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Application and Progress of lon Chromatography in Food Analysis

DAI Chenying', HONG Chengyi>”, QUE Maoyao', LIANG Ruifang',
ZHANG Xiaoting', FAN Qunyan', LIU Xuncai'

(1.Xiamen Yan Palace Seelong Food Co.,Ltd., Bird’s Nest Research Institute, Xiamen 361100, China;
2.College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract: Ion chromatography (IC) is based on the differential promotion of the substance to be tested on the ion chroma-
tography column, so as to separate different substances, and then determine the content of the substance to be tested through
the detection instrument. Because of its convenience, high sensitivity and good selectivity, it is widely used in the fields of
food detection, industrial production and environmental monitoring. In recent years, with the continuous development of
science and technology, the update of ion chromatography and the development with new and efficient coupling technolo-
gies have become the focus of research. In recent years, with the upgrading and improvement of ion chromatography, its
detection technology for conventional inorganic ions is advancing with each passing day. At the same time, the combined
technology of ion chromatography has greatly broadened the application scope of ion chromatography in the field of food.
This paper reviews the research results and new trend of ion chromatography in the field of food in recent five years and
also provides direction and reference for follow-up researchers.
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Table 1 List of test methods

LioallE7)o R 5 v 43 B3] (min) SRR HBR E= BTN
R T #%?eﬁg?}u%mu%&‘ 25 0.006~0.051 mg/L [9]
BT AR A - 5 AN 28 — 6.063~28.34 pg/L [15]
BT HE R (R - A RS A I 5 20 0.01~2.4 mg/L [18]
BT - SR 2R 35 0.001~0.09 pg/mL [19]
AHHLER B O3-S A I 2 50 7.87~250.00 pg/L [20]
A BOS -2 T ik — 0.033~0.041 mg/kg [21]
B AR UE /B - = DUARAT Rk — 0.05 pg/L [23]
4G B T i vk — 0.0057~0.5745 mg/L [26]
B8 28 4 (335 R 43 22 R R ARG I #8842 32 3.0~12.0 pg/L [27]
- G o R 27 40.2 0.0002~0.0005 pg/mL [28]
BT gk 45 0.005~0.4 mg/L [29]
BT - B DR B A T 20 2.99~13.28 pg/L [30]
T S R 1 i) R QUIR Sy walllFP R 24 4.3 mg/L [31]
FHES ¥ a3 R AT AR 1 1195 — [33]
FH S 73 (a3 B = WA R 1A vk 123 1~10 pg/L [34]
HIER B - A k2 BRI 25k 75 — [35]
FEUG3 Ik i R G -Aof o bk - 8 - (i 50 0.00107~0.06427 mg/L [36]
TR Wik oo R A - B - 5 7 (L v 50 0.0017~0.0705 mg/L [37]
FH S 32 480 (033500 1) Fh 5 ER IR SR ARSI 1 — 0.35~3.16 mg/kg [40]
. %?@%f%ﬁ@ﬂ%ﬁ«f 30 2.6~6.5 mg/kg [41]
BT OG-SR 8 — 0.15 mg/kg [42]
FE S IR AR o322 B A - 25 e 4 3 vk 45 12~48 pg/kg [43]
BT - A 28 45 0.1~0.2 mg/kg [46]
TohlEh FH 8 A8 4 0 - v A T — 1.4 pg/L [47]
o8 8 A - 25 - - ] A 3 18 0.26~1.04 ug/L [48]

Fsf 00 0, 2 ROFH 7K A B S SR B L TR R N SR
o FESR R RS T AL, LI KOH BB LM
Uk, 1R AR, HEAT R s s i IR B
PERE, BEOEAT R P i AN 1Y) RAGUEE, J7 ¥ 53 M 45 5
JESEERAGIN AR, 3 T TR /K h LSRR L
VRARER | SR ER A R g o R 77 72 i AR S
W 1,
2 BT eIERKAERIMA

BT OGRS R B T O i) — D E 2
I3 ], AR OGT B T (OB & Z2 A (3,
ARIZHF I, T (A3E- B+ R (Ton chro-
matography mass spectrometry, IC-MS )M Bk
FEEGHE & 55 B TSI AR (Ton chromatography
inductively coupled plasma mass spectrometer, IC-
ICP/MS)P | BT (i - S ) A A= - I T OO g ik
JHHEAR (Ion chromatography hydride generation atomic
fluorescence spectrometry, IC-HG-AFS)P 48 B -1
AR 7 BN S H A 2 SRR RSN S H, 4
1R85 v RV TR AAGIN A, R ok 57
SRR T2
2.1 IC-MS

IC-MS #) " VZ W FH T2 SBAGIN | 2 ity 53 A 45 80
Blo AR DY AR ST A0 B T i ERIBR DUAR AT BT
W, ke 7w L 1) WA A 73 i JL ) [ R, o

T U8 S AR K B A SRR R I T 5 18 9 Fh kiR 2
iR, Toi 2B . T AL S I T AL B, {5 Analyst
B9 E AL IHEE, I~ MRM SRAE 71, DT,
ATPERE R, A H BRAK, 3 T RHK R 9 R 2
Fi PRGN, [T Bt R R FH 7K ) 22 A W T A3 3580
FAR SR T EEATAH RO B 5 P IR ERER I R 7
VR FH B SR F R - B i, B TR SR A
FXPVR BV R e N, HYRFRER i OR F 3R
2, I 20 BB B R, e H S e i h & e &
R, ST INR S A ATAFAL IR, LT iRy
YEAFAE A X BB 24 Ta] JBE, 35 1R 48 4503 1% FH Dionex-
AS16 B aibiE, SR 0.7 mol- L' H RIS HAE
Sk shAH, HESE T B - B B B AR A X 1 i

