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Q-LIT e i+ 25-2FH 44K D3

AR D23, g2, B2, e U2, BEV?, ZHEED?, XgE 2, EmE
v, T, e, mERS, Jym b
(1. ExFERERRAELE, B TR O, dE50, 100029; 2.
Ei SR b, BATFERSE G, dER 100029; 3. bRURHERY:,
54T, Jb5, 100083; fangxiang@nim.ac.cn)

44 % D (Vitamin D, VD) & ANEN—FhEZFFT R, % ERHHEKRIBITIL
HAEE O 90 AR DT e, FERE 1 20 S L 50 A VD R gRaER . Ho 25-
I YA R Dy (25-hydroxy vitamin D, 25 (OH) Dy) PEfifae CGEZEH 2 D B, & A4k
M7 B i (1 VD AR, IR L5 A VA Ak VD R, 5 TAEZHZ (WHO)

AHEFER B R R DY AR A -2 1t B8 B R BE T 154 (NIM Q-LIT V2), #5371 Ifig H 25

(OH) Ds RSN E &7, ATAbE R HEEDUE VD 46 & H, Bl 25 (OH) Ds, i
JERIECEEERE bR, B OB EIEW ARG IR . ESIIES T SRM M,
SEE TN 401.4—383.3, EMEE TR 401.4—365.3. % 7@ AAERSIAH A AN B ER A 2
R e B B ARG RS R e SR, e | RIRIMATA AL B . fE4 IR 8.9 ~106.65 nmol
/LB EA RIEFRZMEIR R, 25 (OH) D; iR #AE 86.0%-105.9%2 [A], RSD<4.4%, fi
MFR (LOD) 4 0.03 nmol /L AL T Saenger AKPIEE AFF K 1) 7512 (0.12 nmol/L) .« 45 EFTIR,
B LC-Q-LIT =il & 25 (OH) Ds 7k, HAHmREE, E@H TG AMENE VD
RE, TEIRRAEHES W ARS HE 250367 i B E 3

——25(0H)D, |
40000

35000 -
30000
25000

20000

intensity

15000
10000
- -—/%,-»—‘—MJ L,
0
T T T T d
0 1 2 3 4 5
RT/min

HO™

El1.25 (OH) Dsifbzzaitg (AED RIBIMETEIEE CGHED

KRG : 25-FRFUEAE TR Dy DUAT-ZRIE B T BF R R, IS

3% 3R

1. R ER AR o RO € - A TR 1 R 7 M 28 ) LI 7 Wk b B 42 3R DT, Jsiii oy
. 2012, 33(4): 232-236.

2. Zerwekh JE. Blood biomarkers of vitamin D status.[J]. American Journal of Clinical Nutrition.
2008, 87(4): 1087S.

3. Bertonejohnson E R. Vitamin D and the occurrence of depression: causal association or
circumstantial evidence?[J]. Nutrition Reviews. 2010, 67(8): 481-492.

4. Dayong L, Garrett T J, Goldberger B A, et al. Quantitation of 25-hydroxyvitamin D2 and D3
in serum and plasma by LCMS/MSJJ]. Bioanalysis. 2015, 7(2): 167-178.
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Q-LIT B BRF %A & 1+ ULER

FHE LR, B L, B2, ER L, BE L, B, XigsE 12, mEdE 12,
TLUfE 12, SardE 12, M3, Jype) L2

(LEZF R E RS S R, PR TRE AR AF G, Jb5, 100029; 2.0 EH &

BB, ATt EREEF O, 6, 1000295 3.5 MK AR 2 5 A TR,
K%, 130061; fangxiang@nim.ac.cn)

WIER Bl = 25 G A & — Fh 2 ) NARWLER & BN 32 150 R s A AR e, K HIILER
Bk Z 25 5 5| ROHT AR ) LR e K B AR V8 S FEAG BUN SRR 1-5] WO R BT AR L i
LR B PR T8 1 € BRI FU U A B . AR TAR @ AL 1 DY AT - e 1% 55 5 B A 16 o 13
(Quadrupole-Linear Ion Trap Tandem Mass Spectrometry, Q-LIT) il 52 1 Ifi F = LR 1) 5
HERA T 50, BRFIIEACT I A AR AT AL A IS, 2HGKE A Q-LIT MilE Hix
Yo GFEATERLRATENDE, FHAARE OIS S, MaEEEREHE, T8 T
KEMEIE /> BEE], BRI B FE 1.5 min, & T BB S BT 0 K& G RFE 5 1
FEST A o 25 5 R URRIR FETE 3.5-57 pmol/L MR L R AF,R? KT 0.99, EIYCZ1E 114.6%-
119.9% ], RSD<12.2%. % Lfrik, HIEHIR NIM Q-LIT #ERFHEAL, ACEA DURAT
Jo T BRI B D RE, I B R A B T B iR B S RE, v LUK i Bk
e R e B A R B, I IE T R AR AR BT RN g AR S P I PR v T )
Mo

. LIENER Q-LIT iS4k

NH,
HO apy  FTEOERE O FETQRF TTAC
N NH ° (ESD)  (mf) (mh)  (Vpp) (Vpp)
WEOMH B w2 AN6 1
0) GEE M 150 %2 400 1

SRWIIN AL =2y afe
R Q-LIT, i, T/, W

SR

1. C.Tran, M.Yazdanpanah, L.Kyriakopoulou, V. Levandovskiy, H. Zahid, A.Naufer, D.Isb
randt, A.Schulze. Clinica Chimica Acta.2014, 436(10):160-168.

2. A.L.Saenger, T.J.Laha, D,E,Bremner. American Journal of Clinical Pathology.2006, 125
(6):914-920.

3. R.S.Carlingl, S.L.Hoggl, T.C.Wood, J.Calvin. Annals of Clinical Biochemistry.2008, 45
(6):575-584.

. S.Stockler, P.W.Schutz, G.S.Salomons. Sub-cellular biochemistry.2007, 46:149-166.

5. F.Nasrallah, M.Feki, N.Kaabachi. Pediatric Neurology.2010,42(3):0-171.
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RAP KB TRIEBAR 40 £

ZIE
1 MR DTS, LS TR0

P R T B (HR-SIMS) (i 9 1 DX B — S 3 B T 32t 1, U
FERGUA AR I TR PR R 2] 5000 (FEWERH 1% 05D, TSR T HFO, % 2%5Pb
M E T, NP EAL U-Pb sE SERE I 7Bk . IXEEFRN SHRIMP (i R
SIS SR ED ), HERRHE SO : SHRIMP 37 F 2 kR & R 1) — A B
40 SR, BN DRRE S AR RN, T ARRET EREENE
A SR T AN IS T A RV e .

HERZET T 45.6 ACFRIB KR MRS, FIPHERR 5 - O soE i i H 4
AEo M A FHEHERIE B & 38 AL IX — KRB IR N Bt li, O Az H/b,
W AN ER R T R I G I, WA RS, SHRIMP Al R HGENE 1 41 14, 43 1.
44 JCF B RS, A 38 ALE L 40 LA AR, IR T RAE 44 (L AT HER B CATR
Feth I, MEERAE 38.5 LFRIEARG T/, XEPBRES 1B A 5. At
JoR AT AR 22 B A FH AR S AR TR 3t J2 e S5 TS 45 SHRIMP &5 H ) I ff 7 10 45 SRR
HIEEEIT . SHRIMP BRI JRAL. i REBUZHIRFIE, o] DO AR ) 3 34T ks
FERIE BRAEFINL R T, NAEMROKYE . PR A SR 2 R R 1 S8 Rl AL 3 e

AT A0 A IX RS M R AR A T ) o I T B H BRIE AL (1
WEFAEARARREE LS AFAREA SRR, BN H BRAE dh 1€ SR AE SF 45 R 1R, SHRIMP £2R
R T A% IR R, R A BRI Rl B AT A Bea BRI A FOR I OB i T S
DUk ALRUES T HREN T R SE [ LSRRI & 5 5 F, BH] SHRIMP £REE 1 H BKRN
ML B T A R ER T AL 1S A o S, Rt ) BROE SR A BEAT A A A

73

Jlo
X R BT EARBA AR -

REW: @R O T EE WIXRAL T HERETTT

liudunyi@bjshrimp.cn, 18910105070
B AR R dE 4z, 41842045, Bl ol i 5 I 14 iy 2k 7o -0 k- Jal 1 8 ARARSA W TU O RO Bk 45
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ICPMS-2030 43 HT BLURL AN B 40 fd R AR ok T R

BEER LT, BANIRI 2, ZEBEAR Y, wARAN 1, VR H R
L SR EYAPRAR, HE RO
A6 AR X 8RS K 16 5, 100020
2. HERHEGE A ST AU 0, IR S A A R A [ R S
JE R TIHEE X XAUF R 18 5, 100085

baE KRB AW A& JE, TG (ENP) CLZe) V2 B T &AMV 9 i
B, BFER RN, ks, THEEA G40 RREE . GURRI T AERRET AN Z A0 A T RE
X N 2 1 {8 RE RN A A IR S5 M RO OK (T 52 o 2 7 SR Gt T AR OR O (9 B3 1« IR IRAT AN Ak i
T2, BREEFAVFR T L 9K BRERIE S TR FERZYRHTEAR T, Bk T B A &
TR (SP-ICP-MS) #IA\ 2& — Pl HL i 71 1€ B M R R AR [1]. BR85S 1)
ICP-MS (modle ICPMS-2030) EAWm M REE, R HEMHEEAT ppt L2 ppq HTR ST EN
GIHT, X T TR AN A A i IR FE R T R B AR CR RIS A SR B8t SP-ICP-MS X
T e K R A AR 90K BRI AT T E BRALE 72 1) 20 FE I E AR s(TRM) R, RS [RIREAR: R s v
YK FTORL 2 1 VORI A S () 255 T RV WBOEAT T 20 I FR 48 SR R 9K RORL IR LA A 45 2R 5
B ST A (TEM) AR 25 B4 . [F)I 8578 SP-ICP-MS 7] BL3KAS-4 J@ MK B . AN A RLAR 48 KR T 1
WEES A, RIS RE R IREE NS B A Fd— PRI SP-ICP-MS HA XS T 540 i 73 Hr g
TR R SR IEECA iR RS0 SR B S S B TR (SC-ICP-MS) HAR AT
DIAER R AN R R e R S &, R R B B A AL BAn RN AL . 76
A S o KRR R KR S BRGORTIORE 24 /B S, IR By SC-ICP-MS H AN K B4 A,
it 40 PR AR A A B AT T A BT o SIC R AR @ I YA A KBRS R 48 B 40 i R AT ARSI T K
Wiks, (EA BB MIF . S [F] 28 B 4 A X 9 K SR () SR B L HE 75 Bk — 2B S . A
W5 R B SC-ICP-MS AR T4 J@ 75 A W44 v (14 i e 25 3 0F 70 mT DA flt o K S Hs o

RG] KEIRL, FAYEM, SP-ICP-MS, SC-ICP-MS.

spkfcj@shimadzu.com.cn

SR

1. Pace, H. E. et al. Determining transport efficiency for the purpose of counting and sizing
nanoparticles via single particle inductively coupled plasma mass spectrometry. Anal. Chem.
2011, 83 (24), 9361-9369.
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M L RE R BB T AT

ERSE, KEGE, RIEE, RIUR, PR
TLVERE PR GG RS0 s, KRBT R, BE, 330013

M b A AR A 28 b 1 — o 2 S8 ) AR U0, A ot ) R 3 o 4 = B 5L )
R, IS HHREEREENE L. mTHIERFRIR L TEMES ., S8R, TEE
FER, BATNE CEFRE. Tessier i5) W HERMFEMTUALHE, SN K. 247
ReFEmr . AR Z R,

ARV VR AR b B L B YR AT R G, L T R R R AR I B
JRBE M5 IR FRYA R (B BREE . SRS k7], st~
FERARFRITERS (TR Heds. ARJEA . fTEAS. A, RIES) M Lo Rdr ik
UL, RG22 ICP B JE, NI ST 4 SLae a5 IR o, DA BS 1AM &
NI G, RAIZITERE 1 /N A SER 15 Fids Lo 5 MR ETERS IR 4, 3R
BEMTEAFESTEELR. WE 1 s, $WILaRUASHRE. WL RS S
NE, EMIEES HIRERG ) 70%LL L (Ce MR LR, HERSHWE 70%). 5164
ITTNERARL, ZTEAMUAT DA RS L SR R g R, i H B TR
(1hvs 60 h). FEFEFED (1mgvs 10 g FAER D> (20 mL vs 200 mL). SEESHHE F
B AR T RERE DS . AL, RS LT RS BN, 2R n R A
HAhET SRS EEE (0 Cuy Pby SnZe), XXFHFAHM L0 MR HLE B A EEE
'

ARURTT K IR 5341 T3 120 A B2 SIS 0 R ot AR AR [) 6 2 R 5 4 B 23 18] 43 AT 1)
PO T, HEIRILAERE E IS AT AR 15 B S5 R, AMRIRR: . RRURR
o HBERBLAE . PREERF L ARl A A A Hh i) E R S R ) R NI SR A T P

AW EEL.

P 115 i 03 5 MR ) BT
PARIIESES

Y

Ev Gd Tb Dy Ho Er Tm ¥

R W LRE, BRI, BAST, KT

SR

1. REM, L%, m/ANE, 8, MNE, 26, FEHF 1996, 4, 82-89.

2. A.Tessier, P. R. C. Campbell, M. Bisson, Anal. Chem., 1979, 51, 844-851.

3. A. Ure, Ph. Quevauviller, H. Muntau and B. Griepink, EUR Report EN 14472, European
Commision, Brussels, 1992.

4. GB/T 18882.1-2008 &A% LA R G M LA A0 +IAM Lo s AL
Y oy & B 2

5. D.A. Yuan, X. Q. Shan, Q. Huai, B. Wen, X. R. Zhu, Chemosphere, 2001, 43, 327-337.
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THUR KT M EZE T

[oiSEN
JE T R2AA A T 22 B5E, WE 22 AT SAN 2R 280A 0 B A s =
MEEA, B, H% 361005

FEIVA I ENUBOE SR b, BRI KAETE « SWOCIRST R B & 4 2 TR SOk
SRR RGBT OSSR T E AR B M. HECTRE A K AL TR B IR TS R
M DN RE AT BUAREE . BN, ERUECEUEICE AR SR, 7 EE A R B A AR
ARPERERE, thR] R BIARBOARE BTG T AR S AR BRI 5 SR AR e T8 H T B
X AR BEAT I, (HIRSS BB, ELGRE P B R R o KA TR 5t SR
BB S, IR TIREAT SO R R AR, (HIEEBONR S, RN E, Xt
SE BTG BRI AE;  LEAh, d A AR RN, S T R AT € R

HXTE  F T WOGH IS & & TH R BT R E R B B WA i BE X TR
—ERBOCRER, BRI 2EIRAT . BOCIRST Fi R & S5 8 TR A 2 H AT H H 1)
HEZ G TR, RKRE S BT 5 T R & 55 B AR B AT - (AR G5 Tk
FERAE G AT, AR X BT H, G BT i A A AR HERE S AT RS IE . K
eSS/ R A S R U R AT, 2R e AR s (H R S P
JelH /S 2 A2 S T T, HORVEH BB T3 R A M BRI R . T
PR SR BRI 2 U R B EAT (RSO D S/ F 8 B i = AR 3 A7 R ] 22 i &8 1 (K T4
B YR PO [ AR B ) A RIS T B BE AT, PIARIBONEAR K o TP RE s (H b T
AURFEIR, AXSREEFIBON R 2% o AR BRI — SeBORBEAT P, IFICIRAR SR =4
B4 ELA 3 A B ) oo it e

R W ESEINT WOCIRS B TR I/

WIAEEBCR TR, weihang@xmu.edu.cn, HiF: 0592-2184618
TRHIE AR RS ERBRRIEREESTE, 21427813
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CE-ICPMS fl T4l 8T A M i

HE, #A, ke, BUE*, £ates
HRACKZE B E R R

7o R U I R A 5 B AT (ICPMS) A2 TC R T — KIES, A5 2 M5
FEIH, s 8o (il . RTHEE Al fB A0S Bk S, SRSEITRIIES 20 .
EAEHIK (CB) 22— MIEEE GBS &m oy B FB, A PUEMHAEED%
s Bl SRR E iR R RS AR B2, AR TR Ao RAE L.
Ak, WTRETURE PRI R A e —MA SR, TR AR ERA IR K
gz Bl Rk, AR T ai RS ik, it CE-ICPMS X 4@ i &
AR VAT 20 BRI o ISR T B (25 B E I, s AR SR A A R R e
/N CHEEE,0.5 M HCL0.5 M NaOH, B4l /K M AT M0 ot R SR Se 6t B40 55 1)k
TEVERRRIRIZATHT AT . CE A ICPMS A& Gl 74 L% H2,10 pg/L SRR WUEAE
R, ARSI RS AR E M AE A AR R AL IEACAS 15 5185 o ARSEIRtAb T 2%
MRy WA pH, 49 B B TR ANBERE R ()25 46 2F, 7€ 3 min WSEEL T &)@ AR A
BPOE 5, FER ISR R I NI B 13RS 77 SDS J&, MRS T 5.3
%, I3 & T AT . &R AR I PV 43 308 0.5-50 mg/L A1 0.1-10 mg/L,
I HEMEA L RZEIIRT 0.999, LRI AR EE 30~ 1.3%HM 2.0%. £ HepG2 i A1
MCF-7 4 s BRI B A ERS o X PP E AT DA A4l i b & s TS $e b
BB, 0T DU T 48 5 B i A ELVE F FRERT IS 12

8.0x10°

6.0x10°

4.0x10°{

Cadmium intensity (CPS)
°

bad
o

0 50 100 1560 200 250
Time (s)

CE-ICPMS 7 Sl <6 a8 Bt 25 11 A1 s VR 5 0 FF) P UK 1

REE: BAE K RBGESEE TARE, TBA B AMER
chenml@mail.neu.edu.cn; jianhuajrz@mail.neu.edu.cn

[ 5% AR EF2E 34 (No. 21675019, No. 21727811 Al No. 21874014) A1 rh Je ke S AR L 5%
% (No.N170504017)

SE IR

1. ZhaoY Q, Zheng J P, Yang M W, et al, Talanta, 2011, 84(3): 983-988.

2. Dickinson A J, Armistead P M, Allbritton N L, Analytical chemistry, 2013, 85, 4797-4804
3. Kamil P, Claudia G , Robertina G, et al, Chemosphere, 2018, 211, 855-860.
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AR A 73T RN 20 L A R L AR o e B AT

FHOR
TR A 2 fr S AR 3R A SR %, (1] 361005

B AL SRR A L — P T R AR BOR AW, ToHL BT R sl 2 B 5 45
B TRBE (ICPMS) T BN AEMIbR S 7 T R AR B A A ) TR —
BRI LR ILA TR B AR A ICPMS HEAT RIS SR AR AN /TR 1D dnfar 55 i
Mo FETC R R IC HEMR AN 20 AN A e ST WA 5 TEOK SR AT R B A AR 36 4 701 AR A2 4
MR E B AT E R, A5 & FAT & K5 ) FFR R ICPMS BV i ik e ta sy .
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ICP-MS 73#7: FEMETALE . BERESARA [ il 2

AT L2, BN Y, R, XBERAE 2
1. PUNRZ MG, B, 610064
2. VUNPREALE22RE, BB, 610064

B & 8B TR BE (ICP-MS) 2 HHRETTR M SN AE I TR —, B
AR FRBEEIS . BT AR EREATE TS I ICP-MS 73 #r ) LA fie B 34
T XS T E R I HERR AT T SRS g PERIAE o AT XSASIRIRE i S TR N oK, TF R
BT, WA (SPE) 45 FRECH ARSI AT %, R R R
AT OTINERE, WAL SRR AR ERE (CVG): BAEOK ICP-MS Al rh -t i A7 75 ) 5 5 R
LT PAEATRLIEBHER, #2 ICP-MS 73 Hr o (I B 2L SR AL AU ) PN 7 B 4
(D JEFGURM R RN B AR AR (il 7 B A ICP-MS fa Il i) T5 3R & & A IS0 7 ik
(2) TR AR (EWRA SRR Bk Uk (3) &+
[A]— ICP Y5 ¥ MS/OES [RINfrill 48, T AIOE s TP AN LR IE DL K B 58 2 Vv
2R B R HE 2 ST

R ICP-MS, FEMATACEL, BEREHOAR, [z

E-mail: houxd@scu.edu.cn
TR X ARRLFEEE S (No. 214278100 X A LT H 157 #f

SR

1. Deng, D. Y.; Zhang, S.; Chen, H.; Yang, L.; Yin, H.; Hou, X. D.; Zheng, C. B. J. Anal. At.
Spectrom. 2015, 30, 882-887.

2. Yu,H. M., Du,H.,, Wu, L, Li,R. L., Sun, Q., Hou, X. D. Microchem. J. 2018, 141, 176-180.

3. Xu,F.J., Zou, Z. R., He, ], Li, M. T., Xu, K. L., Hou, X. D. Chem. Commun. 2018, 54 (38),
4874-48717.

4. Hu,J.; Chen, H. J.; Hou, X. D.; Jiang, X. M. Anal. Chem. 2019, 91, 5938-5944.

5. Deng,Y.J., Wu, X,, Tian, Y. F., Zou, Z. R., Hou, X. D., Jiang, X. M. Microchem. J. 2017, 132
401-405.
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BOGR S5 B 74 B W AE TR AT OB PR

BRI, ST, B, B, KR, [1F
RS GO MU RE S 7 B i X e S =

BRI PR (LA-ICP-MS), AT [ AR5 X iR A7 f i 76 22 R0 (R r 2R A A
Y53BT W T 2 2 RAE AR R B PR 40 AR A3 e JUAEE 5 56 B DAAE B AR 3 b 3 DA 578 il P T4
MR A A S BRI AT R 2 f EE BRI T 57k 2 — o AR T B R R A 1 INLAE
2019 SFROEHHT 4 AN HETAE: (1) —FhiF ICP-MS IR FH 0GRk 51 N & 1
BERE T, W] 58 IRTEAR e IV T S5 AT ERE 0 B b (1) S TR SR 2 R 3 1P JORE i 2
PAIEONE ) ) o %7 VR BA . A ELIRR, N ICP-MS 3 My iRE i iR RE 7 QPR it T —Fib
PR, (2) BT BOLRhE S FARE U-Pb 28777k, TE/KZERHBIEOE R %
4K, % 193 nm ns-LA-ICP-MS, LL&E 4T 91500 N 4MR AT LLUERS ) 20 H SBASH U-Pb 4R .
XA T A R K ZRIR A Bh AR AR IS U-Pb 32 516 28t — (e 3k AR U-Pb £
TEN R S Fe st SR ) V2 R o TRJERE, AR ST 4RIE I K B v [ La Bosse #1 Les
Montmins X35 /() BESH AT (MTM, LB) WA EAREN U-Pb SR T bR ERE i 178
FTo (3D S HBRATHIALE Bl BR b 2650 8 57 R0 ) 1 5 B 4 o 1 o s A v gk [R) 6 25 1R
T 8992Zrgy K I HT RS 25 E (2SD) A3k 0.10%0. E3HJ LA-MC-ICP-MS 544
Zr F20E RIAL 2 A A B AT DAAERAORS 2R b U0 B AN B A RO R Zr R s 2 A, AR R
£ Zr g RIS AN IR I R B HR SR (4) Rl BB AL /MO 25 B HE A m b 5 R o
PIHTAEIREEAR, A T —FhiE T A MU R e R AL = A A K k. X BTt B2
SR ST IR B DR (R T RE SRR RIS BT T BRI k. SRR, AR A

RS TR L A=
FREEH: LA-ICP-MS; Zr [FIf %; U-Pb 5E4F; Si [Af 3

Email: zchu@vip.sina.com tel: 027-67883456.
5K F AR FHFFE 4:(41573015; 41873029)

SR

1. T.Luo, X.D.Deng,J.W.Li, Z.C.Hu, W. Zhang, Y.S. Liuand J.F. Zhang, J. Anal. At. Spectrom.,
2019, 34, 1439-1446.

2. X.H. Liao, Z.C. Hu, T. Luo, W. Zhang, Y.S. Liu, K.Q. Zong, L. Zhou and J.F. Zhang, J. Anal.
At. Spectrom., 2019, 34,1126 - 1134.

