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B OE: BB #0778 5% - 5B R T (high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS)xE 224l LA & KR o 12 R4 5 b 3E4k 5 ¥ (perfluorinated compounds, PFCs)H
Tk A%k HMRARLZIERI, A Z —HE-N-N 5 m i (ethylenediamine-n-propylsilane, PSA), Cys, f1 524k
1k 22 (Graphitized carbon black, GCB)3 FhWR [ J5, WRBEHRF X HE M il . R C g SOR AT 6 B2 40 )L
HEKBTH 12 A PFCs #E174r 8, i FARREBIE E B, B4 2 %)% & F H i (multiple reaction
monitoring, MRM) & £ € 5t 4341 BRGS0 o 558 T U s AR 5 AT 0T 43 BRI iy 52, ARAE T =285 mm R 3
LI 55, TERAFIRAL SRR PR MR AT E BT, R 12 FI PFCs ARifEMI R MR R BT
0.995, ¥R A 0.07~0.15 pg/kg, 7E 0.2, 0.5, 1.0 pg/kg IFRAKET, FEMHBINFR E 2 F 68.8%~115.4%, #H
SPFRUENR 2% (relative standard deviation, RSD)H 1.25%~15.6% (n=6), G&i& %7 ERERIE, 4 BR0RE, &
HBRAIG, & T B4 LR R R PFCs BRI

KB RO @I - IR, 2R LS, LA

Determination of 12 perfluorinated compounds in rice powder for infants
and young children by high performance liquid chromatography-tandem
mass spectrometry

LENG Tao-Hua®, WANG Liang, ZHENG Yi

(Shanghai Institute of Quality Inspection and Technical Research/National Food Quality Supervision and Inspection Center
(Shanghai), Shanghai 200233, China)

ABSTRACT: Objective To establish a method of determination of 12 perfluorinated compounds (PFCs) in
infant food supplements by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS).
Methods The sample was extracted with acidified acetonitrile, and after adding three kinds of adsorbents,
ethylenediamine-n-propylsilane (PSA), Cg, and graphitized carbon black (GCB), the sample was vortexed and
purified. The 12 PFCs in infant food supplement rice flour were separated by C,greversed-phase chromatography
column, negative ion mode electrospray ionization, and multi-stage reactive ion scanning (MRM) qualitative and
quantitative analysis of target compounds. The effects of mobile phase and column on separation detection were
investigated. The main influencing factors and experimental conditions were optimized. The external standard

method was used for quantitative analysis in the condition optimization process. Results The linear correlation
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coefficient of the 12 PFCs standard curves was more than 0.995, and the detection limit was 0.07-0.15 pg/kg. At the

spiked levels of 0.2, 0.5, 1.0 pg/kg, the spiked recoveries of the samples were 68.8%—115.4%. The relative standard

deviation (RSD) was between 1.25% and 15.6% (n=6). Conclusion The method is simple in operation, good in

separation effect and low in detection limit, which is suitable for detecting PFCs in infant food supplement rice flour.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; perfluorinated compounds;

rice powder for infants and young children

1 51 &

494k 5 W (perfluorinated compounds, PFCs)f& A T
BB — R A WL G, T2 T4
FEHE L ARSRALEE | A B A RLRI S AR T 1 SR 2
ATl A= S, WHFERW, PRCs MELLBORT IR |
KA e VIR, BARRANE. AT ERNE . XERE
PSR, B—RHEA LG 2RSS ", B
SHE TR SR, HAZEREIME AR, W Hr KLU
JBORARSCERI TG . By A 3F S E AR AL 2R
T o5& T PR 4 9o Ji 1t R (£R )(sodium perfluoro-1-
octanesulfonate, PFOS) Fl 4> 4§ + 2 (perfluoro-n-octanoic
acid, PFOA) I, 38 B [ R AR5 it PFOA & S A
FKATREBUEY) . 2009 4F 5 11, 1EH W ELHATTFIIA A% LT
550U JR K258 PFOS M 4 %6 o 2 1§ 1t 1 (Perfluoro-1-
octanesulfonyl fluoride, PFFA)%I A { HifE sl /RIEENZ) ) f1
PEA 201043 H 17 H, BKEAZ G122k A1 2010/161/EU
S, FRUOT RS PRt P AERERS S WL 7% )
1L 25 2 Sh IR £ i b i PRCs 450

