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lon mobility spectrometry and its application in food monitoring
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ABSTRACT: Ion mobility spectrometry (IMS) is a new powerful detection technology which is fast, simple,
high sensitivity, and smart, and has been developed rapidly in recent years. It has been applied to many fields
such as hazardous goods detecting, pharmaceuticals, environmental protection, and so on. The structure, work-
ing principle and its application were introduced briefly in this article. Its application in food monitoring was
emphasized on, including the detection of toxic and harmful substances in food like pesticides, veterinary drugs
and so on, as well as the detection of the volatile of foodstuffs. Its application in food industry includes food
production process control(like controlling the fermentation of beer), storage process monitoring(choosing the
best conditions for food preservation), classification, authenticity identification(distinguishing olive oil and
wine from different origins and ranks). At last, it was discussed that the advantages and disadvantages of IMS
by comparing with those commonly used detection technology(HPLC and GC). IMS should has a great poten-
tial in the fields of food safety and quality control such as improving food quality, optimizing the production
process and standardizing the market behavior.

KEY WORDS: ion mobility spectrometry; food; residues detection; volatile detection

HEWAH: (40871109) (2012C10014)

Fund: Supported by the National Natural Science Foundation of China (21105125), and Science and Technology Program of Ning-
bo(2012C10014)

*EBIES: R R s , E-mail: xewang@zju.edu.cn

*Corresponding author: WANG Xiao-Chang, PhD, Professor, Institute of Tea Science, Zhejiang University, Hangzhou 310000, China. E-mail:
xcwang@zju.edu.cn



1088

=
Ju
il

(ion mobility spectrometry, IMS)
1970 m,

[2]

10°~107"0 B
, IMS

[4]

[5-7]

[8-91 , TNT DNT
ADNT NT TNB [

(triacetone triperoxide, TATP)
[12-14] [15-16]

[11]

>

[17-18] [19-20]

[21-22] ’ IMS

[23]

2 IMS T{EJRIE

VO >

[25-26]

(radioactive source) (corona dis-
charge) (photoionization)

(electrospray ionization, ESI)

(laser desorption ionization) (low
temperature plasma, LTP) [27-28]
IMS ’
GC/LC [29]
’ IMS
[30]

(solid phase microextraction, SPME) R SPME

IMS Bl Ge/Le

IMS
[32]

3 IMSERZ&H. B s AR FH
3.1 l?x% ﬁﬁ%hlﬂ"l

MS
IMS 1,
b ( b b
) 2
BT K
S
ﬁWJJQJJIEIII 0 O O O O
® © o Ie‘!
LY o %0 0% oo 100, 4 c W A o
AR T R -
+ Ol .4_
/lllllo- ||||||||||(%Mg

ERARRO

1 IMS
Fig.1 Schematic illustration of IM

[24]

g241



4 S 1089
[33]
3.3 B mifEERE I IE N
, 63Ni ,
, 10 s, ’
1 ng 5 ng, 8.4% ’
7.2%, . ( )
Jafari B4 ’
(ESI-IMS) ’
3.8 ug/L 4.7 ng/L,
He He GC-UV-IMS
LC GC CE ,
IMS
’ ’ 0.8 4.0 8.3 min ,
’ 4.0 8.3 min , 0.8 min
’ , 1.0 13.5 20.5min
(FUR) (CAP) (ENR)
IMS ’
IMS
(1£0.0001)g ,
5mL (37]
3:2,
. (TMA)
1:1, pH 3.0, 4000 r/min
5 min, 1/3, ’ Bota ¥
Cis
20 pg/k tMS ’
Hg/Kg,
(3] (0.6+0.2) ng, s
32 HErgiEEsl
(TCA), 2,4,6-
5~6 d, (2,4,6-TCA),
, (diacetyl)  2.3- , « 7,
(2,3-pentanedione) s S 1~10 2,4,6-TCA
R SPME , GC-ECD
s GC-MS , 1~100 ng/L
s 2,3- Marquez-Sillero (391
Vautz B R s
IMS 2 mL s >
60 C, 0.01 ng/L ,
IMS , GC-MS (PUFAs),
IMS , , (EPA) (DHA),
IMS (Cu Fe )

Marquez-Sillero 1)