3. W. Zhang, Z.C. Wang, F. Moynier, E. Inglis, S.Y. Tian, M. Li, Y.S. Liu and Z.C. Hu, J. Anal.
At. Spectrom., 2019, DOI: 10.1039/C9JA00192A.

4. C.X. Zhang, Z.C. Hu, W. Zhang, Y.S. Liu, K.Q. Zong, M. Li, H.H. Chen and S.H. Hu, Anal.
Chem., 2016, 88, 10088-10094.
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BotRInh BB S S H T RS ER BN KA

VEIE”
R 2B B RR Sh T TP

SRR TSR L, # N T TRESORSUR, ittt & FR T R
T MR, SR a7 iR al AEROGIR .. ERBER M T3 RITR. RUTR
PARIR B TCER B B SRR IR B, HEf E B0 3R (& B0 T B il O A DL R
FIBA BRI T S WO R0 it R R 5 55 18 1 A 0 A (0088 S Y VRURE R IS E i VB AR S B HL 5
Wi GBIt TR AT R R AR 7 AT S sl o S S A RO L K 7 PR SR LA-ICP-
MS FERDHE RN, ARBATHE T 2 MERSHHTE. BLNIST B vRE
VOB, PSi RS, VERRIEHIZE, SR FHAR R R R TR IR R A R R AR R, 1207 2T TR
SER SIC MARIH A AR B TT R B VA BOR B 3KV WU HE R AR IR & T
2, JFIERCIIRERARRTTER, RAWIR TR IR E L S 5B L bl TARI L, B -
LA-ICP-MS J7i&HIE B ras R S a5 R BURGERE R ICP-MS & R4 R A BT
) —BOrE e SRICEEAR DIRE 5 2 T ELHR IR VA, ARG 15 5 19800 X B ) e X
S, IR AN ANTR R B Tn R 1) s FRIE R AR T R R B N B AR T MR R (7 5,
FHBRE T R I ERA RN, 7R CN TR AR T AR LU NIST B A A
fE R, HoE B g R B A B IER I . &I L, LA-ICP-MS $R A1)
TER TR, ABTSL CrizZnSe S IRT B TTE Cr IF BURREAY B AR SR UL R B i
w14l PbO M4 % 5 PoF, dh A TR LI A [ AR FRRE, 38 I 207 2 AN AT AERF ) € R R i
ORI E R, EAIRIRE PoF, M ARBEATHIX TR A HT T, AR o R i) —4E A
BIR 2 & db iR &S AR R R R S e R & B R

R PR, WOLR R S B TR, R, A

wangzheng@mail.sic.ac.cn  021-69906550

YRR H % FR K45 Development and Innovation of Instrument Functions, CAS (No. Y27YQ3120G), the
Key Program of Creative Funding of SICCAS (No. Y37ZC4140G) and Shanghai technical platform for
testing and characterization on inorganic materials (No.14DZ2292900)

SR

1.  Hui Zhou, Zheng Wang*et al. Spectrochimica Acta Part B, 2013, 90, 55-60

2. Guoxia Zhang, Zheng Wang* et al. Spectrochimica Acta Part B, 2018, 145, 51-57
3. Yan Zhu, Zheng Wang* et al. Atomic Spectroscopy, 2019, 40, 49-54

4. Guoxia Zhang, Zheng Wang* et al.Talant, 2016, 154, 486-91
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TIRLIR 7 5 R

- *
RSy

Hh R B AL AT TP

BLFRYHER a2 A AL AE A AV RORLAE D IR A3 AR E AR ORI i
TR, B, MEEES R MERUIN AR 15T AR R E B b (20 A A
BFAEIL, T TSR AR Bie EaT DRI 7 BTE ) 7
%, HEIRHINE SR AN BRI PR, R RN, B, ARSI R R
PRORE 5 2 1 i P A B B AT ORI 2 AR SORUSE R A(EL. SR, AR WDOREL (4 i izt
BT A I Y ], A PSSR B . A5 SRR N EK
D7

EERT BRAR T B A7 FE R DS R 2% SRR I, 7R DRI . ARG dE SR 77 VR R D TH
TFIE T RIHREME . FATE W T AREME B T PSS, Shmth R s CR T A
BOE T AL IR, R R BT (O R e LT R A, WA TR T AR
JoR 2 L 48 2 ORORE o v E OB A S O 1 e %o AN, JEAL Sebric 9K A
YA LA (o R AR B 2990 SRR FECHT 7 i B A BT S

REF: LWRRL AREVEE TH TSRS, BT PERRLITE A R B

SE -

1. X. Huang, J.L. Jiang, YM. Zhang, L.P. Zhang, C.Z. Liu, C.Q. Xiong, and Z.X. Nie", A
miniature particle mass spectrometer, Anal. Chem., Revision.

2. 1.J. Xue, HH. Liu, S.M. Chen*, C.Q. Xiong*, L.P. Zhan, J. Sun, and Z.X. Nie",

3. Science Advances, 2018, 4, eaat9039.

4. N.Zhang, K. Zhu, C.Q. Xiong, Y.R. Jiang, H.-C. Cheng, and Z.X. Nie", Anal. Chem. 2016, 88,
5958-5962.

5. C.Q. Xiong, X.Y. Zhou, Q.He, X. Huang, J.Y. Wang, W.-P. Peng, H.-C. Cheng, and Z.X. Nie",
Anal. Chem. 2016, 88, 11913-11918.3.

6. S.M. Chen, C.Q. Xiong, H.H. Liu, Q.Q. Wan, J. Hou, Q. He, A. Badu-Tawiah, and Z.X. Nie¥*,
Nature Nanotech. 2015, 10, 176.
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REETEFEHTR A KRBT I

fefTRl’, Jrm
1. PE-EREE R

J5 P R b B e ELHSR IV T B A B TR, I MR IEVERI BE ) - Bt ARt
FRALHRRE L KRR R 2 5 R RS DU DL R O R Al 0 R B 4
AR, RIS AT AT i, BOETE R A S T a B4R, TR
T N R P = A A e o e e K BT o, PR S84 . SRR BT 7T
BRI R G v AR Bl Bt S, RS AR EAIRR . A
R =AERUE R AR BEisn SR I SE AT IR R, Bt ER
Kk, REARAETTED R P KA A.

RegiE]: AHE. HERle. Uk, FRG. AR

E PN

1. https://bigdatawg.nist.cov/BigDataWorkshop.php.
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WACKZ 73 Fa i 1 20 3R o ARk B 1l it g

g, EAEY, BEFET, W 2, BRI 2
(BRI, BRI R D

[Fi) B EL A S Ao 225 ) A 3 T 23 ) AT B A, 2 o 1 P A5 3 Bt o g — A
oo DUE B WACK 28 18] 43 3 () 0K B8 G 8 36 B (TOF-SIMS) , TEEAT WARCK k%
B, BT RS RN T B, SRR HEER K. e TR 1Y
KIS, TR m/z<1000. TERTHRSW L, FRATHRE T —E BRI/ H &
Fig g (VUVDI-MSD #r3¢ & [1-3), XEE I R4 T 500 nm; {H T HRH
BLLRAFIA] KPERRE, BRI MR 100 F) 300 208, BOLRAEX B L, kT —&
SO s R PR AU T 3000, 5 E B W R R

PR & Nd-YAG B R0 = 6 GURHE0E ™ A4 1) = S B0 I I 18 IR 1) 7k 280,
VU 3 YR AT = AR KN 125.4 nm (TR HRE VUV 06 (4108 100 SE /B . it it %
AR, i VUV ORREE AT b, IRHFLIEATT/NT 1 oK. FIFZAE, A
AR T AR 20 i 1 5 0t A1 TG R 5, 0 4450 Nile red (m/z 318). BEEX FGB (m/z 1570)
A—Le B 21, MR RG RS . B XL . REELL SIMS ks, AR
e SIMS J7i%/b . i@l & He-La MM RIE G, IEIZ G E R FRRORT 1
k.

REW: VUV Ot FUERMR: S Uil

E-mail: ymo@mail.tsinghua.edu.cn

AR AZAERARRIFAESEYTHE GES: 21327902)

SR

1. J. Wang, F, Liu, Y. Mo, Z, Wang, S. Zhang, and X. Zhang, A new instrument of VUV
laser desorption/ionization mass spectrometry imaging with micrometer spatial resolution
and low level of molecular fragmentation, Rev. Sci. Instrum. 88, 114102 (2017).

2. J. Wang, Z. Wang, F. Liu, Y. Mo, L. Cai, C. Sun, S. Zhang, R. Zhang, Z. Abliz, and X.
Zhang, Mass spectrometry imaging of intact cholesterol in a mouse esophagus tissue
section and mouse zygotes using VUV laser desorption/ionization method, Int. J. Mass.
Spectrometry, 432, 9 (2018).

3. JWang, Z. Zhang, F. Liu, L. Cai, J. P-B.i, S. Zhang, H-Y.Cheng, X. Zhang, and Y. Mo,
Vacuum ultraviolet laser desorption/ionization mass spectrometry imaing of single cells
with submicron craters, Anal. Chem. 90, 10009 (2018).
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B H =SSR TR Bk R TR A

KX EE, REME, BA, BE
e # TR, 65, 100081)

DT WIGHIRE T HIIRE, TR AN . BRI E R, R
TR ] DLSEHUR S AE fh 72 B AHLE] T R PRE A, ERAHE T x BTk R IRAD G
SRR, SR ICE R 7 = AE S AT — B PO EOR AR . T A 5 SN
RS AT E ) AT TR o B, ARSI TR R R
(CID) HiFEskIr KBTI (ETD) SRR ZMNAHTHE. EAiSE
Yo TG b . R B ISR TR AE R, EX T =g s =
BORMIBNTRE /1. RSB, WFFEN OB R EAS A ik, IR, Ol BER
W x S EREEHOR I AT HER IR 70 TR BT o RN, T R 2% HOE R A5y
TR, HETERTFBIRRERTIA ML

N T SRS NTRE ), RRIE AT T =M ERER, AR TR
k-5 Native JF 5B (1075 TIE W WO AF T EIZ R A B =4ER . RT AN
VISR, B FIER8 HYKIB I R A Laminar flow B B SCIL T ARG HE AT #1085 7114,
5| N Taylor 3 HBUREESEIL T B FARIMSERCEARNINE, 8B SEil T8 10
BNV VAR R S8R0 LR IAE » 4545 Native BE VAL, ATBLADRITFEE A =
UETLARFRI R AL S o

Laminar flow BYXEE SR 3| ATaylor i &{/RIE
EREM. BRTENS IR FIRIERNEBFRIENDFRER
1
\‘ .
\4

JE—
_—
ﬁ:
Laminar flow Diffusion

ok pais IS

SMERHRONE, EEFHHHERNNE

Hl. B rdsghikrzr
RG] T iSRRG RS

E-mail: weixu@bit.edu.cn
AR RERHRBIEREERBITE HifES: 61635003)
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2T &R B S 40 SR B AR

R o T
PSR L, !

1L JERC TR, LA AR X 2R 100 5

X B AR AR A T 1 1 e e M R AT v R BB S AR R Y E E A, R B
TR B K 25 430 5 20 B AT R 78 A A AR B R 5 () N 78 SR IBE A, ST Jebgg 1) - 2
AR T A B S RINEIRIR b, R R 2D 240 B Bl 54 i P S 2 1 7 8 20 i 7
VR T i 20 B S O A s E AR RN 299 R L AR o Tk, ARSI R B T 4 )8
ARG 0 T OX — R, TR T 54i i Jom B0 UIRR (1 B 7R 2= A e . JEid
BT FARG 0 2 ) 22 Fh B <5 8 A A0 FLARe e 1k MR 1.0 -5 b e A A PR DK ek g 4 e s
B, JHEBhEOL e B A % B TR RS (LA-ICP-MS)HAR, B 5L sBl 7 BN (1 i
Yif FREG R s MREHEE R HT. BJE, FETHFMIE, ST RaiioK-F =5
JEAN A 2R LR — PR R R A KR 732 R (EGFR) I 2 &AM, %5 15 68 2 80 [X 4 i
JEAMM R A RIA A ZE R BTk, JEAL. PR SEL T i e A GRS A R A L g 2
MY MT1 &)@ 580 25 I (MT L-MMP) I 4585 8 500,12 0715 TS 45 18 5 4 Ll
PRI BT AG 7345 5 L DL R BA1% 2% CT MRI SR FRIR A R 28 L B 7% 1 0 e (R 1F— 2,
WP SEIL T R R I A2 28 . SR8 AR (1 e VP AL o FodR SR P B s B ZH 2K P (1 ] 5
FREBORURS i R I 2 1 28 B D7 VERIE AL PRI R 12 W R AR R R B T VRN AT R it 7
%

K@i SBIAE, BES, PN, HEURBT, BOLRE RS S R A
TR,

SR

1. X. Zhang, R. Liu, Q. Yuan, J. Li, Ya. Zhang, Y. Zhao, Z. Chai, L. Gao* and X. Gao*. ACS
Nano, 2018, 12, 11139-11151.

2.  X.Zhang, R. Liu, Q. Shu, Q. Yuan, G. Xing and X. Gao*. Small, 2018, 14, 1703684.

3. J.Zhai, L. Zhao, L. Zheng, F. Gao, L. Gao, R. Liu, Y. Wang and X. Gao*, ACS Omega, 2017,
2,276-282.

4. J. Zhai, Y. Wang, C. Xu, L. Zheng, M. Wang, W. Feng, L. Gao, L. Zhao, R. Liu, F. Gao, Y.
Zhao, Z. Chai and X. Gao*, Anal. Chem., 2015, 87, 2546-2549.

5. Q. Yuan, Y. Wang, L. Zhao, R. Liu, Gao, F. Gao, L. Gao* and X. Gao*. Nanoscale, 2016, 8,
12095-12104.
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Hef 2 BAEM AR ERR

TR XE L, B2
L PONRSAR 22, R 610064 2. DU IR 2EA ik g0y, R 610064

Email: liur@scu.edu.cn

TNV Lt o B 1) iy RS E R AL Ay, ml T4k 2 e JmAn s 74k
EJEFARINE . ICPMS e RIAL R s, BATR HIRIG, SRR/ et
L R RS R A A, RIE T 5 T A€ R AL i AR 2T Aa i
B AT RGBT R AL AE 2001 15 REZH LK 1-2, FFR0E FAL s bric e L e
M W75 QL BRI T P e T EY) . EAk. R ERA
R E BT 3-6,

W IEHUF R ACRAT 2 RO R RN Ve 2 e /1, 2 TROE R ZARCA ICPMS Al
W AR R E T . B, SRR T 3T IS ) B i A &R .

RREEE T BB . DNA 2 7 LS M@ A0 B 77k, HE BRI R G 53T
SE BT FATEILILS H AR T HBI e R RN R AN S B AR T IR I AR A2 A4
HIAARHE S, SEEL T H AR HERA ] SE A E B 7-10. D5 IR A B AR VEATHER

&, BEEEDFE M R E AR

KW ARG FEFRS: ERE R, % DNA 5 THLE.
W IR AR SR T
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R. Liu, Y. Lv, X.D. Hou, L. Yang, Z. Mester, Anal. Chem. 84(6) (2012) 2769-2775.
R. Liu, X.D. Hou, Y. Lv, M. McCooeye, L. Yang, Z. Mester, Anal. Chem. 85(8) (2013) 4087-
4093.

9. C.Wang, R. Liu, J. Hu and Y. Lv, Chem.-Eur. J., 2019, DOI: 10.1002/chem.201903034.

10. C. Wang, X. Zhao, R. Liu, Z. Zhong, J. Hu and Y. Lv, Chem. Commun., 2019, DOI:
10.1039/C9CCO04988F.
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ErEgFail-EREeSE FERIE (IC-1CP-MS) BeH

I sl sE B R AT iR Cr (111) & Cr (VI)

BB, o s, BOEERZ, BB, k&, TRt JEAERET
(1. WM AR B A R AT, JbE, 100081; 2. S OIEH AGERAT, 1L
KEHE, 266101)

AR P~ g CIC-D120 (i 5 E =444 50 PlasmaMS300 FLBHRA & 55 25 114
JRIEACERA, ARHERKEE EN71-3: 2019 AndfE, ] ASZEAXEE A Cr(1ID) 5 Cr(VD)1) 43 55 Ak
W, MRS IAIE 120 AP UL, 2R R REF, Cr(l)Y5 Cr(VIIRATEREERERIZAE T, Bl
PR 23328 Sng/L F 6 ng/L, A H BRAK - TAR A DU BRME ZER, 9 2 B B A aT i #% o6 2% [FIBS b
SRR

ReiE]. FHER G E AL, ok, B, DoH, AT
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RIERBE-RAPFENRE S TRIEBE L2

BPUR
BER IR 2 TR E K E i %, P EREAER), Es 100083

KAFE TS N 1 2 2 A00RL(PM2.5) IR R &5 . AMER £ A14% EE(SNA), 2 #T
FAEIXFETONLERXT R 55 58 B RIHL AR 2R LT BE (1 JE s — k)i 22 O¢ L 2L, (H pl ek 2 Ji@ 18
B4 HE ICPMS S TEHLBHEACAE T80T SNA. 8Tt (IC) A S AT SNA &5 8401
R P EABR T3 3R AN 1 B 1 5 BH B IR X e R R A I (CRAT IS ) J5T 1% (ATOFMS)
REME MR EL4E SNA MG A i, HARRME T EHRE T ATOFMS RS 4ftoeT
SNA B B FRIPH B 705 2., HRMES I SNA FISERRAFAE 4> FIE R . AR Waters 23 7]
I HE TR I 20 3% R L B (iKnife-REIMS) 45 & 181 20 WA HLBLHEAL, 1 IRAESr T2 H %
fIE SNA. % H BB BLET 46 F T4 it A 2R Bl ot BB 25 b i H AR B B 40T o

MR R Z RO AT R 5L AR K A BRI LR [ (PR e 3, B A A R )\
SRR R 55, AT BB RR ST 4% i HE O 15 S AR SE « A T AR 1 2 A I KO 5
T AR BRI 28 1 T R R B K 4R 4 (CFS) SR AE AT, 7 REIMS 5 Q-TOF %
P HUFIEUE R BT, AT ARTI(iKnife) 23 Rid R EAEATABE) CFS, 3545 1K
BRI IE 8 i, R CFS &/ TRRBR A i (NH4)HSOy),  HE 7RI K HERUE SR ST
S IIEI(NH)HSO40 4175 FIX A 77 20T 70 F(NH)HSO4 2 HLEL NH. far FLIF IE 5
T T B 7 H % & 5 ((NH)HSO4NHY) 3 BL HSO4 fif HL /) 41 B 7 Bl #% & %1
(INH4)HSO4].HSOx)

AR TAEHE 7R FI(NH.)HSOs A7 T CFS iX— S sereift—0 TAE 3] 78 ik JIc)
YT E B IE ; A3 I8 FH AT I 18] IR T 5w 23 B A FLIE R B ™ X R 58 Rk A7)
(R8T AR 48 IVEE . AR DT 18 iKnife-REIMS BRI AT AERLH; R 1T e B 7 2
5@ B HUR AT & v REAE AT AL I TENL 2R, DLAERR I AL R B R 770
2., 1 IE 2 i 5 U7 208 A AT S A AR R TE AT R v A 52 A 1] AN A i HL B, [
(YN ES7 W

Email: HDL6688@yvip.sina.com
g B G RRAREEETH (No.41772157;41371449) % Bl 25 E A5 52355 2 & 001 H % B Waters 24 &2
Wil
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R AR T 2 AR T B R AR T B AR ST

T
i E RIS R B A B, AER 100176

JVE B ATE B AR 2 2 T IR BOA [R5 SRR vt s e R L« o 7 3o 38 PR AL A
R EE AR AT ) “ b7 FERTEAT I b, AR B 17 AR B i R L A 1
M 555 AN e BE RO RTINS 18] o R T A% 8 o 1 20 W 4k e B il SR B B I O i T Ak
REVA S A B 5, A REBEAT S5 SR BTREAS I, JCR AR B I 8] P S8 RO s (K 5 58 7 o
WO SR AR SR AR RERAR ) 8 TR, SR TR BRI T4 i AT AC EED 3R,
HAL TG 2D Bt dh B a] SE R AL A, BAT TR, i mal. xRS

ASHIEFOR A IS WOT A8 TS KRl G, FE 0 AR R AR ISR I & D
REHUIR )AL« REEOCE e A ST 308 A BOE HOR T i R SR 7 Al AR AR
B I AR IR ECCRAE . 2R EAE . BRI, Yo Bk BEIRE T AR i AT AL EEAN
Ry B IR, SEIURE Sl PR Rk SIS AN SR R S 1 A BT ARSI

R BARGARG WG OT AR T

maqiang@caiq.org.cn, 010-53897463, 13671053105
HIH . [H R E AR (2016YFF0203704)

ZE R

1. Ma, Q., Analytical Chemistry, 2019, 91: 6661-6668.
2. Ma, Q., Talanta, 2018, 180: 182-192.

3. Ma, Q., Analytica Chimica Acta 2016, 912, 65-73.
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ICP-MS sl 5 Hh AL P & TR

[z, sHJkp]
1 FEME RS GREO, MRS 72 SR E K E A sLG=, 430074;

T X % B S ER IR PR R A, R O ERA i R rh R R .
{H2 BB AL S o0 Bl 7 v CL 2 AN BT 2 B4 HUJ5T 730 H 1 75 5K, JCHRE T XHIK & 2 IR A
e, YRR AT RE IR 2R A D HOE V2. el S A HBRE R R R DA RO K R HER
= R R RS

AR F B R T T % AR ML S A R R 4 R 5% viv
NH4OH #&EUGH M= & AL, 2 J5 %A SF-ICPMS e K& &, ARI7EMXT5 HAD
TiiE, KOKHBESE T . 76 140°CA&HER, X RSByt R, R &ERIEM
15 43 Bh BIATIL 2] 90-110% A3 . 7E 220°C 2644 R R AL E B AR 2 N/NeF, B AT 58427
il AR S A, RSEELEL. IR SE A . fEE R, AL iR A
(ST A 2 B P DA b 97 1k 51 28 1 5 2K o 2 5 SR P v R B0 1 v o i o A T
DUA 2502 e i P B & YRR, FT K 22 50 ot PR A O 2 I e B S AR E ROV & o
R, FATUCNB A LR A TR Pk, S A nse s, Ex =tk = b B
EPN A E 5

g HFRE S, &, W, Bt ICP-MS

E-mail: zchu@vip.sina.com.
BE&UH: BFARFTES (S No. 41873029, No0.4150315)

SR

1. M.A. Kendrick, J. Andres, P. Holden, T. Ireland, Geostand. Geoanal. Res., 2018, 42(4): 499-
511.
A. Aiuppa, Chem. Geo., 2009, 263, 99-109.
T. He, J.Y. Xie, Z.C. Hu, T. Liu, W. Zhang, H.H. Chen, Y.S. Liu, K.Q. Zong, M. Li, Geostand.
Geoanal. Res., 2018, 42, 309-318.

