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Determination of 8 kinds of trace disinfection byproducts in water by ion
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 8 kinds of trace disinfection byproducts in
water by ion chromatography-tandem mass spectrometry. Methods After passing through a 0.22 pm hydrophilic filter,
water samples were separated on an alkanol quaternary ammonium-type ion chromatography column, passed through a

suppressor, and then detected by tandem quadrupole mass spectrometer, using electrospray negative ionization in
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multiple reaction monitoring mode, and quantifed by the internal standard method. Results The 8 kinds of trace
disinfection byproducts showed good linearity within their respective ranges, with correlation coefficients all great than
or equal to 0.9980. The limits of detection were 0.003—0.100 ng/mL, and the limits of quantitation were 0.01-0.50 ng/mL.
Under the optimized conditions, the average spiked recoveries of disinfection byproducts at different concentration
levels in various matrix water samples (pure water, finished/tap water, source water and distributed/end-point water)
ranged from 85% to 120% (diiodoacetic acid: 60.8%-90.6%), with relative standard deviations of 0.39%—18.80%
(iodoacetic acid: 1.82%—-20.20%). It was found that when different internal standards were used for quantification, the
spiked recoveries of 8 kinds of disinfection byproducts in pure water met the criterion of 80%—120%, but deviations
were observed in other water matrices. Therefore, the optimal internal standard for accurate detection was the
homologous isotope-labeled internal standard of the compound. The method was applied to analysis real samples in Beijing,
and 6 kinds of disinfection byproducts were detected, with the mass concentrations ranging from 0.10 to 46.00 ng/mL.
Conclusion The method is simple, sensitive and accurate, and is suitable for the determination of disinfection
byproducts in drinking water and source water, providing a rapid, simple and accurate approach for practical monitoring
of disinfection byproducts in water samples.

KEY WORDS: ion chromatography-tandem mass spectrometry; water; disinfection byproducts

I 1 FE AR R B8 T 7K DBPs #1540 LIRS | RYVETE
RS _EHETTKIEK AN /K Ff DBPs WA 45 SR B
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(Environmental Protection Agency, EPA)ZE XA XU 7K,
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W5 R BB DBPs fFEE LAY 195846 DBPs B¢tk
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KIS B2 45 K L2 0 Ja 297, AR BRI K
RN ERRRZ, HAKAKE RAESE I EEAET
(G, Al ZAMRIHTE . RATHS . AN DL
SRS BT KRS B AR KRB LY
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45 34 7 of 72 P ™ A A R 19 3 7 8l 7 9 (disinfection

byproducts, DBPs)'"). 354~y 11K ik Hi DBPs (4345 800
AFh, 1RZ DBPs EHIESE HAT =S st AR s gk,
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B A 40 24 (World Health Organization, WHO) &\ X AH 56 /5 3
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PRI RR AT E, SREME SN S WL
25, IRERERSFY, HBREATMENLR 1. FREKA/K+ DBPs
W4 IR GB 5749—2022 E£7 . SCHR[61R BT )
K ZTREIR IR RT 45%, K T K Z BRI Mo s 4

T — il Z /2 (monoiodoacetic acid, MIAA) . —fll Z, iz
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SELRMEEY), TIAA AFE . TR ATES: NIHAT3 ik
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FHAKARAER I 77k ) ThIF B BRI E J5 ik, 46 STk
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Table 1 Standard method for detection of some DBPs in water at home and abroad

= A S MR e

X 2,225 /(mg/L)

WRBERER/(mg/L)

GB 5749—2022 { A= TG AR A bR E )

42T (dichloroacetic acid, DCAA) 0.05

0.01 {8 F R SR I

— & LR (trichloroacetic acid, TCAA) 0.1

CJ 94—2005 (ERBEERA P ARE— IR AR K BT

0.06 (DCAA Fl TCAA ZFl)

0.01 ff Fi1 5 41 7 i 0

FRUE) F1 CI/T 206—2005 {3 T Ak A AK B A7 v ) E
LA 4 U HE IS5 — B 2005 —%A Z & (monochloroacetic acid, MCAA) 0.02 0.01
DCAA 0.05, TCAA 0.2
N o N 0.06 [MCAA ., — % Z.Ti% (monobromoacetic acid, MBAA),
\ij: R 71N i .
RIFIFBGY FRT ORI 07 a(dibromoncetic acid, DBAAYAI TCAA 2] 001
WK R FH 7K K B 46 4 (98/83/EC) / 0.01
I KKK e B —2019 0.08 (MCAA, MBAA, DCAA. DBAA #ll TCAA Z Hl) 0.01
H AR KK kg DCAA 0.03, TCAA 0.03 0.01