Al RS AT B GIRER | TR IR ER AN i SRR ER U T A2, BT
PETBIFHE A R M, TR SERER, &5 Tk
Ao A, ELT R S s H AR e S e T3,
ARG 25 S v v, A T o A N R R L
TR 0 v SR kA SRR I B R T A SO vk

Suo ZE14 5 3 ) FH 20 /K TR A R BRI 4, C g
B AHFERCR e, Ao, R0 23R bR i, DA

T O G T ARG ) 8 €0 3 1 R P S i v S B X
SRk AR H A NEAE . IR . 2 EEIE A A

T RABR AN A2, 20 R DSCR KA, HERMRE s, 4%
SREATERE, 36 XL AR AR AR, 2



- 458 - £ Tl B4

2022 4 10 A

PBEAEARFT 2, PR AR [ s 5, ot shdg bl pe e i i)
R ALRII ST THA AR 3CHRE. Gasparini
ZEB FERIFHAIE T — Rl B T sk 5 s o PR
SRS Mk, PRI H B, FelE . &
Jas Al R R AR I ARSI Y . i T TR RRAS AR
WEREHEA TR 11 ASmEietE sl 1 258 88 51T,
HICTFAT AR, Iy e rEnm . fRoe s, iE
S A AT, R XS | AR R
Ha R I BT R L 164 Mk, AT Ty
R RENE AL AT A A AL BR TR S3 AT A4, T Rumachik
SO R & 09 1C A RN Y 1C-MS X #5 Fid
B, AR LA 4 B BE T B4 R0 v R SR, DAL
ST T BSOS B ST — RN AN TR 2R
WA TEEFZAE, e 558 T A28 R A B AR D
Y O-FETTERTY, Ny TRBELE I S AT S It T k.
2.2 IC-ICP/MS

JTAFE3K, IC-ICP/MS AR W & i alizdh, THaHE
ZEBT R IC-ICP/M'S B FH 2 A i) Ak FH 7K Hp i |
%L YRPUFROTER 11 FERSM SR, SOIR TS
1T R AN R SAE A S A VI 53T, Al Rt
B L RORAIRAF i A o 1R FH A — A0 T
AEASAE 10 min N SEAHT, FAEDREE T, LA, i
38 o SRR AR AR T 2 1 B X R TR Y
T, AP S, FIARK PR 0.0018~
0.45 g- L', W JEPRUERR 2 RGN ZE5R, S HRBE/K i
PR T BT . B&FEEPS FH 1C-1CP/
MSS HE ARG L B T R A T A KRR P S5 1Y
SeMet. SeCys,. MeSeCys &5 5 FifiJE R, g5
TEST RS AT B 5 B O8O A s I A T shiAH, free
T B A S A B A 1) i g A R AT )
)5, BEASAE 15 min NIEIEFE 5 A, Bk
EARIBCR R AT, &4 il TR s i it Tk
A -
2.3 IC-HG-AFS

BT O LA Sy BRSO 15 GG Y Bl
1Z A0S IR EREAL (AFS) BRI H AR, H AT
AR ARG L RIS R S (%) SR RS g vz v, e
TSV P H B, 557 T IC-HG-AFS 3K, DLt
M 52 B2 T U P S SeCys. SeMet, Se(1V) Fll
Se(VD4 FMlIATERS . 27 LT E A 4, HERRRE IR
PO, 4 PRSI ZS ARG Y BR A 0.30 pg- L',
JIBR ENRCR R AT, A S AT = il A it B A4t T
AT, Keller 5O $2H T —Fpffi F§ IC-HG-AFS
ST E TAL KRR R TE RS A 7 1%, 1071 AT AR /K
REP I ZFhTEHL As> FI As® CIERIREL . HRAC IV OPR
L ERERER ST ) BEA TR ST, Y R S KRR Y
AP, DA R R, RIBRA, 35 T X
FFERTAKAREF 10 pg L' As BRIEAYZK R, [FIFiZ
72 B T T IR AR AR K I e A ) B 4
M .

3 REERE

PEAR S B Tl R H 25, 6232
BT, IR AR AT A HOVET, (H 5 R AR
14 R RV 2 M RN, B T i R 1

A [T E AH, $2 s [T AH ARG E AN B8R TR
R T ORI FHEOR, n SRk . BTk i, 5t
THOCEFEORBIIAT R TR, LU ERN L
AFEUAS A, A h, SR B N B 7 (S R R T 24
THRNGERE 5T, LA SRR b B 5 T S i e E
R £ BT, BEAE BT OB EOR AT BT, 7R
AU N A2 S R B A SR s 1]
S 3k

(1] FpAy, X4, BEHR, F. BT Gk ik P o s R Ik
ARZ] FE BRI IARES K E, 2020, 40(4): 11-12.

