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Research Progress on Application of GC-MS/MS

CHEN Xiao-shui, HOU Hong-wei, BIAN Zhao-yang, TANG Gang-ling, HU Qing-yuan
(China National Tobacco Quality Supervision and Test Center , Zhengzhou 450001, China)

Abstract: Relying on its high sensitivity and strong anti-jamming capability, gas chromatog-
raphy-tandem mass spectrometry(GC-MS/MS) was widely used in chemical, biological and
environmental analysis. This paper overviewed recent progress on the application of GC-
MS/MS since 2000. Most of the relevant works were in the area of pesticide residues, envi-
ronmental pollutants (including PAHs, PCBs, PBDEs, PCDD/Fs) and steroid hormones.
The discussion mainly contained two aspects. First, the advantages of GC-MS/MS in the
analysis of different targets were compared to other instruments, Second, the methods of
sample treatment were widely used and suitable for GC-MS/MS analysis. Furthermore, do-
mestic application of GC-MS/MS was stated simply, and the future development of applica-
tion in GC-MS/MS was reviewed.
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BOMTHEEFREM SR FREETE
FiWEFEF B BRYN _REEE , 2
SrREEKX EEZSE 75 F 3 # (product-ion
scan) BB F 494 (precursor-ion scan) . 1 P E
L H# (neutral-loss scan) #1122 & i WM (multi-
reaction monitoring, MRM), "% %K F &
PESATE T H R R F R R, UL RO & 40k
PTG . HE YW TIEEHEK
AT, Al 5y = F PR AT 5 3 (QQQ-MS/MS) .
B FBE R (IT-MS/MS) . PR 4F A7 i [6] & 3%
(Q-TOF MS) Fil U #% #F-4& ¥ B F Bk Fit i (Q-
trap-MS/MS) %,

2 GC-MS/MS W& F
2.1 #iR

HZE 2012-06-28, 7F ISI-Web of science #%
EEFKER, FHH“GC-MS/MS”or “gas chro-
matography-tandem mass spectrometry”, £ &
R 1 125 A 3CHR ; 25 48 i [H] 3¢ € 24 “2000
~2012”,3t74 887 &5, B FH A~ FHE 1.
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Fig.1 The related literatures about “GC-MS/MS” between 2000 and 2012 (data source: Web of Science)
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M 1 "4, 5 GC-MS/MS Hf 36 i i F 3C
HREERA KL, HF 2010 F£A4 it 100 5/
FERARBEREEZE AR, M E R 1983 4
FRAMHXSCMEEE, K4 TIEERE
2000 EJ5 A REM

5 & 2 SCHRBUN Z 08 8K OR, H8 56 SCHR 9
BT HE 2 2R 5K #2011 4E 98T AT
KEZEH 2370 K, PHEREII KA
16 K.

GC-MS/MS 7E 45 M1 1k 2% . 4 ¥ 4k 2 F 35 3
Flepse 2 RN A2 w2 HH B2 SOk A
kb T A2 U4, W Camino-Sanchez 2551 F B i
JE YBUHE 2 B0 P A T A 2E B (PLE-SBSED 4k
G F UL Y, FE R B PR WGH R A T L R
86 FhiFAMA HLIE Yy (POPs) , (k& T3R8 R}
2, R FA2E B 0 B ST
2.2 2000~2012 £ GC-MS/MS K5z F

B lc RN KRB ERFmitfT 52, &
BT X 2000~2012 47 ) 887 & SCHRHE AT
B A, X GC-MS/MS ) B4k B B
WHEATER R
2.2.1 KRB A 236 FICM SRR
A%, & GC-MS/MS W & £ 1, X — S &
I EE BT RETE AR AN BR A TAE TR BRI E M .

BRMBEERE— MR B E A —
T R RR Bk 2 B A 4R o, EE AR 25 5R BR A 4y
MrERMMBEB™HE, REER . LTHRESD
58 F R B X - E R AR 25 AT AT GC-
MS/MS F&BE T AMTKEBE.