1090 5

, IMS ,
4 B E
0.3~3.0 pg/L [43]
36 d ,
, IMS (IMS)
’ ( 1),
3.4 BEEMES ,
s IMS
IMS ,
, Alonso ™ 65 ’ ’
IMS
, 150 C ’
R R IMS , 95.5%
F1 IMS ERBEERENZE LK
[37] ’ Table 1 Comparison between IMS and other commonly
Vautz used laboratory equipments
N HPLC[44—48] GC[A‘)—SO] lMs[&Sl]
GC-UV-IMS IMS : ’ | )
) > 0.1pg/L 0.01pg/L 1pg/L
2 2 2
IMS , 3
Garrido-Delgado 4 3
[42]
R UV-IMS GC-IMS &%k
UV-IMS 60~120 C
[1] Herbert H, Hill Jr, William F, et al. Ion mobility spectrometry[J].
. ’ Anal Chem, 1990, 62(23): 1201-1209.
150 C GC-IMS ) ) »
[2] Eiceman GA, Karpas Z, Hill Jr, et al. Ion mobility
GC > 60 C spectrometry[M]. CRC Press, 2013.
[3] Armenta S, Alcala M, Blanco M. A review of recent,
5 unconventional applications of ion mobility spectrometry
, UV-IMS 86.1%, GC-IMS (IMS)[J]. Anal Chim Acta, 2011, 703(2): 114-123.

100% [4] Baumbach JRI, Eiceman GA. Ion Mobility Spectrometry: Arriv-



1091

[3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[15]

[17]

(18]

ing On Site and Moving Beyond a Low Prole[J]. Appl Spectrosc,
1999, 53(9): 338-355.

Eiceman G, Nazarov EG, Stone JA. Chemical standards in ion
mobility spectrometry [J]. Anal Chim Acta, 2003, 493(2):
185-194.

Makinen MA, Anttalainen OA, Sillanpaa ME. Ion mobility spec-
trometry and its applications in detection of chemical warfare
agents[J]. Anal Chem, 2010, 82(23): 9594-9600.

Harris GA, Kwasnik M, Fernandez FM. Direct analysis in real
time coupled to multiplexed drift tube ion mobility spectrometry
for detecting toxic chemicals[J]. Anal Chem, 2011, 83:
1908-1915.

Ewing RG, Atkinson DA, Eiceman GA, et al. A critical review of
ion mobility spectrometry for the detection of explosives and ex-
plosive related compounds [J]. Talanta, 2001, 54(3): 515-529.
Tabrizchi M., ILbeigi V. Detection of explosives by positive co-
rona discharge ion mobility spectrometry [J]. J Hazard Mater.
2010,176: 692—-696.

Asbury GR, Klasmeier J, Hill HH. Analysis of explosives using
electrospray ionization/ion mobility spectrometry (ESI/IMS) [J].
Talanta, 2000, 50(6): 1291-1298.

Buttigieg GA, Knight AK, Denson S, et al. Characterization of
the explosive triacetone triperoxide and detection by ion mobility
spectrometry [J]. Forensic Sci Int, 2003, 135(1): 53-59.

Phares DJ, Holt JK, Smedley GT, et al. Method for characteriza-
tion of adhesion properties of trace explosives in fingerprints and
fingerprint simulations [J]. J Forensic Sci, 2000, 45(4): 774-784.
Verkouteren JR, Staymates JL. Reliability of ion mobility spec-
trometry for qualitative analysis of complex, multicomponent il-
licit drug samples [J]. Forensic Sci Int, 2011, 206(1-3): 190-196.
Miki A, Keller T, Regenscheit P, et al. Application of ion
mobility  spectrometry to the rapid screening of
methamphetamine incorporated in hair[J]. J Chromatogr B: Biom
Sci Appl, 1997, 692(2): 319-328.

Schmidt H, Baumbach J, Klockow D. Detection of perfluorocar-
bons using ion mobility spectrometry [J]. Anal Chim Acta, 2003,
484(1): 63-74.

