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Recent applications of sample pretreatment techniques in food analysis by ion
chromatography
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ABSTRACT: Ion chromatography was an important tool for the determination of organic and inorganic ions.
It was widely used for analyzing food samples. However, the conventional sample pretreatments were always
time-consuming, costly and complex. To date, many techniques were developed to eliminate the matrix and
enrich the trace analytes in food samples. The applications of novel sample pretreatment techniques in ion
chromatography were reviewed in this paper. The sample extraction, clean-up procedures and enrichments in
food samples were described respectively. The extraction methods included the accelerated solvent extrac-
tion and microwave-assisted extraction; the clean-up methods included membrane techniques (on-line ultra-
filtration and on-line dialysis) and solid phase extractions (reverse phase materials, ion exchange resins,

chelate resins and carbon materials); the enrichment methods included microwave preconcentration and

E&WmA: (2012YQ090229) (LY12B05004, Y12B050014)

(2013C37073) - (GCMACI1208)
Fund: Supported by National Key Scientific Instrument and Equipment Development Project (2012YQ090229), Natural Science Foundation of
Zhejiang Province of China (LY 12B05004, Y12B050014), Zhejiang Province Applied Research Project for Public Welfare (2013C37073) and
Foundation of Key Laboratory of Global Change and Marine-Atmospheric Chemistry (GCMAC1208).
*EBIES: , , , E-mail: zhuyan@zju.edu.cn
*Corresponding author: ZHU Yan, Professor, Department of Chemistry, Zhejiang University, Hangzhou 310027, China. E-mail: zhuyan@zju.edu.cn



1288

5
column switching technique.
KEY WORDS: ion chromatography; sample pretreatment; food analysis
L , (10 min) (60
1 31 & ml) |
m 96.3%~103.3%
[2-3] (141,
84.7%~103.6% Gallagher !
[41 ’ , -
, 72.6%
Bl , , : @ , 12~20 min . ®
, , 15~45 mL ; ® ,
: ; @ :
' [16,17]
[6-7] L s s O e o s
2.2 WUKEBBNEEUE
2 SRR -
2.1 IEBETIZFER , ;
[19]
[8-91 , Papadakis 2%
, 13 ;
: : 92% 2
, (
)7

8 min Bermejo-Barrera *

15 min Brachet [
[10-11]

>

30s
[12]

, Arthikeyan ~ *%

[13] (5 min) [25]

, 233 1.62 pg/L,



5 R 1289
5.5~32.2 mg As/kg
: @ ;® [36] Ag
; @ ) > -
, 0.004~0.005
, mg/L, 88%~105% 37)
[26-27] _
103.4%
o g

3 MHEmEYEL 312 RiEE
3.1 EHRAK ’

‘7’;‘ > B
3.1.1 Bk (38]

[28] 5 s
) [39]
[29] 5
Nordmeyer (301 # Niemann
B, @ ’ , 91%~101% )
;@ ,
| [44]
’ , 0.003 mg/L,
, 97.0%~101.2%
10 min ; ® , 3.2 [EMEZERE
; @
[32] [45]
Buldini ¥ -
[46]
, 10 min,
96%~104% Borba ¥
, 3.2.1 RAAHH
87%~106% (33
, 0.10 mg/kg,

80.8%~95.2%

>



1290 5
[ ] SCN"  WO,>, OnGuard Ba
> ) pH Ayushi ~ P%
Zerbinati (471 s OnGurad H
C]g B
(48] (DIONEX , ,
OnGuard I[RP) , Gan 7
, 0.5 mg/kg, ) - ,
87.5%~105.0% Poly-Sery PWAX
9] DIONEX OnGuard ; 77%~ 99%
IIRP , - ,
, 85%~103%, ; ( KOH)
0.072 mg/L (501 , ,
' [58]
LiChrolut EN Nozal
R NaOH )
) Dionex On Guard II
IC-Ba IC-Ag IC-H 1 ) ,
On Gurad RP s >
Andrade 152 SPE 89%~96%,
Sep-Pac Cis 0.12~1.79 ng/e > )
’ ’ (Strata SAX SPE),
, 0.003~0.04 mg/L ; 0.2 mg/L,
81%~ 101% 94%~109%
o~ 0
320 BF A 3.2.3 HOHEAAT
(53] )
, H ( Dionex
OnGurad H) Ag' w > o
(  Dionex OnGurad Siriraks
Ag) Ba (Chelex 100, MetPac CC-1)
3+
( Dionex OnGurad Ba) (TMC-1) (Fe
[54] Cu®', Zn* Pb*" Fe*),
, Ag+ , Na" K° Mg™,
Zhang P , 3 )
(OnGuard Ba/Ag/H), )
OnGuard H , , On- ,
Guard Ag CI Br I AsO; CrO7 74%~104%
CN" MoO,” PO,” SeO;> SeCN SO;* S* ,



