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1.1 E5RF

U300RSLC #8 @ SR (635 . Q Exactive Focus PUR AT & H 37 B BIF &5 20 9 5 3% 4% ( 3€ & Thermo
Fisher 2AF]); DGB-403F AU #5457 0 58/ — AL I A (AR e A FR A W] ) 5 VM-300
IR IR S (BELLAN AR S BR A 6] ) 3 ME2002E B H8 72307 K (I - M 2 A PR A ] ) o

IEATRENE WL (W4, ARG = 8%, REFRM TAH AT, A IEEER (), I e mi:
PR A RAF]) ; SACEREREA (ZERE 99% , FIFEEG/RAT) s BRIREN (544, 865 =99.8%, Bl T
BHEAT]) s JLASER (HIE 99.26% , g L RHE A A BR AR ) 5 S AR A R (BPA-Dyq, 213
97.99% , #5[¥ Dr.Ehrenstorfer 23 7)) ; H R LM (taikal, 880 CH/RBHE (P EDARRAF) . SE5HK
“h Mill-Q 1Q7000 i 2li7K 48 (3L [ Millipore 23 F) ) il £ i A 2K LR IR 52802 1Y H R K . PTFE JEAR
(0.22 pm, REHEBAF). 2055, G458, SIpACREEEmMELIAS I s o | e mmnll Ak
TS ALe VA LAMIHE RS 2k 7 1%, 6 RIS I TR A .
1.2 HmBritE

AR A AR SEACK U SRR R — A ST TR S AR R TR RS A PR R T 1R AR
HIIATE it NaHCO5 #5015 H: pH~ 7, il B e Wk BE M 35 RV . A2 4tk in AR it NaHCOs 3,
P pH~7, T2 X IR A SR/K A AR TR KRR B o Bk AN BT A 3 P TS S PR AR 1 v
(LT R o S BT TRCE I AT i ) A SR S N — S AR SR

BBH Z R MERRFR SR CREE 0.01 ¢)3 At 3 Fhmnlk, BT 500 mL FEFRH . B 200 mL
FURIE W TH BRI, B AT RE i B BEt b o B BEFN AR i Jo e FIR 5 2055 &%, B
ZFEEEOMMEAL ] 5 min 5K AR, IR MR PR AR S o FRE ] 20 min JE M ABRARBRRR B K 4%
AR RER . IS ESWIBGE A PTRE SRS AR 1| mL UEW T HEFENE, INA 10 pL. BPA-Dy4
(5 wg/mL) WA IREE I
1.3 LIe&G

e A (350 B RH ACQUITY UPLC BEH Cig (33%4E (2.1 mmx100 mm, 1.7 pm, Waters 23
Al)s WA A N 2 mmol/L ZBRERI, WshHH B W5 . BREEVERFEF N : 0~0.2 min, 20% B;
0.2~8 min, 20%~80% B; 8~10 min, 80%~95% B; 10~12 min, 95% B; 12~12.1 min, 95%~20% B;
12.1~15 min, 20% B. £ 0.25 mL/min; PEFER 5 pl.