FAT, EMAMETRMT PFCs BRI AR 3245
HA A% - i %2 (gas chromatography-mass spectrometry, GC-
M) A TS | BT aGEIL | RRORAH - s
(high performance liquid chromatography-mass spectrometry,
HPLC-MS)"™™ L K 4 w5 FE ¥ AH €433 - B3 56 J52 335 7% (high
performance liquid chromatography-tandem mass spectrometry,
HPLC-MS/MS) '), Luque “U5R FHBOM €01~ 25 i3
AXWFSE K= S H ) PECs; Haukas Z5BLR FIME (0 3%- K47
s i) J5 i WA K i P 13 b PFCs. EARIBUME €033 15 20
G 5T T I AL RETE B A I TR] A PRCs, H B R
B, X O R B BT AT R I I 7 Bt B ST, Rt
HPLC-MS/MS 4 1 PFCs 0 19 & 224 AR Jr ik . Lin %5
K WAX b5, F HPLC-MS/MS 2087 1 0 £ 2L Fn
S BILY ) PRCs, KBLEEFL PFOA A #GH; JJL
4, R HPLC-MS/MS (9 5 PRI A= 4310 = 121
BRI S AT gD e U R A
HE, HEXT L LA KRB T PFCs (RGN Jr 12 14 2R UL
(i8I 18

A5 QuEChERS(quick . easy . cheap . effective .,

rugged . safe)f S RTALFRE AR, i fofb (a5 43 125 45 BT
TERIN S E, @ T YL E KRB 12 B PFCs 1Y
HPLC-MS/MS (%43 B3Rl Jr ik, LU o3 B 2240 LA
kK PFCs R AR IR (L SRR, WL LR
W1 PFCs 8 U W I L AR S48

2 MRERE

2.1 U5

R RO A €035 1 Waters Acquity UPLC & 4t, fit
Xevo HBIEPULRATRILIY, Atlantis T5-Cg(2.1 mm x100 mm,
3 um) ([ Waters /A w]); CAPCELL AQ-C5 [ AH B4
(4.6 mm x100 mm, 3 pm)(H 7% SHISEIDO FINF CHEMICALS
ATl); ZORBAX SB Cig(2.1 mmx100 mm, 3.5 um). Poroshell
120 EC-Cig(2.1 mm x100 mm, 2.7 um)(GEE Agilent 23 ]);
AL204 BUT3 53 B 143 B KT (M Rr -4 TR 2 AR (R AT
P2\ D), Sigma 4-16K B0 HL(GEE Sigma A H); M HIE
BRI R A PR A F)

2 F AR (perfluoropropionic acid, PFB)(ZliE>98%, 3&[E
sigma 23 ]); 49 ] Tk (perfluorobutyric acid, PFBA)., 49N
(perfluoropentanoic acid, PFPA). 43 L 2 (perfluorohexanoic
acid, PFHxA) . 28PHR (perfluoroheptanoic acid, PFHpA) , 47
2£fiR(perfluorooctanoic acid, PFOA) , 2% L2 (perfluorodecanoic
acid, PFNA), 49352 (perfluorodecanoic acid, PFDA), 4% 1
— MR (perfluoroundecanoic acid, PFUnDA) . 4= 3 + — &
(perfluorododecanoic acid, PFDoDA) . 4 # T % fif iR 47
(potassium perfluorobutane sulfonate, PFBS), 2J¥-helffRsh
(sodium perfluorooctane sulfonate, PFOS) i & Fr #E & K
(2 mg/L), PCs;- 48 T R (PC4-PFBA) . BCo- & F O M
(PCy-PFHXA) . Cy- 2T E R (°C4-PFOA) . “Cs- 2T
(Cs-PFNA), PC- 2% MR(PC-PFDA) . BCo- 29 +—1
(*C,-PFUnDA) . BC,-& %+ —R("*C,-PFDoDA). *Cy-429
BRIV Cy-PFOS)IR A MARFRIETRR (2 mg/L)(IFE K
Wellington A#]); HEE, ZMEMHPLC 4, & Fisher A H);
Z, i -N-T5 5 7% %t (ethylenediamine-N-propylsilane, PSA,
40~60 pm). Cs 3RS0 um). f1284kHk 2 (graphitized carbon
black, GCB)( K 1 94 LA /K 24wl ); i 2 K (Hit BHL % =
18.2 MQ-cm)(3 [ Millipore /A l); S50 il Ak 6o i FHIZR U
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o854 ZORBAX SB Cig (2.1 mmx100 mm,
3.5 um); FshAH A: 5 mmol/L ZBRER/KIEW; WshtH B:
ZJE; W 200 uL/min; FishAH C: /K #EFEE: 20 pL. ¥
BB 0~2 min, 90% C; 2~11 min, 90% A~30% A; 11~13 min,
30% A~0% A; 13~14 min, 0% A~90% A; 14~20 min, 90%
A FER: 35°C.

i A SRS AT AU B H I 25 FL 2 (EST)
BT, BTIRIEE: 550 °C; H#ikE=: £/ i
(multiple reaction monitoring, MRM)A&E; & 404 H & :
-3 KV; EEFSR: 900 L/H; EEFIEE: 400 °C; 4L
i 150 L/H; R <)E: 7.0 MPa, 19 fl PFCs [T 5+ .
B LR R AEERE R L 1.