KRB ERERFIRELS, FEFK
REFX Z B R KBRS A AS.
B GO AR L E S N
BORK HAB.AW OKET BILEN A
Mg,

2000 4E, Vidal %M 3% B GC-ECD #1 GC-
MS/MS 43 H7 A ML B9 B 7 B FAR 4 & B
P AT BR (LOD) 43 3 % 0. 03 pg/L #1 0. 05
pg/L,fH GC-MS/MS i 2 it T $h fk 1 3R,
Frenich 25 [|#: #] B GC-ECD #1 GC-MS/MS
A3 ALV R A AR 25 Cnpk g, SCERH),
DDT %), RAFEBMB TR -BMER.

2001 4 ,Gamon %" FI N AL, & F
St - A Y T YA VR AR B T R A U K SR AR S R
80 M RZG3R B, LIEAHLE B HLBE. A HLAE

IR BAG R, WA STt A7 T AR R B F 4k Jr
K (EI vs CD X bG5B 5%

2002 4E, Takeda 2" %} L 43 7 B8 F Bk R %%
£ GC-MS-SIM Fl GC-MS/MS A R4 2 T o 3
BAE D RORFR P AR Z 3R 8B A A 2=
SR 35 MRAWKEI FBREMFSHERXT
ZRAK,EFRBIE 50 pg/L BIMFRAF T X
TAWAEE LB 2, MS/MS LT & KT
#t b Ik SIM-MS £ #,

2005 4E , Gonzalez-Rodriguez 21 F|| B [& 46
B R BB AR B2 B o B AR 245 B AR A, A I
FRATiX% 0. 02~1.00 pg/L. XF 15 4355l §543 .3
MEEFLR 17 I E TR R AL R
R ER & BT % A (DDE) B AR 9 .

2008 4E, Frenich £FI 3 WS AE S =%
DU AR FF (QQQ) FIES F B (IT) Wi R — 4% i BX
AP 19 MRBHNSEEEZR, EREERNE
JRFIRSEE . R3S BOM H AR R 22 P9 5 T2
S.HEHRFRERZ IT £ F QQQ; QQQ M £
P PRl B9, 2R B B A5 7E R A R AL
NEFAKBEEGES QQQ 3% H i R %
g HOIT &/,

2010 4, Wong %001 f] B GC-MS/SIM 1
GC-MS/MS 4+ #7 T AR KR FER K /g 167 F
RGFRE . WER FHLE Y D FEE BT
BT LT B FRIZEN A 10 Rk =
¥R QuEChERS Jrik# 1T RT AL, & FF R B
JG, a2, A IR W B 3R] (PSA L C18.GCB
BT BEMEER S, IR, ZHR
ERAHERNEFEENSERE.

AR 9 — M AR AL FE R B AL R 4
M ERESF T . GC-MS/MS %58 R & T B AR
B R, AR T BEM TIEEBERNEE.
B AL 3 J5 ¥k A 9 50 ZE B 1B A 2 [ A B
RE 35 e ek R A B o S YR 2K B R I R
R ZE B . QUEChERS J5 ¥ il i 4 Bh R B %%

2007 4E, Lambropoulou 25 5t Fi B £, -
FIEER A T AR 2558 B AT AL B B AT T
BEE, HEES L UM 2007 FF 201, Ri#tfh
HE , ABFAUIT 2007 ~2012 4 f) B 45 SCHk 2
TR, Bgh GC-MS/MS 7 4% 24 5% B8 J7 [0 ) hf
M. TFE 1

B 1 /4, 7EF H GC-MS/MS 1E 4 1
FBat, 5% B AT AL 3 J7 B & QuEChERS ¥
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COERNABR G 73 BUE ARSI T k52
AL, LA A I AL L O] BRL, RE I A VA I TH AR
B, BEX L+ R0 B AR BARY AT R
PRI AL, (B A X F SPE ¥k 5 8ok U, &
KRWARFEEREFRTRBUER. SHTIH
BE IR A S BB, AU IR T &R T A

FFR 4y {1 B P T R, T LB R R AR R R
FF 0 & 1%, B QuEChERS J7 : 75 DL
K. QQQ L IT Wi HEE S, K¥ 4 B tn
Y e R BE W 2R ER AT B SR (70 % ~
120%) , & B (LOQ) — i 7E 1 ~100 ng/g Z
], AT LA AR 23R B IR R K .