T /2R B HLE BREE{E
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WK X LR A5 4 R SF DBPs ARG Jy ik 32 2L
A M0 395 (gas chromatography, GO B 414 HL Ik
1 (capillary electrophoresis, CE)!'® | ¥ #H {4 1% ¥ (liquid

chromatography, LC)!'7™'%1 8 -4 3% (ion chromatography,

1C)20221 33 5 2 R o Hr 4 L P M 4 )y 0 T SR M ) 2
R ZE AT A S IS, B R R, A
W RRASIR, 387 B, SRS Sl AT AL ST, A 2 -
AR A B AR EAWIAER, X ARIRBEA LU, %
E EPA #ill pi & R FNR R 5 0 I A SO (B - i 15 1k
(GC-mass spectrometry, GC-MS)FI & - (4,31 - it 1i% 1= (ion
chromatography-mass spectrometry, IC-MS), & & #i% 5517
A AR CIU/T141 SRR TFR AR 3 73k ) £HXT 1K 2
R EAAEY W E Y T WM G- 5 % (iquid
chromatography-mass spectrometry, LC-MS), B ANT7 5 Hij
RIS 2 A (0 R I AN XTFR . A SCHRFRIA LC 2 B A5
B TR B A, BRI, 1C FEAG I B B F 7
T HA BRI E s, (EXF TR B Y DBPs, RERER, IC
JrE REROCR 5 pg/L, i [ FE ShRE TAERAE A 10 pg/L,
F P REUE TR BIBRAE 1/10 BZER & F k- 5B I i
¥ (IC-tandem mass spectrometry, IC-MS/MS)H. A R i
B MER LR A, B RN TR RS
G PR S I E . AR A IC-MS/MS il E
DBPs, N{XfEP#IE T DPBs B #ERG I, [l $2 5
Tk REE

ABFFEHEENL T IC-MS/MS Il 3 8 TR £ DBPs Y )5
IKEEEE B, SR IC-MS/MS #E47 R Pk s A I 43 #r,
WAL OIS 2 B SR, ORI HARY ) 73 AL
SRR B o SEIe AT R IR W . AR R AKOK BT de 4
TEAG KA H B B 85 L AR AR A DU B2 (1t T 0 A4 o

1 MR5ERE

1.1 XFE5RFA

IC-16 8060 &% ¥ 8, 3if - 5 JK DU B AT Jo2 3 A ( H 4
Shimadzu /2 7]); Dionex lonPac AS19, AS20 BH® F3c#t
%4 (250 mmx4 mm, 10 pm). Dionex IonPac AGI19,
AG20 {3 HE(50 mmx4 mm, 10 pm)(E EFEER CHIRBHL
25 w)); AL204DU-IC F3 7 RAF-CR§ I 0.0001 g, 2 [E Mettler
Toledo /A wl); Vortex gene iR iR &1L (3£ E Scientific
Industries 23 7).

FRUEY) T MCAA . DCAA . TCAA , DIAA , MBAA(4li
B =99%). DBAA(ZEE =98%). MIAA(ZE =97%).
FRUT HEE T MCAA-D;. MIAA-2-BC. TCAA-BC(JiiE
W B 100 pg/mL)( K H B /R 35 /A 7]); DCAA-2-C |
MBAA-1-3C(4li i =99%) . DBAA-1-"C(4liJ¥ = 97%) (3 [+

Sigma-Aldrich 24 7]); REZER(UL BrOs 3, 4lifE=99%,
ETHERE B, IR NFRAER (L Bri*OsT, iRk
B 100 pg/mL, JZ[E Cambridge isotope laboratories /A F));
I, WEE(EiES, 35 E Honeywell 24 #); S AL
(KOH)(4> #fr 4li, 2% [® Thermo Fisher Scientific 72 );
Milli-Q® 1Q Element JE 5 G % 4 #r & F A 4l 7K A (7 [
Merck KGaA A l); 0.22 pm &3 JEAR 2R DU S 2 M6 G K
PE), FEBR R RBHE (H DA R A, KRR A b &
FrEHT K KK RAEK
1.2 LWTE
12,1 FREZEIR A A AR EH

TG it R AAR v T, P B A R, A S A
JRT R R 1000 pwg/mL RIFRIERE & IA T . UGS & BRpR
B, A BRI IR A bR R G MCAA i ik
JF 100 pg/mL, MBAA Hl TCAA W E N 20 pg/mL, H
AYRFERWE N 10 pg/mL), SRJ5 I H BERBIR S AR
FFIEE 10, 100, 1000, 10000 1545 2ITR-AFRES R . B
5 PR AR, R G BOTE A P AR O R (LR
MCAA-D; JFi ¥ 4 5 ug/mL, MBAA-1-"C I TCAA-"C,
FE R BE R 1 pg/mL, HAAWIR TSRS 0.5 pg/mL).
122 #aeRfE, REALE