> - - 1291

3 1621, 72 Wang U3
) , , A
, ; @ - 10%(V/V)
:® 83.3%~104.6%, 0.8 ug/l  Guan
[74]
, , 70.5%~100.0%
[63] Crytand C1 , 4 %—('éﬁ'—ﬁ %%ﬁ%%ﬁ)&
3.2.4 BEAA ’
3 ’ A N N ~,
[64] 4.1 WURRGEE
1951  Braus [©! , ,
[75]
[66] ,
21 . 5 pg/L, 78%
C ’ [76]
18 s
[67,68] ,
OnGuard Ag 15 min
20 90% (771 )
Ensafi [6¥ ,
Pb** 0.4 pg/L 15 min, 6.2 ng/L,
91.9%~98.5% [78]
7 , 0.5~2.4 pg/L,
, 86%~105%
42 HEHREEL
, 1991 i
Tijima [©*] , 9]
Cai " [80]
A 4 4- Cs Cis , ,
, Zhou UM

) Zhong [ , 3



1292

> Tian
[82]
, 130 pg/kg,
101% Lamb '™
Wang 18 ,
Huang
98.4%~101.6% Xiong %
1:2 ,

16 , 0.01~0.22

mg/L, 80.5%~109.8%

57 3k

[1] Vermeiren K. Trace anion determination in concentrated hydrof-
luoric acid solutions by two-dimensional ion chromatography: 1.
Matrix elimination by ion-exclusion chromatography[J]. J Chro-
matogr A, 2005, 1085(1): 60-65.

[2] Onal A, Tekkeli SEK, Onal C. A review of the liquid chromato-
graphic methods for the determination of biogenic amines in
foods[J]. Food Chem, 2013, 138(1): 509-515.

[3] Kucharska M, Grabk J. A review of chromatographic methods for
determination of synthetic food dyes[J]. Talanta, 2010, 80(3):
1045-1051.

(4]

[3]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

- (IC/MS)

[J]. , 2013, 4(6):
1835-1840.
Zhou HB, Chen L, Yan YL. Determination of citric acid in wine
samples by ion chromatography-electrospray ionization tandem
mass spectrometry (IC/MS)[J]. J Food Safe Qual, 2013, 4(6):
1835-1840.
Zhang Y, Thepsithar T, Jiang X, Tay JH. Direct determination of
phosphate in raw Jatropha curcas oil by ion chromatography[J].
Ind Crop Prod, 2013, 44: 459-464.
Jiang S, Li YS, Sun B. Determination of trace level of perchlo-
rate in antarctic snow and ice by ion chromatography coupled
with tandem mass spectrometry using an automated sample
on-line preconcentration method[J]. Chin Chem Lett, 2013, 24(4):
311-314.
Ray PR, Shang C, Maguire RO, et al. Quantifying phytate in
dairy  digesta and feces: Alkaline extraction and
high-performance ion chromatography[J]. J Dairy Sci, 2012,
95(6): 3248-3258.
Nieto A, Borrull F, Pocurull E, et al. Pressurized liquid extraction:
a useful technique to extract pharmaceuticals and personal-care
products from sewage sludge[J]. Trends Anal Chem, 2010, 29(7):
752-764.
Wu G, Bao X, Zhao S, et al. Analysis of multi-pesticide residues
in the foods of animal origin by GC-MS coupled with accelerated
solvent extraction and gel permeation chromatography cleanup[J].
Food Chem, 2011, 126(2): 646—654.
Yu H, Tao Y, Le T, et al. Simultaneous determination of amitraz
and its metabolite residue in food animal tissues by gas chroma-
tography-electron capture detector and gas chromatography-mass
spectrometry with accelerated solvent extraction[J]. J Chroma-
togr B, 2010, 878(21): 1746—1752.
Ding Y, Zhang W, Gu C, et al. Determination of pharmaceuticals
in biosolids using accelerated solvent extraction and liquid
chromatography/tandem mass spectrometry[J]. J Chromatogr A,
2011, 1218(1): 10-16.