Fz1 2007~2012 &£ GC-MS/MS E I FRABRBANNBALHMELE
Table 1 Part of the literatures in “2007—2012” applying the “GC-MS/MS” in the analysis of pesticide residues

E-351) Hiry b 32 7S R+ B ii[:&)/ B3/ % *;X;?f EZ BN
e oL LIk 144 QuEChERS QQQ-MS/MS NG 70~120 <20 [12]
EiliE ocC LLE-SPE QQQ-MS/MS  0.02~0.35  92~116 3~15 [13]
R EY 167 QuEChERS QQQ-MS/MS 1~50 73~117 <20 [10]
KR 50 SE-d-SPE IT-MS/MS <20 70~120 <20 [14]
KEMEEE 121 QuEChERS QQQ-MS/MS 1~3 80~116 <20 [15]
KRB 130 ASE-GPC QQQ-MS/MS <10 70~120 <20 [16]
ASH 168 SE-SPE QQQ-MS/MS 7 64~118 <20 [17]
i 21 Pyre QuEChERS IT-MS/MS 2.5~10 77~115 < 20 [18]
SHER 129 QuEChERS QQQ-MS/MS 5~70 70~120 <20 [19]
=23 22 QuEChERS IT-MS/MS <20 78~115 ~8.7 [20]
K& 22 SPME QQQ-MS/MS  0.05~10 72~84 <25 [21]
i 150 QuEChERS QQQ-MS/MS <50 70~120 <20 [22]
A 9 OP MAE-SPE QQQ-MS/MS 7~20 62~99 <20 [23]

PM 10 FT R A
—— 40 MAE-GPC QQQ-MS/MS  1.32~39,478  70~120 <30 [24]
oy 17 MAE-SPE IT-MS/MS <0. 077 ~100 <13 [25]
PR 10 Pyre ASE-SPE IT-MS/MS 0.3~2.5 60~91 <16 [26]
ot 19 OC QuEChERS-LLE  QQQ-MS/MS 1.0 70~100 <20 [27]
bk 49 LLE PLE, QQQ-MS/MS  15~157 71~121 <13 [28]
QuEChERS

ik 3 15 MSPD QQQ-MS/MS 1~50 73~112  0.8~15.3 [29]
=¥t 24 SPME QQQ-MS/MS 0.16~219, 23> 70~121 <20 [30]

H:DNG. R4 M LLE . R XL ; SPE . [E M XX BL; SE. ¥ 7 2 B ; d-SPE(JF] MSPD) . % 5 43 # 5 A0 3 B ; ASE . i3 5 7l 3R B
GPC. B 8 & 835 ; SPME . FE A% FE B MAE. # B 48 B B PLE. il FE WA ZE B
2)0C. B LA ; OP: HHLBER 2 ; Pyre(pyrethroid) . SR B2 ERR 24 5
3)IT-MS/MS. B T Bt R X T 3 ; QQQ-MS/MS, = T U #% AT 8 Bk 5 3% 5
4)a. 1. 32~39. 47 pg/m®;b. 016~219. 23 pg/L

2.2.2 HEBERY SVNERYEEREZR
5% (PAHs) . 2 @ B %X (PCBs) . £ W HK 28 Bk
(PBDEs) ., M3 (PCDD/Fs) 4, H. &5 ¥ 7~ T &
2, M E3CHR 150 B A A .

ZIRFFIRR A AR A M R e 2 R
PR, TR EA 2 AU BRI REL
Y, FEEFEETHBUEE. PIRERH, UXE
I RANER K PAHs 5. RBA K. 3
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By PAH A KR A A, B, X
BY RFKFE PAH 04— EHE AT
A B A

ZREE ZHEEBLSWEL, TREE
P TWERRFEHEHABRAORE R, A
Py AR R By 21 2 rh RN AT X A3 B A1
WliE. PR WR—RIGATRY, HTEE

Wik & &, T HE KR R, 2w AL
(KCN)# A 1 000 £% . FIZHIFRERL, AL
Befih 2 QIR | ZIRBCRBE A IR EE RS
wRRY KMEIE.