FE SR AR R IR 0% 3 36 F A LB B (TR
250 mL), A SIS 25 B LK Tk, BRIty
W, KEEREFEEE 4 CHU TR, AN

I 100 pL [Ff 2 bR FRINAZE 10 mL KAEH,
RA, i 022 pm FZKAEEB IR G BT A IC-MS/MS
HEATREI

1.3 {UEBETIELE

1.3.1 &#5ns

{4341 Dionex IonPac AS19 (250 mmx4 mm, 10 um)
K HAR 3 #E Dionex TonPac AG19 (50 mmx4 mm, 10 pm);
WiE: 0.25 mL/min; HEREE: 100 uL; #EE: 25 °C; HshH:
100 mmol/L KOH (A), BEEVEBLAHN: 0~5 min, 5% A;
5~15 min, 10% A; 15~17 min, 17% A, {#3%5% 18 min, R/5
BRI B AH . PR RLR: 65 mA . I 5 2F g A
=38, A 0.25 mL/min ZJf5 .
132 F#&n

BT U5 Ry L85 5% B 25 R (electronspray ionization
negative, ESI), LB N8 FE, S EN
3 L/min, AN 10 L/min, $201EEE 100 °C, JBEEHIE
B 160 °C, BRI 100 °C, AR 100 °C, THRK
JiE: 10 L/min, 7E22 50 Wil (multiple reaction monitoring,
MRM) F#FARE, B4 BRI 1~2 g, 4 iR
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FH1TE

B IR ETERNE fHE 280K 2 B
1.4 ZM3EE. KERFMEER

TE SR AL PR FH 08 25 A1 T AT TmT e B o 43 A,
MCAA FI TCAA B AR T H A b L08R, R TERRERD
i h ok M RR AL S WD R T AL T £ R, %) 8 Fh DBPs Y
FRINBRUME TAE S W BEATIE, Db G W) 0E i 8 1 1 0%
WA TR AR5 PR 0 TR FE (LA AR B (Y), LA 2 43 1Y) T
W N RAAR (X, ng/mL)ZHiI bR ZR, THE 27 A
CRE LIS AR 3 (51 Ui € 45 Hh BR (limit of
detection, LOD), 10 £% 1z Mt Ik #f & € & B (limit of
quantitation, LOQ),

1.5 ffRESZER

A RIEREAK WK T R FAAS K HEA TR [ i
S, SCERASHC 10 mL BESL, ARBIEIN 4 AKCERIR AR
HEER TR, BREKEM 6 WFETT. bR EERT
BRI RACEE °C AR, DIAA $EH DCAA-1-C 1 R AR
NG g

1.6 EIEALIE

SIS B SR A AL FE 3 B3 Lab Solutions LCMS
WAL 5E . % . 18R Word 2016 F1 Excel 2016 % {4

2 FER5HH

FRIBF M

8 PR DBPs Mfbas kB & T T4 7 B T4t
TS Tk 78 ESTHET, 43BN BTk, 100 ng/mL
() 8 FPJR & DBPs FrifEiE lEs TR B 44, AR5 i d
UFIM-H] #5788 7% . SR A Shti Ay =0 B ik
I FEFEM . W2 R R AR I T Ak, S
BRI T B TFE N E RS T, UIE RS ILE 2.
22 BEEHMHK

HETCHGER 1C-MS Wl pi 2 B 5 0 ik A4 ]
B TAS L A54) Dionex TonPac AS19. AS20, SZIXHL T ix
Wik (oA, & IIX 8 Ft DBPs 78 AS19 (ks F A U4r 8
SR FLa N 5= (B 1), AT 2 GB 5749—2022
W LR P R A LR b, BERRAI T AS19 B F ik,
FIHEAL T3 3hAH 100 mmol/L KOH (A)FHH B VML 451
SEIGARAL T AME IR R L B A B ORI, R PR
TG B e T, ELTE AR B 101 o
BN RCR A, PR RCR T 0.25 mL/min (4 20 o [F] B
Pl TN L, SCIRLE AR IR 2), TERIE& BN
65 mA B, RZHW 5 i 55, BUILHE T 8 Fit DBPs
MIAr 4, 13,1,