[ ZHENG D M, LIU J, CHENG S Y, et al. Application status and
prospect of ion chromatography in standards[J]. China Petroleum
and Chemical Standard and Quality, 2020, 40(4): 11-12. ]
(2] Awet. BF ek aRAoM T oy Al REFRE
#t,2019(4):38—41. [ ZHOU X Y. Application of ion chromatog-
raphy in water quality analysis[J]. Green Environmental Protection
Building Materials, 2019(4): 38—41. ]
[3] WANG Z Z, LIAO Y M, PENG ] H, et al. Field sample prepa-
ration of trace inorganic anions in environmental waters with in-tip
microextraction device based on anion-exchange monolithic adsor-
bent followed by ion chromatography quantification[J]. Micro-
chemical Journal, 2021, 169: 106604.
[4] FITZHENRY C, JOWETT L, ROCHE P, et al. Portable anal-
yser using two-dimensional ion chromatography with ultra-violet
light-emitting diode-based absorbance detection for nitrate monitor-
ing within both saline and freshwaters[J]. Journal of Chromatogra-
phy A, 2021, 1652: 462368.
[5] LI X P, CHANG H L. Chip-based ion chromatography (chip-
IC) with a sensitive five-electrode conductivity detector for the si-
multaneous detection of multiple ions in drinking water[J]. Mi-
crosystems & Nanoengineering, 2020, 6(1): 1-8.
(6] T#. &F&ikEaeRs PHENSHG AL D] B
# K 4,2017. [ YU L. Study on the application of lon chromatog-
raphy in carbohydrate of food samples[D]. Southwest University,
2017. ]
[7] D'AMORE T, DI TARANTO A, BERARDI G, et al. Going
green in food analysis: A rapid and accurate method for the determi-
nation of sorbic acid and benzoic acid in foods by capillary ion chro-
matography with conductivity detection [J].LWT, 2021, 141: 110841.
[8] #AMA. BT &3k ik A2 kB RATAR A KA Hm o 49
R LT R A3 545 8:,2021(16): 50-51,57. [ HU S L. Applica-
tion of ion chromatography in rural drinking water quality detection
in Zhuanglang County [J]. Agricultural Science Technology and In-
formation, 2021(16): 50-51,57. ]

F AW S e R 5 3R & [I]. 9 AT AL S, 2020(6): 133-136.
[XUEZF, HU Z ], WANG Y J, et al. Optimization and explo-


https://doi.org/10.16767/j.cnki.10-1213/tu.2019.04.023
https://doi.org/10.16767/j.cnki.10-1213/tu.2019.04.023
https://doi.org/10.16767/j.cnki.10-1213/tu.2019.04.023
https://doi.org/10.16767/j.cnki.10-1213/tu.2019.04.023
https://doi.org/10.1016/j.microc.2021.106604
https://doi.org/10.1016/j.microc.2021.106604
https://doi.org/10.1016/j.chroma.2021.462368
https://doi.org/10.1016/j.chroma.2021.462368
https://doi.org/10.1016/j.chroma.2021.462368
https://doi.org/10.1016/j.lwt.2020.110841
https://doi.org/10.3969/j.issn.1003-6997.2021.16.020
https://doi.org/10.3969/j.issn.1003-6997.2021.16.020
https://doi.org/10.3969/j.issn.1003-6997.2021.16.020
https://doi.org/10.3969/j.issn.1003-6997.2021.16.020
https://doi.org/10.3969/j.issn.1001-232x.2020.06.025
https://doi.org/10.16767/j.cnki.10-1213/tu.2019.04.023
https://doi.org/10.16767/j.cnki.10-1213/tu.2019.04.023
https://doi.org/10.16767/j.cnki.10-1213/tu.2019.04.023
https://doi.org/10.16767/j.cnki.10-1213/tu.2019.04.023
https://doi.org/10.1016/j.microc.2021.106604
https://doi.org/10.1016/j.microc.2021.106604
https://doi.org/10.1016/j.chroma.2021.462368
https://doi.org/10.1016/j.chroma.2021.462368
https://doi.org/10.1016/j.chroma.2021.462368
https://doi.org/10.1016/j.lwt.2020.110841
https://doi.org/10.3969/j.issn.1003-6997.2021.16.020
https://doi.org/10.3969/j.issn.1003-6997.2021.16.020
https://doi.org/10.3969/j.issn.1003-6997.2021.16.020
https://doi.org/10.3969/j.issn.1003-6997.2021.16.020
https://doi.org/10.3969/j.issn.1001-232x.2020.06.025