Xt 2000~2012 4 F| H GC-MS/MS i# 47 LA
b4 KRBIRY T SCER B R AT BT
& 2,

(1 X
01m/ / O ~ \c1n
d

A =

01// 0] \\CL

m

[~

:a. BaP(fU3% PAH £33 42);b. PBDEs(HRELABE) ;c. PCBs(HHEEK#) ;d. PCDDsse. PCDFs(d Ml e ¥20 —BEJE)
B2 HERBEFTLYWHEHRIER

Fig. 2 The structure of the four types of environmental pollutants

F2 2000~2012 £ GC-MS/MS B T HEREFRUS WM LRMBP B E
Table 2 The summary of the literatures about GC-MS/MS applied to the analysis

of four types of environmental pollutants between 2000 and 2012

_ . HxtiEE 5%

-3 Biry B3RS W F B EER" e 3/ %% RE/% TR

a5 PAHs PLE-SPE QQQ-MS/MS 0.025~0.915  30~70 2.9~8.4 [31]

Ik PAHs SBSE QQQ-MS/MS  5~100 ng/L.  53~130 <28 [32]

25 R R O PAHs USE-PLE QQa-Ms/Ms oos;i. T o—99  2.6~15.3 [33]
Iz

% PAHs SPME IT-MS/MS  0.1~0.98 ng/L. ~100 <14 [34]

EKE R PAHs PLE IT-MS/MS 1~5 >85 <2 [35]

gl + PAHs, PCBs PLE QQQ-MS/MS  0.07~2.5  70~112  0.9~16.8 [36]

i} PBBs PLE IT-MS/MS 0.1~0.5 70~109 <16 [37]

K 7=l B PBBs,PBDEs MAE-HS-SPME IT-MS/MS 0.05~1.9  60~110 <15 [38]

% PBBs, PBDEs SPME IT-MS/MS ~ <C0.7 ng/L  63~130 <26 [39]

H Y RE PBDEs QuEChERS IT-MS/MS 0.03~0.15  75~114 <1 [40]

£ 250 W 2 PBDEs PLE IT-MS/MS  0.003~0.051  89~95 <16 [41]

TR R 5 PBDEs UAL-DSPE-DLLME  IT-MS/MS 0.07~0.2 >80 <9.8 [42]

PR PBDEs SPME IT-MS/MS <0.15 76~111 <14 [43]

EWNKE PBDEs ASE-SPE IT-MS/MS 1.0~1.8 92~114 <16 [44]

AZEIRIFHA PCBs SE-GPC QQQ-MS/MS  0.6~1.8 71~96 5.8~9.7  [45]

PDF SCff# FH "pdfFactory Pro™ i HRAAIZ: ww. fineprint.cn



http://www.fineprint.cn

5 MRipe K 45 . A 8 - 88 K B 3 (GC-MS/MIS) i B BF 9 i B 313
@k

_ ; . HxiElE 5%

-3 Hiryfh E31dip73 W F B ERR o e 3/ %% RE/Y% xR

FHERTE Y PCBs MAE-HS-SPME IT-MS/MS 2.0~3.3 69~104  4.0~21.0 [46]

EWNKASK PCBs SPE-SPME IT-MS/MS  0.33 ng/m*  90~108 <12 [47]

AZ i PCBs LLE IT-MS/MS 165 ng/L 76~100 <26 [48]

YR PCBs PLE IT-MS/MS  0.007~0.24  90~106 <11 [49]

= PCBs, PBDEs SPE IT-MS/MS <20 78~99 <16 [50]

AE B AR PCBs, PBDEs SE-LC QQQ-MS/MS 5~25 80~120 <15 [51]

iR A EY R PCBs, PBDEs SFE-SPME IT-MS/MS <<0.01 65~102 <17 [52]

e W5 R PCBs, PBDEs SPE IT-MS/MS 0.2~8 82~98 <8 [53]

MR PCDD/F's ASE IT-MS/MS NG NG NG [54]

+ RS PCDD/F's HS-SPME IT-MS/MS 8~250 NG <15.8  [55]