2.1

#2 87 DBPs RIESH
Table 2 Mass spectrometry parameters of 8 kinds of DBPs

a4 HEE T (2) TEFm2) Qi HE/V fiffE Rt /eV Qs HLE/V AR
310.6 266.7* 12 13 24

DIAA DBAA-1-"*C
310.6 126.8 12 42 17

MIAA 184.8 126.8* 13 15 10 MIAA-2-"C

*

= B R g h vewn,

o g R R

s i h . N towe

MBAA 388 10 18 2 MBAA-1-"C

a T | R s

iR B 5 B

MIAA-2-"*C 185.8 126.8 14 14 10

MCAA-D; 94.5 35.0 18 16 30

DCAA-2-BC 127.8 83.8 13 13 22

TCAA-C, 164.8 119.8 19 11 25

MBAA-1-"C 139.8 80.8 15 16 23

DBAA-1-°C 217.7 172.8 11 12 15

Br'*0; 132.8 114.8 14 26 16

T E B TARIL.
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Fig.1

PiFh okt 425 8 A DBPs {4 Al

Chromatograms of 8 kinds of DBPs separated by 2 kinds of chromatographic columns
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15000
12500 |
i i 10000
= = 7500 + BrO
E BrO,” £ 5000 ’
2500 |
N 0 T 0 : i I 0 n n . : : n n
0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175
£ BA B[] /min £ B4 Bsf ] /min
AL B AS19. AS20 EilHE Ay B A IE
Bl 1(8)  PIFPE@IEHES> ] 8 Fi DBPs (i [&
Fig. Chromatograms of 8 kinds of DBPs separated by 2 kinds of chromatographic columns
60000 DCAA-2-C fE Jy 4 45 89 1ol g %, [ It DIAA 3% $%
50000 - DBAA-1-"C {E R N bRIEA T BT
40000 | 232 FAHBERAFEE

-
= 30000
=

" 20000}
10000 }
0 . . I I I . : ,
S @f $ > 0&Y~ s &
UL/ E

€12 8 7l DBPs 7EAN [AI i 5% v T 49 17
Fig.2 Response of 8 kinds of DBPs under different inhibitor
currents

2.3 HRREIRE
R#TENFER

[ IC R WA RIS ()5 BARY e FE5 I B
BRMZERRICHPRC. HRMR); (2)5 BisYEE% 45—
AR IR TR R VILA R [ 500 28 1 o e [l 5 A
bro BB R ZERICHERZ I B i ss, Y
HFR Y B 5T TR | S e L F- 84— 3K, \]
REHER I 2K LA T4 25 SR a2k 3 s, MIAA R
MIAA-1-"3C FNFREF, 0.2~50.0 ng/mL 45k ik i X (8] 4>

2.3.1

LR ] Ry 86.5%~120%; MBAA DL MBAA-1-"3C J N#E,

0.4~100.0 ng/mL 57K FE 5T I A 85.1%~119%; MCAA |
DCAA. DBAA. TCAA ¥ A &5t/ 3C Fric AR, 4
WRE | 2R RIS R ETE 80%~120%H IR B Hr &A%
TU RN, JC 2 SN S

I R R A PN b 14 A2 T R 1 B i 7 G 38 T T 7 4K
ERMKMEZE T, MIAA SRAREZ. Br %X 1 1
MBAA-1-"C NI, 4K EICR 93.0%~101.0%7F 520K,
B8 Zo AR A, Bk, JEK EMCR S i 2, MBAA
K 1AL Br 1Y MIAA-1-C AR, HT7K 0.40 ng/mL [A]
AN 62.5%, =k BE B SR A5 & 225K ; DIAA & H & [FH
PEENFR, K Br 240 1 (0 DBAA-1-3C N uARmt, {u4l
KSR 93.9%~101.0% G 4%, ARAEAK . HT 7K [ 58 i
i T 80%, MGk &I | T4, BT

[F 2B NRTE S BARP xR GBI R L AL
B B B A 22 = W R 7 R AR D AR, FEROERE T #E 1R
FRIGITT R AIR, H RSS2 53 K bR il B AP
#. KRR AR Z B AARET, gk B E
T 80%~120%:3E Fl N ARG 25K, SR 24 /K PR [m] i 28 ™
B - MIAA %I [F &4 MCAA-D; N AR, a5
A 35.5%~68.0%; MBAA K HI[F R MCAA-D; A MR, H
Wl 35 B N 62.2%~89.8%; MCAA % H [ & W
MBAA-1-"C R AFR, RN 98.4%~176%; DCAA K
W &Y MCAA-D; B W Hr, & Z4K ik 55 g
41.0%~132%; DBAA ¥R Z Y DCAA-2-C HNH5, [
R 109%~243% To—E LA

Mz, BB R FE AR O R AR A 2 R
DBPs Kl v NARIEERE, W AERVRETLR . Z2AUK L
ST SRR E B TR, R A IEFE Rk ;R R T
R R AR REFE 4K Hr SEBL A% R IBCR, B Ak M
R B MO e E A AT AR SR I A SRR N AR
WARIERE, [FRDBANZ K AREE . AT R R PE2E
SR, B AOKE IR R ZE R R, AN RS R
CIEFy
24 ZMSEE KRUERFIEER

72 4 AT 1, 8 Filr DBPs 7E45 H BTl B2y FEl N Ze vk R AT,
e BRI T4 T 0.9980, LODs 2 0.003~0.100 ng/mL,
LOQs N 0.01~0.50 ng/mL, ¥ it & = FE b _E XK g 2,
PR A R i R
2.5 mEREYERER

M2 3 I, 76 4 MIAR/K T, B DIAASK, Hax7
il DBPs 7E3iX 4 Flk 35 H A3 IR 85.1%~120%
Z [8], 0%} H5 HE e 22 (relative standard deviation, RSD)W
0.55%~18.8%; DIAA TE4l/K a2 K 93.9%~101%,
RSDs 4 2.88%~10.30%, MiZEAAEAK . H) KFBEK I
Hn R 60.8%~92.0%, RSDs 4 1.82%~20.2%. SLH4E
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AR R IA T T A BE AT % B R A7, S8 1 T2 AR