RS BFUREE N 320 C; BAEHRENN-3.2kV; BTE N 45 Lih; B RE A
10 L/h, B R 247 #AEHRKIBER4E (DDA) 3 TR 70~1050 u; HL BRI £ i s

FB IR, P30 70000, DDA Z0HE5 R 175005 % M & BEREE 755 55 (HCD) B, R4 fE
HH10. 30 F150eV,
1.4 #EigahiE

1.4.1 ZEFN0mEEE B9 RIRA AR L

B SALIEY 3 AT 3 FhmmERE S A B SR T AR B AR 5 K 5 IR R AT 50 AT
WA T Ak AR UL I, MR A T2 ORI R 2 i B0 4 (mzCloud A PubChem %5 ) AR AL 5490, @it
TELRBHR 2 LA B AR SOk S B S 0 — R (5 8, I SHER Tz T i — G B Bt AT H
B R T T A R B R TS5 S
1.4.2 JEEEH A ENEL
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T 0 BT BRI, TR RGBT LE B HDBPs 5 R A (e 45 K 1 454
22 A TR B 1 K R R A EUR T, B HDBPs 5 AT iRy 2 (B A7 76 4 [ 1 o 6 22 , W S IR s iy
33.96103(-H+Cl) . WIS K 77.91051 (—H+Br) 55 . 8 0B (03 - 15 43 HE BT R A7 AL A
FLAT B (0 R R T o R, T R Ak S (s 50 A Xealibur 4.0 FR6 G EE 4
R0 AR T S BRIUT IR 22 4 £ 3 ppm (1 ppm=107°) , 765 H 4 25 43 00 e 4000 rh R A% 45 o
25 S BRI | Ik [F 7 ZARIE S BT R HDBPs & 55 7R, RS L asEn Bl
TS (mlz < 500: C 1-29, H0-72, 0 0-15, N 0-6, C10-6; m/z = 500: C 1-66, H 0-126, 0 0-15, N 0-6,
Cl 0-6) XU s 1) i et A Ak 4oL e . i 2 L3 25 PR A9 B > HDBPs sk Hmir ik, JF 3 T
TR TS BAE I B
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T Aot PRI BE T 50 A S BUE SIS T AR AR B ey L L AR XIC RS R DR s i B - S A
LRAE T LA R SOk [ 24-28 TEE EA 7 L e AL Y 3 Fh 00 3 FhmmmdlAst i b 8 5 31 Fh BB A
PRI T RROCE ZRHFE R R S, FEAIIERZ B RMANRELEGY . ILEZRAEY TR
FIHILER . WEFIILARAMILEREE TIREES . AVREAEYTARER . WEFRAIKGR
A, SoE Ry 31 R EBAL AW A FEEEA Y BT, BN E . X HDBPs 78 SEBRAE i ik i
AR, (o 0 b i H e W B o XL R
2.2 HDBPsKB{EYIELRE 547

FESACSE B 3 AT 3 FhmmnfA i v i A 4 82 i HDBPs (WLHL FRRSCIR L FFFE R S2),
Hrp 59FE 14 CLUEF, 150 & 24 CLE -, 8 P& 34 CLIE . 6 FiE i 280 4 Fifl il Jr XA =
e 1 K& HDBPs (&1 1A) , 7 M 4li7K A B A A FF S v 48 H 2 i HDBPs, A] BBJ& HH T2 Tl 72
Hh il T 4 I SR K T AR B HDBPs 3 | U vk B /K-35 B T 25 v . M52 19 HDBPs A9 485 150
(E 1B)ZRM, & 14> CLIE -/ DBPs 76254 S FIMERE & b A | A AR AR 0 b B Sl s T b
FES T 24 CLREFFN 34 CLE T DBPs {XAEASHE SR 3 T B2 PR A 3 K 2 2
& 5 SR RN A IR 2 A% DBPs.

Seidel 25 P HRIEFFFAER (AL) « O/C FH/C FIR/N B Al 75 0.50~0.66 36 Bl A A HLAI R 43
ZWIACEY) . FEAM RS 8 A HDBPs KB4 & T 2 W2 HDBPs , It 726 WIHERR 5 o %872 H Y
HDBPs HA/D# 5 E T 282 HDBPs (8] 2A) . 2540 DBPs H7E A i bk i, IF B RS S e 1 2
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Fig.1 Compound number (A) and chlorine atom number (B) of the identified halogenated disinfection
byproducts (HDBPs) in tea and coffee samples
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Fig.2 The van Krevelen diagrams of the identified HDBPs in tea and coffee samples