&k PCDD/F's LLE IT-MS/MS 0.04~0.17 ng/L NG NG [56]

YRS, PCDD/Fs, PCBs  Soxhlet,LLE IT-MS/MS z j:(l) ; NG <15 [57]

Y PCDD/Fs, PCBs LLE-SPE IT-MS/MS <0. 0002 NG 3.0~19.0 [58]

<0. 000 6
K PCDD/Fs, PCBs SPMD IT-MS/MS ~ <(2.8 ng/L NG NG [59]
BRILRY 86 POPs PLE-SBSE QQQ-MS/MS  0.014~1.0  63~119 <35 [3]

E:+ RPREBBEANERREHN ng/g;

NG: %% 1 ;PAHs: £ #5542 ; PCBs: £ MK % ; PBDEs : £ I Ik # B4 ; PCDD/Fs. “WEZE ; PLE . il [ S A 2K B ; SPE . [B M 2K B
SBSE . $ $¥:#8 % fff 2% B ; USE . #8 7 %5 B 25 Bt ; SPME . [ A fif 25 B ; MAE. 3% 3% %8 Bh 2 B(; HS-SPME . TR 25- 18 46 1 2 B
LLME B i 22 B ; SE : I H 2B ; GPC. R B B 3% ; SFE. 8 I A Fi /& 2K B ; Soxhlet . & K ZK

5R 5% H R 2, 73X LR R 515 el
f9 43 B H, TT-MS/MS F R F B 22, 3X 7T B2
FB T B B AT SE W L 0 R A 2 SR B
AiRe, xR B AW E B AR T H AR
F =5 DR AT BT R B, HA AR E, X i A
BX, MBFE LR, QQQ M K Ik IT #HK,
B 2 AT, SOl JLAE SR, QQQ M Fix 4 23F
BHERYHSTBEHE N, EF QQQ-MS/
MS 7 € & bR U0 B, Bl 2 2 A AR 1
BB ERRTAEFREEENIERM.

UAL 3 7 ¥ v N R i 2 9 2 T YRR AR B
(PLE) , 3@ 1 $& &5 15 B A & 7 » DA 0k 20> 28 B o
F R = L 3R A M R, DA R L A RT AR 3L
B[R], Pena %050 F| A 3% £ b0 R W M ZE B
(SPLE) 7k AL 3 {5 K 15 98 , B HRIR BE 140 C, &
71 1.0X10" Pa, IE . SE/E N ZEBUE N, A GC-
IT-MS/MS i KM £ 33518 . FEZEER /M
RO W B 59 ek, IATAT A8 25 T B ) v Ak b
I, m Sk 84, 8% ~106. 6% , & B (LOQ)
K 1~5 ng/g. Vidal &2 4% PLE 4b3#
RHk L, H QQQ-MS/MS K H H i 24 Fr &

WFBAM 27T 2 @B, B ER 70% ~
112%, 8RN 0.07~2.5 ng/g.

HEAHEFEEARBBERLE &M%
ZXEU(SPME) #1 QuUEChERS %, Fontana 247
FAB i B QuEChERS 5 ¥ &b 3 A4 ¥ #% & (£ .
3G RS IRBUR, B WH B A BUS A C18 i#
£ 3 0 3 R A R B L , 15 B £ IR R Bk i A
KR A 0. 05 ng/g.
2.2.3 BERURGYWHCKERSE FH 100
REXMEZNEHERX, FEMNHERNFRE
T F LY PRV B R HE i A R R K R e )
KR Be FAR 4 - 3 W A AR ) L O R S
F3 43 DI, 34 T 2% 28 A A 0 3 4 0 24 i R
HoAE B RR LA .