KUK KIEUK T DBPs 245

2.6 SEPREESSAT

I AT T332 0 AE 5 T AN [] DA A [ i R R ke

=3 DBPs EFEAAREINIR. REIKERFEHTMEILRLER

1TIE, 4 6 Fh DBPs #iit . HA& R MIAA 1 DIAA KA,

MCAA . MBAA. DCAA. DBAA. TCAA #il BrO; ¥4 i
3|, [HHMR AR GB 5749—2022 A iE R /K BREFRAE

MESE RIS, BHPERE A E R LA 3.

Table 3 Recoveries results of DBPs in different water matrices using different inter standards

4liK ARAEK K WK
N2 ISie N3 57
- BN RELES By S TR S5
L&Y Jit R . e [k B % iR et %
‘(Z%}E/(ng/mL) U“JEE'E o Dﬁ:ﬁ(ﬁfﬁ IEILL&E ()\‘JE‘IE @q&%/% }ﬁi%ﬁ&f IE]LIO&K
e /% 1% e 1%
/(ng/mL) /(ng/mL)
/(ng/mL) /(ng/mL)
0.2 0239  120.0 0.224 112.0 0.230 115.0 0.228 114.0
N 2.0 2,010  100.0 2.050 102.0 2.000 100.0 2.170 108.0
MIAA-1-3C
10.0 9770 977 10.800 108.0  10.800 108.0 10.700 107.0
50.0 43200  86.5 46.500 93.0 45.300 90.7 45.700 91.5
0.2 0.186  93.0 0.099 45.0 0.080 40.0 0.138 68.9
MIAA  MBAALC 2.0 2020  101.0 0.890 44.5 0.928 46.5 0.848 42.4
o 10.0 9.690  96.9 4.790 47.9 4310 432 4.430 443
50.0 49300  98.6 28.900 57.8 26.400 52.6 22.500 44.9
0.2 0.191 95.5 0.100 50.0 0.091 455 0.099 49.9
2.0 2.060  103.0 0.931 46.5 0.872 435 0.989 49.0
MCAA-D;
10.0 9.890 989 4.900 49.0 3.550 35.5 5.810 58.1
50.0 65.100  120.0 29.500 58.6 19.100 38.2 34.000 68.0
0.4 0340  85.1 0.379 94.8 1.240 119.0 0.432 108.0
; 4.0 4300  107.0 4.020 100.0 4.970 105.0 4.170 104.0
MBAA-1-*C
20.0 20.100  100.0 20.500 1020 22.200 107.0 20.600 102.0
100.0 92200 922 89.300 893 93.300 92.6 93.900 93.9
0.4 0.375 93.8 0.367 91.9 1.050 62.5 0.375 93.8
N 4.0 3920 979 3.850 96.3 3.870 76.8 3.210 80.1
MIAA-1-3C
20.0 18.600  93.2 17.400 87.0 18.400 87.9 17.400 86.9
MBAA 100.0 102.000  102.0 86.300 86.3 92.900 92.1 93.700 93.7
0.4 0358  89.4 0.261 65.2 0.656 64.9 0311 77.7
4.0 3790 948 2.490 62.2 2.790 59.7 2.980 74.5
MCAA-D;
20.0 18.500  92.3 12.500 62.4 13.300 64.6 15.900 79.7
100.0 109.00  109.0 66.000 66.0 67.400 67.0 89.800 89.8
0.4 0324 809 0.224 56.1 0.539 67.2 0.202 50.6
; 4.0 3770 94.1 3.340 83.4 2.470 55.0 3.090 77.3
DBAA-1-13C
20.0 17200  86.1 14.400 71.9 10.000 48.6 14.900 74.5
100.0 82.800  82.8 47.300 473 33.300 333 60.600 60.6
2.0 1.960 982 1.610 80.5 1.770 88.5 1.730 86.5
MCAAD 20.0 20.700  103.0 22.200 111.0  21.400 107.0 20.200 101.0
s 100.0 97200  97.2 108.000 108.0  114.000 114.0 103.000 103.0
500.0 484.000  96.8 526.000 1050  554.000 110.0 521.000 104.0
2.0 1.890  94.5 2.180 109.0 2.110 106.0 1.890 94.5
; 20.0 18200  91.1 30.100 151.0  22.100 111.0 18.400 91.8
MCAA  MIAA-1-33C
100.0 86.300 863 118.000 118.0  119.000 119.0 79.700 79.7
500.0 459.000 91.9 512.000 1020 508.000 102.0 404.000 80.7
2.0 2.140  107.0 2.020 101.0 2.880 143.0 2.150 107.0
i 20.0 20.900  105.0 31.400 157.0  35.400 176.0 26.400 132.0
MBAA-1-*C
100.0 96.400  96.4 131.000 131.0  173.000 173.0 122.000 122.0
500.0 410.000  82.0 642.000 1280  827.000 165.0 492.000 98.4