23 MHmEERE

FRELZ 2 g 247 AR E A KA i F 50 mL 2%
WHRBE.OET, IKIKINA 5 L 2 mg/L IRE NPRPRIEE IR
110 mL K, FEEEARSE4 408, MIA 10 mL 30 mmol/L
RN B, PRI% 10 min, A 2 g S4L4N, 1HHE 2 min,
LI 10000 r/min 20> 10 min, #H 7 mL 2 HZEEEH
100 mg PSA Wz, 80 mg Cis. 40 mg GCB W[y
15 mL RFFEECE S, F5-PRFE 10 min 5124 10000 r/min
5.0 10 min, B4 mL B3 FRIESEARE ST RT, 1 mL
ZIEERIE, 1 0.22 pm VR, 40T .

3 HER5SH

3.1 BERMHEEF
3.1.1 &gk

PFCs J&—Z&RIif BAT oK MR IR 2L, - HA —%E
H R MR I A Y, SCEIRZ R Crp (i HEA 1T
SRR G, AR T AREREH: Atlantis
T5-Cis 4354 . CAPCELL AQ-Cig JUAHEEF: . ZORBAX
SB Cg A3 4E . Poroshell 120 EC-Cig Sz AH 54X
PFCs M4 BtkpE. 455K, 12 # PFCs #£ CAPCELL
AQ-C s AHE . Poroshell 120 EC-C,5 RAHAEHI ZORBAX
SB Cig RAHGTER: FIH BAFH a8 B, HE AQ-Cg I
EC-Cyg b 4% PFCs 1 WERT [ 554 (A EB UL LA 1] > 15 min),
X g5 CAPCELL AQ-Cz XA iR Poroshell 120
EC-C g ARG IEA A MM T REEIRkEE K, 5% PFCs
LA AR EAE R, S 30 LITEN . PFCs 7€ SB C 3 UAH
O FERE BB AT R ACaF T, L AR EL AT AR (45
FEFHR, SR Ts-Cig ISR B 0, BHN T; it g
AR SE K, T PFCs B KB B K, SO
AT 0EE 25 B 5 40 1 43 8 B KRSl i ], ARt
Tk ZORBAX SB Cig A GIEHAE N A, 12 F
PFCs MAREREE LA 1,
3.1.2 AR FR G LE

SCERH A & PFCs Rl 4 85 i T sl AH 2 R FH R -2
FREL B G- R AR R 10 AR Ay RIS 58 T -2

=1 12 PFCs B BRIL M & 1

Table 1 Experimental conditions of mass spectrometry for the 12 PFCs

F5 k&Y BB TET R B IE] ¢/min FIRHE/V i A CE/eV
1 PFB 163 119 1.50 25 10
2 PFBA 213 169 3.07 23 12
3 PFPA 263 219 5.07 23 10
4 PFBS 299 80/99 6.18 25 32/25
5 PFHxA 313 269 6.19 25 10
6 PFHpA 363 319/169 7.02 25 8/16
7 PFOA 413 369/169 7.73 25 10/20
8 PFNA 463 419/219 8.37 25 10/18
9 PFOS 499 80/99 9.05 25 42/42
10 PFDA 513 469/219 8.98 25 12/20
11 PFUnDA 563 519/269 9.60 25 12/18
12 PFDoDA 613 569 10.21 25 12
13 3C4-PFBA 217 172 3.06 25 10
14 3C,-PFHXA 315 270 6.19 25 10
15 3C,-PFOA 417 372 7.73 25 10
16 B3Cs-PFNA 468 423 8.37 25 10
17 13C,-PFOS 503 80 9.05 25 40
18 13C,-PFDA 515 470 8.98 25 12
19 13C,-PFUdA 565 520 9.60 25 12
20 13C,-PFDoDA 615 570 10.21 25 12
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TR B R RN 2 - LR e s B4 PECs I A BE - 285 SR (B
)R, TWREPE-CRERREZELIE-CREKRR,
PFCs [1953 B3 BIREIUS BT (143 25 15 o [RIREAT HILAH 7 FL A
W, PFCs 1EHFE-CIRENA R A CNE- LR AR Z b iR i
BFAETE2E 5. - S TRECIR R X PFCs VRN B 5,
HEI RIAE O - TR B R R B, MR T BE- e Ik
7, LI-Z B R R TSN PRCs YR I AR B, JE
HOXHIRSrF B PFB 2R K, 8% 3 52 2. HIRHIR
HOE W, AUF5R 2 0E - L BRER R MR A