4. T. He, Z.C. Hu, W. Zhang, H.H. Chen, Y.S. Liu, Z.C. Wang, S.H. Hu, Anal. Chem. 2019, 91,
8109-8114.
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TODGA W JE2aAE Sr-Nd-Hf 4355 24k 7 VL il i ST

B 1, PMEA] *, EHEELY, XBEEH !, pAAGE!
1. P EBEEREE R R AU bR T AR XARZE R 16 5 B5E 3 58 100101;
1. HEBEERERY: EETARILX ERE 19 5 100049;

Srv Nd. Hf [Ff7 27 Bf 2 A F o7 i A 72 e B B X BR A 2 T B, TR 3R A i o A
fh U Sty Nd. Hf R 33 2 0 H 2, (Hi TR TR ME 0 = TR, B
DAL [FAr 2 0 T 20347 B AR e R Ik 5 B 4lifk. BT, Srv Nd. Hf HAR &M 55
FESRHAMB S, 0 SR BHAE. LN M5, TODGA Mgk, JulRixsshigdl s, KAt
PEE T Sry Nd. Hf HFRJCER M/ BACEE 12, e St Nd. Hf 7EX S fig_F 43 i R 580,
RIUATT/E TODGA 4 fig 1 70 e RECER LU I &1, IX iR & TODGA W R ELAT [ I B St
Nd. Hf 45 . #2435 Pourmand and Dauphas (2010)3 5T, 75 3 MHNOs & #H, TODGA
WG RESE 4B Sre Nd. Hf, TiAWK Fe. Al. Ti. Mg. Rb %, X Uil TODGA #fign]
LA T HUTRE i Sty Nd HE SIEATT R THITHE KI5 4o AL Sty Nd. HE N
Hir, RAWTT TODGA ZEMA JExt H IR BBE i s, KILT Hir o R 5=k
TIITCRM B 4LE: 6 M HNO; UL Sr; 1.2 M HCL ¥t Nd; 1 M HNO;-1.6 M HF 7B &%
Wbk HE. Sty Nd Hf AR RISCR KT 97%. [FI LA A FrfE BCR-2. BHVO-2 fil AGV-
2 HHATHRAIE, iR &% 5 TR (MC-ICP-MS) MlREE S St Nd. Hf 20 &5 4lifk
VW, PP 8780Sr, 134N A 1TONTTHE [FI7 2 HUAE S HEERAE AN SCRE — B SRE0 O U IR
F TODGA ZEbH6 g AT 73 B8, AT SEIMMLSAE & Sty Nd HE A Raifh, 1%0712: 16 5 2 1%
B, FEHUTREM Sty Nd HE [RIGZZE 40 BAA T R 0 B A5

REiA: Sr, Nd, Hf[FIf7 %, TODGA Z#H g, #AE4r5, MC-ICP-MS, HuJfi#E5H

Tel.: +86 10 84097061. E-mail: yalisun@itpcas.ac.cn
THEOUE PR ST iR AEE S Fe-Ca RN RBLE 4 S St-Nd-Hf [FINL R 547 5 1 R R K FLAE 4 ) i
sl N 41873019

SR

1. C.F.Li, X.C. Wang, J.H. Guo, Z.Y. Chu, L.J. Feng, Rapid separation scheme of Sr, Nd, Pb, and
Hf from a single rock digest using a tandem chromatography column prior to isotope ratio
measurements by mass spectrometry, J. Anal. At. Spectrom., 2016, 31, 1150-1159.

2. CF. Li, J.H. Guo, Y.H. Yang, Z.Y. Chu, X.C. Wang, Single-step separation scheme and high-
precision isotopic ratios analysis of St—Nd—Hf in silicate materials, J. Anal. At. Spectrom., 2014,
29, 1467-1476.

3. A. Pourmand, N. Dauphas, Distribution coefficients of 60 elements on TODGA resin:
application to Ca, Lu, Hf, U and Th isotope geochemistry, Talanta., 2010, 81, 741-753.

4. Y.Q. Wang, X.X. Huang, Y.L. Sun, S.Q. Zhao, Y.H. Yue, A new method for the separation of
LREEs in geological materials using a single TODGA resin column and its application to the
determination of Nd isotope compositions by MC-ICPMS, Anal. Methods., 2017, 9,3531-
3540.
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THRA TiAV)E T 1 B 4% &R -B M SRR ER+
HR)VAE]

S NELE, Y e
ERUmE K Hriikibty, JE5T, 100875; E-Mail: xiemx@bnu.edu.cn)

TR AR — P E IR O RS, R R ARG e, B
&3 BI%E. B, RIS PEEEMESI1]. T BRI 2 SEF 2™ ER
NP, Qe BEIR . ORI ERRAESE[2] SR, B TR AR A P RER L
JR B = B AN B ARG ARAIS, AR R EAERERR I B T4, 1S B R 10 & (1 4 2= A
Bl S AFAE— o WA DRI, R PR S A R KBy S E R TR E BN E L. A
WEFEHI T — P TR (TAYR Ti(IV)E 710 B A2 & 8- M2 4hhy, B (PA) it
ITE, RIS T 52 A A VDR b AR B R ALK B I e = 4R TEM R ARG i oK
Kir (FesOq), J7{H T rEMESRLE. HEER MR TA. PA I FesO4 RTIRG, A5
BRI TIAV)E T, RS TiAV) & IECA /RIS NS S F5RE69 (TA-TI-
PA@Fe304), TR HIIIASEASFFA BRI RS [E € 352 (1) TIAV) B 1, B 1 AR B AL ik
BB fE—EREAIZE T, MR R TIAV) G R BEW R B VE R 45 A B ILIREL, &
RGBT IR, RS T BRI IR B B R AR R . MRS R E R AR LA 1.
AL S5 1 TA-Ti-PA@FesO4 X B BRAC KB R AT R IF A SV R B, 2 RHEEE A 4 fmol
() B-casein FEAAE E 2 SRR ALK B IMNAEBERR AL KB T30, 12 RL RO BERR ALK
BI 1:1000 f)B-casein/ BSA VR A iR (p-casein:BSA, BE/REL) thE& ik, Z%hkhn i
PR IR B B 25 A 2 35.2 pngmgte X FRIRMIESAEAR, ZMERERE A 500 pg K BT
JIE 2 BT AR ) 3408 SRR ALK B, DL TR AL TiO, /N (2730 25 ) F1 Fe¥*-IMAC
N (1217 %6) BIEERCR . % EPNR, TA-Ti-PA@Fe;O4 & i FE I 87 (8, X Ee 1k ik
BEAE SR RS, sl T2 iRk o B e 4, MR EA
JoRAH 2 (A T AR AL T — s R AR R

A FeCl, + CH,COONa +(CH,OH),
o
v oy P
Py g R B oo A 1.TA-Ti-
o owa p4 o . O=R-oH sl Ti**
mjﬁ*qg{a}i }(li:(‘“ + ) + ﬁ‘;d; i — @ PA@Fe304 #4
. wgas %o onl O e
f“ % Fe.0, FHIH % (A)
s ° TA-Ti-PA@Fe,0, .
= PA PABFO. i kg
8 MR BLR) &
>t FE
% washing = elution % MS analysis %‘ ;%ﬁii(B)
—— —— i
incubation f.’ § %
E g -
Mass (m/z)
~~ TA ~_~ PA /\jn;/v Phosphopeptide Nonphosphopeptide
KW BERUWIKBUEE, SEMMAESY), B, HR, HPKET, IMAC

S5 3R
1. T. Humter, Cell, 2000, 100, 113-127.
2. P. Cohen, Nat. Cell. Biol., 2002, 4, 127-130.
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ET YLK DNA 2 FHLSH T e BEW T

TR, X, B
L DQNEREAA S22 RE, AR 610064;
2. PUNEREA 7 Al ey, AR 610064

DNA 7> 7 HLEIT e 7 8 AU SR g Ae, TR 25 LIS T BRI Hor,
DNA SPATEAR N — IR ) DNA 73T HLE W] DURE S A UE B al, RGN
M EABERIES . DT REEDRAR, R OEFAEE 2 E S R £ T4

PRIk, AR T — M TR LR DNA PAT¥ . %7544 T DNA 71
WL A e RABURE S BE AR T LI i 0 e e R A P S5O0 o FEIZIU AR, HAR 7 TRl
DNA AT H M PR HLEE 245 A5 5 B IR IO OB E 5 5 LUE (17Au/ 15In), K
LxE B bR HER AT SE R B AL USR] 1), 2% DNA BATH AT 70 B AR s 5409 M 7K
AR, R R IR dh B AR A 2 RSN E IR R 2
T[S HER > AT 5 VR R R SR AL TR

’ ’
~ e« : »
A g & o
AN #SK s ¢
.Mﬁ *,* - Target .w* ; 2
.)/V X~ 5\\. // ~3 -7
j . i £ mfz myiz
- 7.
O U5 N
a @ob /\Ua\\&‘ o ‘\\ |cpmsT
o 1A el R
Step1 /) e~ i \ ®
i / * ‘*\ " % *‘. " ¢} Magnetic ® .
WA~ ST GECS -
e o K3 M @/ separation "‘ @
s | 4\ £ Ton/
i - @® .i.ﬁl .//, Released tags
o " -
Step 2,34...
{@I Streptavidin-MNP @ AuNPs ~wwu Biotn-anchor strand = AP Site = ElementiIn

1, DNA 737 HLas T2 o0 i fg 22 S

KEE: DNA 70 7HLEs: A THLb: HEmEE.

(Y.L.) Tel/Fax: +86-28-8541-2798. E-mail: Ivy@scu.edu.cn.
(R.L.) Tel/Fax: +86-28-8541-2398. E-mail: liur@scu.edu.cn.

Biff: R E K B ARE R B SR

SR

1. S.D. Mason, Y. Tang, Y. Li, X. Xie and F. Li, Trac-Trends Anal. Chem., 2018, 107, 212-221.

2. X.Qu, D. Zhu, G. Yao, S. Su, J. Chao, H. Liu, X. Zuo, L. Wang, J. Shi, L. Wang, W. Huang, H. Pei
and C. Fan, Angew. Chem. Int. Edit., 2017, 56, 1855-1858.

3. C.Wang, R. Liu, J. Huand Y. Lv, Chem. — Eur. J., DOIL: 10.1002/chem.201903034 .
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TEHLIGR T B 40 B A 25 B I 1) B 1 40 B P 4 O <2

A B
IR R A 2 e I RIRC A S A 7 TR E KCE e s, PR,
541004 _

AP )BT R S BRI E — 2 B H AR TR BB E, ERXIFAREN
W& m TR P I A G O BT A [AIAEAE 22 57, W T4 AR A T e v X 22
5o SN AT R] DRSO B AE ICA S R R B0 MRS R, X T AT SRR 15 S AL T AR
Joq AN E R (0 IS W B T R T AR R TR S BRI E T s R
MUHMERR, R RIE T 40 48 R i & B ARMK. ICP-MS & —FRE TR THEA, AAHK
AIRBAGL H B, AT T DA EL FAG 0 SR 4 0 v < R 2 B O AT RE . ARk, A A LB A 45 2
TG/ BTG XT FRAH TT R AT, AE A S AN < A S I AR ORI 2. A
BN B AR, B BE T, RESARERR T, IMETEEAEY
AR IG5, 2 AR R ki, Bk AR E N FIRE— DA . X T F 40 fI-ICP-MS
(Single cell-inductively coupled plasma mass spectrometer, SC-ICP-MS) 4347, ks 5 m
AR AT TR, BP0 5 4 RO % 3.

ARSI B R MRS . BRI SR AR S N, ARSI AR LT
1K 100%. 12 B 20 B R A 26 B o S R 4 M = VR R 5 | N BB, M S e
SRANMIAEBANE h RS G, A7 A M TE B i R . S P R AL T A
WAL, AR REANLE BN IR), 79 2 Em R SEI 25 1F . Kz i 5] AR B R F] ICP-MS,
R e E S NS KA DRC BETHER 1% Cu 2 R TR 8. i T-ille A4 A
AP Cu S8 127 T H g At o e BRI .

KW ALY Bt HERERE; ICP-MS; 4

Email: dengbyl6@163.com
ASCAFENE K B AR R 4 (No.21765004) F 245 FH B2 5 2454 i+ TR B CH fi SRR =
(CMEMR2017-A5) % B, 45808 .

S 300

1. S.Ishida, P. Andreux, C. Poitry-Yamate, J. Auwerx and D. Hanahan, Proc. Natl. Acad. Sci. U.
S. A.,2013, 110, 19507-19512.

2. Z.Liu, X. Li, G. Xiao, B. Chen, M. He and B. Hu, Trends Anal. Chem., 2017, 93, 78-101.

3. Y. Cao, L. Tang, J. Feng, C. Yu and B. Deng, Talanta, 2019,
DOI:10.1016/j.talanta.2019.120174.

31


mailto:dengby16@163.com

2009 % ANARAEERAES RAARBIARKBEEL K9 (2019/9/20-9/22)

HERSSFETAREENE RHRETR

XNE T, JEANEE, AR, &R, R, RERE, NN, S
LA REAX AR A ], Bili, 215347

JRFRESE IR, Wl . 8755, REPNE AN P LRI HE 2 —; i, 7EN
PEA XIS FRR VL8R . AR SCRIIE T IRHIRES B TR Rl s 2. HIRESE
JUER, KRAMMREEWEG, U8 3. ZCynbrms, MERPH. 5. 8 8. .
g, LR SR AR 2 IR T3 (SSCI%0 Xt Sy, 49Ar2C X} 52Cr) 4, RH
Ml A2 S B ARV B B AR 2 JR 1 B 4. WI%E 0. 0.05. 0.1, 0.2, 0.5, 1pg/L &InHRIrifE
VI, RIbRAERT 2R, TS & o s bR e - ZR VAR DG FER KT 0.999;  JELLINE A 5 25 1 10
R, =AU 22 Bk DA T2 R 28 ok B2 98 B AR HE BR 1 21 & T 2 1R HE PR 7E
0.47~14.30 ng/L; XTFREIG FESIAUINER 0.1 pg/L “FATME 7 W (Hrh v o& ks
0.05pg/L) » THEIHAEE L, FHUHEIHMARENLE, K% A 1.93%~7.26% 2 [4], Jns Ek
RAE 95.2%~118.8% [8] o bR A LTI E L TMAH Fl 038 B A VA E IR, BLEM R
PRIGFE G, FELAREAE R APR TG R, R FBRE & 55 B AR i A e PR S & e
0. 1. 2. 5. 10. 30. 60 % 150 pg/L AnifEiil, hlbruEthsk, Fristnit dhze 28 PEAH &
4 1.000; SREURBEFPEATINGE 10 7, HE 11 IR EE R brE i 22, DL =15 hr v 2255
7RG B, THEAR RIS IR Y 0.32 pg/Ls WHERRE SR ESEIE 11 Kk, 115 11 k)
IREE R RSD, VAL RIS SN 0.70%; 2 /N AESEIERE, B0 6min K& — N,
THELIEG 2 /NI PSR AEEE IR AR An v i 22 , 27K AR 1, TS B RS E 19 0.77%;
[ PR S TN 30ug/L MIhRAE AR, 38 I A AR B s Ja I B v H SR s [ e, 75300
B [T 43 54 95.27%F1 91.20%

KW, HERMRESE AL, R, S, RESETER
15151656592, zhouli@ skyray-instrument.com

SE MR

1. 5KE, ZEArE, WhiE, Rk, ZarFr, 2012, 24, 901-908.

gRERR, BRI, R, WERE, A DAL, 2014, 24, 493-495.

EAAR, TR, whatte, FEfhaE, R, i, &, ek, &, o, ek

I [E A4 2016, 39, 917-921.

4. e NRICAEE R TAMTRIEEZLR RS, YS/T 107.2-2016 JRIPBUENE 56 2 4
gy MR G S BRI, 2016.

5. b A RN E [H 5 P A{@ RS 514, GBZ/T 308-2018 JRHZFh4: @ FIT il HJss
GEEE RIS, 2018.

2.
3.

32



2009 FANAREEAESRALRBEABLIFTLEL K (2019/9/20-9/22)

T AR AR U B =S AT TT 8

X, e, 5
VPG NER S AZERE, AR 610064, 2 DY IR ZE AT, AR 610064

PRy — M ER R TEHL T R A TR, Al & 45 2 1K BT (ICPMS) B A 1R 2 gy
ML, BIEZTRFNAN . R R, LIV AN, I HREwIRIFI 5 ¢
W UK B S ORI . ART, TR TALRCR AN 2 i T, R
W53 F A B VR IR T DK 43 RARZR IR F-7E ICPMS WSS R, TovEAer MR B2 A= 9 7
T Em%ﬂﬂ%ﬁﬂ&ﬂﬁﬁﬁ#ﬁ%iﬁ%ﬂjEﬁl‘ﬂ@?%fﬁT~A¥ﬁEﬁﬁﬁé, AR AAR I
BT AW 737 B FpU-SY, TS REAS I T DAy R R Il @ Aa e RIf R, e
H AR A DN TEEEH'JEE#%’ I

FATRE A T e 7 2 T TR U E A (1 A=) A AHSCHIE T, 3L 7 — R IUBRICATTEAR
CEMI M TR0, R IR A A PR AR < TR A g R 3 A5 5 R DU T IR0 Bl e A
Yoy r i WATRSIER I T DNAL RN 8 F i DL/ 7l b . 5T
fEn AT EIEL . RBUER, 2L b R IEEZAER

K@wE: Vot RRERME, TohE

Email: lvy@scu.edu.cn
ESL ISR 2 S IRy SR s o

SR

1.  G.Sun, B. Huang, Y. Zhang, Z. Xing, S. Zhang, X. Zhang, Chem. Commun. 53 (2017), 13075-
13078.

2. R. Liu, S. Zhang, C. Wei, Z. Xing, S. C. Zhang, X. R. Zhang, Acc. Chem. Res. 49 (2016),
775-783.

3. X.Yan,Y.Luo,Z. Zhang, Z. Li, Q. Luo, L. Yang, B. Zhang, H. Chen, P. Bai, Q. Wang, Angew.

Chem.-Int. Edit. 51 (2012), 3358-3363.
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N A2 A B BV 7 9E SR EE CAHL A RO Ik PRI

HIEH, R, R
R RN 22 SR RERL A 22 B 0 Wi 2 R R e s, 0 430074

KA BEE R RS ABR, 2 —RIREE N, EERES — R 5B
A, B NI R ST NI R, AR KRB AR R AR N AR N IR RS S T
A EE AR TR SRR EERAENE NS BIRIC, —fAE nmol/L 1 pmol/L #E L,
2 T S [ A 2% 1) 40 8 R B A e R T o vy 258 A - 8 R I il v A L R B e R T
%, RO U e, B mIEE. . REUNIE, BT BIERET
Z RS, SR SR B e RV R EUE ERR AR . Se R R o A
Jif (congenital adrenal hyperplasia, CAH) & —2H FH & 1 i 57 J51 2 [ - ol 0 2% 25 B/ B % Ak
BB RE, 516 DA R 0T A% ] e BB g = (1) 5 G AR B M s A5 1 e, 188 2 T8 170-72
ZA  ZE R A R S S e ) A R T vy, T R AT R o A 5 A R BRI
TERAASIN CAH i AH QA [ B 2 A4 N i B2 St ot AR B, 2 CAH [Ilm RiZ Al
YRYT I I ) A

AR FH 8 v VR €0 - FEL 55 i - — L DU T 15 (UPLC-ESI-QQQ)¥%,  SEHL T AAA
Mg 18 i, RN 21 F 28 [ Bl R i PRod s Sl o >R FH R 2 AR A ESI-
QQQ Z Ml (MRM) Zp#frJrik, & 1 &€ BN . ERiRES RBUERRTHE T
(ARl E R 7pg/mL), HEAFTALEENS (A H]7E 10 min BLN, AR A ZE 6min A
Wo JTIEAER IR B A R B BT IUA SR IIE . Tk seub 24, H N H Ak
BRE, BEPURN, AEWRTE, ARE PESEIIA 3L E FDA AVIFEAA IR FE ) EK,  [F 5
BT 580 Z I IRFEA RSN, SR FE AR A SR [ BE S 5 5 5 R MR B B B o AR R I R
KH—5,

1.8x10° 4

1.6x10°

1.4x10° o | i

1.2x10° 4 | 10

1.0x10° 4 / 2

1
8.0x10° . 9

Goncentration ng/mL

Absolute Intensity

6.0x10°

4.0x10° o

2.0x10° 4

5
gl
00+ i
00 05 10 15 20 25 30 35 40 45 50 55 60
Time(min)

Bl 1 (). 18 FhE MRM B GAFE 10 ng/mL): 1 BHER 2. 11-f 4208 5
307-FZUGETERR 4. LSRR 5. MR 6. V- RRE 7. AIAks 8. &R 9.5 10. R
B 11, 4-TE0% WA 12, 21-WEU R EE 13, BERERR 14, 2200 15. 170-32 2400 16, Z2GEERH 17, MR
18. 11o-F2 42

B 1 (D SEbr s AEA I 45 51

REEW: WIEMEREIREER, e (- FR T 55 r - — EE DU R AT 52 3E2:(UPLC-ESI-

QQQ),IfiLi, B - He i A AE(CAH)
S5 3R

[1]1S Matysik, G Liebisch. Quantification of steroid hormones in human serum by liquid

chromatography-high resolution tandem mass spectrometry. J Chromatogr 4, 2017, 1526, 112-118.
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TR o I B o S BT

BoER ], FRT, FEME, BIRE 2 2, kR
LT R R 2 S TR ARZE, BT 530004;
2. dbETHT 275 1546 50 4044, dbat 102413

N I E R R S R AR R RS, A TARAE T AL S T I 5 SR AR T AN A b
I, AE = aliss v WA T IR AR A R 238U, 22°Ray 232Th, 21°Pb Fl K 5%
RIELIEE . AR5 AG 1-X8 BHIEAT AG-MP-1M ¥ JE XA e 2 34740 B AR EL . 40 ol faf
FH LB & 25 B TR (Inductively Coupled Plasma Mass Spectrometry {##K ICP-MS) Fll
D &5 i (Accelerator Mass Spectrometry fij#% AMS) XFFE it 1) Pu 47 17 l5E . M ESE
REH:

1) ARV 5 PR3 3 B B A A 238U LU B )V 2 18.72-64.63 Bg/kg, 2?Th Lt
15 B Y /& 0-20.80 Ba/kg, 22°Ra LLig BV 2 3.48-61.97 Ba/kg, 2'°Pb Al “0K Ly K
B> HC T 2% y WSO IIBR -

2 b0V VR I 5 B S IR B R AR 239Pu LEYE FE VI L2 1.56-24.92 mBg/kg, 240+23%Pu
EL 35 P2 A Y 2 1.87-29.90 mBg/kg .

30 A HBVE TR I 5 BT R AR A 240Pu/23%Pu YRR 0.173-0.226, it iZ M X 3
B A 240Pu/239Py STEE KBS X 1A 0.200-0.208, X —45 E W] Pu EERIET KK
Uik

4) FIF ICP-MS Fl AMS [ 525 SR 43 LB FF, A TAE M3 2y 240239Py LUy
FEAN 240pu/2¥Pu 5 [ SMH S I FT 45 AR &

RG] BN WEIE RS 239Pu M0B9py  240py2¥py [CP-MS  AMS

email: yjguan@gxu.edu.cn, Hiif: 0771-3232666
E xR ERB ST HTE (45 41166002 A1 11665006)

ZE R

1. P. Lindahl, M. Keith-Roach , P. Worsfold P, et al. Analytica Chimica Acta, 2010, 71(1-2): 61-
69.

2. P.Lindahl P, M. B. Andersen, M. Keith-Roach et al. Environment International, 2012, 40: 1-
201.

3. M. B. Froehlich, S. G. Tims, S. J. Fallon, et al., Journal of Environmental Radioactivity, 2017,
178-179:349-353.

4. %&J7KAKE, M. DeCesare, F. Quinto, et al., [ %, 2011, 24(04): 219-224.
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THLFRALRIGE: BORLTHRYIH ID 58

HMET, BlEfE, BiEd, TR
tERFERB S A L, M HASEEE R E SIS, dba, 100085
Email: gianliu@rcees.ac.cn

BURLST5 3 CRATR BRI . N TORPRIE) 52— AR RER A R fa#
WAL G, WK SHBRY (PMos) SRS, I RGEEHIR KBS VI 305
HR U PO R DA A S L I 0 £ R DRURST PP A B 5 e il 0 22 5C BB RO IR S R AR SUAET 5
G R B BRI R 70, B AT XSGR RS, /i 1 SO B #R N N B iE
i R R IR SIS RIRGURI RN X 73« BATE ORI T ARIRAE B AR AL A
AR FAL R M RELR, M — LG0T MR R UK R AT 9. BEAh, BATE UK Si A
SE [FAL R FG LN TR PMa s SOGBEIRURIY) (AURBTRIY) HIRIRER . I PMas A A
TR EA BEAFR Si FARBIUEE . thth, FATEARIE L — KRR LER PM, s
) Si FEE I ZE S A DARIEAL ST PMas o BRI DTk, TR 17— Fh PP < i
T BRI TR KB & AR . BRATTERE Si RN ARG T SiOx GHKBIRIA (K1 R I HL ] »
RIAAFIRIE K Si0, BA BEAF N Si-0 —4EFIAi =igLl, FIAIA Si-0 4 [FhL
RSO LAISEELGK Si0, MRIFIEH . a5 S HLER 7~ 1Tk, BATE L 1 RIREN R8s
R, T RAZE R FIFE AR Si02 YKL I AN RIS ) € MR A . 3R, A
Si-O 4k [F AL E AR S B 0] LIAE— € R L BB NIE SiO2 PRI R BOTE K A=) T
X RGN T N KIBUREL [R) 57 2108 1) A G, o T oK RURS: Pl B 9K it o B i R AT
AEH E A E

iR R EIBLL, MC-ICP-MS, 4KEikiY), PMas, W

WIEE: XIfE, Tel: +86-10-62849124, Email: gianliu@rcees.ac.cn
TRWH: EFRARRIES (21825403, 91843301)

ZE R

1. Lu, D, Liu, Q.*; Zhang, T.; Cai, Y.; Yin, Y.; Jiang, G.*, Nat. Nanotechnol. 2016, 11 (8), 682-
686.

2. Zhang, T.; Lu, D.; Zeng, L.; Yin, Y.; He, Y.; Liu, Q.*; Jiang, G., Environ. Sci. Technol. 2017,
51 (24), 14164-14172.

3. Lu,D.;Liu, Q.*; Yu, M.; Yang, X.; Fu, Q.; Zhang, X.; Mu, Y.; Jiang, G.*, Environ. Sci. Technol.
2018, 52 (3), 1088-1095.