[J]. : , 2012, 32(4):
434-448.
Hao Y, Li H, Sun HW. Application advancement of mul-
ti-residure analysis of pesticides and veterinary drugs in animal
origin foods by accelerated solvent extraction[J]. J Hebei Univ:
Nat Sci, 2012, 32(4): 434-448.

[J]. , 2006,

25(3): 92-94.



1293

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

Zeng XL, Ye ML, Chen YX, et al. Accelerated solvent extrac-
tion- ion chromatography with conductivity detection for the ex-
traction and determination of nitrate and nitrite in meat[J]. J In-
strum Anal, 2006, 25(3): 92-94.

[J]. : , 2012, 39(2):
205-209.
Wang RQ, Wang NN, Zhu Y. determination of inorganic anions
and organic acids in tobacco using accelerated solvent extraction
and ion chromatography[J]. J Zhejiang Univ, 2012, 39(2):
205-209.
Gallagher A, Shoemaker JA, Wei X, et al. Extraction and detec-
tion of arsenicals in seaweed via accelerated solvent extraction
with ion chromatographic separation and ICP-MS detection[J].

Fresen J Anal Chem, 2011, 369(1): 71-80.

> 5 s

. : , 2013, 25(4):

279-283.
Fu HB, Yan CJ, Li XP. Application of accelerated solvent extrac-
tion in food safety detection[J]. J Shenyang Univ: Nat Sci, 2013,
25(4): 279-283.
Choi JH, Lamshéfta M, Ziihlkea S, et al. Determination of seda-
tives and adrenergic blockers in blood meal using accelerated
solvent extraction and Orbitrap mass spectrometry[J]. J Chroma-
togr A, 2012, 1260: 111-119.
Cheng XL, Wan JY, Li P, et al.Ultrasonic/microwave assisted ex-
traction and diagnostic ion filtering strategy by liquid chromato-
graphy—quadrupole time-of-flight mass spectrometry for rapid
characterization of flavonoids in spatholobus suberectus[J]. J
Chromatogr A, 2011, 1218(34): 5774-5786.

, - . ,
2007, 25(5): 633-640.
Fan YC, Zhu Y. Sample pretreatment in ion chromatography[J].
Chin J Chromatogr, 2007, 25(5): 633-640.
Papadakis EN, Polychroniadou A. Application of a micro-
wave-assisted extraction method for the extraction of organic ac-
ids from Greek cheeses and sheep milk yoghurt and subsequent
analysis by ion-exclusion liquid chromatography[J]. Int Dairy J,
2005, 15(2): 165-172.

, > . [J].

,2009(3): 27-29.

Peng YB, Zhou JP, Guo H. Study on extraction of tea saponin by
microwave-assisted method[J]. Cereals Oils, 2009(3): 27-29.
Romaris-Hortas V, Moreda-Pifieiro A, Bermejo-Barrera P. Mi-
crowave assisted extraction of iodine and bromine from edible

seaweed for inductively coupled plasma-mass spectrometry de-

[24]

[26]

[27]

(28]

[29]

[30]

[31]

[33]

[34]

termination[J]. Talanta, 2009, 79(3): 947-952.
Brachet A, Christen P, Veuthey JL. Focused microwave - assisted
extraction of cocaine and benzoylecgonine from coca leaves[J].
Phytochem Anal, 2002, 13(3): 162—169.
Sathrugnan K, Balasubramanian R. Evaluation of a micro-
wave-assisted extraction technique for determination of wa-
ter-soluble inorganic species in urban airborne particulate mat-
ter[J]. Anal Bioanal Chem, 2005, 381(8): 1604—1608.
Karthikeyan S, Hirata S, Iyer SPC, Determination of arsenic spe-
cies by microwave-assisted extraction followed by ion-pair
chromatography-ICPMS: analysis of reference materials and fish
tissues[J]. Int J Environ An Ch, 2004, 84(8): 573582