2011 4F, Saito VX A F A YA T Y
W FPR B 43 A AT 45 3R, 1EH A LC-MS/MS
RN ARZ NS, Fi, % F GCMS(/MS)
FE B M BB AR T H0 B AR, o R OR AT B Gk
A B T B

XoF 30 4 R 5% 05 1] A R B B 43 GC-MS/MS
CERFEAT B 5T % 3,
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®3 2000~2012 &£ GC-MS/MS A TREBRMFZMAWEALSTHBL XKELE
Table 3 The summary of the literatures about GC-MS/MS applied to the analysis
of steroid hormones and abuse drugs between 2000 and 2012
_ &%
E-354 BirY -3 BTHE e F B ERR i

C18 AL EMERER , K %, 15 Uk , 7k B Ak I A1

R#  Anabolic steroids B AT

EI QQQ-MS/MS <0.2 pg/L [61]

C18 AL M ZRE , K % , ¥ Uk, 7k 2 AL [ A1

R¥  Anabolic steroids

El QQQMS/MS  <0.05 ug/L [62]

B A4
%k Caffeine P A RE B, T B L 35 0 ElI QQQMS/MS 0.007 pg/L [63]
%® Cannabinoids AL, BB T A 4L NCI QQQ-MS/MS 0.05 ng/g [64]
%k Cannabinoids B B, MO AE L NCI  QQQMS/MS 0.05 ng/g [65]
by Cannabinoids o 23 £ 4 A R B EI IT-MS/MS 20 ng/g [66]
k& Cannabinoids T s [ A T R B EI IT-MS/MS  0.012~0. 062 ng/g [67]
Lk Cocaine BRI ff » B HIRE B PCI IT-MS/MS 100 ng/g [68]
K Drugs of abuse  EMZKE, itk EI IT-MS/MS <<0. 05 pg/L [69]
Bk EDCs M RE B, A7 2 b EI IT-MS/MS <0.028 pg/L  [70]
IM#B  Steroid hormones  FEAZEE (B4 B HFEE) EI QQQ-MS/MS <1.5 ug/L [71]
7 Steroid hormones  [FAHZEE EI  QQQMS/MS <0.02 pg/L [72]
ik Steroids WO B, AT 4L EI IT-MS/MS <<0.02 pg/L [73]
7k Steroids A A ZEBR , A5 4 Ak El QQQMS/MS 0.001 pg/L [74]
k& Steroids P VR RE B, VR KR L, A R B EI  QQQMS/MS <1.7 ng/g [75]
' Steroids AR B B, WO FE B, [ AR B, AT 2 4k NCI  QQQ-MS/MS 1ng/g [76]
Y. 3 Steroids W ZE B, B M AR B, i A 4h El  QQQMS/MS <18. 69 ng/g [77]

I EL i FE B ¥R PCL: IEb 2 Fa B IR s NCL: S fb % e B IR EDCs: A4 3 THRAL& Y

BRI AR, EENSTERARK KL
M JEKE. MEFRYFERRBEEEE. X
R e B AT R R A A i TR R AR T — i
TEMAEML ETRBTFHRE N AKE.

2006 4E , Musshoff 20781 5 7R 6] 4k 4 % i o
KR B ELART 4 00 A 4 W D S AT 4338 L 48 1 PRI
A3 A8 I T3 28 A 7 R B RRK 5 AT LY 434 FT A
F R A5 0 — L 2RO 5 BAR 3k & KRR
B HARE W i & AT RAR , 1B 3k R AR Ky 43 7 5
S A HMERN RS, MM TR ENE, ZR
BE%E., fEETEH GC-MS/MS i R W f# Bt
KRB RKEEMA R, BR 3 T, EMWE
KR A GC-MS/MS 43 #7 3k & 1 KR B H AR
YR TEECARD,

2009 4, Duffy Z" %f b T GC-MS/MS #
LC-MS/MS 434 E PR EBEHENMLS . |
B FTHEEL, LCEAFTEMEL, BETFM
il (R BN 7T 86 LA 8, 3 S X JL N B
BRI X L 43 BT, R BT B I 45 R — BB AT

EERMB L, GCMS/MS E R #% & T LC
MS/MS,

2009 4, Grover 2 75 43 A7 35 35 K AF o
& 8t, ¥k T GC/MS, GC-MS/MS #1 LC-
MS/MS 3 # RN 48 5 B, &R KW,
GC/MSTEA BT R & B 1 B AR B, & i TR B
MR, ZYRESREK T, B LC-MS/MS 3%
BN E, NTigm T REE. GCMS/
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