4. Lu, D.; Tan, J.; Yang, X.; Sun, X.; Liu, Q.*; Jiang, G., Atmos. Chem. Phys. 2019, 19, 2861-
2870.

5. Yang, X. Z.; Liu, X.; Zhang, A. Q.; Lu, D. W.; Li, G.; Zhang, Q. H.; Liu, Q.*; Jiang, G. B.*,
Nat. Commun. 2019, 10, 1620.
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BeABLBR B 5 B SR ST R

R, ke, VR, BREREL KRS, BME, /R, BR4AE
C(rp [ T B e AR 7T, D)1 488 621900; E-mail: hxwu@caep.cn)

A TAEE S BEEH P KB T (Secondary lon Mass Spectrometry, SIMS)Fl#4
FL 2 i1 (thermal ionization mass spectrometry, TIMS) TEAZAF L4 BT AR EAS 1 AFF 78 33E 2

SIMS & — P A /1 R T & T RAETF-B, SEGRIR T HEARA L, BAR G
)RR B2 73 He e Bkt v RIS, ReX Ay [Afr 2, v DA TP e RS F(Z2<11 1)
TLR) ST WA B A Bk, SIMSHER — TR T [ A S 2 1/ 5 1 T ER % R 3R o
AR S T B @ R T 5 E TR, AT EDEN TR TS A
TR FHSIMSHE 7L 74 Bl & S R AT AT A JeRMIRAE . S/ A AT R 5k
TAEl, PAK A G H R AR B o SIS, FHOR &S RIS it — A R OSBRI
HALME R TR AT B AR B E.

B RS 3R F BE TAERZREHIERA . A4 . REGIESF U b 250 H 2, TIMS/2 8l
()57 2% 0 B Fe AE A 1) 7 V2 — o ' R TIMIS 2 0] At ) 0 5368 5 e 22 L BB 31)0.05% 1 HAL B9 2K
R, KT ng AT R ERIRE i, Joikii 2 R USRS 5 B I /3 oR . IR T — M ELsEAL
SR D P 1 B ) R B B I RE R, A T e B ARG aR AL B, JF R T
TAEGTIMS I & () R B AR &, 7T N TR S ARG R AR 08, KON BHE
WeMTE  RLIOIE 73 55 7 TS T SE R BOR SC 4%

G WS T, AEERE, (T, Jed, RS

SR

1. Materials Science and Engineering: A, 2019, 739, 1-16
Materials Science and Engineering: A, 2019, 744, 512-524
Npj Materials Degradation, 2019, 3, 1-8

Analytical Chemistry, 2019, 91, 7215-7225

A W DN
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RBGHET R R R JRE RN

BB |, %, Dl

1. HEBEBEHERL AT AT A PRIMERAL 22 E X 8 A s 5iFH 550081
2. E B R 2 e SR R S AR R0y B R 100037

SO Candtf s REEEAT 45D Dy B AR s TSR I B AR LG, RERS 1 0T 3 (SORS
TN AR [FAL 2 LUAE, BRIt B T BT AR AR F b o X 8 S O PR 06 25 (R T8
PERA o FALH B A, FELNRTHYEAA M0, HREXT o AREE atf KRN
W IkAT o B AR R I BE FARRIAL 2R RO R A AT &, 7% 2% i iR 2 e 4 e
BT . B KRG R RS i KA 10000 (R B #ER, L EES T, R,
TR PR TS 3 A A 2 (1 A R 7 3R LU A TGV AR ANl 27 20 25 1R 2% T AT 40 X D Ao
BN o IX PR 7 X AR RAETUIX AL 7B (R S

IRZ KRGV B AEH =B FR L, P Rb-Sr & & A1, LB Rb/Sr & T 5000
FAFIE 100000 LA Eo EXFPRAET, WG FA 2 LUAE A & Lol T DLZ2mS . DRk, 4
SXoF X T R TR T R 0, AN T4 R T DT g 0 e A R )7 3 2 R P 7 SR BRI A 3R
JEAF

L Rb-Sr & £ Al :

87Sr = 87Sr; + $Rb(e™ — 1)
TE= Rb/Sr #f 5 (Rb/Sr>5000)H, 87Sr; (M & 1] LAZRS AL, BRIt Bk 2 sUnT DU A A -

M87 87Rb+87Sr 87Rb
— = = X At =R

M85 85Rb 85Rb

IR RN E T A 87 A1 85 LKA R, KA AR t = In(Rx2.593)/1.42x10", AJ DLTH5
HA P EAAL 2 AR R B AR B (T A8

FHF Rb-Sr, Re-Os Fl Lu-Hf & R B AT, EHA 1 MC-ICP-MS )43 HT ks
B 54 (<0.00005, 160, FEANII A )% 22 7] DMK ZE<5SMa. Rtk %7700 R 2 m i n™
MR ALAEARZE TR B BRI 77
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A7) Ru R R AR S RFERI R RIS

ST
Hh [ S BE AT FU B

ZIRBHE BRI 0 T AR T ERE T . ZRRME AR . JE AR B xRS R A
WEA 0 EEN R L ARG HREEI R I e 2 AR A R N 5, HERE R R
o FIBL R RIRH A BT By PR, FERRFEI e R332 M . RuENGIER BiT
MRS =z —, TR FEN ARG RFERI DR, A 0T BN HAE N BRAEAS S0 e 4,
FH T 5 A B % B0 OQ (A% DR IR A% 2 i IR A FE A

MR FH ORIGEN2 X 44 FhHERL, ARAIERAS U F B Rk 2 A4 Ru [FIAL 3% LU B SR FE
AT ARG, Ru e E AR “Ru/ "Rus "'Ru/'“Ru (I A SAFE . HERLA SL0F (5%
ko AT LUR] FHZLAR =4 Ru 1) [R)A7 22 28 1 2 BT A7 1A RE S 3 R I3 5

HEAL T MC-ICP-MS W& Ru [z 2 LUAE I 777 X4 100ppb HIRAR Ru G, #IRIALER
D AN 8 BE3S /N T 0. 1%;

HEANL TR IR S SRR R Ru B2y B AN T TR SR ARG, B I Ru 42
v, X St Zr. Pd 25375 REE 107 LE, X Mo [EV582; 1€ Ru o, U4
Jifn Eus Ce. Sb. Cs ZEFEAATRE, "Cs M215 REuLF) 10° LLE; Ru MIERLE 50%4%
Fio XFAM-CCLZERE, XX Mo 12575 RECEH] 10 AL, Ru PIYCRLE 80%LA I, ™C
(295 R 50N 10" B, B4 8 57238 m] LS 2L 2 HT ) Ru 4145

FEIRARE R Ru/™Rus "Ru/ " Ru BRI AE -5 R A ORTGEN2 1575 2] (0 AH 7 A5 F i 25 75
6%LA I -

REE: BT RAY RGE
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P R IR RS T B TT v

BT, R, b, 2EEe
(PUAERZEARWT ST, P95 710024)

WM RLERAR SN ) o B I i % e R B AL R, STBURH: v RE R I R A A AL )
FERERE, o3 HE 732500 B A e 2L P AR 2L RAENN i« 2R P R o 55 T AR B E B E
o ACEET 23U B & 5B TR BUEET T Moy Smy Cd. Pd 555858 248 =M &
KL RE AT B AL, BTSRRI IE T TR AR & KRR R H A
&, SCIL T T ppb~ppm EHRARIETIHKM T 2 M R e 2, WEN
32 PEAE 2%~5% 75 47

KRB FUE R, mRE, RGBT

S5 3R
W% o
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FHT ICP-MS/MS K] 02 R ML AMTIE Sr 284k KA B 1 5 B
8Sr/3Sr HLAE

A K
Lzt (PED ARAR, dbx, 100102

H AR T IR R AL 28 LA B R0 4 S ASEAS A AR DA AT AR e 4 7 TG A o e
£, 87Sr/86Sr [E)A7 & LU AE R TIMS 5 MC-ICP-MS #HAT R 5E , HokS B2 T34 0.001%.
SR, TEFXANITIE DT Z 0T, 87Sr Z5URT 87Rb 43 B HF 5K, DLBE G A MR K BT &2 T4 . IXHE
At T B SR SR A, I EIRAE TR AT ). O =B DUARAT HRUERAR A S AR
A (ICP-MS/MS) JERRIFHLICK, O ZHHEEM, FIH CHsF. NoO Al SFs EJy s M
R, FE“mass-shift” 1220 T, 87Sr/80Sr LU AT kS BERTIA 0.05% LA b, AT DA 2 —2ehf 7
Ko BRI, IXESARLEH M SLIR = P AT o Ik, 7EARIXE T, AT R I P4 T 1)
N ICP-MS/MS 7E A Ox fE AR IBIAET, FHHAREAT Sr alifbit, $7Sr/oSr [FA7 2 LB 1) 5
MTHERRIEFIRS B, B LEHF R —Fhml DRI T R A & 1 HER 87St/%0Sr [RIAL 26 LA I E

R, KH 1% ICP-MS/MS %% BCR-2 1 BHVO-2 ] 87St/%6Sr ELAEBE T 4T, 275
HHAT Sro4lift, xR RERm, Wi s A CERIGE VS E N, K EELE 0.0003 - 0.0005
(2SD, n=7) 5% 0.02% - 0.04% RSD (n=7) I, 4 ML Sr ik EETE 60 - 350 ng/ml
TGN, e B ¥7Se/A0Sr LR IR B3 X . R ICP-MS/MS J7% A1 MC-ICP-MS 77
X 23 ANAFRIE A R BYRE AT T, 45K, ICP-MS/MS %A1 MC-ICP-MS %453
() 87Sr/oSr LWAE T W& 2 57, WAL Z A ZE R 0.001% - 0.215%. {H ICP-MS/MS il
SE ) ¥7Sr/8Sr UAE FIRE EETE 0.0001 - 0.0019 2 [7] (2SD, n=3). {&T MC-ICP-MS J7 %I
FE, R DL —EOR R A A R X IR, N ICP-MS/MS J7i5 53 #T 87Sr/%0Sr
FOAE, AT BEME S FH ZEVRMAT « 715 I S5 7 T R AH A 55

FeiiE HEAIE, ICP-MS/MS, #4, Sralifk, 0, Wik

shuo-fei.dong@agilent.com, +86 010-64397684
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TR BRI SR R C = R B ERARTTR

PeSCHR, fTul*, BIRE, Zil
R RERL AT ST A EL T JbR 102413

I 28 vt /N A B AH SC R AL TAE T e St o BT T ReBE R 1 24C /s
TR R TH S R RS A, T I R i A A B VR ARG R F U A . RS UE ik
P& K T AR I HEBR S 77 TH AR FT,  #E iZAXER LI UC & RO SR 126 S5 REKH,
P C-H K7 & B0 LBl 1UC | RN EA B, KA Zn-Fe i %A BEFE & m]
BB T AR I w5 e 2310 R (10 B U B30 T A R0 38 R R 5 o) i 3
FIFHE: FEUCIERY B, A B R 170KV, 1.66x102Pa HIZU/THIES . ke Ff+1 lfr AR5 %
PRSI 4C m RBAONE, WA E LT 05 % ~0.8%, FERHEIEL 7107,

R N SFE UC AR
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R A INIE A3 5 TS Rt o

EnAE, BPRE R
RERFREHIRRGR 2R

KR FEREHIR ARG RIEW A (ISESS) MALT 2015 4E 4 H, FEA N4 BRAIX

BASSIREAN T R AURE AR RS R 7T, B R = B LA A R AR A
NSRRI T A I 2 22 R R G BB AR R, FFA TR R R AR LR 2 TSR At . S T2
ANFEZERDR 4CL 19Be B 20AL A i 7 B AWTHE K I TSR, 22t 2015 2 3 B E K B A A

(NEC) WE T — & HEER 14C g2 ity BT H T °Be. 2°A1 &) XCAMS

(the Compact '“C AMS system eXtended for '’Be and 2°Al) R4, MR/ NFTEZE 5.
br b5 —=5[1,2]. 2017 4 10 A, XCAMS R LHMIRTERAHEH . £idin 2 s
17, RGSEHORLAAL, 14C. 19Be Fl 20A1 JURR % 2 AR BR A 72 S 3R IS IR 1 14C/12C <
4.4x10°'0, 19Be/B < 3.8x10715 fl 20A1/27A1 < 6.9x10°5[3]43 7| FRMK E 4.0x1016, 14C/12C
22x10°15, [FIIF, It 1000 4~ C. 19Be F 26AL K il AR DI B AT AR EH
XF XCAMS RGUSATIRGL 3 J& LA LK T R 1 AR s /24

R XCAMS, '“C, 1°Be, 2°A1

E-mail: kejun.dong@tju.edu.cn; Tel: +86-10-8737-1071, +86-138-1177-3012
R AR RES: IR AR e P AL-26. Be-10 1158 &3 57 i & & S R 98, 11775157

SR
1. A. Zondervan, T.M. Hauser, J. Kaiser, R.L. Kitchen, J.C. Turnbull, J.G. West, Nucl. Instrum.

Methods Phys. Res. Sect. 2015, B 361, 25-33.

2. P.Kumar, S. Chopra, J. K. Pattanaik, S. Ojha, S. Gargari, R. Joshi, D. Kanjilal, Nucl. Instrum.
Methods Phys. Res. Sect. 2015, B 361, 115-119.

3. K.. Dong, Y.C. Lang, N. Hu, J. Zhong, S. Xu, T.M. Hauser, R. Gan, Radiation Detection
Technology and Methods. 2018, 2(1), 30-.
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BRE ST RE T HERAERTHE SR

BXGT, ReMSKE, BRAE
Crh [ TR B e R FE i, D)1 48BH 6219005 E-mail: aweixj@163.com)

1T B v RV SRR LS i, RPOE BT BRI BT R R s ek
BRI . TR, WA TREENB R ARN, DU B R LR, 4
G RE BT TR T R R A R o Bt i e T B ot s AR AT T B, TS
P FRAFBEATRGAIER),  KOR PR T B AT A A o

A TARRYY T IR PTRE T 88 3 7O R IR THE AR AT 125 . BT S 18
FHARTHRIF LU T A TR M R 7 2:1 B 762 RGN E LA IR A TR 2 i)
BT ERGRR S —BRESH G ER T K1 %5R . PR SIMION
PSR TR D R E R GAA TSR S T RGBT I 5. 40RRY, o vis e
FARG IR AR R BT R (0 — 2tk (B2, T2 2B R R 4%
FERIRRA, Mo e RGN R S ER T AR e 257

TR TR T R A2 20 5 0 [ 22 RN AR 8 B XY A P AR o B (B R G i) — R
ZEPR TR R A T ARG . 15 I BEE TR O EE TSR, R E IR, k2, T
SO TR, TAH R UG 22 i)y o S SIMION BRI 7 XU AT v 22 i &8
LR, BRI HEIR e a8 #b— PRl 1 BRI AR DU AT R A2 o & O B ROR
FSt o

Zi LR, B TH B FRAUAR S &, AT R AUR B B T R G T
BART L. — DL, Simion B HARIAE R 5 B THE A5 R B R — 2k, (B2
PEASIULFRHE 52 2 BRAF AR o3 T3 RIS PR il 0 K B R BR Ao AT P 2 P AR S5 00 E D A
Frgh B B4 AT SCEL AT AR R B, HARURCR A ]

KEgiE: PIRONTA, BV RS, RRE, HERUE, RO

SR

1. R, X4z, BFREEFRYEM]. T2 76223008 k2% H AL, 2001.

Simion Manual[M]. U. S. A.: Scientific Instrument Services, Inc., 2008.

CHENY, ZHAI'L, DENG H, YUAN X, LI Z, ZHANG Q. The design of electrostatic quadrupole
zoom lens for fixed multi-collector system at mass spectrometer[]]. International Journal
of Mass Spectrometry, 2016, 408: 1-8.

4. ZEBR. U riEM] dbat BHE AR, 1980.

2.
3.
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ETEE THDORIIRIE K 5 R A BT

BB T, VIR 2, U S, Bz
1. DDA 2E TRE2ERE, 6100645
2. VUKL 52228, 610064

3. WK R R, 610064;
4. PONRZPUR TFE2EBE, 6100645

S5 B R AE T 1 rh ) AT R I A SR SR o T U T R . PR R T 2 A
KA E BT BIREE TR TR R, R T 20T 558 TR I3 A g+
AR, FRH TAR ST T IR

JR 3R S SRR R S 4S VOCs [ miB 44 4 SERTELR . Tohn e B0 ATae
71, R T AL48 VOCs RrACAE /> BTl B, #RAEXERE, s dEri e R, B2 2 ia
RFAm T SR, afZgi. RN, s AV Em R Smsk. MR
FRZE AR 55 B AR RR B MG AR 3, FRATTHE e &5 B8 AR BOR 5 0 T 78 S B RS AR
HAT TOF RS & o FIFZKXS 2.45 GHz Tk s RO S e i, KR BESE vy 1 R TR
R AN E 7, RUKAE TR &, e sl s 7 R s i S s T ae . i i Ak
S5 B TR A OSSR A ML A R AT 30 pptve BETURAAL N B HEA 2
AR, TATELBIIWHH PTR-QMS, PTR-TOFMS, VUV-TOFMS £ %1 i 4% 28

T AR O B e AR TR T A 8 S RN R RS I BR 1], T DL B A R 2 i A BRI S
A WASHFEZ KSR, RS PRI LR E . XK TG TS5
MIRAE B Tz 1, A 7 BRI JoR WA i KA ST b AT AT A et , ] DA IRLA7 )
JE B B AL, AT EmE 5 B TR — PRI IR SRR o SR T T s 55
BT HHEARSEREE TR, R T 2505 R E IR, GRS S5 TR
LB 505 2 U (MIPDD), S5 B 1A 8 He il i 29 1 (MFGDP), % FIi& 55 B 1144
B (MPPD), FPHix 86 257U s Myiz H T4t it B 8 AU R 0 2, SRk AR TR sz
JHF B RE 0) 73 REE R o ST BB 5 B T TR AR T 1 5 VR R BS AL, JRATT DAG e
SR THREHRES TEAT N R, RIC T &8 T AR 1 25T UR 15 B T I R
R AT T HEERUPER, R R, R T e RS R . 2R
KT Analytical Chemistry, TALANTA %552

K SR TUEA: HIRRRHTE T TR THA R IR
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HELBE 5 B AL KB IE R S

R0 ", ER, OEYL, SkEZES
L. WHTHFRAEMEARGIRAT, Bl 2. EKER, EI0; 3 b EEAGROELEY) B
W R, Kik.

1) TR ARLE ) 8

BT, & AR BRI B AN — 2 ARG R B PR R, RONELA
B FURE B (R F ORI . sz b, O 80 4EARH ] John B. Fenn K FLIGE 55 251
R FRAFRRE ST LK, SR ST EMRRA M TR — i R SiR. 30 24 %
T, XTHBIEEFUENIE, SRS B E: lon Evaporation Model (IEM) & ¥ 7%
&, ‘5 Charged Residue Model (CRM) Hifuf 5% BEATLER o 13k P9 AN AR Bl s 11 208 422 s HL VR V7
B A A LUJG I B0 UM L AT R RS, B EIE R L R AN 8 1) 44
FLIE 55 28 TR FPAZ AR 22 Ha gy 25 12 2) A h 4 HUE 55 B8 R A7 A B8 Pl I 42

FALIE 55 15 7 (ES1) 2 VRAH 0% - 0 1S B0 A A i F IR Ay 5K 01 FLmE 55 B 10 AL
M, HHTHE 72K (EM)S BHER B (CRM) P A RS, AL AERIAR 5 B4 55 FF Taylor
Cone J& IS A B 207 FEAT IR RO R, A BEARRE st 25 2 AL A b 22 WA B IR
KR

TR T A B R (R S A T HUIR S, AATTE S YO FBE 5 B AL R R SRR
TR, (HEA B RIS B REE S Z M .
2) BFFEI 515 DA R S8 T %

A TAERT I ) 53R4T T ¥R 1), it — kA CEESI(Coanda Effect ESI Source) 43 4175
SRRV RIS 5 B IR AT S A AT

SIS RE T e R AT RS A, WAL TS TR OB . S e,
FEETIRE FAE RN SRE T, nAE R 75 7k, —4E T ENRIHERS
I, WK 2188 USSR, BRI S SE SR . RIRERAT o] LLHERT kR 4y
BRI B TR AR BAR), T RSN A K T

N TR BIRAE RIS, FRATCAMEER A RE S, 2 K ZE SRUTOK 28 SR 5B
ORI E AL E SRR SEB NIRRT, ANE R P KA B E IR 2 FH TR T AR
AR R, R oS ] 1 I T A2 (M+H)+=195.2, 4B UMK &S, K ERSRK
VA PRI BR] (10 J5 % 2 v g 32 e U 52 (MI+D)+=196.2.. WIIHERR VA OH 4, BT ATk A4
SRAC e WS R AR P FIAS R 26 RS RIS FIE I, nT LLRIRE 7 (H+ 303 D+)kIE T
BT ESAR. AT EREIEH _ BREE®, FASE B SRR SR E N B, AN
LB VR A, 19 3 5 TR A 7K ELBIAR R U g

AR g AR B R 55 T R R s B R ISR K A PR SR IE R
Ky FEERRHE, PAERTA H+, WS TR, ERER IRy
T, FARM T 05 5 R R A R, AT TR B HELAaT 2 T 1
3) AR I B4 R

SCIGUFEE T, HBES B R AR T AT RR T Hy AR E T TSR, W
AR B TR I, WHER. CEREANIR, 2K H TR LN SAH
To WBIAHP IR, Rk 25 m 22 8 HE I m B I EH .
4) W TAE E B L

gi b, ARTARIRHIFIES: HBIS S FoR A TR AR B T = 15U 2
A A O i [ PO S B ekl e A e e e W N N Y= =
TR TR, FBR X R IS, K B o By R 2 BB N o
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o ik SRR S AR R X BRI BRI R 5 L

A BREU, Mg 2, BUE 2, RSN 2, BEAEE 2 AR, EIESR Y, &, 2
JE 9%
1. B RS 5 RS LT, I 510632
2. MR AR AAE], M 510530

FRSIURL I TV A 5 MERAN U2 THT VR A ORI A% S A 22 2L, 5 B8 2R i
AR LB S 553 3 M B AH H A AURE B 35« B35 3 B [ 32 9F 110 7 ot A B 0RO o i 3
% (SPAMS) 7 EH N KN &N, SPAMS CE KSINEIIFE . 15 Yk Ui b 2505 T &
T EEAEH . WA N HSIRIANY R, A1) SPAMS 7EMRIKEE T R llge /1. Kisis
Bl G DU 5 RS B e L Bl A R T TS AN R 52 AT R B 7R, 120 T AR AH A
BN B ST o AW SCEPX I TR EE, R T — AR ROR A I B 1S A (HP-SPAMS). 5
A ¥ SPAMS AHLL, HP-SPAMS KA T Hi B 1) % Y [l 25 S8l 2 i e, SR () SR 448 i3t
FERE B RIS SCIL 6-10 A5 HBERE R IE T IR ISR BIXET-RIA24E 300-1000 nm [ERTE
K, HBIREKE 0.18 4NMemd %M T, HP-SPAMS 3R 1 AN/FP R . HP-
SPAMS K H T #8405 nm MAFOEHIEIE 100 Hz MHEEREOE, WATHOEE] 500 4/
BB, FEASIE £ 100 4N/F> . HP-SPAMS SR & I I XU Bk b 4858 51 R, Refg e
AR F E ORISR O 0 R s R, BB TG HEER I A F] 2000 DAL,
TC R A B[R SR B A s, AROHER = 1 B AT RS BB oAk, ZEIR 5] BRI
15 FH R 1 SR R BT o 26 N BRI ), AR = TSR AT SR mahdEs
O R R AR R GRS HL TR /MBS I RIS TN, 8 1B B ARAE T DA S R SR R 2
PEm T M RE ) DA S B AR AT HER R . WD SR IAAER B, B —4R1% HP-SPAMS REf%
X} 125-4000 nm FIRIURE A EAT =y 02, BESECE B AR IR BE It e SR A A0 v P e B (1] 43 9%
K., HP-SPAMS 7% 77 HI 1 BE ¥ KM FE HE T+ 52 S IR A 78N AT b <A e AL 2441
B RARSHNR, STk BN TR RORIE . KA RS A H B a1

H
KRB TEVEE RSB BRI IR G IR

lileishdx@163.com, HRAEE: Jik zhouzhen@gig.ac.cn
THSCRE: ARIUE 2 R FHE T R SRR T 0% 000 H SR (2015B020236003)
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FERR 85 Gl AR A ) 25 B FLAE SIMS S8 < R R

AR Y, FRAR LT, REEEE L, I, XESE L, ZReE L, TR !
LAZ D AG st RS 0B, BT EARH X 224N R R L 10 5, 100029

BT U T U B A A X R R HERE AN R BUE, SIMS S5 A Gl B 2 SEVE BN
WEFMELETTELZ —. B SIMS (IR SH AL A 8YE SR EREE R 2 4h, AR
BT AR 0 B AL ) 22 S DAt AR 8 ) 22 S5 A8 0 [ T 5 ARl Y Ok P S
FERE RS B E 25, X FEEEERA 7R RE L, thn] B A DA 5 AR 50 1 52 00 4 e
DA IR o R, B0l e A R0 r) e, AR SCOE I ) 46 AS [ ALl R R B b A A R, TR A
B AT TER DT T BRI SIMS B[R] 67 38 — V8 -3 B2 (152 )

KA SR A L T ZANE - T2 4 T A R R R B Bl A A kL BT 3h-FE IR
F25 b B BT A ARL RV - I T R B B B R o 1) Wi R 1) i e T 2 A R T IR A A R 26
B #1=3:7 (m/m). 1050 °C~1100 °CHi 47k 30 min. @it LA-ICP-MS Fllli 45 &0,
AR R R AR 2 — TR T 0.5%, ERIRIGL R ELAE I — LT 0.2%; 2) ¥ R-IE R

il %% RAVRERR B A AT A RH, SR X RERR B & O R R R BN R @i B s ER
JCEEC, 1E 1350°CH SR T, HRIEISCRIE 90~95% i N« [FIRY, LA-ICP-MS FIdlit4h
FRW, B - AR AR R TR T 5%, ERAMLERIS R T 0.6%.