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(ng/mL) - By TR Ry, VR Ry " /%
/(ng/mL) /(ng/mL) /(ng/mL) /(ng/mL)
2.0 2.130 106.0 2.120 105.0 2.210 110.0 1.750 87.7
DCAABC 20.0 18.900 94.6 34.100 170.0 27.900 139.0 21.400 106.0
100.0 84.200 84.2 134.000 134.0 115.000 115.0 99.700 99.7
500.0 360.000 82.0 460.000 92.0 409.000 81.9 373.000 74.7
2.0 2.020 101.0 1.890 94.5 2.120 106.0 1.750 87.7
TCAALTC 20.0 16.800 84.0 24.700 124.0 25.400 127.0 21.300 107.0
: 100.0 80.600 80.6 101.000 101.0 112.000 112.0 108.000 108.0
500.0 431.000 86.2 397.000 79.4 389.000 77.8 405.000 81.0
0.2 0.196 98.2 0.976 106.0 6.630 103.0 0.469 98.7
" 2.0 2.060 102.0 2.740 98.7 8.250 91.2 2.380 105.0
DCAA-2-*C
10.0 9.680 96.8 11.700 109.0 17.000 105.0 10.800 104.0
50.0 47.100 94.3 48.500 95.5 51.200 89.6 48.400 96.4
0.2 0.170 85.0 0.661 56.0 4.640 30.8 0.310 88.8
" 2.0 2.130 106.0 2.290 86.8 5.550 48.7 2.190 103.0
DBAA-1-"*C
10.0 9.830 98.3 10.200 96.5 12.000 73.7 9.820 96.9
DCAA 50.0 41.300 82.6 37.300 73.5 36.300 63.5 42.700 85.2
0.2 0.183 91.3 0.555 41.0 4.570 64.9 0.335 77.8
2.0 2.150 107.0 1.720 62.1 6.030 66.9 2.110 96.4
MCAA-D;
10.0 10.600 106.0 8.930 84.6 15.900 112.0 10.600 104.0
50.0 62.800 116.0 52.500 104.0 71.000 132.0 63.700 127.0
0.2 0.171 85.5 0.462 61.0 3.420 49.5 0.274 75.0
s 2.0 2.140 107.0 1.930 79.4 5.030 85.6 2.010 94.5
TCAA-"C,
10.0 9.760 97.6 9.330 89.9 14.700 114.0 9.750 96.3
50.0 49.900 99.7 50.800 101.0 61.200 116.0 54.600 109.0
0.2 0.183 91.7 0.206 103.0 3.210 112.0 0.208 104.0
" 2.0 1.990 99.4 2.050 102.0 4.990 100.0 2.160 107.0
DBAA-1-"*C
10.0 9.740 97.4 10.500 104.0 13.500 104.0 10.400 104.0
50.0 45.100 90.3 45.800 91.7 47.800 89.5 48.200 96.4
0.2 0.181 90.3 0.260 130.0 4.480 243.0 0.242 121.0
" 2.0 1.920 96.0 2.470 123.0 7.370 168.0 2.340 116.0
DBAA  DCAA-2-"C
10.0 9.680 96.8 12.000 120.0 19.200 151.0 11.400 114.0
50.0 52.000 104.0 59.800 119.0 67.700 127.0 54.700 109.0
0.2 0.176 87.8 0.236 118.0 5.380 101.0 0.280 140.0
. 2.0 2.070 104.0 2.490 124.0 9.090 195.0 2.810 140.0
MBAA-1-C
10.0 10.800 108.0 14.200 142.0 28.100 229.0 13.700 136.0
50.0 59.200 118.0 81.500 163.0 129.000 249.0 70.500 141.0
0.2 0.201 100.0 0.152 75.9 0.130 64.8 0.181 90.6
" 2.0 2.040 101.0 1.610 80.3 1.280 64.3 1.220 60.8
DBAA-1-"*C
10.0 9.980 99.7 7.080 70.8 7.090 70.8 7.710 77.1
50.0 46.900 93.9 40.200 80.4 34.800 69.6 38.800 77.6
0.2 0.173 86.5 0.174 87.2 0.110 54.9 0.167 83.5
DIAA " 2.0 1.780 88.8 1.660 83.2 0.922 46.1 1.110 55.3
DCAA-2-C
10.0 9.090 90.9 7.680 76.8 5.480 54.8 5.870 58.7
50.0 51.410 103.0 37.400 74.8 29.800 59.6 29.500 59.0
0.2 0.258 129.0 0.151 75.3 0.120 59.8 0.160 79.9
MIAA-1-2C 2.0 2.080 104.0 1.840 92.0 1.090 54.5 1.190 59.5
10.0 10.600 106.0 8.920 89.2 6.760 67.6 6.820 68.2
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(ng/mL) /% /% 1% /%