%434 5 19

YRR, % ST OGS E R TR R R - 459 -

ration of detection conditions for determination of inorganic anions
in water by ion chromatography[J]. Analytical Instrumentation,
2020(6): 133-136. ]
[10] Bp390, F IR, 14045, 5. BT G35 B B 2 RAEF LAk
M&TAE0F %] ARi4sF7,2021(6): 117-118. [ QIU
Y X, LUO Q, NIU W W, et al. Simultaneous determination of seven
anions in water samples by ion chromatography[J]. China Food
Safety Magazine, 2021(6): 117-118. ]
[11] SCHWARTZ A J, WANG Z, RAY S, et al. Universal anion
detection by replacement-ion chromatography with an atmospheric-
pressure solution-cathode glow discharge photometric detector[J].
Analytical Chemistry, 2013, 85(1): 129-137.
[12] TAKEUCHI T, SUZUKI E, ISHII D. Indirect photometric
detection of monovalent cations via postsuppressor ion replacement
in microcolumn ion chromatography[J]. Chromatographia, 1988,
25(7): 582584,
[13] TROJANOWICZ M, POBOZY E, MEYERHOFF M E. Di-
rect and replacement ion chromatography with potentiometric detec-
tion using a silver/silver bromide electrode[J]. Analytica Chimica
Acta, 1989, 222(1): 109-119.
[14] TROJANOWICZ M, MEYERHOFF M E. Replacement ion
chromatography with potentiometric detection using a potassium-se-
lective membrane electrode[J]. Analytica Chimica Acta, 1989, 222
(1):95-107.
[15] 274, L5, i, . AT B THLE#0 LM 2
Gom AT e AL BT A ] B F RS A, 2021,
37(1):88-96. [WUJY, WANG Y, LI Y Y, et al. Determination
of inorganic cations in beverages by replacemention chromatogra-
phy with ultraviolet detector[J]. Ton Exchange and Adsorption,
2021,37(1): 88-96. ]
[16] BME, ZHH, Fi AIBR S EZ s [J]. FiEAt
#,2009(9): 17-20. [ YANG Z X, WANG X Q, LI M. Compari-
son of analytical methods for organic acids[J]. Beer Science and
Technology, 2009(9): 17-20. ]
[17] RAE, 245, Tie B THF G ko ARG FH LR
(3], Ao AF 0%, 2005(3):29-33. [ YUAN XY, WU W, YU
H. New advances of organic acid analysis by ion-exclusion chro-
matography [J]. Life Science Instruments, 2005(3): 29-33. ]
(18] W%, WAM, F2, F AT & THF & e A ses v
%A A AER R A [T, Rk TA2 43R, 2016, 32(12): 303-308.
[JIA Z, XIAO Z M, LI L, et al. Simultaneous determination of
multi-organic acids in feed acidifier by ion exclusion chromatogra-
phy[J]. Transactions of the Chinese Society of Agricultural Engi-
neering, 2016, 32(12): 303-308. |
[19] LR, BE, WILR, . BT Gkl 2 Ra 4l & ¥
HHUER 09 A7 ik [T]. & s A3, 2020,41(18):239-244. [JTF
D, XIA R, TAO HY, et al. Determination of organic acids in vine-
gar and related products by ion chromatography [J]. Food Science,
2020, 41(18): 239-244. ]
[20] 25,340 5A BT EHR AN F L 24K RE T A
B K4 ], F B EkzE, 2018,37(11): 176-179. [ WANG Y,
WEI J W. Determination of organic acids in Erguotou base liquor of

Niulanshan by ion chromatography[J]. China Brewing, 2018, 37

(11): 176-179. ]
[21] R, et R R, F. BAREROFL-B T &k 2
T ooe KK = b F a9 K G 1] AR AL, 2021, 37(12):
301-308. [ HUANG J L, DANG H, WU Z L, et al. Determination
of oxalic acid in crustacean aquatic products by ion chromatography
with solid phase extraction[J]. Modern Food Science and Technolo-
gy, 2021, 37(12): 301-308. ]
[22] #KAFF, KRR, RIRE. 2,4-D 34 F & BB LA R %
Fo B RA 6 Hoh [T]. 7T 0TS K52 B4R (A RS R), 2021,
49(5): 89-95. [ ZHANG B J, ZHANG J L, CHEN L G. Effects of
2, 4-D on the antioxidant system and the gene expression of the
earthworm Eisenia fetida[J]. Journal of Henan Normal University
(Natural Science Edition), 2021, 49(5): 89-95. ]
(23] FRft, s, T4 F. BORE/BTEE-=FwiL
AR R R MR R R AL 2, 4= RORA T B T). 547
MK, 5 4R, 2021,49(5): 89-95. [LUSJ, YANGR Q, YU S H, et
al. Simultaneous determination of ethephon and 2, 4-D in vegeta-
bles by centrifugal ultrafiltration/ion chromatography-triple quad-
rupole mass spectrometry[J]. Modern Food Science and Technolo-
gy, 2021, 49(5): 89-95. ]
[24] k& ALY, KWB, 5 BFEbEna TRy
=45 I]. Wl KR (8 KA FR), 2014, 51(4): 791-796.
[ ZHANG L, ZHOU G M, ZHANG L J, et al. Determination of
three kinds of sugar in fresh fruit and dried fruit by ion chromatogra-
phy[J]. Journal of Sichuan University (Natural Science Edition),
2014, 51(4): 791-796. |
[25] ki, ME, B2, 5 S0 & T M e kbn &b P
# S HE A A [, o A K 2 4R, 2012, 31(11): 1411-1415.
[ ZHU S, DAI J, CHEN S W, et al. Determination of monosaccha-
ride and disaccharide in soy sauce by ion chromatography [J]. Jour-
nal of Instrumental Analysis, 2012,31(11): 1411-1415. ]
[26] vk, kauim, wid, 5. @ik B F G R B aHe 4k
A g 4E K Bk A A B B A (D] & S A4 2018, 39(16):
311-316. [SHENY F, ZHU X N, YAO C, et al. Simultaneous de-
termination of sugars, edulcorants, and preservatives in beverages
using lon chiromatography coupled with valve switching[J]. Food
Science, 2018, 39(16): 311-316. ]
[27] &3, & LF, B4, 5. BT eibrn 2240 La T 5Lk
W pE & [T]. LA 53K, 2020, 43(1):9-14. [LIL, CAO
W J, XUE W F, et al. Determination of sugars in infant formula by
ion chromatography [J]. Journal of Dairy Science and Technology,
2020, 43(1): 9-14. ]
(28] MR, Ry, B HAT, . BT kR an 4 E v %
FryE )], ;R ,2015,42(8):193-194,192. [ CHENY
Y,ZHAO Y, TUO S X, et al. Determination of seven kinds of car-
bohydrates in honey at the same time by ion chromatography[J].
Guangdong Chemical Industry, 2015, 42(8): 193—-194, 192. ]
[29 ] TEDESCO R, BARBARO E, ZANGRANDO R, et al. Carbo-
hydrate determination in honey samples by ion chromatography-
mass spectrometry (HPAEC-MS)[J]. Analytical and Bioanalytical
Chemistry, 2020, 412: 5217-5227.
[30] #his, M, 2ok, F. BT EF-RH Mot 23 Etem
B PG IT A A AU AR R AR B LD RS
I A3, 2022, 43(3):254-259. [XUN, YAOZY,CHEJS, et