[3]. ,2011,27(2): 165-167.
Su H, Zheng MZ, Cai D, et al. Research progress on application
of microwave-assisted heating technology in food industry[J].
Food Mach, 2011, 27(2): 165-167.
Satpathy G, Tyagi YK, Gupt RK. A novel optimised and validated
method for analysis of multi-residues of pesticides in fruits and
vegetables by microwave-assisted extraction (MAE)—dispersive
solid-phase extraction (d-SPE)-retention time locked (RTL)-gas
chromatography—mass spectrometry with Deconvolution report-
ing software (DRS)[J]. Food Chem, 2011, 127(3): 1300-1308.
Kirchhoff F, Briegel J, Vogeser M. Quantification of free serum
cortisol based on equilibrium dialysis and isotope dilution-liquid
chromatography—tandem mass spectrometry[J]. Clin Biochem,
2011, 44(10—-11): 894-899.
Holovics HJ, Anderson CR, Levine BS, et al. Investigation of
drug delivery by iontophoresis in a surgical wound utilizing mi-
crodialysis[J]. Pharm Res, 2008, 25(8): 1762—-1770.
Nordmeyer FR, Hansen LD. Automatic dialyzing-injection sys-
tem for liquid chromatography of ions and small molecules[J].
Anal Chem, 1982, 54: 2605-2607.
Kritsunankul O, Jakmunee J. Simultaneous determination of
some food additives in soft drinks and other liquid foods by flow
injection on-line dialysis coupled to high performance liquid
chromatography[J]. Talanta, 2011, 84(5): 1342—-1349.
Wang YL, Yuan JF, Shang W, et al. Dialysis sampling on-line
coupled with high-performance liquid chromatography for si-
multaneous investigation of the interactions between mul-
ti-components in herbs and the albumin[J]. Analyst, 2011, 136:
823-828.
Buldini PL, Mevoli A, Quirini A. On-line microdialysis—ion
chromatographic determination of inorganic anions in olive-oil
mill wastewater[J]. J Chromatogr A, 2000, 882(1-2): 321-328.
Borba BMD, Brewer JM, Camarda J. On-line dialysis as a sam-



1294 5
ple preparation technique for ion chromatography[J]. J Chroma- 37(2): 225-227.
togr A, 2001, 919(1): 59-65. [44] s , -

[35] , , , - [77. ,2010, 20(12): 3212-3213.

[J1. : , 2006, 42(11): Yang ZG, Lv MY, Cao WT. Determination of F-in toothpaste by
899-902. on-line ultrafiltration-lon chromatography[J]. Chin J Health Lab
Song W, Zhang LH, Lu YF, et al. On-line dialysis-ion chromato- Tech, 2010, 20(12): 3212-3213.
graphic determination of bromated in flour and its products[J]. [45] Negreira N, Alda ML, Barcelé D. On-line solid phase extrac-
Ptca:Chem Anal, 2006, 42(11): 899-902. tion-liquid chromatography—tandem mass spectrometry for the
[36] s N N - determination of 17 cytostatics and metabolites in waste, surface
[7]. , 2010, 31(2): and ground water samples[J]. J Chromatogr A, 2013, 1280:
187-190. 64-74.
Yao J, Hang YP, Zhong ZX, et al. Simultaneous determination of [46] Augusto F, Hantao LW, Mogollén NGS, et al. New materials and
nitrite and nitrate in cooked meat by on-line dialysis-ion chro- trends in sorbents for solid-phase extraction[J]. Trac-Trend Anal
matography[J]. Food Sci, 2010, 31(2): 187-190. Chem, 2013, 43: 14-23.
[37] s s - [47] Zerbinati O, Balduzzi F, Dell’Oro V. Determination of lithium in
1. , 2008, 18(3): 444—445. wines by ion chromatography[J]. J Chromatogr A, 2000,
Huang L, Liu JP, Rong XW. Direct determination of choline in 881(1-2): 645-650.
milk powder for infant and young children by online dialysis - [48] , R s
ion chromography[J]. Chin J Health Lab Technol, 2008, 18(3): [J]. ,2013,32(2): 330-333.
444-445. Hu P, Wang SH, Liu YP, et al. Analysis of nitrate in liquid milk