LEKA o {HR AR EE XS TR A L E S B S R LA = R AR, R

206Pb 206Pb+
a

U UL St 28 T - R bR R B R
KE (U: 1000~10000 pg/g. Pb: 250~2500 pg/g) HIRFTE, B 1, RIAHIFZEAR DL R T,
RIME o (BT —EEAE, AR IR Ak, W vyl A b A 18 e
B PSR T AR AR 5 T Ik o AR 3 - e T A R B A Rk LA B 8 s -8 PR e T s b A A AL
R, o (HZFEEH TR, SZHEARGE R MIRZ o 75— 52 10 Bl 7 - A R R
BER AR IR M B TR S RS o (HIEME, Nk o 65 RRE B
TN TREBREE A RMZ AL, R s STMS b 4l o 48 v it S A e 13t
PRI A IS IR

20180720-13 20180720-26 20180720-39

. .
\"
kX

Car

BT AR -TeE R B B A RS B
R : EERRE:, FEARNUN, B-EEALRNE, ZEYIR, TRE TR
WBIVEZ R T, guodongfa@?263.net, 15810624079
L E BN
1. K. P. Jochum and U. Nohl. Reference materials in geochemistry and environmental research and the GeoReM
database[J].Chemical Geology, 2008, 253(1): 50-53.
2. Burakov, B. E. Hanchar, J. M. Zamoryanskaya, M. V. Garbuzov, V. M. Zirlin, and A. V. Synthesis and
investigation of Pu-doped single crystal zircon, (Zr, Pu)SiO4[J].Radiochimica Acta, 2002, 90(2): 95-97.
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ABIE B MC-ICP-MS ¥ 5 5

VEAR Y RV 2, INEE, SEKPH, mAE, iR, ZEE
PUICAZ AR S FT, 8%, 710024

PREEAE i R B o S AR [R5 28 23 BT e A TR M A PR 55 M 00 AR A A 5 4 1Y) B
SITHAR . BT EREIN 5 32 28Pu, 2°Pu, 240Pu, 2#'Pu Ml 2%2Pu 5§, Hrh, F K
I 2Pu il H TR RS, ERALER 20Pu M1 2°Pu (I ELAE SERM R SRIR . A =i fE
AR H S URE BAE . SRS ' s, RA RS R, eI
22pu WREF, HERRIE 22Pu/2°Pu R N RS E B R LT HAL TS A, 28
W H B A 55 B AR B (MC-ICP-MS) Z3 BT ER, 2l (1) R 5% T A 107cps/ppb LA
F, 0.5mL W VREED AT RIS HERA B S A5 R, RN SR E AR R A7 2= LA B B ARA S

Frn AR R AN o BigieE . ENEET A ZfNFEET (&
FETH . AMFEGETERANBERENNSTIER T TEAARA, GHIYE IR
(1) ICP et , S0 RAFHER Y Ak, fHHEFLAZ /N, P2 AR IR, 53R 90 R USRI,
PEBfRE AR 22, HZ2 SEURALE B SR % R 1 ANEH . MC-ICP-MS il 23K H bk
[ B RAUF, (H &Sy ™ B AR Rm I, 6 & RN RAS 5 -
B RE T O B, EEANRIE T T ey R .

VAL H /76 BT B2, gERE R ARBARAE AT 242Pu A RE 71 () S 45 R 3R W, IRk A:
H) MC-ICP-MS H (BSUH+28U #5E) /28U Fl (22PulH+*2Pu #6)2) /22Pu v]/h T 6x10°,
[Rltk, 7] 208 2°PulH Al 23°Pu 6 X FREEHE 5 A 240Pu/2Pu GEH KT 0.0 U FI52,
T H EORIAEE 239Pu € EAE S B8UAPPu<103, JRENNE AR IR I 280 M5 S oRE.

Bkt Po. Hg M1 T1 5 Ar M1 ClL FF& ST TS . J9iFAl PbAr A1 PbCl £F
B B TR [FA 200 B B IR, SR FH T3 R R4, AEIRIEEREA N AR IR 2%HNO;s
2%HNO; FAK ) ppm B4, 2%HNOs+1%HCl FEAR K ppm EZAAW, I 5 B2 239
2247 WG SR, RSB TR, JoRFENMRAR. RE 247 1245 KR5S 5
¥, ) PbAr A1 PoCl 45 G HE 2> 120 6x10°6 A1 11077, PRI SZ56 =8 il s ClrAgfE/eiE
M LLBE A, B4 2%HNO3+1%HC FEAR H ppm & 2R A E R 5 242 Abr= A4 110eps KT,
BRI IR 8 A AR =E BERE S b Pb 17 fE 20 MK T 9ppb 1 0.2ppb.

MC-ICP-MS A )it 573 TR F 2 5 i U G, A FRARICAZ 20 R0x 8 R & S0 £ 1)
S, KB R ZAREY) TR A MR IE AR IR B 0 TR RN, . MRS S, RS
TS 1C3 AT ICO 73 HIFEUR 235U F1 238U, 239Py Al 22Pu (S i, SeiBIEg, L
B Ah R AL R AR AP T 2350/2%8U (EC-NRM199 o 235U/238 =1,0001540.00010) Z = Xl
HEAHZ RIFAIR AR /N T 0.2%, KHPRHERE S AE X%, e ghinfe. PRE ErES . Aharem)
L A U B, 56 ORI R i B i S 3R RE S B RE L R 2P {E S R B AE 4 MR AR IRMM-
290/F1 (23%Pu/2“2Pu=10.0574+0.0011, 1986 £ 7 H 1 H) , #HATHR B4,

AT T FAR SN MC-ICP-MS 7 i IR A 52, AR U A1 Pb & & TR,
AR IR B A R 2 LU A A %, AT A LR B B R A A 15 M ) S5 AR R S F

BRI AERE N, BRE R, RN RIE, BRRS, MC-ICP-MS 7 ik

SR

1. WANG Wei, LI Zhi-Ming, XU Jiang, etc. Chinese Journal of Analytical Chemistry, 2017, 45 (11):
1719-1726.
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An improved mathematical equation for accurate calculation of

isotopic 0 value by LA-MC-1CP-MS

Xijuan Tan!, Ting Liang""*
1. Laboratory of Mineralization and Dynamics, Chang’an University, 126 Yanta Road, Xi’an
710054, China;
ABSTRACT: Laser ablation multiple collector inductively coupled plasma mass spectrometry
(LA-MC-ICP-MS) has become a widely used technology for in situ isotope analysis particularly in
geochemical science [1]. Usually, the measured isotope ratios are expressed using d-notation relative
to the National Institute of Standards and Technology (NIST) reference materials (Eq. 1, E: element;
ME and "E: isotopes of the studied element, ref: the NIST reference material).

(7e)
”E sample qu

S"E = —1 |x<1000

sample [ m E]
A E ref

For in situ isotope analysis, a secondary standard, with its isotope ratio and ¢ value well known, is
commonly utilized when the NIST reference materials aren’t available. According to literature, the
following equation (Eq. 2, 0™Egua.r is 0 value of the secondary standard to reference material) is
frequently used to calculate isotopic ¢ value [2, 3].

"E
"E | Eq2
— 3P _1|x1000+S™ME

sample = [ m E j std —ref
n
E std

However, we have found that this mathematical formula shows bias for calculated J value,

S"E

especially when a non-matrix matched secondary standard is utilized for bracketing calibration.
Here, we carefully deduced the Eq. 1 in the condition of a secondary standard used. For the first
step, we calibrate the sample isotope ratio using the secondary standard. In brief, the measured
(ME/"E)sampie times the ratio of (E/"E)sia.rer to measured (E/"E)sa. And then apply the calibrated
sample isotope ratio in Eq. 1. Finally, the isotopic d value can be expressed as Eq. 3.

"E "E
( ) E jstd—ref [ " E Jsample Eq 3

S"E = —1 |=<1000

sample — (mE] x [mE]
”E ref ”E std

Using Eq. 2 and Eq. 3, we compared Li isotopic J values in a series of geological samples with
NIST 610 as calibration standard. Results show the J value derived from Eq. 1 is higher than that
from Eq. 3 when Li isotope ratio of sample is larger than that of NIST 610. Hence, this improved

mathematical equation is of great value in accurate investigation of geological processes.
KEY WORDS: Isotopic ¢ value; mathematical equation, accurate calculation; LA-MC-ICP-MS.
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VPP R B AP 2 2t G D o 8 R L RRAE

Pighe, BIE, XL, LA, KIS
B D AE R Fe e, AERCTTRARH X 2 Ah R A 10 5

FE L8 IR 25 B R 2R PO AR B 3 7 VA0 0 R i i AT A 22 A 3N, SR FH SR + I R VAR
Wb E AR IR, PSR EIAT KRR EY . FERR SRS 2 M MR 2 45 5 o BT AL 23
B R A FES, SR XRD WRFLHA AR, RAIK (Ho0) A i 77V 2 1 I B 1R m 3
PERRER . BhE, ZJERA IR (HAC) ¥MFEMH K ZHERR N Y (EZRITIEATE,
SRIG R EEIR (HCD WfRRI AR ) (EEANA A MM, X
R (HNOs) +E R (HF) AR NIRRT Y . SRR S RS [ AL R 3047 TIMS
ST, WESIEET & EEIUR LAIRALE L E /A0 FiAE.

BEIE AL R E A TR+ A RRIE IS C BRI IS . ZRRRBUS T AREE S b (R IR
ROy, RELT 23%~T4%HIE5 0 R A 13%~43% M0 K . I R+E BRI IS B D 5 h
FIRERR ERH 9, ARG, AP RURER R 4, IXESRERR SR04 o5 b5 2 ) 90% LA
by 51%~78% MIEETCERAEIX — B BORE R A SR FH A (R V8 700 I s 88 [R 7 2% LU AE 2 R DA
TR (E 1D:

87S1/30Sr N0 uE>>YS1/0Sr Her> 87Sr/80Sr mo>Y7S1/30Sr HaAC

—=—p824a
—e— p824b
——p824c
—— p824d
—+— p824e
—— p824f

-«

¥ Sr/Sr

H,0 HAC HCI HNO,+HF

L e 42 BRCGREA Hh F 8 [ A 3R B AR I e 4 SR
Fig.1. The determination results of Sr isotopes by sequential extractions
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BOb & ARSI TCER, W LU BR AR R TP0,  #Emifs SInb-a s (E B
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EHTFAMRRER B HESPOLET o RRMKFEERE PR

BE ", A, TEE
1 RETTZ iR S iF 7B ;
2. MIT R S B X SR =

B WA RS K o SR A B RO E RN o WIRR MR E
P, WIREURER R TE T e R EIUE . TR 08 ot BEBS T 7Rl R 1R
NRAE o R, RN B S EGHIRARRE N B G 1, R R S5 ATIE o
SRR, 5T o T RIREA o BIMIR. 2AEE T BiERE—E N, RN
REMBERS T W 2N A A 225, TR E FREET 3T, o B3R =F BEAR T 1 2 R B 1
SE R IR R AR, BT E SO E R A o BRI R R A R RE A AR A
AHIE AL 225 (Bl , TR0 C-H 88D, KA IR o Wigd SOSAT8R 7= A A% LE AR IR 1) 7 55 -
TEJE A2 OB R (MRMD B R i —F 557, ToiE &0 T AR o Wil s p
FHE. AT M C-H B o Wi~ MR FRAT L FE 7, TEX AR o Wridx
N, ASCIEHL De- S8R NEEHEAE AT, H o B3R E /=4 10 B i3 A0 kA 2 Je b )
o W N, K aSEETURA R, FIRMETFSEE FREHNZER X T AR o B
2R AV T De-SERN L =M Z AR FEF (958 m/iz=74.1,
m/z=75.1, m/z=76.1) LWL . K BCPU S BT 1 73 b D6- 15 R P e ke 1)+ 55 1
FRE, HRAREPONERRE T AN FEERE. R T AERRRERNTET
(m/z=75.1) PR KEGURARERATET (m/z=103.0) MEEREE. §8 16eVv 1
W% S & D6- 1S5 BE N IZ AL o B R A%, AR gt 35S =
Pl o Wi e B, FRAE =R A FE T3 T (0008 m/iz=74.1, m/z=75.1, m/z=76.1), i%
WE s 12115751 A EE R, H 2 RER XG4 R K RSD=0.9%. 8eV [
b R 5 S R T R KT ER, A RETIRAER, EI121.1-103.0 fEH
ERE TN, HEZXELRKLRL RSD=0.3%. & WIHEZRBER, KA
TR BRI T (121.1-103.0) 8 BiE L T R EMIRR ER I FE 1 (121.1-75.1),
2 FEAEREE M N 1) o TR R SR AE TR E 2, HRNATY, Jeik@E P 2 Se
G B HEERR I AT B E E LeAg), BRI R R T3 I B AR E M A — s . (BRI TS
W RS RS, FLEIE R L T 2 E 2K (RSD<2.0%), A5t AR A
N E B A AR T BB AR
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—MEERSH A U-Pb RAALRMX 704 TAERR

KEGAE Y, BRAR Y, WD L REEEE !, Wi !, B!
1 Z e s eke, dEad 100029

BRENS 2 &R/ R BT AT, HIEREFR BEARR T RN S 4K,

X8 A AT HER () TRV, B AR I e B A LR S, A BT O Rl VR R b R, AT

/Ta—ar%ﬂaﬁﬁﬁbéﬂ’ﬁ B (SnOy) BAAEF B WA th, K 5% 5 AR AR
FIR, & &% T U-Pb M1 Pb-Pb [Ef7 204 (Jiang %5, 2004; 5K AR554,2011), i
R, uuMQKPMsmEEuﬁﬁﬁﬁk%L@,fAuﬁ%<m@E FHEA . BEK
F MEAL BEASE) U-Pb FfL g kR TERMEM. 52 A RS IER
FREYIIT, HAHIX U-Pb [FI6 308 FRAR K RECRNGE A CHE T — MBS A X U-
Pb [FIf = /BT TAERRFE AR, Ay B2 0] DA A X i SR R R &

P AR AR A E IR, o kAT T BIRROE (CL) i, CL BB B 1%
ByAFEMIA T R E R (B 1a). iZ8 AR5 1 U-Pb [FA7 2 2 S 7EAZ Tolk Ak st s i 52 B »
K AT 1) Geolas 193 nm B #ESr T HOLARFI Nu A 7] ) Nu Plasma 112 MC-ICP-MS Bk
GIMERTE RS WAL R BRE A AR fERCKREE ERAH— U-Pb 448, RAEH U-Pb F
N 643 £ 16 Ma (] 1b). DIEIAT AR NAMTFRUEN) T, XT%&F_/\%%E#&W?T LA-
MC-ICP-MS U-Pb [Afii & 24, Mil4E R TIMS 45 RAERZELHEN —8. 2 Lk, 8a
AR HA Y1) U-Pb 4E#8, 2—ASHiIETER) U-Pb X b TAEARFE .

b L ¥ ok :
4 m»

Intercepts at 643+13 Ma A
0.09f MSWD=0.57, N=31 \\
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Lo—o_Mong_o_(go_A 640 600
IOO pm o R TR
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287 /2p

1. B AR SR BHAR R GR F (a) T U-Pb 50T 2k FE(b)

207Pb/206Pb

REW: Y, U-PbEF, MK

Email: guodongfa@263.net, HLi%: 010-64966039
HEETH: PEZTMHFRIE (201590); FARZEREFBIRDIE Gl LTC1605); % Tk Ak 5t i it
PP HFERB AL LETE G QJ1601)
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1. Jiang SY, YuJ M, LuJ J. Chemical Geology, 2004, 209(3):193-213.

2. SRARSE, wERaE, WAEGAL, SRINUE, AN HUFTIRVE, 2011, 57(4): 549-554.
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B RS EE TR (MC-ICP-MS)JU & SR FALR B 5T

M A B
% Tl AL 5 S A 78 e 2 I A 78 A0y AERT 100029

BMg) 2Bk Exig . ssE K S EREZ N ITER L . HBRPLRZE(>99%) 1
Mg fEA/E T g i, 7EKRFH &R Mg 2 —FhaE AR c R, BA P EEE IR, Mgt —
FHRARTESI IO R, TERAR-A A N K BRI A PP ik & rh e 5 S B /R AR, Mg B 3
MaGE FALER, A2 2Mg. Mg Al 2Mg, FXTFEE 2508 78.99% 10.00%F1 11.01%.
24Mg HI 20Mg 2 [EVECR BRI R ot B 22 R 8 S A AR 22 T AR vh 49 O R R S 1 855 R o7 22
Y RLRE T2 F T Tzt s AR MK R kAL 22 PE ER B,

X T Mg [ 25 A, FF b B2 i o 208 2 TR R, — MR SR A Y
R TCER(FEA Nay K. Ca. Tiv Fe %) &85 Mg S &LH/NT 0.05, HILHX Mg [FIf7 5%
(R SE A T LA ZBE A, AHF TSR FH AGS0W-X8 FH 25758 4t g ot H 5 B b Mg 53
fFHCRIAT 8, TEVRBESCRRIG AL -, AR TR NEZN 8 mm, mEZ) 15em 1)
FYERFIE TR AGSOW-X8 FHE 72838 i5, KA 1 mol/L HNOs #EATIkIE, — ARl m] DL
Mg SHAMTCRLIA B AT 1, EiZ 57505 Mg FIECER KT 99.99%. FEM& AL
A5 2% HNOs J&, K H MC-ICP-MS (Nu Plasma 1) #£4T Mg [F47 Z5MRHF 7T . MC-ICP-
MS S Mg [FA7 25 [ e R I 220 Tl i s D Mg RO ZARdERE i, S5 5w I 2 fir
7~> RSD 1£ 0.045%0(n=28), izH SSBiETIIGH N T4 A MoK, K &5 H Al S A o 5
FEf R Mg A7 2R 94T I 7T

0.134800,

ca *Mg / Mg, Short-term Stability
_Feg Repetitive Analysis of Mg Standard
K 0.134775
—Al
——Na
====Ha
—Ti

- ‘, — — F— X =
0134750 * Y Y AR T,

Ca (mg/L)

25Mg / ang

0.134725| Mg/ **Mg = 0.134754 + 0.000006 ( 20,n = 28 )
(0.045% RSD)

20 40 60 80 A7 4 8 12 16 20 24 28

HQRAEL (mL) Analysis Number

1 BHE TR 2 Mg M A T 2 RaE i 25 K2 MC-ICP-MS li5E Mg [FIf7 %

REEW: BEFIALER JURE MUTURE Y 2 PRI r B A 4 1 TR
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R R R 25 W EE A PR KR 2 R IR M _E I B A

A, MEZERR, REE, FRUEER
CA LI % 5E P, d6 5T, 100038; E-mail: hucanjiayou@126.com)

TR B DR ) 5 JEUR RN 215, HO B SR E MR S I 3R, o & NEZG 1) - Rk} 2
—, WA THIE R EA S . AR E R TP I, Gk 168 AFETEH B si b fi B
TTERESUR IR 2 51 RS o AHERBL RIS HEWTN T AT . T HE09R 4Er Ak s
B S F2E A AL FE UL (stable isotope ratio mass spectrometers, IRMS) 1% 1] LA € C.
H. O. N M S SRR ELE, T2 NH TR 5 AU s . iR B th il IR
K%, KA RS E TR, IR 2 AT . B, TR )
R AXRE TR AR KSR ARGE RS 2= A AR, B rl £ E [F A =
J5T Bl o} R R e (1) AR EATHEWT o A SO RHBR B AE an I AT AL B L A7 AT R IF S S 8T T
HEL, AL T HREA S FRREFRN R ANTTIE, X 8 MR AE S HIAH IR E A AR
A7 2 () U REAT TI5E, BUAS T A I X 3 80R
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M MC-ICP-MS Bt A i B4 B 2R S R AR He I 181T N

R, RIRF
AT S T SR s R, T E MRS (), 430074

K (Hgp) 2—MEAREEENICE, BUBNAESRESERIPFEL—F, BT
HmHERMERUR AT, ol DA 2 S B S & b, SRt X A2 R 407 AR s, 1
A BRYETS Y o RAVE A WA EME, A 750K R R FEECKE RN R AR 24
T, TR IFA 2R AR 2 TR B B ek R BR AL 25 1 AR CUDRiR EAEH . #ERIER S AR
BN o ARSI N A MC-ICP-MS B 7t 7R L4 (DBD) &R A fE
I AT I, RITRAEA J5E BH 4 3 sk R w7 B Sk () 3 50 [R) 67 25 1R Al o B 4018

A SEIR AL 278 S R VR (CVG) it SnCl 72638 R He?, A i) He® 54 ZAk
B-FA R TUAMAE R BRI SRR A 5, #E 5] NS B IR, /8 F Nu PlsmallZ MC-
ICP-MS #47 [ Z M, KA SSB AR WARER IE i &M Z . Hg [FAA N 1)K 1 E I
AT 0.1%0 (2SD), GBWO07404 (GSS-4) 5 NIST SRM 1944 #rfEW i (117K [FIA7 2 M &5
BEZ ARG SR8 BRI TR, AT

AR BRSO A ROR AR, BT Hg B AR A FIREE A He R
FZAA TG B IMEAIEJEF] (KBH4/SnClL), TEBHSAE Ar (IR N @S0 5 8
SEWL HE® 5K 5, H 40% 2HNOs/HCI i SR 4 He, H MC-ICP-MS 73 il il 45 4
WS IR, MR o IR 5 AHg R A Hg {8, R SR H R IE A Hg
FIIE A Hg {l, HAERS R ERERIZEN 1.1~1.2 1 AHg/A* Hg .

ASCAH T H MC-ICP-MS I & 4R 1 28 3 A Joi BEL B4 JBCHR S5 B4 7R 5 IRV PR 1 38 4
Ky RIMAESZSTRANE R 7R A AE I B A 3R & 018, UERHZRZEA I B O I A2
RAET AHOR FESL R AR, AT A E AR P R R A FR R =

R : ok: KRFEAMER: FMRBRENME: FMCRIERESME: A5
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1. Selin N E. Global Biogeochemical Cycling of Mercury: A Review[J]. Annual Review of
Environment & Resources, 2010, 34(1):43-63.