/(ng/mL) /(ng/mL) /(ng/mL) /(ng/mL)

50.0 56.100 112.0 46.700 934 30.800 61.6 32.400 64.8

0.4 0.356 89.1 0.979 91.9 6.770 116.0 0.448 112.0

3 4.0 3.810 95.1 5.150 113.0 10.700 111.0 4.130 103.0
TCAA--C,

20.0 20.100 100.0 23.500 114.0 28.300 109.0 21.100 105.0

100.0 101.000 101.0 108.000 107.0 106.000 100.0 105.000 105.0

0.4 0.310 77.5 0.722 64.9 5.470 65.1 0.310 717.6

TCAA 4.0 3.740 93.5 4.320 96.5 8.420 80.3 3.720 93.0
MCAA-D;

20.0 17.800 89.0 20.300 99.2 22.300 85.5 16.200 81.0

100.0 89.800 89.8 98.500 98.5 96.600 91.4 88.300 88.3

0.4 0.350 87.5 0.827 71.5 5.970 71.5 0.380 95.1

3 4.0 3.660 91.5 5.040 113.0 9.170 87.8 3.920 98.0
DCAA-2-"C

20.0 20.400 102.0 21.500 105.0 24.300 93.2 17.300 86.5

100.0 99.600 99.6 102.000 101.0 101.000 95.3 100.000 100.0

F: KA KH MBAA-1-"C. MIAA-1-"C, MCAA-D;, DBAA-1-"C ZJE{H4 %0 0762, 0.798. 0.396. 0.271 ng/mL; #i/K
DCAA-2-"C, DBAA-1-C. MCAA-D;., TCAA-"C, AJEMEHAS 5} 0.764. 0.549, 0.473. 0.340 ng/mL; KHMsKF DCAA-2-"C.
DBAA-1-3C, MCAA-D;. TCAA-"3C, AJRMEA M 6.43, 478, 4.69. 3.32 ng/mL; i) 7KH DCAA-2-°C. DBAA-1->C, MCAA-D;.
TCAA-PC, AR 0.272, 0.132, 0.179, 0.124 ng/mL; 4k TCAA-C,, MCAA-D;. DCAA-2-C AJEME /35N 0.611,
0.462, 0.517 ng/mL; ARk TCAA-"C,. MCAA-D;, DCAA-2-"C AJRMESTHIN 630, 521, 5.66 ng/mL; HAMMIFRAEATR P AAH .

# 4 870 DBPs M4 3EE & LOQs 1 LODs
Table 4 Linear range, LOQs and LODs of 8 kinds of DBPs

&Y 28 P76 Bl /(ng/mL) FrifE 8 r? LOQs/(ng/mL) LODs/(ng/mL)
MCAA 0.50~500.00 Y=1.2380%+0.0025 0.9998 0.50 0.100
MBAA 0.04~100.00 Y=0.7817X+0.0100 0.9993 0.04 0.010
MIAA 0.01~50.00 Y=1.024X+0.0080 0.9980 0.01 0.003
DCAA 0.02~50.00 Y=0.8840X+0.0050 0.9987 0.02 0.005
DBAA 0.01~50.00 Y=1.0900X+0.0087 0.9990 0.01 0.003
DIAA 0.01~50.00 Y=2.2750%—0.0010 0.9987 0.01 0.003
TCAA 0.40~100.00 Y=1.2080X%+0.0057 0.9985 0.40 0.100
BrO; 0.01~50.00 Y=1.3640X+0.0120 0.9996 0.01 0.003

®5  ERRKEFRNELSE R (ng/mL)
Table 5 Test results of the real water samples (ng/mL)

FE S DIAA MIAA MCAA MBAA DCAA DBAA TCAA BrOs~

IK Pk -1 ND ND ND ND ND ND 0.05 ND

K PEIK-2 ND ND ND ND ND ND 0.08 ND
KK -3 ND ND ND ND ND ND 0.03 ND
ERIK-1 ND ND ND ND 9.77 0.22 11.60 0.70
Ik -2 ND ND ND ND 1.91 0.71 3.05 0.28
R IK -3 ND ND ND ND 1.49 0.58 3.03 0.29
WK1 ND ND ND ND 13.40 0.34 12.10 0.48

W K-2 ND ND ND ND 5.84 3.05 6.56 0.12
H k-3 ND ND ND ND 6.24 ND 6.15 0.74

S X-AKHHK Y1 ND ND ND ND ND ND ND ND
S X-AKAHK Y2 ND ND ND ND ND ND ND ND
S X-AKH4K Y3 ND ND ND ND ND ND ND ND
P IX-AAHK Y1 ND ND 2.55 0.16 12.40 0.13 6.38 0.34
P X-RAHK Y2 ND ND 11.30 0.21 46.00 ND 20.80 2.08
P X-ARAK Y3 ND ND 1.99 0.10 11.60 1.54 5.20 0.22
T X-AHRK Y1 ND ND ND ND ND ND ND ND
T X-RAHK Y2 ND ND ND ND ND ND ND ND
T X-RAHK Y3 ND ND ND ND ND ND ND ND