Marquez-Sillero I, Aguilera-Herrador E, Cardenas S, et al.
Ion-mobility environmental
Trac-Trend Anal Chem, 2011, 30(5): 677—690.
Connie MG, John CR, John FK, et al. Detection of undeclared

spectrometry  for analysis[J].

erectile dysfunction drugs and analogues in dietary supplements
by ion mobility spectrometry [J]. J Pharm Biomed Anal, 2009,
49(3): 601-606.

Armenta S, Alcala M, Blanco M, et al. Ion mobility spectrometry

for the simultaneous determination of diacetyl midecamycin and

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[29]

[31]

[32]

detergents in cleaning validation [J]. J Pharm Biomed Anal, 2013,
83:265-272.

Westhoff M, Litterst P, Maddula S, et al. Differentiation of
chronic obstructive pulmonary disease (COPD) including lung
cancer from healthy control group by breath analysis using ion
mobility spectrometry[J]. Int J Ion Mobil Spec, 2010,13:
131-139.

Rudnicka J, Mochalski P, Agapiou A, et al. Application of ion
mobility spectrometry for the detection of human urine [J]. Anal
Bioanal Chem, 2010, 398: 2031-2038.

Ruzsanyi V. Ion mobility spectrometry for pharmacokinetic stu-
dies-exemplary application [J]. J Breath Res, 2013, 7(4): 046008.
Vautz W, Baumbach JI. Exemplar Application of Multi-Capillary
Column Ion Mobility Spectrometry for Biological and Medical
Purpose [J]. Int J Ion Mobil Spec, 2008, 11(1-4): 35-41.

Vautz W, Zimmermann D, Hartmann M, et al. Ion mobility spec-
trometry for food quality and safety [J]. Food Addit Contam,
2006, 23(11): 1064—-1073.

Sielemann S, Baumbach J, Schmidt H, et al. Detection of alco-
hols using UV-ion mobility spetrometers [J]. Anal Chim Acta,
2001, 431: 293-301.

Borsdorf H, Eiceman GA. Ion Mobility Spectrometry: Principles
and Applications [J]. Appl Spectrosc Rev, 2006, 41(4): 323-375.
Sysoev A, Adamov A, Vildanoja J, et al. Development of an ion
mobility spectrometer for use in an atmospheric pressure ioniza-
tion ion mobility spectrometer/mass spectrometer instrument for
fast screening analysis [J]. Rapid Commun Mass Spectrom, 2004,
18(24): 3131-3139.

Bell AJ, Ross SK. Reverse Flow Continuous Corona Discharge
ITonisation [J]. Int J Ion Mobil Spec, 2002, 5: 95-99.

Guharay SK, Dwivedi P, HillJr HH. Ion Mobility Spectrometry:
Ion Source Development and Applications in Physical and Bio-
logical Sciences [J]. IEEE Trans Plasma Sci, 2008, 36(4):
1458-1470.

Borsdorf H, Mayer T, Zarejousheghani M, et al. Recent
Developments in Ion Mobility Spectrometry [J]. Appl Spect Rev,
2011, 46(6): 472-521.

Borsdorf H, Nazarov EG, Eiceman GA. Atmospheric pressure
ionization and gas phase ion mobility studies of isomeric dihalo-
genated benzenes using different ionization techniques [J]. Int J
Mass Spectrom, 2004, 232(2): 117-126.

Lokhnauth JK, Snow NH. Solid phase micro-extraction coupled
with ion mobility spectrometry for the analysis of ephedrine in
urine [J]. J Sep Sci, 2005, 28(7): 612-618.

Eiceman GA, Yuan-Feng W, Garcia-Gonzalez L, et al. Enhanced

selectivity in ion mobility spectrometry analysis of complex



1092

[33]

[34]

[35]

[36]

[39]

[40]

[41]

[42]

[43]

mixtures by alternate reagent gas chemistry[J]. Anal Chim Acta,
1995, 306(1): 21-33.