2. Lindberg S, Bullock R, Ebinghaus R, et al. A Synthesis of Progress and Uncertainties in
Attributing the Sources of Mercury in Deposition[J]. Ambio, 2007, 36(1):19-32.

3. YinR S, Feng X B, Foucher D, et al. High Precision Determination of Mercury Isotope Ratios
Using Online Mercury Vapor Generation System Coupled with Multicollector Inductively
Coupled Plasma-Mass Spectrometer[J]. Chinese Journal of Analytical Chemistry, 2010,
38(7):929-934.
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Investigation of Detection and Mechanism of Heavy Metal Elements
in Water Using Microwave Plasma Torch Mass Spectrometry

Tao Jiang'#*, Shuiping Yang?, Wei Gao'*#, Zhengxu Huang'#, Zhen Zhou'!, Zhigiang Zhu*", Lei
Lil,4*
1. Institute of Mass Spectrometer and Atmospheric Environment, Jinan University, Guangzhou
510632, China;
2. Jiangxi Key Laboratory for Mass Spectrometry and Instrumentation, East China University of
Technology, Nanchang 330013, China;
3. School of Chemistry and Chemical Engineering, Shangrao Normal University, Jiangxi 334001,
China.
4. Guangzhou Hexin Instrument Co., Ltd, Guangzhou 510530, China;

ABSTRACT: A rapid and sensitive mass spectrometric analysis method based on the microwave
plasma technique is development for the fast study of heavy metal in the environment at the trace
level. Without complicated sample pretreatment conditions, ambient solution flowed across the
plasma flame through the central cube of the MPT. Iron, Cobalt and Nickel in water were analyzed
by the plasma flame produced from microwave plasma torch with the argon under atmospheric air,
and MPT used as ambient ion source combined negative ion mode of a linear ion trap mass
spectrometry. The generated complex ions in plasma were detected and further characterized in
collision induced dissociated experiments. These experimental data demonstrated that the three
metallic elements of Iron, Cobalt and Nickel quantified by the characteristic peak of tandem mass
spectrometry. On the other hand, For the negative composite ions of Iron, Cobalt and Nickel, the
general forms of target ion is [M+(NOx),+O,]". For a given element such as Iron, Cobalt and Nickel,
under the optimized conditions, limits of detection were evaluated to be 0.09ug L', 0.03ug L and
0.33ug L' with determination coefficient (R?) better than 0.99, and the linear range of 0.5-20 pgL-
1,0.1-10 ugL'and 0.1-20 pg L', respectively. Moreover, MPT-MS could also be applied in on-site
analysis of metal ions involving several fields, such as environment controlling', food safety? and
living-body, and can be used as the supplement of ICP-MS.

KEY WORDS: Microwave plasma torch; Mass spectrometry; Heavy metal element; Negative ion
mode; Ionization mechanism

First author: jt1990jt@163.com, Corresponding author: zhigiangz@iccas.ac.cn
Providing the financial support: The Chinese National Science Foundation (No. 21565003) .

REFERENCES

1. X.H.Xiong, G. S. Chen, M. L. Zhuy, Y. Li, C. S. Yang, K. C. Xie, Z. Q. Zhu. Anal. Methods,
2018, 10, 1346-1352.

2. X.C.Wang, M. L. Yang, Z. Y. Wang, H. Zhang, G. F. Wang, M. Deng, H. W. Chen,L. P. Luo.
J. Agric. Food Chem., 2017, 65, 2488-2494.

3. F. Krcma, I. Tsonev, K. Smejkalova, D. Truchla, Z. Kozakova, M. Zhekova, P. Marinova, T.
Bogdanov,E. Benova. J. Phys. D-Appl. Phys., 2018, 51, 15.

61


mailto:jt1990jt@163.com
mailto:zhiqiangz@iccas.ac.cn

2009 FANAREEAESRALRBEABLIFTLEL K (2019/9/20-9/22)

Novel Endohedral Fullerene Ions Observed in a FT ICR MS

Xianglei Kong ,* Xingting Fan, Yingying Shi, Yiyun Wang, Lei Mu, Xiaodi Bao

State Key Laboratory and Institute of Elemento-Organic Chemistry, Collaborative Innovation
Center of Chemical Science and Engineering (Tianjin), Nankai University
Tianjin 300071, China)
kongxianglei@nankai.edu.cn, Tel 86-22-23509564

ABSTRACT: For many years, encapsulating different atoms or molecules inside fullerenes is a
very interesting and challenging task for chemists. Besides the curiosity of scientists, the unique
properties and application potentials of these novel materials are also great motives for such studies.
By now, efforts have been greatly devoted to encaging metallic clusters and some small molecules
including H,O into fullerenes to form different endohedral fullerenes. These species have provided
us a valuable model to understand how the nanoscale confinement influences the properties of the
enclosed species. Using the method of laser ablation mass spectrometry with a FT ICR MS, we
recently have observed some novel endohedral fullerene ions. For example, mass spectrometric
proofs of fullerenes encaging ionic bonds were observed for LuCl@Cq and LaCl@Cqo. DFT
calculations were also performed for these species, and their interesting properties and the cage
effects on the ionic bonds are also discussed.

KEY WORDS: endohedral fullerenes, laser ablation mass spectrometry, ionic bonds, FT ICR MS
REFERENCES
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S RIHTEROEIIR BB T 2 R A

TN, Fa, RV, AT
(FACAZFE AR T, 6% 710024)

BOEILYRE B B i (Resonance Tonization Mass Spectrometry, RIMS) 1y — s 84 (1) Jii
WA HTEORN, 456 TR BB HOR AP REAR, [F) I B 18 70 3 £ A im R PRy A
REAT RICBE G FA0 A T R B i 15 A R SRS 5 58 B R 0 B S8 A AT ot 20 BT I [T 11 () o e
FTMULEEE T RIMS A2 FEaasd Em o R E,
IR IR 5 B, A BB AR RN & B 2 AT TS A . DRI, FE A
B A% 0 S T R R RIMS R 3R 5% 1) B B R R 3R 31,

Jy¥im RIMS 704 22 . 1R oz O3RN RS, 1 il 5 o SV S R TR
B, SRR AR SR AR AR B . SEERZE AR, AT B
B, IR R R m e A R R R TR B B2, BRRa I, SRR
RICEBRIE LS MRS T 1~2 8%, mH TR Z H+0—2.
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BOAR B - L R 5 S B T B R VS R B AR A B B

B 1, XIFERA 1,*
LILARE &2 R g it 7 le; QLR 55w i I B XORURER 99 5)
TCRTTRGERZ TG Y i —Ff, Hhfyg gt oI Rerb i —Ff, MRS RIEZS, W]

LA N TCHUAT A HLAH 1,2, ToHU 32 B = ANl T i, A LG 1R 22 Ml A 2o,

TOFRG, AIEER. —HERA . PTEOR . RO, TEORAEER . 4-FR ARG . V& e VDA 1-

4,

FERIE LT, JTTRIES I 2Oy f 2 U EZ T 2 —, HET A

Xt 2 At RIS AT NI W: As « Se. Cry Br&itk. XEKACIINEME. £V

TERAEANTE NAE A B AL RIBGR T ETRIES . HET, s G (HPLC) B

RS SE B TRBUEE (ICP-MS) BN TR LS i e, TREE. AR I

Jii%, AR E T LA RN TC R IS AT 70 8, (Rl ICP-MS R LA 1 4 fff (X e 2R 1Y

THMENIES AT E BRI, S0 R 76 L BA BRI R H IR 3-5.

K FH R 80RAH  - B A 25 2 A B (HPLC-ICP—MS) HiARN - —F i 45 7E 17 min

WREAT 73 B9 DU SE , SR BT B8 7 S e (i R b AT 10 BE Ve, DABRIR B U R S AR EAT 7055,

KA BB (KED) R E 5. 78 TLANREEZKF EXRE ST s [ SE s, (]

RN 91%~106%. K FHIRAE 5 R0 URSR I SEBRE s BEAT 10125 04, A HLAC . 2 f

SRR 0 BT R i v 2 EE RO RS, e I 21l i) e LA
FIF HPLC-ICP-MS R . i 1) 7E 5 5 A 2R ME VG I P X 2 R 2 0T 2 skl H

BT, 0T RO A5 A I 75 923 A S [R) — 23 M 75 35 R IREAS I 11 Ab e 25 1) e A, 3

A7 dn bk A 2 BT EARAAR 22 B %A, DRI 3AT T AL DA J g A 23 T 75 90 8 T 38 2 S5 =

5 NS b i TR 25 R RURG: PR 3R R ST HF
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AR T - HEUBRRR 5 S5 B T BB R R A B /N R IR R B

i |, R L
1 ZRE MR Ft ke, QLAREBFrI I T XCORIEREE 99 5)
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TRER AR IR /N hon] I 38 i 55 AL, B B i /N 2R B SR ol o AR AR Y
BT 5% 2% I IR R A A S0 M AN S 11, 2005 E R E W IR BN 51 N & S AR

H HIVR R #h BAS I 32 B WA (kR B ki, (HOR STk REBUEA &, #4E
BONE S, EENZE, BOHIUREN.

KK 2g /NFER NN 20mL #B2E7K, A PRI 30min 5, 5000r/min 5.0 Smin. {$H
TS AR IR, 205 0.22um KRH R Ik 308 5 SR FH YRR €00 - P B 75 25 2 1A R R IR P
FARBATREM o AR TS 7 BOR A B 7 A0 ek, PElivCh 20mM BRERE:, #EFE R 20uL.

AT T /AN R SEBRAE A I A R AT IA 10pg/kg, FICE 91%-95%, X [ —FF b
FREL S ASPATHEATACI, ZEE205E 5 R, RIS R o5 0N N 2.81%, H k%
N 3.52%.

ATTVEHRVENRE . AR, EEerEsR . BEIIMELE, REEEIA T ENbRAE, )
&GN TR R SR I E -

KRB PNEHr IRBRER: VUM - RS A A5 S AR OB IR BOR

SE MR
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B0 RS S A BRI E RSB Pu-239 5 Pu-

240

IATE, R, BUE, kI, R, v
(¢Iﬁmﬁﬁ%uﬁ%% W5, W41 BER 610005)

29pu, 240Pu F BN T PR R R IR E SR T ook, PR R
W5 BA B 2R S A IE N F i o B & 55 B TR % (HR-ICP-MS) B & T
SRR 2°Pus 2OPu i, R EE SRR S S AT X . SR PR IR TR
W — B R L I, 28U 5 'H g5 A7 AR BN AR A S TR X 29Puy 240Pu (1l
BiENEE RO R T, A CEd e E S G 8 17 R 00 EFE AT S T E .
BEAFEREAAAERR, SRMEEAGE TR PMES AR PPUHPPU = 4.85%107,
B8UTH, /28U =2.99x10°C. Wl & A R BIEART-HE T/ 0. 1pg/L FAPRAEER, (A 3RS ahE

HETFRAIRR PUH PSUH TS EoR B T3, R RN
. M 2°Pu. 2Pu RIVKERHE, FIBRBIEAR G E TG 204 2°Pu. 24Pu Ji
IRV ECR bR 2R o TSRO R B VR o, SRR AN AR A B T B2 1R 2°Pu Al 240Pu
(TR B S 2R T3, TR S SRR N R B 28 5 R, TH 543 BRI R RE i 239Pu
A1 290py JREIREE, fJE i EASRIRE S P 239Pu 1 240Py (TEREIREE . SRR R 45 B 50N
TETINZE B £ <4%, JTIFEAINT BAE E 4.6% (k=2). J7ikHIRERI 8, &8 TR K
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AR E KR IR R L R AR A i B BRI

R, A, B, K, BRE, v
T BB IR SR e S B FTR, PU)I AR 610005

FE A (Er) & FdE ] THKHE (LWR) BIKZATRERY), EnOs HIHENHRIEZ
WA P T35 Er SR IR IERE R AR T B . EnOs (£l E TR (HFETR) 1
EERZ)N 2x10" n/(cm?-s) 4R BRFLIE 4RI 91.3 ho RAAHEE LS (TIMS)
MEsEIEET. JEREM Br RO R FE, BgHE 6 4 Er AR, KFE 12Er
FH YL S8 ARG I o 0 5 A o A 2 o P S 00 B PELIAE O 28 A AR PR B AT R I 4 1
1400mA. 5500mA LAF, AU/ 108Yb, 170Yb X} 168Er, 170Er [ ] & A 25 RN

GERLH, Zrh RS 166Er, 167Er, 1By [Flfr B EEALECR, AL ST
W SO T RN DT 5%

SR TN ERGCE: PRI bR

Irradiation of Burnable Poison-Erbium and Its Isotopic

Determination by TIMS

Liang Bang-hong, Su Dong-ping, Luo Ting,Zhang Jing-song, Chen Yun-ming, Li Shun-
tao
The First Sub-institute of Nuclear Power Institute of China, Chengdu 610005, China

Abstract: Erbium (Er) is a kind of long-term burnable poison which is suitable for light-
water reactor (LWR). The irradiation of Er,Os3 is a basic means to study the performance
of burnable absorber Er in the reactor. Er,O3 samples was irradiated in the irradiation
channel (neutron fluence rate is about 210 n/(cm?-s) of high flux engineering test reactor
(HFETR) for 91.3 h. The Er isotopic abundances of irradiated samples were measured by
thermal ionization mass spectrometry (TIMS). The peak jumping mode was applied to
determine the 6 isotopes of Er, and the low abundance 62Er was detected by the Faraday
cup. Isobaric interferences can be reduced by accurate control of heating current.
Experiment shows that the isobaric interferences of 1%8Yb, 17°Yb were reduced when the
evaporation filament current was below 1400 mA and ionization filament current was
below 5500 mA. The measurement results showed that the 1%6Er, 167Er and 68Er isotopic
abundance changes greatly after neutron irradiation, and the variation of abundance is
closely related to the neutron absorption cross section.

Key words: burnable poison; erbium isotopes; neutron irradiation; thermal ionization
mass spectrometry (TIMS)
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Next Generation Paterno-Biichi Reagents for Lipid Analysis by Mass
Spectrometry

Jing Zhao', Xiaobo Xie!, Yu Xial*
1. Department of Chemistry, Tsinghua University, Beijing 100084, P.R. China

ABSTRACT: As lipidomics advances it calls for new MS methods that are capable of detailed
structural analysis of complex lipids in a sensitive and high throughput fashion.! Our group and
others have paired the Paterno-Biichi (PB) reaction with tandem mass spectrometry (PB-MS/MS),
allowing determination of C=C locations in unsaturated lipids.>* In this study, we aimed to
characterize the key chemical factors for PB reagents that would make them most suitable for lipid
analysis. Acetone has been extensively used as the PB reagent; it has advantages of high solubility
for different classes of lipids and is compatible with direct infusion electrospray ionization (ESI)
and liquid chromatography (LC).2* However, acetone PB reaction products often overlap with
unreacted lipids at higher molecular mass in shotgun lipid analysis workflow, resulting in increased
chemical interferences. Besides, side reaction products arising from Norrish Type I cleavage of
acetone can be competitive. An ideal PB reagent should possess the following three features: 1)
relatively large molecular mass (>100 Da), 2) high yield for the PB reaction, and 3) minimum side
reactions. We choose to investigate acetophenone derivatives because they have molecular weight
larger than 100 Da and high UV absorption efficiency. We found that electro-withdrawing groups
(e.g., -F, -CF3, -CN) on the benzene ring improved reaction conversion efficiency than acetophenone
or those containing electron-donating groups. This is consistent with the PB reaction mechanism
that electron-withdrawing groups facilitate the PB reactions of electron-rich C=Cs. Ortho-
substitution with small steric hindrance was preferred for the PB reaction, while the effect was less
obvious for para-substitution. Further analysis of the reaction products via LC-MS/MS revealed that
there were two major side-reaction channels that produced products isomeric to the PB products.
These two side-reaction products contributed at lower degree for -F or -CF3 substituted
acetophenone. Trifluoro-acetophenone (TFAP) was determined as the best PB reagent among all
reagents investigated. Limit of identification of PC 16:0/18:1(9Z) at sub-nmol/L was achieved via
PB-MS/MS. Analytical performance of TFAP was further demonstrated for shotgun and LC-
MS/MS lipid analysis workflows.

KEY WORDS: lipidomics, the Paterno-Biichi reaction, unsaturated lipids, tandem mass

spectrometry

xiayu@tsinghua.edu.cn, 18610145403
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Comprehensive Analysis of Phospholipid Isomers in Extracellular

Vesicles by Mass Spectrometry

Wenpeng Zhang'3, Bing Shang', Jiagi Liang!, Ying Zhang?, Hang Yin?, Yu Xia'*"
1. Department of Chemistry, 2. School of Pharmaceutical Sciences, Tsinghua University, Beijing
100084, P.R. China
3. Department of Chemistry, Purdue University, West Lafayette, IN 47907, USA
xiayu@mail.tsinghua.edu.cn, Tel. 010-62799232

ABSTRACT: Extracellular vesicles (EVs) are small particles budding off from cell plasma
membrane, carrying selected groups of proteins, nucleic acids, lipids, and metabolites that are
important for intercellular communication. EVs are shown to be enriched in certain classes of lipids
compared to their parent cells. However, obtaining structure information of EV lipids with fatty acyl
composition and C=C location is difficult for existing methods. Our group has incorporated the
Paterno—Biichi (PB) reaction onto liquid chromatography-mass spectrometry (LC-MS), allowing
high-throughput identification of phospholipids at C=C location of biological samples. Herein, by
optimizing the whole workflow including EV separation, lipid extraction, and the PB flow
microreactor, we demonstrate that a large number of unsaturated phospholipids of EVs can be
identified.

EVs separated from normal THP-1 cells (10%) were subjected to lipid extraction and
phospholipid profiling on a LC-PB-MS/MS platform at C=C location level. More than 100
phospholipid species on subclass level were detected, including PE, PC, PG, PI, PS, and SM. In
comparison with those from THP-1 cells, phospholipids with total acyl carbon numbers larger than
36 were found to be enriched in the EV samples. Significant alternations of acyl chain compositions
were also observed. Relative abundance of PCs was found to decrease in EVs, while SMs were
found to be enriched in EVs. For phospholipids containing C18:1, they were all found to be a
mixture of C18:1 A9 and A11 C=C location isomers. In comparison with the parent cell, changes of
the intensity ratio of C18:1 A9 and Al1 of some major phospholipid species were observed in EVs.
C16:1(A6) and C18:1(A8) were found in THP-1 cells, while their abundances were found to be
decrease significantly in EVs. We further performed lipid profiling of THP-1 cells and their EVs
under immune stress by addition of lipopolysaccharide (LPS). Preliminary results showed that the
fatty acyl chain isomer ratios of some PEs (e.g. PE 16:0 _18:2 to 16:1 18:1, and PE 18:0 18:2 to
18:1_18:1) and C=C isomer ratios of some PCs (e.g. PC 16:0_16:1(A6)) have significant difference
between normal EVs and EVs from LPS-simulated cells.

KEY WORDS: Phospholipid isomers; C=C locations; extracellular vesicles; immune responses.
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An LC-MS/MS Method for Sphingomyelin Analysis with
Information of Chain Composition and Double Bond Location

Xue Zhao'!, Wenpeng Zhang'?, Yu Xia'*
'Department of Chemistry, Tsinghua University, Beijing 100084, P.R. China
2Weldon School of Biomedical Engineering, Purdue University, West Lafayette, IN 47907, USA

ABSTRACT: Sphingomyelin (SM) is the most abundant sphingolipid in mammalian cells,
accounting for 2%-15% of phospholipid mass.! SM is assembled from two main structural building
blocks: a phosphorylcholine head group and a ceramide. The latter in turn is made up of a
sphingosine backbone and a fatty acyl chain. Regarding structural characterization of SM, the chain
composition can be determined by collision-induced dissociation (CID) of alkaline metal adduct in
positive ion mode or pseudo MS? CID of anion adduct (formate or acetate) in negative ion mode.?
However, these methods are accompanied by relatively low sensitivity. Furthermore, information
of double bond location typically cannot be obtained.

We have recently discovered that CID of bicarbonate anion adduct of phosphatidylcholine (PC)
can induce radical-directed fragmentation due to strong binding between bicarbonate and the
phosphocholine group. This unique fragmentation allows distinction and quantitation of sn-isomers
of PC without a prior separation. Considering that SM also has phosphocholine head group, we were
interested to explore if the radical fragmentation channel could provide new capabilities in structural
characterization of SM. Indeed, beam-type CID of the bicarbonate anion adduct of SM led to a new
fragmentation channel specific to fatty acyl chains and its sensitivity was about 4-folds higher than
traditional methods. Furthermore, the acetone Paterno-Biichi (PB) reaction? could be incorporated
to realize the determination of double bond position within fatty acyl chains. Due to limited
reactivity of the C4 double bond on the sphingosine backbone in the PB reaction, this double bond
cannot be uniquely identified. The bicarbonate chemistry was adopted on an LC-MS/MS workflow
for structural analysis of SM in complex mixtures. Taking porcine brain polar lipid extract as an
example, 50 unique SM molecular species were identified at chain compositional isomer level and
double bond positional isomer level, while many of them contained isomers. We are currently applying

this workflow for discovery of lipid biomarkers in clinical samples.

KEY WORDS: sphingomyelin, identification, lipidomics, the Paterno-Biichi reaction, double bond

location
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Analysis of Cholesteryl Esters by Coupling the Paterno-Biichi
Reaction and Liquid Chromatography Tandem Mass Spectrometry

Xiaobo Xie', Jing Zhao!, Yu Xial*
1. Department of Chemistry, Tsinghua University, Beijing 100084, China
xiayu@mail.tsinghua.edu.cn, 010-62799232.

ABSTRACT: Cholesteryl esters (CEs) play important roles in regulating cholesterol levels in cells.!
CE profiling, has been speculated to have utility as predictors for diseases. While electrospray
ionization tandem mass spectrometry (ESI-MS/MS) is routinely applied to quantify CE species as
adduct ions (e.g., NH4*, Li*, and Na*)?, it has a major limitation of not being able to provide carbon—
carbon double bond (C=C) location information within fatty acyls. Recently, our group has demonstrated
that the Patern&BUchi (PB) reaction, a photochemical reaction involving the addition of electronically
excited acetone to a C=C, can be coupled with shotgun analysis. This allows for determination and
quantitation of unsaturated CEs, including C=C location isomers.® Recently, Esch and Heiles reported
that charged PB reagent, e.g., acetylpyridine has the advantage of enhancing the ionization efficiency for
neutral lipids besides providing C=C location information in a shotgun approach.*Herein, we have paired
offline charged PB reaction (acetylpyridine) and reversed phase liquid chromatography tandem mass
spectrometry(RPLC-MS/MS) for improving LC separation and expanding the capability of PB-MS/MS
in CE analyses.

The PB reaction of CEs were optimized to achieve ~30% conversion using CE standards as model
compounds. The PB-derivatized CEs and underivatized CEs can be well separated by RPLC according
to their chain length and the number of C=Cs, and then detected as [CE+NH,]* and [PBCE+H]*,
respectively. More importantly, PB-MS/MS of CEs can generate a pair of pyridine-containing olefin
fragments for C=C determination with the identification of limit as low as sub nmol/L. Based on the
relative abundances of diagnostic ions, absolute and relative quantification of CE isomers can also be
achieved. PB-RPLC-MS/MS strategy allowed identification of 14 unsaturated CE species in human
plasma, among which four C=C positional isomers were identified. The absolute concentrations of each
isomer in CE 18:1 (A9 vs. Al1) and CE 18:3 (A6,9,12 vs. A9,12,15) were quantified.