[38] Pretorius CJ, Galligan JP, McWhinney BC, et al. Free cortisol and milk powder[J]. Rock Mineral Anal, 2013, 32(2): 330-333.
method comparison: Ultrafiltation, equilibrium dialysis, tracer [49] [7].
dilution, tandem mass spectrometry and calculated free corti- , 2010, 29(8): 859-863.
sol[J]. Clin Chim Acta, 2011, 412(11-12): 1043-1047. Li HY. Determination of sodium cyclamate in distillate spirits by

[39] s , s non-derivatized on chromatography[J]. J Instrum Anal, 2010,
[J]. , 2005, 5(2): 55-59. 29(8): 859-863.

Luo AW, Liu XH, Ren YM, et al. Study on ultra-filtration clari- [50] R , -
fication technique of kiwi-fruit dry wine[J]. J Chin Ins Food Sci 1. , 2006, 24(3): 298-301.
Tech, 2005, 5(2): 55-59. Sun YX, Huang JJ, Gu P. Determination of trace haloacetic acids

[40] s . . in drinking water using ion chromatography coupled with solid

,2009, 28(B12): 206-208. phase extraction[J]. Chin J Chromatogr, 2006, 24(3): 298-301.
Wu T, Hao ZW. Determination of thiocyanate in milk by ion [51] s ,
chromatography[J]. Chin J Anal Lab, 2009, 28(B12): 206-208. [J]. ,2010, 28(4): 422-425.

[41] Regula C, Carretier E, Wyart Y, et al. Ageing of Polysulfone Ul- Li J, Wang Y, Liang LN. Simultaneous determination of iodide
trafiltation Membranes for Drinking Water Production in Contact and thiocyanate in powdered milk using ion chromatography
with Sodium Hypochlorite or Formulated Detergents[J]. Proc with mixed-mode column[J]. Chin J Chromatogr, 2010, 28(4):
Eng, 2012, 44: 1038—1040. 422-425.

[42] Niemann RA, Anderson DL. Determination of iodide and thi- [52] Andrade FI, Guedes MIF, Vieira IGP, et al. Determination of
ocyanate in powdered milk and infant formula by on-line synthetic food dyes in commercial soft drinks by TLC and
enrichment ion chromatography with photodiode array detec- ion-pair HPLC[J]. Food Chem, 2014, 157(15): 193-198.
tion[J]. J Chromatogr A, 2008, 1200(2): 193-197. [53] Fontanals N, Borrull F, Marc¢é RM. On-line weak cationic

[43] , s - mixed-mode solid-phase extraction coupled to liquid chromato-

[J]. ,2008, 37(2): 225-227. graphy-mass spectrometry to determine illicit drugs at low con-
Li JW, Wang GD, Yang YX. Determination of polydextrose in centration levels from environmental waters[J]. J Chromatogr A,
food by high performance anion exchange chromatographic me- 2013, 1286: 16-21.
thod with pulsed amperometric detector[J]. J Hyg Res, 2008, [54] , s s



1295

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[J1. ,2012, 30(4):419-422.
Wang Y, Wu B, Lian H, et al. Determination of glyphosate in
heart blood of corpse by ion chromatography[J]. Chin J Chroma-
togr, 2012, 30(4): 419-422.

Zhang H, Zhu J, Aranda-Rodriguez R, et al. Pressure-assisted
electrokinetic injection for on-line enrichment in capillary elec-
trophoresis—mass spectrometry: a sensitive method for measure-
ment of ten haloacetic acids in drinking water[J]. Anal Chim Acta,
2011, 706(1): 176—183.