E: ND fRFRARAH
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Fig.3 Chromatography of process blank and the real sample
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ATFEAENAL TCAA SRS B A, TCAA 455 15
PIZLAR, BB R HEA B T [M-COOH] ™ 116.8, [HIL, 5

IR 162.8 1 116.8 1 TCAA BIBIRHEER T, FESLIG
TEFE AT AR AR DU A S R L T T il g
Bt . 7R CRRMNFRERE I, Ak~ sk A
BCy, REE5 5 ) & RIS B T30, ARG CE
PR R R PR B S 2l ok — 2 iR 22, Sl ferh
PR A T XA i ) 2 S 2 SR A AR K52 ), TE AR k52
a5 R E, PR SRR N bR 1 R v T B R SR
o Fege &I DIAA FEADK FR s IR IR B 80%~120%,
R K A BIBCRER AR IS, ATRER S P
F HABE T THE DIAA M MR SRS, Eitk, DIAA
FEARRKFNH T 7K R 2 B R T — e

HG ATy RN E & 2R 19 40 B A 16 AR /K 14 AL 6 STk
LT, SRR 6. ATy k—Jr G T L BRI
e, FEH TR, o R K R AE KR
AR AR 2R A < R BR B SE o AR L AR STRR, TR
REPUEIRE T 2~30 4%, BRI 2 GB 5749—2022 X AH I
B Ay W 2R

%< 6 DBPs AENE A ERELE

Table 6 Comparison of different determination methods of DBPs

0 = é% 3
e Hir¥ [oRIIWIRFS LOQs/(ng/mL) A XT/IOE/ LS RSD/% Sc:k
0.22 pm AL BT B TR € 1%
. DCAA. TCAA., &4 v S
TR R K o e o -HHIE P (liquid 3.00~12.00 89.4~105 1.0~5.4 [18]
MRk . FBERER . BrOs | chromatography-tandem mass
spectrometry, HPLC-MS/MS)
. 12 FhEE Z TR FI 4
HEIE K ﬁﬂgggf e HPLC-MS/MS 0.20~3.00 89.4~110 1.2~8.9 [19]
HE KK 5 f DBPs IC-MS 84.7~103 0.2~5.8 [24]
ARSI, Tl Atk . WARLh o
K iJﬂzTﬂ(\ ifx Sn - I)E(iﬁ:%\ FAMALISILIS: Ba/Ag/H A 2.00~9.00 70.0~126 0.8~1.1 [25]
N N U5 5 Y BT S AN Rl R SO~
- Rl
e TCAA AHAE UM -2 - G e S A I 8%
AR . AR .
. N AL U I g - i i
HEIE K Sk BrO; . DCAA AL B WEJ@BEE%& 1.10~6.00 94.0~101 0.37~2.01 [26]
1 TCAA ’
9 Fji i 2 RN
AR IC-MS/MS 0.02~0.12 85.9~110 0.4~6.6 27
SR 2 A ALY 7]
AR RK 5 F DBPs IC-MS/MS 0.05~1.00 71.1~115 1.1~6.5 [28]
HEIE K 5 il DBPs TR AL A R IC 10~400 85.0~108 0~11.1 [29]
HETEIRAIK 9 f DBPs IC 0.10~2.00 80.8~111 0.13~7.2 [30]
gk, ARK. 7 Rl R 0.22 pm FFL g I 5 g - ENGI
o . : 0.01~0.50 85.0~120 0.39~18.8 N
)KL KK 1 Fpys L IC-MS/MS B

4 & 1

ABFFEEESLAY 1C-MS/MS  [R] st i R A 37 A Ak B K
oK. gk, RAgAKH 8 FlYRE DBPs (MCAA, DCAA,
TCAA, MBAA, DBAA, MIAA, DIAA Fl BrO; )f#)J5 1 7 24
fEsE, REBER, RARNMZE MRS E R B A6 PmEl
FEFTH, Horiksemr &, Rl EsE, 5 THAE, WEE

FIRERIN SR, Ak EF IR 2 DBPs R4 A L
Fio 5T ER DIAA 7EAKIEAK . ) 7K IR AR K 5 R
A 60.8%~90.6%, HIKAIEE] 80%~100%, {HARE AT HE,
D5 AT AT 2 A o S5 AT — 20 R T LC-MS/MS Farillix
8 ' DBPs, #%5 IC-MS/MS 1—2tk, ¥ —J5 iz ri:
AT i 5 22 19 i R R B 5 94 DS ARG Jr v DA e S 56
ENR(E e
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