KEY WORDS: Paterno-Biichi Reaction, C=C Location, Cholesteryl Esters, Liquid
Chromatography, Acetylpyridine
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FEAHE_E RIS AL B U/Th-He @ SEFRERE D Durango MCRET R AR IR AFEM, FF
BRI PE B KL 20 Gk ali 4 ASRAFRARH . SR 31P4100s WA ot KA Bk, RIS
PERZIRE TR IRV, BEs KX ERLIEWE DL ) 204Pb IRV, F5A1ZXTT Durango X
204ph Fr BRI BEACAFE & o MR A 32760 5000pm. BURAEEL 40 TIOK K RE Ak 4% 60eV
DU T 3R45 m A o BB 7 HE3~9000 (50%U6 51D LAIX 73 40Car3 Pa. 31P4100s S A5t S0
L (4 s B S MR Bk I A5 2000 7 SR B 204PbY, 206Pb*, 207PbY, 208pb*, 232Th*, 238U", 232Th!°O",
B8YLeQ*, 238U100," [ 31P4'00s, 52 MHXT N RHE R 6] 43 514 6.08s, 4.00s, 6.00s, 4.00s, 2.00s,
2.00s,2.00s,2.00s, 2.00s. FFRMEARE S 10 MES, SR EZA 14 4080, Hpass 2
73l ) )t ]

T AR A I S A B s B AT B &, (HJ2 Durango KA RE i 2%4Pb THEURAK, {HH
TR DR T AR BRSO P RS B IS, FTEL faos T39R%GE, ANES1ENBERKA U-
Th-Pb EFEMIFRFE . MR IR B T2 K 1L B ACARE 3 BRI 24P &, [FIRT foe
Y, (B2 YIZ-1 1 YIZ-4 BERARES E) In(UOL/U)FI In(2°Pb/28U) B A BH & A < 1,
XK fao6 AR AR AR SE 1, [RIT T8 Bt — 20 1 LAE LA 2 YIZ-1 F1 YIZ-4 B3 A 2H Rl DA
JE IX PN o2 75 AT DA R 9288 % TARAREE .

X
L5 F y=1.0527x - 2.6957 )
R2=0.8649 -
. L
7 S ¢
4 B ol
5 05 b K
TS X&&
] i,
Q. =
= X —_‘_
b . .
¥ XYJZ-1 =YJZ-+4
05 y =0.9583x - 2.2728
R2=0.8085
-1
1.5 2 2.5 3 35 4 45
In(UO,/U)

Bl 1 B A In(UO2/U)- In(total 206Pb/238U) K IE /T 2%
B BE KA BHELERFEIALER; @ SIMS

SE IR

1. EW. McDowell, W.C McIntosh, K.A. Farley, Chemical Geology., 2005, 214, 249-263.

2. Q.L Li, X.H. Li, F.Y. Wu, Q.Z. Yin, HM. Ye, Y. Liu, G.Q. Tang, C.L. Zhang, Gondwana
Research., 2012, 21, 745-756.
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ICP-MS NE M 1S HEBTE
B, N, SER, SR, KB, BEE, SN, B

BIE: RRRIASREUEMASNAENER, EFENGESEm=RinTT
TRELAME, AN E#TIRARERRS. XAERBEASFETRIDE, BIERAE
T EE, UM PERENE.

BB : BB EFE T ERBIEY (ICP-MS 2000E, STAXENFEMERAE)
UK JHR{U(WX-8000, Figlz3E), HCl (AR., Scharlau); H.0: (G.R., E#HEKH).

RIS FRER 0.1g HERB(BEHRE 0.1m) ER MUE Z G HUE E BT, i 10mL EhERA R,
3mL $EAER, BEHEHRTHUEER, F7E 210°CTRIFL 3h, BT LEM®. HRNT
B, BE=E BH. B3R EEEBE 100mL ZEHG, £8. BRMERSA, Sh
KEBAFRAF TR (I 10pg/LSe. Y. In & Re ARARITTER) . B 5%EREEREH 0, 0.5, 1,
5, 10, 25, 50 pg/L FMUTEIREBRRY], LHIiRERL,

HR5i48: TRMRHR . BEERINREIRZR#TER, EETIHRARIRERT
RIE. WEETERENR 1, ETHRKEHRTE 0.008~0.197pg/L Z (8], MMFREIUEAE
81.1%~114.1%z [8), FBEELE 1.06%~7.46%= 8],

F 1. RHR. BRERERELIE

BIfE | Wk | AKE irE | IMARUEE | BRE | BRE
/ng/L /ng/L /ng/L /ug/L /% 1%
Mg 0.173 3.82 5 7.89 81.1 6.02
27A1 0.151 6.99 5 11.14 82.8 7.46
Mn 0.035 0.32 0.5 0.76 87.6 5.30
¢Fe 0.087 19.56 5 24.31 97.4 4.98
60N 0.014 4.01 5 8.62 92.2 443
8Cu 0.053 0.61 0.5 1.06 90.2 4.09
67n 0.052 1.91 5 6.88 94.4 4.24
10TRu 0.010 5.43 5 10.36 98.6 2.55
107Ag 0.012 0.25 0.5 0.80 109.9 5.15
106pd 0.010 0.24 0.5 0.78 108.4 1.06
118Sn 0.197 4.31 5 9.01 93.8 2.03
91y 0.008 6.87 5 11.54 934 2.08
195pt 0.010 8.40 5 13.10 93.9 1.42
97Au 0.058 0.20 0.5 0.77 114.1 1.71
208pp 0.026 1.90 5 6.48 91.6 2.09

L BT I R A S FARIE(Y ICP-MS 2000E, H#HPR. BZE. NERE
WEHITEE, RETREFNEENEESLRER, TANEEMN T BIRIREERH
HIEZE.

S5 30

1. GB/T36592-2018 $EMLENTTIE A, 57 . £, B, ¥, B, |, 1|B. #. &.
%, 9. . BT BRBAEFE T HRIIEE
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In situ U-Th-Pb dating and Sr-Nd isotope analysis of bastnasite by
LA-(MC)-ICP-MS

Yue-Heng Yang (1, 2)*, Fu-Yuan Wu (1, 2), Qiu-Li Li (1, 2), Yamirka Rojas-Agramonte (3,
4), Jin-Hui Yang (1, 2), Yang Li (1, 2, 5), Qian Ma (1, 2, 6), Lie-Wen Xie (1, 2), Chao Huang
(1, 2), Hong-Rui Fan (1, 2), Zi-Fu Zhao (7) and Cheng Xu (8)

(1) State Key Laboratory of Lithospheric Evolution, Institute of Geology and Geophysics,
Chinese Academy of Sciences, P. B. 9825, Beijing, 100029, P. R. China
(2) Institutions of Earth Sciences, Chinese Academy of Sciences, Beijing, 100029, P. R. China
(3) Institut fiir Geowissenschaften, Johannes Gutenberg-Universitit, Becherweg 21, 55099
Mainz, Germany
(4) Universidad de los Andes, Cra 1 No 18A — 70, M1-307, Bogota, Colombia
(5) Faculty of Geography and Resources Sciences, Sichuan Normal University, Chengdu
610068, P. R. China
(6) State Key Laboratory of Geological Processes and Mineral Resources, and School of
Earth Science and Resources, China University of Geosciences, Beijing, 100083, P. R. China
(7) CAS Key Laboratory of Crust-Mantle Materials and Environments, School of Earth and
Space Science, University of Science and Technology of China, Hefei, 230026, P. R. China
(8) Laboratory of Oregenic Belts and Crustal Evolution School of Earth and Space Sciences,
Peking University, Beijing, 100871, P. R. China

E-mail: yangyueheng@mail.iggcas.ac.cn

Abstract: Bastnésite is the end member of a large group of carbonate-fluoride minerals with
the common formula (REE)COsF-CaCOs. This group is generally widespread although it never
occur in large quantities and represents the major economic light rare earth element (LREE)
mineral in deposit related to carbonatite and alkaline intrusions. Since bastnésite is easily
altered and commonly contain inclusions of earlier-crystallized minerals, in situ analysis is
considered as the most suitable method to measure the U-Th-Pb and Sr-Nd isotopic
compositions. Electron microprobe and laser ablation (multi-collector) inductively coupled
plasma mass spectrometer (LA-(MC)-ICP-MS) analyses of forty seven bastnésite samples from
LREE deposits in China, Pakistan, Sweden, Mongolia, USA, Malawi and Madagascar indicate
that this mineral typically has high Th and light rare earth element and moderate U and Sr
contents. Analysis of an in house bastnésite reference material (K-9, Sal’Nikova et al., 2010)
demonstrates that precise and accurate U-Th-Pb ages can be obtained after common Pb
correction. Moreover, the Th-Pb age with high precision is preferable to the U-Pb age since
most of bastnésites have relatively high Th than U contents. These results will have significant
implications for understanding the genesis of endogenous ore deposits and formation processes
related to metallogenic geochronology research.

Keywords Bastnésite, U-Th-Pb ages, Sr-Nd isotope, Laser ablation, LREE deposit, Carbonatite
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HPLC-ICP-MS #EME B EF R AMESHER

fPaug L, o, X, VKR, SRR !
1 B ER (PED ARAR Efaidhao

R EARA R LA RSUEME TR —, MAESEERN S S EE, B ARE
IS HAEER K NETEENL SRR, S ERR K. 5 LR &
Yifg: WAEZ (As (IIDD. IR (As (VD). —HEMER (MMA). —HEME (DMA)
THETSEIR (AsB) %5 o, WU R T AN, S ANIERZ &, S,
EATFREF N: As (ID >As (V) >MMA >DMA, (i E e A N TR .
TR BUE e TR AN IR T e TS, I B ASEE B
A IRBE B AN R Ak T B 45 HAR 2 v, BT AU 52 Ja B ey v i 3R s A ) B FE K 7. R,
XA P TS 20 AT 0 A D 43 DA 2

KNS 2015 hivh B2 (2322 FRANAN TG R TEA AN S %), KA B s Aol
FHERE LC-20A1 5 HLUBHE 445 55 TR ICPMS-2030 BEF X b 24544 2 Bk AT i 254
MTo

FEMATACER: RS HAPREUBY B LS (B ESHE AL 0.1g, JIIN 10 mL 0.1%fHE/KIEH, &
37°C /KIHREFE 1h, HEEHGHE 0.45um FUFLIEMEIE, ARl [R]85 AW

S RE5HE: T 2% F EEKCRT 50m mol/L B FR #i /K I YOG IARE St il AT B FE e e, %
WAFILS BB, DA IR SERRFE o BT AR P A 2 BB BH PR, AR 1. BRI
T SAIRE it I bs [ U 2640 ol L3 1 ik 2.

_ —
éé & &
gl oo
¥ il o
]
# 1 KRHRERLGR £ 3. A A EUR R (%)
IR g ek
N i 7:3 . e Sl TR
" (ng/mL)  (ng/mL) e/l S (ng/mL) (ng/g)
— £ e 0.015 15
i el ND 0.50 0.481 96.2 .
T filf ND 0.50 0.469 93.8 ﬂﬂ'm@‘fﬂ% 0.019 19
— ND 0.50 0.494 98 8 Al 0.016 1.6
—HEL R ND 0.50 0.506 101.2 — FR LA 0.021 2.1
AR ND 0.50 0.517 1034 ERAR 0.044 4.4

2% 2015 fith EZG L (2322 RANBICE LA BN ANERL), B H M3t 1
il P AT 0 SO €4 PR £ 258 B 1A SR RS X TR (HPLC-ICP-MS)e i TR RIGUSE 3,
JHEKE IR 0.015-0.044 ng/mL, &I T 2544 5 (A RIS BRI ) AT o

S48 HPLC-ICP-MS A #1E

SR
1. 2015 W [EZGH 2322 SRAEHTCRIZA S A& E i)
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FTF SIMS 1280-HR 5 F415" U-Pb EEHEMR

B2 B R VT TR Y, FREAR 2, vuREAs Y, XSS, e[ !
1. I s A FeBE, AR R Bt YR i & seie =, dbat, 100029
2. RAEP TR, RS HIEEFESSLE=, L7 HE, 330013

TIRE T (SIMS) 2R E TR R KM R MR, k)T M
TAE R RIAERN . A& G P )8 AR — B R IR, SIMS BOR T Ef/IN X 3
(~um) FRECHESHZS (B A4 P BB BT AS S, 34t 7 2R E R i s 8, 18
TFFEAME™ PR ™ AR 2 0 T R % 35 B8 B R A2 30, $EAZ oMk Ab 5 st B i 72 e 51 33 CAMECA
IMS 1280-HR KM B FAREF B4, 72 B A 5 T X & Bl JRAL X U-Pb 5 5 77 1A
i, WIS AN, EAMRE RIS E, RS TR k.

FEGR B BEFDCA VAR SA B IR, TS S SRS 2 S, SR HOT A
Y BE, 352 SIMS MHAELR . @ AR AL, Ak A —IRE TN O-, —IRES
T HARE: 0.70~2.28nA — KBS AR A i i S AR XL B LA ~ 15 pum, #5081 e~ 13K v
FERMAMERE~15-22V, BEEE 1N 30 eV, 0% ~5300. A B E] ~12min; K
TRHFRE TN 2035, 203.6 A FES, 204Pb. 29Pb, 207Pb, 208Pb LR A7 4 B8 1
Wz (EM) 155, TTHf160,. 232Th. 238U, 22Th!60. 28U160, 28U160,, FHEH Mm% (FC)
WETE 5.

T LG RE ST R 37 AN s AR, SR 1% R T 207Pb/20Ph AT AR RS A 402+46.6Ma
(MSWD=12) (F 1), iZZR 5/ A TIMS & LA-ICP-MS {45 5 —% (406+£5.6Ma.
405+:3Ma) 4, W 5 hng kS B HEE K2 SIMS 5286 = MR 4S5 (403£10Ma, RKEE) —F.
HIt, AJ7753k1 SIMS U-Pb JEALGIX MR 45 R 5 50 A FE VLRGBS, E T
FITIEAE T RER . AE.
440 (@) 20 (b)

420 |

| II
ITTRURTTTITIT
400 | I III L I | I
Il | —t— I

Age=406Ma
n=16

380

360
il

Mean=402.4+4.7Ma
sl MSWD=12,n=37

320 320 340 360 380 400 420 440 460

E
1.SIMS 4y 4 Ik 45 R

KRB SIMS I U-Pb g JEALRIX

SR

1. Li XianHua, Li QiuLi. Sci.Bull,2006,61(23):1785-1787.

2. Lindsay Krall, Lena Z.Evins, Ellen Kooijman, Martin Whitehouse, Eva-Lena Tullborg.
CHEMICAL GEOLOGY, 2018:doi.org/10.1016/j.chemgeo.2018.12.013

3. Mostafa Fayek,T.Mark Harrison,Rodney C.Ewing et al., CHEMICAL GEOLOGY,2002,
185,205-225.

4. WU Yong,QIN Mingkuan,GUO Dongfa et al., ACTA GEOLOGICA SINICA, 2018,92(6),
2445-2447.
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—IRE TR EORTE A BREALE R I H

W v, Alexander Nemchin?, ZEHE#E !, XiZ—!
1. E R B B ST, dbat,
2. Curtin University, Perth, Australia

HER CH A HR 38 R 5 0 i e A2 ik 70 3 Bk i D7 se R H B R s i st . H2A
HEEE T 2 7759, Ar-Ar fil Rb-Sr 554K R IR ERUK. 755 P-T &4 F 52008,
HiEH REWRERZ N, R EEREIAFE SRS . AR BIREGFE AR . U-Pb 1A H
FXI RS E, HERFE S PSR RFR S H Y A BERASRIT U KA A
SIEENYD FIBEEERRL, X FIRT P R X JEAL U-Pb il Pb-Pb B0 7i%, NHER
Fai o 77 SR SR TE A S S B 1) R SR AR A TR

AR 2 B REGE 70 95 FAR%EE (SHRIMP Ile MC) @57 T H A RE /N BEANS)
LT HAR, SEBL T X6 H BREE 5 -2 i 0 A B B Bk FR v 1 58 48, 3275 T 297Pb/2%Pb
SE R RE o I % T 2 AN B BREE S R A O S L BB, S kAT T
HERET, RE 7 HERMIFL TR, JER1S 1 2 H H 3R I RS A RS . 1%
Ji 9 H BREAREERR AR TR B AT B, (RIS D9 1 2 5 SR v RIS A AR St g
Bl A A A 5 o

KRB ST RE, ARRENSE A A

longtao@bjshrimp.cn, 010-56833578
AW BARBIEFE ST H (41842045, 41603056) H B

S5 30k

1. A.A. Nemchin, R. T. Pidgeon, M. J. Whitehouse, J. P. Vaughan, C. Meyer, SIMS U-Pb study of
zircon from Apollo 14 and 17 breccias: Implications for the evolution of lunar KREEP [J].
Geochimica et Cosmochimica Acta, 2008, 72 (2): 668-689.

2. A.A. Nemchin, H. Jeon, J. J. Bellucci, N. E. Timms, J. F. Snape, M. R. Kilburn, M. J.
Whitehouse, Pb-Pb ages of feldspathic clasts in two Apollo 14 breccia samples [J]. Geochimica et
Cosmochimica Acta, 2017, 217 (Supplement C): 441-461.

3. J.F. Snape, A. A. Nemchin, J. J. Bellucci, M. J. Whitehouse, R. Tartése, J. J. Barnes, M. Anand, 1.
A. Crawford, K. H. Joy, Lunar basalt chronology, mantle differentiation and implications for
determining the age of the Moon [J]. Earth and Planetary Science Letters, 2016, 451 (Supplement
C): 149-158.

4. D.Liu, B. L. Jolliff, R. A. Zeigler, R. L. Korotev, Y. Wan, H. Xie, Y. Zhang, C. Dong, W. Wang,
Comparative zircon U-Pb geochronology of impact melt breccias from Apollo 12 and lunar
meteorite SaU 169, and implications for the age of the Imbrium impact [J]. Earth and Planetary
Science Letters, 2012, 319-320: 277-286.
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“IRE TR U-Pb SRR YK PH R T P SERAIR

ZEREHE T, Alexander Nemchin?, W% !, XI|g—!
1. E R B B S, dbat,
2. Curtin University, Perth, Australia

N K BH £ (inner-solar system)iE 52 /M7 2 « £ 2 {8 5 P 22 AT B R8s o o< B 1R}
*f v 2 —(Space Studies Board. 2007). KA REAEML LIS, TRESTEBSHERE
O T R A S T FE(Liu et al,, 2019), TEAT 10 1255 P K PH R R o A T LRIz iz K
TG 35424, E i & AU A0S PR ) R R A o, G e B SR NE(LHB) FF- H Bk
DA At S R A e K i) s I3 T BT 39 AC AR e A (1) — MR IR R [R] (8] B P9 (Fassett
and Minton. 2013). Gomes et al (2005)#2 i KFHRMVUMETRERE. LB, REE. L
BE)EVIET B SBERGE N, RN FE)E, REMEEKE 1: 2 K1Y
BEIHYR(MMR), BB QR R K, T ERGKEANEE, MmNl LHB.
B3 M6 i ) RS R PR 82 I () M iR, o) B AR K FH 2R R A3 7 5« SRAT B AR T L 0154
s, B ERAE Ay K R BLIE SRR & B 2L & X (Tashiro et al., 2017; Kranendonk, 2018).
HER ERA RSB KEL P8, H BRI AR R 55 R AE S ER A
K, PR H Ak i T DURAE d 2 S S, R FTKRH F e 7 0 0 3 28k .

ZIRE T BT U-Pb EFEEORLE AR H BRI AR ot 1 ke PR /E A (Compston et al.,
1984; Nemchin et al., 2008; Liu et al., 2012). MK, BT RIIHE T ZIRE 7B 2 5l a4
ff] U-Pb. Pb-Pb & /712 KARTH T H EREE S 1) % 4E K5 FE (5-10Ma) (Nemchin et al., 2009;
Norman and Nemchin 2014; Snape et al., 2016), TR 500 0 N K BH R B0 D7 s F kT
IR

SE R

[1] Compston W. et al. (1984). Journal of Geophysical Research 89:B525-B534. [2] Fassett, C.1.,
Minton, D.A. (2013). Nature Geoscience 6, 520-524. [3] Gomes, R. (2005). Nature 435, 466—469.
[4] Kranendonk, M.J. V., 2018. Earth’s Oldest Rocks. [5] Liu, S. F. et al. (2019) Nature 572, 355—
357.[6] Liu, D.(2012). Earth and Planetary Science Letters 319—320, 277-286. [7] Nemchin A. A.
et al. (2008). Geochimica et Cosmochimica Acta 72:668—689. [8] Nemchin, A.A. et al. (2009).
Meteoritics & Planetary Science 44, 1717-1734. [9] Norman, M.D., Nemchin, A.A. (2014). Earth
and Planetary Science Letters 388, 387-398. [10] Snape, J.F. et al. (2016). Earth and Planetary
Science Letters 451, 149—158.
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BOLRI - BB S FE TR R ERE TR S P RFUTR

ARz SRR, Xk , Edsm v
1. WPERMEERE L EN AFS T, BT RS A 2019 5, 201800

TR EL R — ML S IE L, B SRIEREL . SRR, FE/N it gs by
ARG T N AR A N E I IRBA BT SR AR it e} rE i A e
WERETT T ol T S o AR 500°C DA B RIVIR S TN AR TE S B BURAh A, B AXY
IR ER AT EORARH o MR 28 B2 B R BRI PR RE . R EE L g Bl R A7
i FEAR AR ARICR 5 IR, o Sk FP 2R B B e 1 VR BE S S a5 Rl 2 1] (AR 7
S SLARTE W] SE BUAR ER AR T TR R AR R S

POt R - HUBHE & 55 88 TR B ICH 20T 50K (LA-ICP-MS) IR A i BT Bk
X, METR SRR, HEBMA TR 5. Y. e ARk Tl Sk 4545
B, ZAMERRT T AT, BA R e PRE T, 2T R FEIRHINE S0

AHEFTLL Solar Salt 47 £ B U G, il 1 Hh ] A S 6 S AR TEER: i, i FH 26T LA-ICP-
MS, @A77 #h AR S BTG AT . BRI T ) SR S AR 3 S B
P, DU 2 ] A bR AEAT: b S AR il 2 A 45 2R 55 ICP-OES 70 #r 45 RAHW) & - WF TR,
B 7 BT BOR BE FH 4 [ 4 (1 EL e G A

B LAICP-MS, Fdh, BT, BUssHT

wangjianqiang@sinap.ac.cn; 021-39194051
SCHEFUH: B AARAREERIIE (21876183)

27630

1 A0, R A B, 45 5T 3R W 5% VR A A R A R A AARORL %k BE BT AT B W T
9%,2018,26(8),1-8.

2. D.Alamelu, AK Choudhary, S K Aggarwal. Determination of impurities in thoria (ThOz) using
Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS). Journal of
Nuclear Materials, 2010, 406, 356-359.
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WAERGE U-Pb RIS ENETEHR

FER 12, PRS2, B 12 iR L 12
L A [ o A Ry R T o i
2. v A R Bk R A SR

RIS A TR 2R T X JEAL U-Pb RN R AR B AT J7i%:  H RO Rl
LW S TR (EPMA+ LA-MC-ICPMS) Fl K FD O 1k 22 B2 05025 B8 14 5 1592
(SLA-MC-ICPMS ) : & 1E fiff de 4l 4 il 48 vh i) J0 e AR i 46 1) @l . B e i fe 1 & S0 1
EPMA+LA-MC-ICPMS f#[X J5ifii U-Pb [FIA7 2 MAE 1 SE30 AR 78 5, * RIS R R AL M
T 34T T IR, KR35 ID-TIMS VE—SUFEREE R, I0IE T kA Bk X siR
2 W G M 2T DRI REE AR i A A FLRD 5 B A AT T AR vk, ST TR WD
Fe s 2 A 1 7 AT X AL U-Pb R 2RI T, XTIl Al B 7 R o 2R
W RERHEAT TR, SRAGRD A BV X R AL U-Pb R RS .

R WA AT, BT, WO, BUXERAL, oKL,

Email: Zhibin Xiao@163.com
2% 5 AR RIS = B Y A A N R YE B S U E  (2018YFC0604200);  [E 5% 5 s LA 7T
KR (973 iR WH (2015CB453000); A [E MG IAAFIE (12120115013501, DD20190121-13)

7 R

1. HEW, 2ER, &2, FaOZE, x5CHl, waE, 2R, s, s, rks, E
RIRAI, A7 #7K, 2015, 89, 215-216.

2. JHZLTE, o, FE G, HER, E2, 3R, HENE, RS, skEmBEER, 4
A4, 2018, 25, 290-295.

3. Jia-Run Tu, Zhi-Bin Xiao, Hong-Ying Zhou, Shu-Qing An, Guo-Zhan Li, Yu-Rong Cui, Wen-Gang
Liu and Hui-Min Li, Ore Geology Reviews, 2019, 109, 407-412.