Ayushi D, Sengupta A, Kumar SD, et al. Derivatization ion
chromatography for the determination of monoethanolamine in
presence of hydrazine in PHWR steam-water circuits[J]. Int J An
Ch, 2011, 5: 1-5.

Gan Z, Sun H, Wang R, et al. A novel solid-phase extraction for
the concentration of sweeteners in water and analysis by ion-pair
liquid chromatography—triple quadrupole mass spectrometry[J]. J
Chromatogr A, 2013, 1274: 87-96.

Nozal MJ, Bernal JL, Diego JC, et al. Determination of oxalate,
and nitrate  in

sulfate honey

J Chromatogr A, 2000, 881(1-2):

and honeydew by
ion-chromatography[J].
629-638.

[J].
,2010, 28(9): 893-897.
Cao JX, Hang YP, Lu JP, et al. Determination of nonnitrogenous
organic acids and inorganic anions in sugarcane molasses and
molasses alcohol waste by ion chromatography with solid-phase
extraction[J]. Chin J Chromatogr, 2010, 28(9): 893—-897.
McGillicuddy N, Nesterenko EP, Nesterenko PN, et al. Chelation
ion chromatography of alkaline earth and transition metals a us-
ing monolithic silica column with bonded
N-hydroxyethyliminodiacetic acid functional groups[J]. J Chro-
matogr A, 2013, 1276: 102—111.
Siriraks A, Kingston HM. Chelation ion chromatography as a
method for trace elemental analysis in complex environmental
and biological samples[J]. Anal Chem, 1990, 62(11): 1185-1193.
Wagner HP, Pepich BV, Pohl C, et al. US Environmental Protec-
tion Agency Method 314.1, an automated sample preconcentra-
tion/matrix elimination suppressed conductivity method for the
analysis of trace levels (0.50 pg/L) of perchlorate in drinking
water[J]. J Chromatogr A, 2006, 1118(1): 85-93.
[J]. ,2008, 36(2): 187-191.
Han J, Liang LN, Mou SF, et al. Determination of trace iodide in
saturated brine

using ion chromatography[J]. Chin J Anal
Chem, 2008, 36(2): 187-191.

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

, . 1 ,
2012, 32(12): 22-28.
Huang YR, Zhou QX. Research progress of solid phase extrac-
tion adsorbent[J]. Metallurg Anal, 2012, 32(12): 22-28.
Braus H, Middleton FM, Ruchhoft CC. Systematic analysis of

organic industrial wastes[J]. Anal Chem, 1951, 24(12):
1872-1876.

21 [J1. , 2007, 25(1):
107-111.

Lin HY, Lin FH, Sheng LN, et al. Simultaneous determination of
twenty-one organic acids in food by ion chromatography with
eluent autogeneration[J]. Chin J Chromatogr, 2007, 25(1):
107-111.

Marwaniab HM, Albishria HM, Ezzat M. Selective adsorption
and determination of hexavalent chromium in water samples by
chemically modified activated carbon with
tris(hydroxymethyl)aminomethane [J]. J Disper Sci Technol,
2012, 33(4): 549-555.

Ensafi AA, Shiraz AZ. On-line separation and preconcentration
of lead (II) by solid-phase extract ion using activated carbon
loaded with xylenol orange and its determination by flame atom-
ic absorption, spectrometry[J]. J Hazard Mat, 2008, 150:
554-559.

Iijima S. Helical microtubules of graphitic carbon[J]. Nature,
1991, 354: 56-58.

Cai Y, Jiang G, Liu J. Multiwalled carbon nanotubes as a sol-
id-phase extraction adsorbent for the determination of bisphenol
A, 4-n-nonylphenol, and 4-tert-octylphenol[J]. Anal Chem, 2003,
75(10): 2517-2521.

Zhou Q, Ding Y, Xiao J. Sensitive determination of thiamethoxam,
imidacloprid and acetamiprid in environmental water samples with
solid-phase extraction packed with multiwalled carbon nanotubes
prior to high-performance liquid chromatography[J]. Anal Bioanal
Chem, 2006, 385(8): 1520-1525.