[J]. ,2011, (04):30-33 .
Wang JF, Zhang ZX, Du ZX, et al. Detection of malathion and
dichlorovos in cherry tomatoes using a hand-held ion mobility
spectrometer [J]. Chin J Anal Lab, 2011, (04): 30-33.
Jafari M, Torki F, Saraji M. Simultaneous determination of nitrite
and nitrate in potato and water samples using negative electro-
spray ionization ion mobility spectrometry [J]. Anal Sci, 2012,
28(4): 391-395.
Jafari M, Khayamian T, Shaer V, et al. Determination of veteri-
nary drug residues in chicken meat using corona discharge ion
mobility spectrometry [J]. Anal Chim Acta, 2007, 581(1):
147-153.
Vautz W, Baumbach JI, Jung J. Beer fermentation control using
ion mobility spectrometry-results of a pilot study [J]. J Inst Brew,
2006, 112(2): 157-164 .
Vautz W, Baumbach J. Analysis of Bio-Processes using Ion Mo-
bility Spectrometry [J]. Eng Life Sci, 2008, 8(1): 19-25.

Bota GM, Harrington PB. Direct detection of trimethylamine in
meat food products using ion mobility spectrometry [J]. Talanta,
2006, 68(3): 629-635.

Marquez-Sillero I, Cardenas S, Valcarcel M. Direct determination
of 2, 4, 6-tricholoroanisole in wines by single-drop ionic liquid
microextraction coupled with multicapillary column separation
and ion mobility spectrometry detection [J]. J Chromatog A,
2011, 1218(42): 7574-7580.
Marquez-Sillero 1, Cardenas S, Sielemann S, et al. On-line
headspace-multicapillary column-ion mobility spectrometry hy-
phenation as a tool for the determination of off flavours in foods
[J]. J Chromatog A, 2014, 1333(14): 99-105.
Alonso R, Rodriguez-Estévez V, Dominguez-Vidal A, et al. Ion
mobility spectrometry of volatile compounds from Iberian pig fat
for fast feeding regime authentication [J]. Talanta, 2008, 76(3):
591-596.
Garrido-Delgado R, Mercader-Trejo F, Sielemann S, et al. Direct
classification of olive oils by using two types of ion mobility
spectrometers [J]. Anal Chim Acta, 2011, 696(1-2): 108—115.

[3]. , 2013, 4(2): 596—-603.
Zhang HL, Yang S, Jiang K, et al. Current situation and prospects
of food safety systems in China [J]. J Food Safe Qual, 2013, 4(2):

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

596-603.

, . [J].

,2013, 4(1): 11-18.

Gao J, Miao H. Recent development of analytical methods for
veterinary drug residues [J]. Food Safe Qual, 2013, 4(1): 11-18.
Yao S, Meyer A, Henze G. Comparison of amperometric and
UV-spectrophotometric monitoring in the HPLC analysis of
pesticides[J]. Fresen J Anal Chem, 1991, 339(4): 207-211.
Aulakh J, Malik A, Kaur V, et al. A Review on solid phase micro
extraction-high
(SPME-HPLC) analysis of pesticides [J]. Crit Rev Anal Chem,
2005, 35(1): 71-85.
Kumar A, Sudha V, Swaminathan S, et al. Comparison of HPLC

performance liquid chromatography

& spectrophotometric methods for estimation of antiretroviral
drug content in pharmaceutical products [J]. Indian J Med Res,
2010, 132 (4): 390-394.

Karpas Z, Tilman B, Gdalevsky R, et al. Determination of vola-
tile biogenic amines in muscle food products by ion mobility
spectrometry [J]. Anal Chim Acta, 2002, 463(2): 155-163.
Wittke K, Hajimiragha H, Dunemann L, et al. Determination of
dichloroanilines in human urine by GC-MS, GC-MS-MS, and
GC-ECD as markers of low-level pesticide exposure[J]. J Chro-
mato B: Biome Sci Appl, 2001, 755(1-2): 215-228.

Bicchi C, Cordero C, Iori C, et al. SBSE-GC-ECD/FPD in the
analysis of pesticide residues in Passiflora alata Dryander herbal
teas[J]. J Agric Food Chem, 2003, 51(1): 27-33.

Baumbach J. Process analysis using ion mobility spectrometry[J].

Anal Bioanal Chem, 2006, 384: 1059—-1070.
(T 1EY 5 R %)

EZ &I

FEMDEE, HEEEE, FEHRAE
AEMHESSHREA.
E-mail: 11316067 @zju.edu.cn

IRE. Bt HR, BLHRES
i, EEMRAAAFELRRERE S
&7, FMESONREMA.

E-mail: xewang@zju.edu.cn