1M 5 TSRS R, T A K B 2 i 2 2 5048 DBPs (&1 2B) .
2.3 JLZZEHDBPsH#T

R 5] 43047 7T LASR AF ki HDBPs, {H 1 T HDBPs i FFh2E 225155, S50 HDBPs 45 #5143
PRIXE . 38 U R AT DUSE G124 W HDBPs 1R SBE5 1, I Al i HOR BEE A HEI HDBPs (193853 31
A5 B o AFRSE R ifi A T HDBPs M SERIFTAY) , A5 2.1 15 B ik b A Rk i) =224
SCHRIEAT FOAE, KB 8 FPBEMI LRI AW LA R | BB TILEAR . AR RE TREMEE T
LA E BB TR ) & A SBUR N A LAY HDBPs . M5 JLAS R IAML A WIAFAE mlz 125.02441(CeH;05)
mlz 137.02441(C7H505) Fl m/z 179.03498 (CoH70y4) 22O AR AE fE i BS 1- SE4E 13X 8 Flt HDBPs LK
J5 HDBPs (WL HLFISC R L RpF R S3. B S1. B S2 I S3) . BRJLZAZE I HDBPs 4, M4 il RE MY i
PRYIHEN T 30 Fl HDBPs (14 REE5 14 (UL RRSCIS SCHEE B3 S4) LU 44 Fp HDBPs AT MY HTIA
YO FRROCG CFRHMFE IR R S5) o LR B G Y R A e b S22 0 8 =Y 5T, (H B aj e WA R
Ak B HDBPs RYHRGE , R, ASBF5E LLLZE % HDBPs I T /0 45 SR A . i TILE R AW
FEAE R L [ SR A AR F A LA — AR E S0 52 o JLAS 3 I HDBPs (LR A f ], It B
BFULFEF Rl A, B i 22 5545 8 L L MOCE SCRHE B3R S6.

AT 4E b | m/z 289.07193 5 323.03256. m/z 323.03256 5 356.99420 Wi £H JF i 4 i) i F 2% 543 )
“h 33.96124 F133.96164 u, ¥ /& Jr i 0y B it I 25 Y8 [l o m/z 289.07193 it e i o UL & [R5 2 43 A1
mlz 323.03256 Jiiis i A EAE— A B [ R 5341 (cost) =0.9997) , mlz 356.99420 i rh A7 7E — 54K
Y R AL 0 A (cos0 =0.9999) , B m/z 289.07193 A& 5, m/z 323.03256 & 1 DEJR T,
mlz 356.99420 {5 2 M T

MR SR TR X e k2T, m/z 289.07193(CysH 3067, A=0.59 ppm (AN FHE 2 ))
m/z 323.03256(C5H,,06C17, A=—0.71 ppm) Fl m/z 356.99420(C,sH;,04Cl,", A=1.06 ppm), FbZxCVCHL 5 =
WZE¥/NT 3 ppmeo 78 m/z 289.07193 #) i {E B WS R m/z 179.03505(CoH704™, A=0.34 ppm) |
mlz 137.02441(C7H505", A=—0.07 ppm) Fll m/z 125.02438 (CcHs05 , A=—0.32 ppm ) FFIEREF 85T 1E
milz 323.03256 B 2Tk (E H A Mg S miz 179.03525(CoH,04", A=1.45 ppm) . m/z 137.02437(C;H;05,
A=-0.36 ppm) Fll m/z 125.02442(CeHs05, A=0.00 ppm ) FHEREF B T 15 mlz 356.99420 (1) — 2% it (5 .
HLEL R m/z 125.02441(CHs05 , A=—0.56 ppm ) FFERE A B T = HWIELE LR AL A YR ERE H
BT U R L R A -

WK 3 7, mlz 289.07193 BRI ZU#AE m/z 245.08205(C1,H 304", A=0.45 ppm ) ZEWEZF] CO, Hr:
Fe . mlz 323.03256 B REZUAAE m/z 287.05661(CisH, 05, A=1.71 ppm) 2L H1FE HC1 £k, HCl %



5 8 M GRS ARy ™ A v £ T 2 R 00 ) R AR € - e 0 BT AR R 1) A 1317

120
100k T 289.07208

H iy H et
w0t (1\)1%0 w;f Ho ﬁczi m@(@@

40 s 02438 245.08205
il N

203. 07153
90 120 150 180 210 240 270 300

m/z
120

100L /,125,0211-12 o a 31 -

s by oo} ~co, 0 S
60 | OH | / O.
1

OH \
40 1 161.02448 /

= Vd
20F | 179.03525 (e < 287.05661 225
109.02934 137.02437 2 g2 906155 S0 —HC] 323.03357
0 1 L ¢ L . L I L L L 2430670? I I | o commmm— l