https://doi.org/10.3969/j.issn.1001-232x.2020.06.025
https://doi.org/10.1021/ac3022554
https://doi.org/10.1007/BF02327650
https://doi.org/10.1016/S0003-2670(00)81884-X
https://doi.org/10.1016/S0003-2670(00)81884-X
https://doi.org/10.1016/S0003-2670(00)81883-8
https://doi.org/10.3969/j.issn.1671-7929.2005.03.006
https://doi.org/10.3969/j.issn.1671-7929.2005.03.006
https://doi.org/10.11975/j.issn.1002-6819.2016.12.043
https://doi.org/10.11975/j.issn.1002-6819.2016.12.043
https://doi.org/10.11975/j.issn.1002-6819.2016.12.043
https://doi.org/10.11975/j.issn.1002-6819.2016.12.043
https://doi.org/10.7506/spkx1002-6630-20191018-192
https://doi.org/10.7506/spkx1002-6630-20191018-192
https://doi.org/10.11882/j.issn.0254-5071.2018.11.035
https://doi.org/10.11882/j.issn.0254-5071.2018.11.035
https://doi.org/10.3969/j.issn.1004-4957.2012.11.012
https://doi.org/10.3969/j.issn.1004-4957.2012.11.012
https://doi.org/10.3969/j.issn.1004-4957.2012.11.012
https://doi.org/10.7506/spkx1002-6630-201816045
https://doi.org/10.7506/spkx1002-6630-201816045
https://doi.org/10.7506/spkx1002-6630-201816045
https://doi.org/10.15922/j.cnki.jdst.2020.01.003
https://doi.org/10.15922/j.cnki.jdst.2020.01.003
https://doi.org/10.3969/j.issn.1007-1865.2015.08.093
https://doi.org/10.3969/j.issn.1007-1865.2015.08.093
https://doi.org/10.1007/s00216-020-02732-3
https://doi.org/10.1007/s00216-020-02732-3
https://doi.org/10.3969/j.issn.1001-232x.2020.06.025
https://doi.org/10.1021/ac3022554
https://doi.org/10.1007/BF02327650
https://doi.org/10.1016/S0003-2670(00)81884-X
https://doi.org/10.1016/S0003-2670(00)81884-X
https://doi.org/10.1016/S0003-2670(00)81883-8
https://doi.org/10.3969/j.issn.1671-7929.2005.03.006
https://doi.org/10.3969/j.issn.1671-7929.2005.03.006
https://doi.org/10.11975/j.issn.1002-6819.2016.12.043
https://doi.org/10.11975/j.issn.1002-6819.2016.12.043
https://doi.org/10.11975/j.issn.1002-6819.2016.12.043
https://doi.org/10.11975/j.issn.1002-6819.2016.12.043
https://doi.org/10.7506/spkx1002-6630-20191018-192
https://doi.org/10.7506/spkx1002-6630-20191018-192
https://doi.org/10.11882/j.issn.0254-5071.2018.11.035
https://doi.org/10.11882/j.issn.0254-5071.2018.11.035
https://doi.org/10.3969/j.issn.1004-4957.2012.11.012
https://doi.org/10.3969/j.issn.1004-4957.2012.11.012
https://doi.org/10.3969/j.issn.1004-4957.2012.11.012
https://doi.org/10.7506/spkx1002-6630-201816045
https://doi.org/10.7506/spkx1002-6630-201816045
https://doi.org/10.7506/spkx1002-6630-201816045
https://doi.org/10.15922/j.cnki.jdst.2020.01.003
https://doi.org/10.15922/j.cnki.jdst.2020.01.003
https://doi.org/10.3969/j.issn.1007-1865.2015.08.093
https://doi.org/10.3969/j.issn.1007-1865.2015.08.093
https://doi.org/10.1007/s00216-020-02732-3
https://doi.org/10.1007/s00216-020-02732-3

