. J. Anal. Chem. , 2013, 68(8): 671-679.
[21] DU Yuan-Qi, XIAO Xiao-Hua, LI Gong-Ke. Chin. J. Chromatogr. , 2018, 36(7): 579-587.
KRR, H/ME, 22T0RE @3, 2018, 36(7): 579-587.
[22] CARDADOR M J, SERRANO A, GALLEGO M. J. Chromatogr. A, 2008, 1209(1-2): 61-69.

[23] SKOK A, BAZEL Y. Crit. Rev. Anal. Chem. , 2025, 55(2): 375-405.
[24] GB/T 6682—2008. Water for Analytical Laboratory Use-Specification and Test Methods. National Standards of the People's
Republic of China.
ST SRR A R MR AR 7ok e N RILAE [ ZARE. GB/T 6682—2008.
[25] CHEN X, LI J, ZHANG Y, HU S, DU Y, BAI X. J. Chromatogr. A, 2019, 1603: 44-50.
[26] WANG C, LET Y D, ENDO S, WANIA F. Environ. Sci. Technol. , 2014, 48(22): 13238-13245.
[27] SARAJI M, BIDGOLI A A H. J. Chromatogr. A, 2009, 1216(7): 1059-1066.
[28] NAKAMURA T, OKUNO K, NISHIYORI R, SHIRAKAWA S. Chem. Asian J. , 2020, 15(4): 463-472.
[29] JANKECH T, GERHARDTOVA I, MAJEROVA P, PIESTANSKY J, JAMPILEK J, KOVAC A. Anal. Chim. Acta, 2024,
1300: 342435.
[30] LI Lin-Lin, LIU Jia-Meng, SONG Bi-Yao, SUN Xing-Bin. China Environ. Sci. , 2016, 36(12): 3631-3638.
ZEMAR, XIMESE, ARS8, PAGEE. HEIFERLE, 2016, 36(12): 3631-3638.
[31] LI Deng-Kun, CHEN Chun-Jing, LIU Xiang-Ping, ZHANG Yun, NI Hai-Ping, LI Lei. J. Environ. Occup. Med. , 2022, 39(8):
924-930, 936.
PR, BRARH, XIRESE, ska, GORF, 258, PR SILLEEF, 2022, 39(8): 924-930, 936.


https://doi.org/10.1016/j.seppur.2020.116741
https://doi.org/10.1016/j.mrgentox.2010.08.014
https://doi.org/10.1016/j.jes.2022.01.018
https://doi.org/10.1016/j.scitotenv.2023.162981
https://doi.org/10.1016/j.trac.2024.117617
https://doi.org/10.1016/j.talanta.2022.124022
https://doi.org/10.1016/j.chroma.2023.464449
https://doi.org/10.1016/j.microc.2024.110809
https://doi.org/10.1016/j.microc.2019.02.030
https://doi.org/10.1016/j.chroma.2013.10.009
https://doi.org/10.1134/S1061934813080054
https://doi.org/10.1016/j.chroma.2008.09.033
https://doi.org/10.1080/10408347.2023.2291695
https://doi.org/10.1016/j.chroma.2019.06.040
https://doi.org/10.1021/es5035602
https://doi.org/10.1016/j.chroma.2008.12.064
https://doi.org/10.1002/asia.201901652
https://doi.org/10.1016/j.aca.2024.342435

%5 8 1 R R AT LA AR - TS SO R 5 TR R 7 o 7R 1351

Determination of Seven Kinds of Haloacetic Acids in
Drinking Water by In Situ Derivatization-Headspace Gas
Chromatography

LI Deng-Kun'?, WANG Han-Qing’, ZHUANG Shu-Lin', LI Lei >, YANG Yu-Lan',
JIANG Dong-Xin', LU Jia-You', LIU Jun'
Y(Nanjing Pukou District Center for Disease Control and Prevention, Nanjing 210031, China)
%(School of Public Health, Nanjing Medical University, Nanjing 211166, China)
3(Nanjing Lishui District Center for Disease Control and Prevention, Nanjing 211229, China)

Abstract Haloacetic acids (HAAs), as a class of disinfection byproducts in drinking water, pose potential threats
to human health, so the rapid, accurate and simultaneous detection of HAAs is of great significance for ensuring
drinking water safety. Aiming at the challenges in HAAs detection and risk analysis, a novel method for
synchronous rapid detection of seven kinds of HAAs in drinking water based on in situ derivatization technology
and headspace gas chromatography was developed in this study. Through single-factor optimization experiments,
the optimal reaction parameters for in situ derivatization were determined, including the type and dosage of salting-
out agent, the acidity of reaction system, the amount of phase transfer catalyst, the dosage of derivatization agent,
and the extraction solvent volume. Methodologic validation showed that the seven kinds of HAAs exhibited
excellent linear relationships within their respective detection concentration ranges (R>>0.998). The method
detection limits (MDLs) ranged from 0.04 to 0.33 pg/L, and the limits of quantification (LOQs) were between 0.14
and 1.34 pg/L. For real water samples, the average spiked recoveries of the seven HAAs ranged from 90.9% to
107.7%, with relative standard deviation (RSDs) between 1.55% and 6.49%, and the HA As contents in all tested
samples were below the limits specified in the Standards for Drinking Water Quality (GB 5749—2022) of China.
This method was featured with simple operation, fast analysis speed, high sensitivity, and good accuracy, providing
an efficient and reliable technical support for routine monitoring of HAAs contaminants in drinking water and
showing promising application value for widespread promotion.

Keywords In situ derivatization; Headspace gas chromatography; Drinking water; Disinfection byproduct;
Haloacetic acids
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