90 130 170 210 250 290 330

m/z

Abundance/% >

137.02440 151.04005 179. (/3505

Abundance/% @

120

100f ¢ i _%]Ho ﬁH o <

- \ 37.02443 199.040 =€0 [~ 356.9945
0 A | - ‘IL - I” Lol Ll |‘ L, .‘, Lil |x||l ||’ L ’vl 1 ‘4 L Ll L L L = l
90 130 170 210 250 290 330 370

m/z
B3 (A)JLERER . (B)—RIULAREM(C) ZRIULAR R A G5k B CEHR KBRS (DDA)#E50)
Fig.3 MS/MS spectra (Data dependent acquisition (DDA) mode) of catechin (A), monochloro-catechin (B) and
dichloro-catechin (C)
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Fig.4 Proposed reaction pathway of HDBPs during chlorination of catechin
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—FMRILZER CisH;306C1 FI ZARILESFR CisHpO6Cl s& HHLASER CisH 406 AU S AT EER 4 -

YERY 8 FlULASE IS HDBPs A—5AC A 5018 DBPs, lLAMNA K BUAELE 3 FhEEI B 7 LS EK .
LA R BB FRRESAEE TILAA R K E FRRER SR =548 DBPs(CisH,,0,Cl; CyH,50,0Cl5 Al
CooH,501,CLy) k252 5 HRT AR B L, (2, 3 R =S At i b th T8 S8R R BERAS A
RO — AR B ME LG HZS A HEA TR S 5 , DRI 20 FoK A R 3 FlOLZR 22k S0 =
A I T REr A5 (L RROCE S RHFE R R S4) .
2.4 )LZFEZEHDBPSEIE

LIS Z S H e AT A B K SR 5 B LS 2R 55 A5 RE 5 BT S0 H R &5 SRR A7 L
(E15). S5HFM] IR EAEEY 1.74 min (2 JLAER IR BFEY 1.98 min 192 LASR MR S04, f&
BRI E] S 2.64 min () —ARILESE AR BE A 3.08 min BYSE—40 8 LS Z I [E o0 AR {5 B2 i [A]
4 3.13 min (2 SR LEEZ (R I TE] A 3.43 1 3.85 min B2 AR ILASZ A Sk, 45 SRAiFss
T ¥%E A HDBPs S B LA 3 M R o3 S A A i @ e A i) — AL R A S AULE R K
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Fig.5 Extracted ion chromatograms and mass spectra of catechin HDBPs: (A) Extracted ion chromatograms of
tea sample; (B) Mass spectra of tea sample; (C) Extracted ion chromatograms of chlorinated catechin standard

sample; (D) Mass spectra of chlorinated catechin standard sample
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TRl L A S W SR B A R B AL AT T A B 0 s LA R ORE A A PT RE3E A) fe 3 Tl
R HDBPs BEVE E‘]?FU%%WJO FE[F T.E.S.T.(Toxicity Estimation Software Tool ) 3K {4 1] Tl Ak & ¥ 09
PIE SRR KECEEEUE R (LDs) SRR ABISEN A TESTAR O H 4 fULAS RS
Yy K 8 Tl LA RS HDBPs (14 7 Fh g B Bt (WL F- RO SCRHE 3R S8) o 452381, 8 Ff HDBPs 14 H.
A KRB EEEMBOOEN: AR TR S S R H A S\ T K. K& LZE RS HDBPs (1)
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5 FNME AT RE 2%k AR A A . HET, X5 T = H bS5 HDBPs (0 #E FIAE TG Z B LR R
HDBPs 2 BT 4RH , PRI T B0 AT PR IR R B LS 5 | BRI e B XU o
2.6 HDBPsHJ¥:EENHT