- 460 - £ Tl B4

2022 4 10 A

al. Determination of arabinose, galactose, mannose, glucose, ribose
and lactose in Chinese rice wine by ion chromatography-integral
pulsed amperometric detection[J]. Science and Technology of Food
Industry, 2022, 43(3): 254-259. ]
[31] x|%&, %%, HASELBERGER P, 4. & -F & &% € 554
5L 89 N-TBbAy 22 2 )] F B Ao 524k, 2021, 21(9): 250
256. [ LIU S, CHEN L, HASELBERGER P, et al. Determination of
N-acetylneuraminic acid in human milk and milk by ion chromatog-
raphy [J]. Journal of Chinese Institute of Food Science and Technol-
ogy, 2021,21(9): 250-256. ]
[32] ALBIND M, WUBBEN J E, GABERT V M. Effect of hy-
drolysis time on the determination of amino acids in samples of soy-
bean products with ion-exchange chromatography or precolumn
derivatization with phenyl isothiocyanate[J]. Journal of Agricultur-
al and Food Chemistry, 2000, 48(5): 1684—1691.
[33] WIEDEMAIR V, SCHOLL-BUERGI S, KARALL D, et al.
Amino acid profiles and compositions of different cultivars of Pan-
icum miliaceum L.[J]. Chromatographia, 2020, 83: 829—837.
[34] RIX, &t Fiadk, F. B F Kk E#E-5 =@ s 7
2 ik R B R SR AR P 39 Ak B Bk AR [J]. AR T3k, 2020,
23(1):35-40. [ HE X W, GAO Q Y, HUANG ] J, et al. Simultane-
ous determination of 39 free amino acids in green tea beverages by
ion exchange chromatography with ninhydrin post-column derivati-
zation [J]. Beverage Industry, 2020, 23(1): 35-40. ]
[35] &4k, ki, 008, F. B FEdEMERmER T
17 A R AR BK B A 50 [, IR R Ak A3, 2016(17): 253-255.
[ NIE Y H, ZHANG B, LI X J, et al. Study on determination of 17
kinds of amino acids in Xinyang Maojian tea by ion chromatogra-
phy[J]. Modern Agricultural Science and Technology, 2016(17):
253-255.]
[36 ] RILAF, ALFE, 324, F. R MF L AN T &3
R B R P 20 AP &k a1 F B R S R e A 2019,
30(8):132—-138. [ SONG W D, DU L J, GAO Y H, et al. Simulta-
neous determination of twenty amino acids in fruit juice by ion chro-
matography with integrated pulsed amperometric detection[J]. Chi-
na Food Additives, 2019, 30(8): 132—138. ]
[37] REA, HIE, &4 K, F. BT CE-R o kot £ 24000%
Rl Bl 2 3 o b 20 AF Rk B A0 6 AR AE (1], €45, 2019, 37(9):
996-1003. [ SONG W D, SU Z, HUI X D, et al. Simultaneous de-
termination of twenty amino acids and six carbohydrates in soy
sauce by ion chromatography with integrated pulsed amperometric
detection[J]. Chinese Journal of Chromatography,2019,37(9):
996-1003. ]
[38] KT, Bueth, 4K, F. AABTEHLERRAE W)
AR [T, F B E i, 2020,39(11): 9-15. [ ZHANG X, GU X
B, WANG K Q, et al. Recent advances on harmful products of bio-
logical origin in wine[J]. China Brewing, 2020, 39(11): 9-15. ]
[39 ] MICHALSKI R, PECYNA-UTYLSKA P, KERNERT J. De-
termination of ammonium and biogenic amines by ion chromatogra-
phy: A review [J]. Journal of Chromatography A, 2021: 462319.
[40] RMZ,RE, 284, F. BT &% w5 KI5
MK P e R (D], AT A kAL, 2017, 58(4): 572-576.
[ ZHU Z Y, ZHANG Y, WANG ] H, et al. Detection of biogenic

amines in meat products by ion chromatography-suppressed conduc-

tance and UV series[J]. Journal of Zhejiang Agricultural Sciences,
2017, 58(4): 572-576. |
[41] R4, EFAE, RER. BT EgEPREMNZHHRES T
SA AR []. AT (L F ), 2017, 53(11): 1345-1347.
[ ZHAO H, CHA H X, ZHAO S Q. Rapid determination of five
biogenic amines in animal derived foods by ion chromatography [J].
Physical Testing and Chemical Analysis Part B: Chemical Analysis,
2017,53(11): 1345-1347. ]
[42 ] KOUTI E, TSIASIOTI A, ZACHARIS C K, et al. Specific
determination of histamine in cheese and cured meat products by ion
chromatography coupled to fluorimetric detection[J]. Microchemi-
cal Journal, 2021, 168: 106513.
(43] BF, 252, R F BT EREN ARG F a4
My i [J]. &5 T2, 2014,35(5): 238-241. [ ZHOU Y, WANG P
Y, ZHAO H, et al. Determination of biogenic amines in frozen meat
products by high performance ion-exchange chromatography-elec-
trochemical [J]. The Food Industry, 2014, 35(5): 238-241. ]
[44] ZHANG Y B, TANG X X. Determination and contents anal-
ysis of negative ions in vegetable simultaneous by ion chromatogra-
phy[J]. E3S Web of Conferences, 2021, 260: 01010.
[45] Fwez. & E%n &b oy 1A 3 R K3 4
(). B E 77 313 8, 2018,24(5): 11, 19. [LIX Y. Determi-
nation of nitrite and its metabolites in whole blood by ion chro-
matography [J]. China Medical Device Information, 2018, 24(5): 11,
19. ]
[46] Kiesh, T, HEAE, . &-F ikl 5 3LH 5 F 2y
B 3 e Al BR 24 F M E &Y JF ok Bk BARE [T]. AR Tk, 2021,
24(4):22-30. [ WU L W, HU X, DUAN G X, et al. Improvement
and discussion on method of using ion chromatography to deter-
mine nitrite and nitrate in milk and milk products[J]. Beverage In-
dustry, 2021, 24(4): 22-30. ]
[47] HA, Rt RLE, F RAKPHIRELSENET
&l ik U] % A T E A, 2021, 28(10): 1266-1268.
[ ZHANG Y G, ZHANG R N, ZHANG W H, et al. Determination
of perchlorate in drinking water by ion chromatography[J]. Practi-
cal Preventive Medicine, 2021, 28(10): 1266—1268. |
(48] 2FiRAE, BIFX, k. BT & knl 2 & R Tl &
&~ A= ] 2k Tk, 2021, 42(8):266-269. [ ZOU M J,
TANG S W, CHEN C. Determination of disinfection by-products in
packaging drinking water by ion chromatography [J]. The Food In-
dustry, 2021, 42(8): 266-269. ]
(49 ] k& AT & T EF—REHABA LA AR RS
FEWAR [D]. & & E L K%, 2018. [ ZHANG T. Study on
analysis method of ion chromatography-mass spectrometry technol-
ogy in the food detection field[D]. Qingdao University of Technolo-
gy, 2018. ]
[50] AN, 2@, Z0k T, 4. ICP-MS 48 £ B A #H KRS
F & 0 5R AR (T]. i $ 4R, 2013, 34(4): 247-256.
[ZUW C, WANG Y, LI B N, et al. The application and develop-
ment of elemental speciation analysis in foods by icp-ms related hy-
phenated technique[J]. Journal of Chinese Mass Spectrometry Soci-
ety, 2013, 34(4): 247-256. |
[51] M, Baim 3R, . BT E#E-ANBWEERTRAE
FAE BN FASAIY & 5 65 2 R [T]. 547K 3E,2007(1):