1€ ESI A FHUT, WA mA Z A B Hee
PFCs B TR, AT HKT 0. 5. 10 mmol/L L%
e ERTAY B F5EA . PFB 1 0 mmol/L Z R4k Hk T pEli 3 A
WATIRE, 76 1 min AA7 0, FWEIBELR, (AXIRFhE
CEW B R, MIEINE, PFCs 1 5 mmol/L ZFREH B
OB, S A2, {3 PFB B PRI H B
J I6; PECs 7 10 mmol/L £ FRER M & N /3B ¥ 4522, H.PFB
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3.2 HmAAIERHRIEE
EAERAEFE RS R EEFRA QuECKhERS 77k FI
RRFFRISEDIH 5 36 S5 v A 4 S5 AH B A R s B AR B 2 A B Y .
5555 i AH %, QUEChERS J7i:fijBa | Hesd, 20355,
fEHE, PSA AN IEEE, BAEMT WAX /ME
HIThee, BV 55 B0 e FacHetie 1, v AR . Be i
2. GHLER . BokIbad. B, AR %57 PSA s
S35 50, 100, 150, 200, 300 mg % 12 Fh PFCs finkg[El
W, 25N 3 fi7R . 78 PSA HIER 100 mg B, 4%
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Fig.1

The TIC chromatography of 12 PFCs standards
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GCB W BT LA B BRI . B i Fn 0 38 55 2%
Joz, AR Bt AT AR A5 D0 E AR Ak G4 . GCB IR 5 45
F ol BRI A EAER, 0 PFCs 19 H -4 vy H B ok
MRS, ABES GCB BB o B FH ML B, A& i
AL ST LIS GCB AHEAE, Mk 3] k4
AR B B . ABFRFELET 0. 10, 20, 40, 60 mg
GCB ¥l 12 Fift PFCs IZEBUECR, SR WA 4 s . 18
GCB W INEFE 40 mg B, PFCs B [ R A i

25 PR, AR IEERIR I LI SR, 28 100 mg
PSA W[5, 80 mg Ci5. 40 mg GCB WFf5I4EHE 10 min
JEEG, PIER TS ARG T IRT, A1 mL ZEER)E,
i3 0.22 wm JEME I RE o

3.3 FoERZLRE LR

Behl e 43 %14 0.1, 0.5, 1.0, 2. 5. 10 pg/L A—
F5 PFCs LAY AARMER I, ERILA LI &1 T

AL IETE FEL, 12 Ff PFCs AL WI7E 0~10 ng/L AU
FEVG IR N ZE R AT, MO RE r KT 0.995. 7E%5 11
FEGTPAA 0.2 pg/L R GHRUERIR, LA 3 R M2
FE 12 F PFCs fb &k hBR, 25 R W3 2.

A3 A LR P IA 0.2, 0.5, 1.0 pg/kg ¢
FETR A PR UE IS WA T A, B NVRBEEAT 6 A TATHEN,
IS FIREE, FNBRASESE bR ISR FIAR X AR U IR
5. HEREW], 12 R EARMEE PR T AR DR A
68.8%~115.4%Z |0, FXIARERZE A 1.25%~15.6%(n=6).
3.4 SERRME AV

I FAASBI AR T % o7 B 1 JLRT B4 LA B £
HEATIAE, S5 R B LR A K PRCs, b
PFOA TEXKy s th R fw i, & EEETE 0.07~0.11 pg/kg,
ASIREGAT PFOS R th, &N 0.16 pg/kg. BRILZ A, 2%
ALK A UL oAt PFCs 46
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2 FEshAEXT PECs M L (1) 5 0 (n=6)
Fig.2 The effect of mobile phase on PFCs (n=6)
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Fig.3 The effect of PSA on recovery of PFCs (n=6)
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Fig.4 The effect of GCB on recovery of PFCs (n=6)
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Table 2 Linear range, regression equation, correlation
coefficient, limits of detection of 12 PFCs
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