fifi R 25 AR BPA-D 6(m/z 241.19585) X [F A K I il 5 FmIEAE & o 39 HDBPs #E4 724 1 3 A
(WL FMRSCE R E R R S9) o SRR 5S4t 34 F— &M DBPs, e |k E R
0.40~1897 pg/L; SRASFENS % L 37 Fh—40 4% DBPs 2K E R 1 0.48~1157 wg/L; I 5okt bk
FE 45 Fi—%U% DBPs, 22 BN 0.54~1168 wg/L; HEEMIMERES if %5 H 18 F—% {8 DBPs, r2
HVRIE N 3.17~603.0 pg/L; BCABEMIMERE 5 b 452 Y 18 Fh—518 DBPs, 25 SV 80 1.32~138.0 pg/L;
SRVE OIMMERE & b 52 18 Fh—S04% DBPs, 5 IR 2.04~584.1 pg/Le

TEXSFE ) 8 FLAS R S HDBPs H  AUAESERR F R AL AR S 2 2 H— &R DBPs; T kR vh 48
B —FRILAEE e BIREETE 3.78~25.39 pg/L Z )5 SR8 FN 5 e 25 A i vh 4t — SRR & 1L
AECEERWKREES 00 9.91 F15.36 ng/L; AUFES et rh 2@t — AL R I B FIRER, e &
WE R 4.36 pe/L; ZLZS S R At i h 3 th — SR B FIR LA R IR B TR, o R 415 R
3.30 f14.46 pg/L.

3 #it

ST B BB -2 A W AR, ST T AR [ i A 45 HDBPs KRR 0 i, 310 FH
T 2 RMMEY R FR P 2 2R 09 HDBPs . 7ELT45 . 44245 . e 2% . T mnk . e ofmm sk s o
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Nontarget Analysis of Halogenated Disinfection
Byproducts in Brewed Tea and Coffee Using Ultra-High
Performance Liquid Chromatography-High Resolution
Mass Spectrometry

LIANG Yu-Tao', ZHU Yi-Zhe', ZHENG Rui-Fen', CHEN Guang-Shi’, TANG Cai-Ming '*
"(Research Center for Eco-Environmental Engineering, Dongguan University of Technology,
Dongguan 523808, China)
*(State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry,

Chinese Academy of Sciences, Guangzhou 510640, China)

Abstract During tea and coffee brewing, residual chlorine in tap water can react with organic components to give
rise to a variety of halogenated disinfection byproducts (HDBPs), potentially affecting human health. In this study,
a non-target analysis method based on ultra-high performance liquid chromatography-high resolution mass
spectrometry (UPLC-HRMS) was developed for screening and identification of HDBPs in tea and coffee samples.
After filtration and addition of isotopic internal standards, sample mixture was analyzed with UPLC-HRMS in

negative electrospray ionization mode. Pure water containing 2 mmol/l. ammonium acetate and acetonitrile was
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used as the mobile phases, and the gradient elution program was optimized. The mass spectrometric data were
obtained with full scan and data-dependent acquisition (DDA) modes. According to exact masses, isotopologue
distributions and chlorine substitution reaction rules, 82 kinds of HDBPs were identified, of which 59 contained
1 Cl, 15 contained 2 Cl, and 8 contained 3 Cl. Eight catechin-containing HDBPs were identified via MS/MS (DDA)
spectra, fragmental pathways and retention times, and catechin, gallocatechin, catechin gallate and gallocatechin
gallate were determined to be their precursors. In addition, toxicities of eight catechin-containing HDBPs were
predicted by toxicity estimation software tool (T.E.S.T.). Finally, 82 kinds of HDBPs were semi-quantitatively
analyzed, of which the concentrations in the samples brewed with tap water were 0.40-1897 pg/L. (black tea),
0.48-1157 pg/L. (green tea), 0.54—1168 pg/L. (oolong tea), 3.17-603.0 pwg/L. (drip coffee), 1.32—-138.0 pg/L
(capsule coffee) and 2.04-584.1 pg/L (instant coffee), respectively. The developed non-target analysis method
could readily identify HDBPs together with precursors without complicated pretreatment, which provided a new
way to monitor HDBPs.

Keywords Tea; Coffee; Halogenated disinfection byproducts; Ultra-high performance liquid chromatography-high
resolution mass spectrometry; Non-target analysis
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