https://doi.org/10.16429/j.1009-7848.2021.09.027
https://doi.org/10.16429/j.1009-7848.2021.09.027
https://doi.org/10.16429/j.1009-7848.2021.09.027
https://doi.org/10.16429/j.1009-7848.2021.09.027
https://doi.org/10.1021/jf990599q
https://doi.org/10.1021/jf990599q
https://doi.org/10.1021/jf990599q
https://doi.org/10.1007/s10337-020-03899-8
https://doi.org/10.3969/j.issn.1007-5739.2016.17.141
https://doi.org/10.3969/j.issn.1007-5739.2016.17.141
https://doi.org/10.3969/j.issn.1006-2513.2019.08.016
https://doi.org/10.3969/j.issn.1006-2513.2019.08.016
https://doi.org/10.3969/j.issn.1006-2513.2019.08.016
https://doi.org/10.3724/SP.J.1123.2019.03030
https://doi.org/10.3724/SP.J.1123.2019.03030
https://doi.org/10.11882/j.issn.0254-5071.2020.11.003
https://doi.org/10.11882/j.issn.0254-5071.2020.11.003
https://doi.org/10.1016/j.microc.2021.106513
https://doi.org/10.1016/j.microc.2021.106513
https://doi.org/10.3969/j.issn.1006-6586.2018.05.005
https://doi.org/10.3969/j.issn.1006-6586.2018.05.005
https://doi.org/10.3969/j.issn.1007-7871.2021.04.006
https://doi.org/10.3969/j.issn.1007-7871.2021.04.006
https://doi.org/10.3969/j.issn.1007-7871.2021.04.006
https://doi.org/10.3969/j.issn.1007-7871.2021.04.006
https://doi.org/10.3969/j.issn.1006-3110.2021.10.031
https://doi.org/10.3969/j.issn.1006-3110.2021.10.031
https://doi.org/10.3969/j.issn.1006-3110.2021.10.031
https://doi.org/10.7538/zpxb.2013.34.04.0247
https://doi.org/10.7538/zpxb.2013.34.04.0247
https://doi.org/10.7538/zpxb.2013.34.04.0247
https://doi.org/10.7538/zpxb.2013.34.04.0247
https://doi.org/10.3969/j.issn.1000-0720.2007.01.006
https://doi.org/10.16429/j.1009-7848.2021.09.027
https://doi.org/10.16429/j.1009-7848.2021.09.027
https://doi.org/10.16429/j.1009-7848.2021.09.027
https://doi.org/10.16429/j.1009-7848.2021.09.027
https://doi.org/10.1021/jf990599q
https://doi.org/10.1021/jf990599q
https://doi.org/10.1021/jf990599q
https://doi.org/10.1007/s10337-020-03899-8
https://doi.org/10.3969/j.issn.1007-5739.2016.17.141
https://doi.org/10.3969/j.issn.1007-5739.2016.17.141
https://doi.org/10.3969/j.issn.1006-2513.2019.08.016
https://doi.org/10.3969/j.issn.1006-2513.2019.08.016
https://doi.org/10.3969/j.issn.1006-2513.2019.08.016
https://doi.org/10.3724/SP.J.1123.2019.03030
https://doi.org/10.3724/SP.J.1123.2019.03030
https://doi.org/10.11882/j.issn.0254-5071.2020.11.003
https://doi.org/10.11882/j.issn.0254-5071.2020.11.003
https://doi.org/10.1016/j.microc.2021.106513
https://doi.org/10.1016/j.microc.2021.106513
https://doi.org/10.3969/j.issn.1006-6586.2018.05.005
https://doi.org/10.3969/j.issn.1006-6586.2018.05.005
https://doi.org/10.3969/j.issn.1007-7871.2021.04.006
https://doi.org/10.3969/j.issn.1007-7871.2021.04.006
https://doi.org/10.3969/j.issn.1007-7871.2021.04.006
https://doi.org/10.3969/j.issn.1007-7871.2021.04.006
https://doi.org/10.3969/j.issn.1006-3110.2021.10.031
https://doi.org/10.3969/j.issn.1006-3110.2021.10.031
https://doi.org/10.3969/j.issn.1006-3110.2021.10.031
https://doi.org/10.7538/zpxb.2013.34.04.0247
https://doi.org/10.7538/zpxb.2013.34.04.0247
https://doi.org/10.7538/zpxb.2013.34.04.0247
https://doi.org/10.7538/zpxb.2013.34.04.0247
https://doi.org/10.3969/j.issn.1000-0720.2007.01.006