Liu Q, Shi J, Sun J, et al. Graphene and graphene oxide sheets
supported on silica as versatile and high-Performance adsorbents
for solid-Phase extraction[J]. Angew Chem Int Edit, 2011,
123(26): 6035-6039.

Wang Z, Cui H, Xia J, et al. A novel method for Bisphenol A
analysis in dairy products using graphene as an adsorbent for
solid phase extraction followed by ion chromatography[J]. Food
Anal Method, 2013, 6(6): 1537-1543.

Guan W, Li Z, Zhang H, et al. Amine modified graphene as re-

versed-dispersive solid phase extraction materials combined with

liquid chromatography—tandem mass spectrometry for pesticide



1296

[75]

[76]

[77]

[79]

[80]

(81]

multi-residue analysis in oil crops[J]. J Chromatogr A, 2013,
1286: 1-8.

[J]. ,2005, Z1(24): 263-267.
Chen R, Wang XL, Gao HY, et al. Determination of bromate in
drinking water by using ion chromatography[J]. J Agro-Environ
Sci, 2005, Z1(24): 263-267.

[J]. ,2002, 20(2): 129-132.
Liu YJ, Mou SF, Du B, et al. Determination of trace bromated
and chlorate in drinking water by microwave concentration-ion
chromatography[J]. Chin J Chromatogr, 2002, 20(2): 129-132.
[J]. ,2012, 31(3): 55-58.

Yang M, Xie J, Yang SK, et al. Study on determination of trace
bromate in drinking water by microwave concentrating methyl
orange spectrophotometry[J]. Chin J Anal Lab, 2012, 31(3):
55-58.

7 [J].
30(11): 1324-1328.

,2011,

Xiong WM, Pan CS, Wu LT, et al. Simultaneous determination of
seven inorganic anions on the surface of printed circuit board
(PCB) by ion chromatography with microwave preconcentra-
tion[J]. J Instrum Anal, 2011, 30(11): 1324—1328.

Chang KC, Su JJ, Cheng C. Development of online sampling and
matrix reduction technique coupled liquid chromatography/ion
trap mass spectrometry for determination maduramicin in chick-
en meat[J]. Food Chem, 2013, 141(2): 1522-1529.

Pan J, Zhang C, Zhang Z, et al. Review of online coupling of
sample preparation techniques with liquid chromatography[J].
Anal Chim Acta, 2014, 815(7): 1-15.

Zhong Y, Zhou W, Zhu H, et al. A single pump column-switching
technique coupled with polystyrene-divinylbenzene—carbon na-

notubes column for the determination of trace anions in different

concentrated organic matrices by ion chromatography[J]. Anal

Chim Acta, 2011, 686(1-7): 1-8.

[82] Tian K, Caiias JE, Dasgupta PK, et al. Preconcentration/preelution

ion chromatography for the determination of perchlorate in com-

plex samples[J]. Talanta, 2005, 65(3): 750-755.

[83] Lamb JD, Simpson D, Jensen BD, et al. Determination of per-

chlorate in drinking water by ion chromatography using macro-
cycle-based concentration and separation methods[J]. J Chroma-

togr A, 2006, 1118(1): 100-105.

[84] Wang N, Wang RQ, Zhu Y. A novel ion chromatography cycl-

ing-column-switching system for the determination of low-level
chlorate and nitrite in high salt matrices[J]. ] Hazard Mat, 2012,
235-236: 123-127.

[85] Huang Z, Subhani Q, Zhu Z, et al. A single pump cycl-

ing-column-switching technique coupled with homemade high
exchange capacity columns for the determination of iodate in
iodized edible salt by ion chromatography with UV detection[J].
Food Chem, 2013, 139 (1-4): 144-148.

[86] Xiong Z, Dong Y, Zhou H, et al. Simultaneous determination of

16 organic acids in food by online enrichment ion chromatogra-

phy—mass spectrometry[J]. Food Anal Method, 2014, in press.
(=% 48 M%)

fEZ &

TR, BEHRE, TEMRTE
ABEFEEMERIF.
E-mail: wnn8511@163.com

KE, B, HIXFURER, £EH
ROBABTFEIE. ERANMIESR.

E-mail: zhuyan@zju.edu.cn