%434 5 19

YRR, % ST OGS E R TR R R - 461 -

22-26. [ TENG M, LIANG L N, CAI Y Q, et al. Hyphenation of
ion chromatography and hydride generation-atomic fluorescence
spectrometry for arsenic speciation[J]. Chinese Journal of Analysis
Laboratory, 2007(1): 22-26. ]
[52] 4R35, 2R, 23, 5. BT €38 & KA RSN %
ik A ik K P 9 A B B [T]. 2 ATALE, 2020(4): 25-29.
[REN J F, JIANG Z B, WANG J, et al. Determination of nine
haloganated acetic acids in drinking water by IC-MS/MS[J]. Ana-
lytical Instrumentation, 2020(4): 25-29. ]
(53] Hmh, k2, xwed, F. & T &%k En @b &P
SR AR SARED] EALE LF 5 M), 2021,
57(2):160-162. [ FENG L J, ZHANG H, LIU X H, et al. IC-MS
determination of bromate, chlorate and perchlorate in flour prod-
ucts[J]. Physical Testing and Chemical Analysis Part B: Chemical
Analysis, 2021, 57(2): 160—-162. ]
[54] SUOD C, FAN X, WEI S L, et al. Analysis of choline, carni-
tine, acetylcarnitine and acetylcholine in animal feeds, blood and
urine using ion chromatography coupled with tandem mass spec-
trometry[J]. Journal of Chromatographic Science,2021,59(5):
405-411.
[ 55] GASPARINI M, ANGELONE B, FERRETTI E. Glyphosate
and other highly polar pesticides in fruit, vegetables and honey us-
ing ion chromatography coupled with high resolution mass spec-
trometry: Method validation and its applicability in an official labo-
ratory [J]. Journal of Mass Spectrometry, 2020, 55(11): e4624.
[56 ] RUMACHIK N, TIAN T, HOU Y, et al. Towards a more

complete glycome: Advances in ion chromatography-mass spec-
trometry (IC-MS) for improved separation and analysis of carbohy-
drates[J]. Journal of Chromatography B, 2021, 1175: 122719.

[57] Z45%, 35 TH, KA. IC-ICP-MS BN H AR R a2 4%
R Ay 4 gk R AL E R R AT 24T E, 2021,
40(7): 827-831. [ WANG Y P, GUO Y F, ZHANG L F. Simulta-
neous determination for elements species of arsenic, chromium, io-
dide and bromine in drinking water by 1C-ICP-MS [J]. Chinese Jour-
nal of Analysis Laboratory, 2021, 40(7): 827-831. ]

(58] R, BB, 1i&. BT E#%-wB48E5F B TRk EN
B S AR A [T]. ALK I (L3 5 ), 2020, 56(10):
1113-1117. [ ZHAO T, ZHOU H M, GANG J. IC-ICP-MS deter-
mination of 5 selenium species in mushrooms[J]. Physical Testing
and Chemical Analysis Part B: Chemical Analysis, 2020, 56(10):
1113-1117. ]

[59] #bdgds, B4, R, 5. BT &AM A E-RTREL
3% (IC-HG-AFS) A H A IR M 5 4 7= Fo P 86 A% & (]
£ dh T WA+, 2016,37(18): 81-84. [ HANG T T, CUI H, SONG
T, et al. Selenium speciation analysis in aquatic products of Jiaozhou
Bay by ion chromatographic hydride generation-atomic fluores-
cence spectrometry [J]. Science and Technology of Food Industry,
2016,37(18): 81-84. ]

[60] KELLERN S, STEFANSSON A, SIGFUSSON B. Determi-
nation of arsenic speciation in sulfidic waters by ion chromatogra-
phy hydride-generation atomic fluorescence spectrometry (IC-HG-
AFS)[J]. Talanta, 2014, 128: 466—472.


https://doi.org/10.3969/j.issn.1000-0720.2007.01.006
https://doi.org/10.3969/j.issn.1000-0720.2007.01.006
https://doi.org/10.3969/j.issn.1001-232x.2020.04.005
https://doi.org/10.3969/j.issn.1001-232x.2020.04.005
https://doi.org/10.3969/j.issn.1001-232x.2020.04.005
https://doi.org/10.1093/chromsci/bmab011
https://doi.org/10.1016/j.jchromb.2021.122719
https://doi.org/10.1016/j.talanta.2014.04.035
https://doi.org/10.3969/j.issn.1000-0720.2007.01.006
https://doi.org/10.3969/j.issn.1000-0720.2007.01.006
https://doi.org/10.3969/j.issn.1001-232x.2020.04.005
https://doi.org/10.3969/j.issn.1001-232x.2020.04.005
https://doi.org/10.3969/j.issn.1001-232x.2020.04.005
https://doi.org/10.1093/chromsci/bmab011
https://doi.org/10.1016/j.jchromb.2021.122719
https://doi.org/10.1016/j.talanta.2014.04.035
https://doi.org/10.3969/j.issn.1000-0720.2007.01.006
https://doi.org/10.3969/j.issn.1000-0720.2007.01.006
https://doi.org/10.3969/j.issn.1001-232x.2020.04.005
https://doi.org/10.3969/j.issn.1001-232x.2020.04.005
https://doi.org/10.3969/j.issn.1001-232x.2020.04.005
https://doi.org/10.1093/chromsci/bmab011
https://doi.org/10.1016/j.jchromb.2021.122719
https://doi.org/10.1016/j.talanta.2014.04.035

	1 离子色谱在检测中的应用
	1.1 无机阴离子、阳离子
	1.2 有机酸
	1.3 糖类
	1.4 氨基酸
	1.5 生物胺
	1.6 无机盐

	2 离子色谱联用技术的应用
	2.1 IC-MS
	2.2 IC-ICP/MS
	2.3 IC-HG-AFS

	3 总结与展望
	参考文献