A WFTEEE. HAEE, BEOHE, TR, i, VTR, FR, BRI, BB,
2019, 40, 479-482.
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TR B AL i TR AR o B EL R 04

RIS *, SRUNEN, 01X 04, Konstantin Chingin, B/t SC
FRAEPE TRV TSR SRS T SL0 %, M &, 330013

TRIAE i 2 R B PEAS R & %% R A 8 I 9 59 A — M B /s AE A1 TR A 32
HEMTIE, | HZAAET BHE AR A= FUR A TS0 TR ASAE dh 2 4L (R
T 3 AO0r BRARAEE S BT TR LB ROk R B B

AR AT AR B0, Sl R R ST 3, R T PRI B
T BTER, RPAETEAEF A UR LIRS (SR eJm st LA il
WU AE A AT T B A St sRIR s RN, fERHREMTUEIL& 4T, did
U 2 FUAAE F s DR/ B LB R s RT LSRR R AN — IRITR 2 R it L 65 S AR < 1
REEHY) (e, eRAMMUREREE AW (naiig . 9B R
W, 28 Hm 5 v B R 2B AT RS 0 d o TP BAT 0TI R (2 min/FED L AN R UL s (0.1
ppb). FEAHFERE/D (Img). FREMFHE (5pum) FHA, CHRIINH T SRR K 2
Mp B K g A v . BB, R, BRI R, ARSI T A
AN iy PR A (1 v R BB B 0 A, FEREI VA R TR T y ST 4R A B2
ZEREIR, 2y WEAREMUR, A AR SR L S B RGN, 2R it
L e B RAR S I A in 887 T, DAL AR 2 JR 2 73 G0 Mt SR AR 20 B 28 4
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TR AR — P E IR O RS, R R ARG e, B
&3 BI%E. B, ARISPEEEMESI1]. TR 2 SEF 2™ ER
NP, Qe IR . ORI ERURAESE[2] SR, B TR AR A RER L
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[ PR A XS APL 7 300 3 10— 20897 25%), i APL BOAME—RIVA @) —Fh S e, 2 FRE
FE R RIS R G . 5, AR SRR T R EE ) S Al Rs , BEPEROR, IR
HHAEAT 25 B, T H., FEImPRAE R, A — EONG—RIRS 2, RUE S R E R
REXA BITUYT 2 ™ E #E R S N ™ B R BTSN R G R . W THE As:03 9724
FAARERRIER, PRIRSETR, SEELAMAILIATT 2 iR A R 1 vl

As:03 FENARA JG, AT AR SO AR £ (ASIID . FHEREE (AsV). — LR (MMA)
A HFERH (DMA) 25y (HIES) [1]. XEEAF RS, HEBEAF[2]. As05 1
7R % B RINE S HAEAR N & 2K RAEE TR (RS #UIM 6. Bk, fERZIERE
H, WIEAN RS ESKS R, DUHZAE SRS S ERKE: ORE As0s HZ T E;
@VFAL As203 I AR R 22 21 A 2850t s @ TR EERIE A « AT SEE As,O5 AL R YT H
1, BASEETR, BCERIEM. Iaia R HE IR

R P ot RO P BSRE A 5 B TAR FTE BE ] (HPLC-ICP-MS) AR, 456 B 72 et it
ARG T W RER M AR P24 : AsIIL. AsV.MMA & DMA #SF 6 s A I R S As2O3
WBITI APL SBE MM . MANMRSEREAS, SO S 7R e B A o S AR = 407K
L IR As:03 JE i S HAR W WI7E APL S8 L3¢ e L 4m e ob () 8. 0 A e Sk
FERHIESE s VPG As203 A4S 24577 NS 1A (PRYRFHIEA 22 21k AR E S5 R, X il
IR 97 OANEE  FE D R R | 7™ 8 8l S B 55 R 1D Sl AsoOs AMAAE F 24577 Z2 (il i

AL T HPLC-ICP-MS V245 MG RAE AR S AR =07k, J7idifeifd . R, Puk,
FEN T IR RAS I, Z0 40 i R ) 4-10 % MR A (0=117): DMA>MMA>iAs
(P<0.0001), H4HHE. ZI4IEMIEDS (n=68): iAs>SMMA>DMA (P<0.0001), SMHUKE: HA
MI>2T 0> s 12 502 (18-20h) 2524, B S LARU =ik BEV BN I /N, Pk G A P
AEREEIER . 54640 2 h § AR AR, 18 SUER ORI R0 R R EAL, WTEAS
A= B P EI I 4R350 80 MBSt T As203 ML FHZG 07 REIHIE,  IFEUSH ERk
£

MBI APL B8 4M . 2040 P R SR B S ) 5 2R P A e IR R E R, A
W BIRNRE T A 3 DMA &85, M90S A9+ MMA &t
o MR MMA A5 54 E A4S, Mg ArEaamt. mE APL B34
i BA, wIRE SRR RIVER G 9% APL B35 I K I 40 i Hh i PR A5 TR B Ak B) 22 57 K, Ak
FER AR5 A = o

55000 2 h S G AR LG, 18 mEIT RCE AL, BRI BN, TR AIRIR B ARG 207 .

1E As2:0s FHZE R, WA SHIES RS E, JFR AsOs IR 294 i, %
A0s H#T7 5, TSI As,Os M7 H iKY, HoA H 2IERNME.
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Non-destructive Tissue Lipids Profiling and Imaging Using Tip-Contact
Sampling/Ionization Mass Spectrometry
XIAOMING CHEN!, JIANMIN WU!-2
IThe institution of analytical chemistry, Department of chemistry, Zhejiang University, Hangzhou, 310058, China

Ex-vivo and in-vivo monitoring the dysregulation of lipid molecules on tissue sample has
become an emerging approach in tumorigenesis and metastasis study. Mass spectrometry (MS) is
important platform for lipid profiling and imaging on clinical tissue samples. However, most of MS
technologies for tissue analysis involve tedious sample pretreatment or need frozen tissue sections.
Intraoperative MS for nondestructive tissue analysis and imaging remain a big challenge. Herein,
we present a non-destructive MS method named as tip-contact sampling/ionization (TCSI)-MS
technology which can quickly and sensitively acquire lipid patterns of solid tissue owing to the tip-
enhanced effects of SINW@graphene. With this novel tool, the clinical primary hepatocellular
cancer (HCC) tissues can be discriminated from the non-tumor parts and intrahepatic
cholangiocarcinoma (ICC).

The SINW@graphene chip was fabricated by loading graphene oxide (GO) onto metal-assisted
chemical etched SINWs followed by the reduction of GO into graphene. The chip facing to a tissue
sample was fixed at the bottom of the mechanical arm controlled by a program built in an automated
dip coater. After the chip was in contact with the tissue sample for an optimized time at suitable
pressure, it was detached from the mechanical arm and washed with pure water thoroughly to get
rid of salts and water-soluble molecules. Subsequently, the SINW @graphene chips were stuck onto
the custom-made plate compatible with a MALDI-TOF MS instrument (Brucker Inc.) and the mass
spectra of lipids were acquired in negative or positive ion mode.

To evaluate whether the TCSI-MS technology can discriminate HCC from non-cancerous parts
and ICC tumor, 20 clinical human HCC tissues (7) along with adjacent para-tumor (P7, distance
from the cancer tissues = 2 cm), normal liver tissues at the cutting margin in the surgery (», distance
from the cancer tissues > 2 cm) and 3 clinical ICC tissue were tested. The MS intensity of each
molecule was normalized within each lipid class after MS/MS identification. In another data
treatment method, the ratio values calculated from neighboring two peaks were considered as the
elements for statistical analysis, because the neighboring fatty acid or lipid peaks with only mono-
unsaturation degree difference can be regarded as internal standards for each other. Finally, based
on the two methods for data treatment, 114 peaks assigned for the above lipid class or 90 ratio values
were selected. Through two-sample t test among 7, PT and N groups, 25 peaks and 22 ratios with
significant difference (p < 0.01) between T and PT were selected out. Although single-peak dataset
can be applied to distinguish tumor, the change of adjacent “dual-peaks” ratio was much easier to
be perceived in the mass profiles for sensitively detecting molecular dysregulation on tumor tissues.
The characteristic ratio values can predict the cancerous HCC sample with overall accuracy
exceeding 97.8% using an artificial neural network (ANN) model. The area under the ROC curve
(AUC) equals 0.9883~0.9910, indicating excellent performance of the model for HCC tumor
diagnosis. Compared with single-peak MS imaging, the ratiometric MS imaging based on “dual-
peaks” biomarkers significantly enhanced the contrast between cancer and normal tissue. In addition,
HCC and ICC can be easily classified by PCA. Compared with HCC, ICC is more abundant in ST
and ST(OH) species but has less PE and PI molecules.

We established a non-destructive TCSI-MS tool which can quickly and accurately discriminate
HCC tumor from normal tissue and ICC tumor.
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A Graphene Oxide-based FRET Sensor for the SelK Antibody
Detection and Imaging in a SelK Monoclonal Antibody Producing
Hybridoma Cells

Liging Duan, Xiwen Xing, Qinjie Ling, Zhi Huang*
Department of Biotechnology, Jinan University, Guangzhou, 510632

ABSTRACT: Graphene oxide (GO) is a graphene-derived monoatomic thickness two-
dimensional nanomaterial with high fluorescence quenching efficiency, large specific surface area,
high water solubility and high biocompatibility. Using the quenching properties of GO, a series of
fluorescent biosensors have been designed for detection of DNA, proteins, and enzyme activities.
Because of the single but expensive methods for screening of monoclonal antibody (mAb)
producing hybridoma cells, it is necessary to develop a new screening methods for mAb
producing hybridoma cells with low cost and high sensitivity. In the present work, we designed a
fluorescent biosensor using GO and fluorescein isothiocyanate (FITC)-labeled peptide included
the C-terminal portion of selenoprotein K (SelK, FITC-SelK peptide). Interestingly, GO exhibits
high adsorption affinity and fluorescence quenching efficiency to FITC-SelK peptide. While the
specific antibody against SelK competitively binds to FITC-Peptide, which results in the releases
of FITC-Peptide from the GO surface and the fluorescence recovery. Moreover, fluorescence
recovery efficiency was linearly relative to the SelK antibody potency in the range of 0.25-20 .
Furthermore, the GO/FITC-Peptide biosensor is succeed in visualizing and screening the

hybridoma cells expressed SelK antibody in a mixed cell group.
KEY WORDS: Graphene oxide (GO), fluorescent biosensor, FITC-Peptide, SelK antibody
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This work was supported by National Natural Science Foundation of China (81570397, 81870323), the
Project of Science and Technology of Guangdong (2018 A050506041), the Major Project of Science and
Technology of Guangzhou (201604020142).

REFERENCES

1. B.Y. Feng, L.J. Guo, L.H. Wang, F. Li, J.X. Lu, J.M. Gao, et al., Anal. Chem.. 2013, 85, 7732-
773.
Y. He, Y. Lin, H.W. Tang, D.W. Pang, Nanoscale. 2012, 4, 2054-2059.
E.Q. Song, D. Cheng, Y. Song, M.D. Jiang, J.F. Yu, Y.Y. Wang, Biosens. Bioelectron. 2013,
47, 445-450.

4. H.B. Wang, Q. Zhang, X. Chu, T.T. Chen, J. Ge, R.Q. Yu, Angew. Chem. Int. Ed. 2011, 50,
7065-7069.

92


mailto:thsh@jnu.edu.cn

2009 % ANARAEERAES RAARBIARKBEEL K9 (2019/9/20-9/22)

ET DNA WHEEMBEI IR EY) HSPI0a B4R B H 77 IEH L

ARFIE 2, BEY, REE S, ERR, G XL
TR, VL, RGN arher 2, Jrra
1P ETFEREA S, AT ERRART UL, B TABORAT SU L, e,

100029
2. PEHRE AT AEMARE SR, HTLE YT R A R BoR H s s, B,
310018

3 EARHETOREE, WEHSF IS, i, 200237

A iR R B R A N S R I v A B A i U T B U IR AR A T
FERWIEYT . R A A AR N O . TR, R SRR R R AR B i
R, ik, PR H 90a (Heat shock protein 900, HSP90a) ik A A& —Fh 4=
(bR bs SR, AR R R 2 i R R AR S IR AR ORB) . R, T HSP90 7E I
WS EMRAE (ng/mL), BAATERE®FEEEONES T, ML EEE 150 .
G, FERRBE TR, RJE—Fh HSP9Oa & 47 BB i iy B . ARRFFURE T —Fht T
DNA [fifA (DNATET) HI#i M Aok Ak, MoS:@Fe;04@AuNPs@DNA TET@ADb, H
TR bR &) HSPOOa [ FE5 00 55 o B 56, 78 AL SRR EAB T REVE AN K kL . 22 SEM.
TEM RAE, MoS; Kiftly 7.5~8 um, Wl R EZ45M, K2R 0.02 um, HERMS T
HAAZ) 0.08 um FIREER (B 1.A), LB MoS:@FesOs & USRI . SRJG B ATRIR H MR s
SHAKBRLA DNA PUA. 2 XPS ®AiE, MEHSH Mo. S, Fe. O, Autz: (K 1.B),
Ui MoS:@Fe;O4@AuNPs & . thah, MBS EIMRIBOEIE 4T, 7E 259 nm 4t 23
Bl (B 1.0), 5 DNA EAMRIE(E 260 nm —5(, £ DNA MIN 32 468
FoAJE, FEk HSPOOo LA il , B4 i & /R B A B R 3= (123.3 ug/g)-
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HPLC-ICPMS JUE /K= THLR. FERMZER

JERERC, /N, KRR, ZEH
(A E (TP EYA R AF L adr e, dbs, 100020)

BT R A B R S RORA - HUEHR & 5 B AR T (HPLC-ICPMS) B Il
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TR 0.1% L-2 b 2B 1R 68 75 2K HL 60 min, PA 3% FH /KA S 0.04 mol/L Z.FR4%+0.1%
LB Niianal, C18 RIal it s &, f8TH ICP-MS I 8] 4 s = m] i A U 7K 7= i
HEHLR S FIER A 285K . oMLK R 238K R 518 0.10~0.14 pg/L, 7£ 1~20
ng/L YU R ERNH RECKT 0999, ik RN 1.9~2.8 pg/kg, AR FEILE N
91.0%~95.6%, TEAKMEME S BRER . ZHEERETE, REES, EH TR~
T o) i A RS R 31T

R#iE: HPLC-ICPMS; THLK: HHK: ZFK: Krodh
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0.26 pg/kg, AT A ARAER 2N 11.7% (n=5), W52 EZbrE (GB2762-2017) X}
TR Cd BRE (0.2 mg/kg) FIRTINEESR . 38 I Xof SE B ROKAE FH ] SRR 0 5 AR
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e 485 KR FHCIE AT IR T &

R FIEEOURE; B BIRERER; #

Email: zlzhu@cug.edu.cn
BN R E X HRR RS (21822405, 41673014 . 41521001 ) . [H o5 B} #5 &F & & 8F & i+ &

(2017YFD0801202) FIidbA A FFEHELIH (2016CFA038) X FRATMISCHE
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1. Q. S. Deng, C. Yang, H. T. Zheng, J. X. Liu, X. F. Mao, S. H. Hu and Z. L. Zhu, J. Anal. At.
Spectrom., 2019, 34(9): 1786-1793.
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Wang, Anal. Chem., 2017, 89(6): 3694-3701.
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Part B, 2016, 118: 119-126.

98


mailto:zlzhu@cug.edu.cn

2009 % ANARAEERAES RAARBIARKBEEL K9 (2019/9/20-9/22)

MR L 6T R B R T

REE S, X3
rh E BB N Y BT TR

HA, BEE S Hae IR R, B A SR I A5 [ 12 R0, 5 ikt ixae
HRCZ BN E R ZRERE S HORFE I R 2002 4R PRz e ftag it t 75m 2 DAk
WLBE RGO R L HE R, o Bk BRI R R SR O RLA, TRl B A v 20771,
HAWEA 2t B 5 S nl, ME— I IR R i+ R . BF
TR EE BT AL T 2011 500, ORRICHEZ AL RE-FLIL IR ELHERZ BE R GE(TMSR)”
PR E L E R B i PR T L IU(A 2R BhsEiti. MRS sh i f s JR AL
SEAEONBIR I JEURL L, R A AR S 2. HAT, A bR T A
1 T B TCER BRI T B G bR dE . (AL, AR ER AR I A, JEHGE
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BOGHR/ Bt 5 58 B ISR R 23 A I 5]

REWT, B4
JEITREZAA A T2 B WA A SR AR A m S = AR ] 361005

[ 53 e R AR (1) 2500 5 43 B — ELR A ML G 70 B (R L, (5 FH (3 L B8 1T A1 501
JoR R B FH 1 T B [R) 2 S M AR AT X A AE R AU B0 Je 12, ST A A € il S5 = Bt
FE S AT 20 B B 5 VR 0 T B AT RE S AT ACHE, BRI T RTINS, A A R ARG R A
IRTEAT BRI T 0 1B s a3

PO FR /B S5 H B B (laser desorption/laser postionization time-of-flight mass
spectrometry, LDPI-TOFMS) 1 AR 73 A1 18 5 i = B, mT LIS 22 M A4S it i34 T DRad 4347
RS BOREED 1 EEWE v, 8RS RO RE R S 5 H B O I K T DA
1] [5] 73 S R AR T WA 5 (1) 235 SR DAIA 380 [X 40 % ) () H 1) 3

ALK 9,10-TE 85 9,10-3E W5 AR S [ 3 S A A4 10 3 A a5, A5 R IO G RAB0s
J P O T ) [) S AL AR AT RN, S SRAT 1 I T TR, AR 2 T SRR R
D, 6 PR [ 23 S A R ) o 1 LB EAT U AT, A R — RE R R MRS T E R R
KGR 1EAXTER, B FETIEFEE (electron impact mass spectrometry, EI-MS) . Fi
% Ji 1% (electrospray ionization mass spectrometry, ESI-MS ). i[5 #% A 14 2 HE &5 I i i

(atmospheric pressure chemical ionization mass spectrometry, APCI-MS) Xif P Fh A% i HEAT 43 #T

FE VG [ oV X 4 A ] o S A AR BB RS R TR S, I T OB ER /B0 B
5l of Pt 285 () e e A AR A 00 ) A

REW: Fot: Bk B FoRak

SR
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T 25 SR R i/ 3 1% Bk ) v 0 s MR A ED RIS By B8P 3 2R
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%‘t%ly EEEly %U_l 2, E%‘ﬁ" L
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H ) 5T TSR RS R B (HS-GC-MS) VEEE N7 1 [) Ik 5 M A BRI 52 By 2
W 32K VOCs Bk A FE IV 7 ik, J7i% BUEFR BT FH 1) 5 FRERENTH S8, SRR, VIR
AT AR AT A 75 505 B 18] 80°C ~FHlifAS 1] 45min F AT ZSAE S AL EUALEE,  #ll
Y4348 GC-MS AR S, DAR A BRI RLE R B e b, AMsEE R, 453
K AR, 338 VOCs 35 26 Fidlsy, FrE A1 4lmin WSEBlE, HArERE
B, 26 Ff VOCs 2 RIF IR R, MHKRE (R >0.9965; it (LODs, SIN=3)
{54 0.001~0.210 mg/m?2, &R (LOQ, S/N=10)7u[EJy 0.003~0.680 mg/m?; k. 1. &
3 A IIbRIKSE R W #EAE 82.0%~119.7% 2 [A], AHXAREM Z2(RSD) <5.7% (n=5) . Z5ik %
JREMGE R, REBUE R, PG RET, WERRm, 35 R T Se bR bR BRI B 7 R
FIDR MR, A EE N R A AR R B bR AE S AL AT SRR

R iU ORI AREDRI; BB SR VOCs B B 1§14

ZE R

1. J.Li, L.Sun and M.N.Jin , J.Chromatography, 2019, 37 ,177-182.
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W22 RN PR B8, TR SE &AM, o FO AT BN IR 5L
Rext NRA R RHEGHD . eI Tkl . AL RYSFHEA E 2R . AR I B SR
B, WOk BRI, JF B EE AR BERA T, — B AT T LB 5T
bElG. HAl, ZAETHIDEE. L. BRI T R %, — AR ZAE dh
HTACPE, B AL B A RAL S R R, 130 AR e B bR R R S5 7 e o ) S P AR
A IS S A O B S5 7 v i) A, 6f AR S LB ST AN R — N 3 2 B TR
HR B TACBOR R G, BN — R AR A AU b B RPGE & A I &, DT
FEAR 5 S N SIS I FE AR AR B HRr R 3 2 TR B0R, |6 M [BARAS
[FIFEAEIR S BB it SR SR 2 S N % BRATURAIEE S e M T AN RIS 8 A PR e A
P H IS B TR E, JFRE T R 7 S AR (R AT B 7T o FERETT, FRATAMY
SBUA I T Jse DA [ AR 5 s s AT 1 7 A R 231 45 R A B AR 2. I R B
SR T RS P e R rh (AR R ARG E R . ) BB, FEAR N BT RS A AR
MR FE RS, A B AR 2R M T B, 105 1 2R IR e S S AT 1T s (130 0 2 AR R
UEAl, EEEEAMEE . SO 2 RRALT B AL 2505, X DU S R a6l i) e
REHEAT T RO VEIIRT ST, & B 7 ML RS . 12 AR, AR 2 AR AR 1
WHITIR At 1 EHGRE T AR BB VA R B A BT B IR TR R REE
b PREA: f I R S U BT T SR BUHE SN A

REW: FIRE T, BB, RN, HUESTTE, sheid i
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1.  X.Shen, Y.Wang, Y. Zhang, J. Ouyang, N. Na*, Adv. Funct. Mater., 2018, 28, 1803286.
X. Shen, Y. Zhang, J. Sun, H. Lu, J. Ouyang, N. Na*, Chem. Sci., 2019, 10, 6113-6119.

H. Ren, Z. Long, M. Cui, K. Shao, K. Zhou, J. Ouyang, N. Na*, Small, 2016, 12, 3920-3924.
Y. Wang, M. Sun, J. Qiao, J. Ouyang, N. Na*. Chem. Sci., 2018, 9, 594-599.
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—MET L BEATSE FIER MS f1 AMS

%IJ_] 1 2%*

1. P EJET AR AT
2. JRSEAHEATIR A F]

MRS BREE . AORL AR NS SRR R ), X TR R (MSD, X
AT (AMS) 7R R B MR PR N S50 T 75 R WE . Har, G
ML MS FIRARKIILL v 10" 2g/g, [FIfi R MS 1JEEREE 10° F1 AMS 3 ERBUE 101
HOAS B b5 35 2 N FATF 72 1 75 R

K TAERAESHT T 820 MS/AMS Wl & REE . WA R Il b, 72 i S B 18
PR FEFNSLH RIS, BRI T 2T 2 B S E I (MCD BN/ FIAL 2 MS (MCI-
MS) Al FF MCI ) AMS (MCI-AMS). g0 AR5 (S8 BHEHR . MCI 5% —.
T FARETH, Ho. BARKAERMRARNIAE S, B2 BFaesm AR T 5 0H
HebrZ AR, 200, FiES faaED Q& M@ BRI TR NSRS X T
THLAIE A ) MCI-MS 23 SIFT LB E] 10 7g/g S AR IR AL 10714 (R =F B R A . % T
MCI-AMS ()= R W] LA F] 10716-10717 5 o

AR A ALHE:

1. 520 MS/AMS R B 1) 2R 3
2. MCI-MS/AMS (] 7,
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Pseudo MRM Mode on the “Brick” Mass Spectrometer Using the

Grid-SWIFT Waveform

Ting Jiang', Zugiang Xu', Wei Xu'*
2. School of Life Science, Beijing Institute of Technology, Beijing Post 100081,
China
weixu@bit.edu.cn, 13426308123.

ABSTRACT: Besides portability and increasingly improved performances, the ability of screening
target analyte from complex compounds is a crucial function of miniature mass spectrometers,
especially for in-situ analysis. Selected reaction monitoring (SRM) and multiple reaction monitoring
(MRM) operation modes are the most widely used MS operation methods for target analyte
quantitation. As a continuous effort to improve the analytical performances of the “brick” mass
spectrometer built in house, pseudo SRM and MRM modes were realized on the linear ion trap mass
analyzer in the device. A broadband excitation waveform in both time and frequency domains,
namely the Grid-SWFIT waveform, was constructed and compared with the conventional SWIFT
waveform. By isolating target ions during the ion introduction period using the Grid-SWIFT
waveform, target ions could be efficiently accumulated inside the ion trap without experiencing
space charge effects and interferences from non-target ions in the samples. As a result, not only the
detection sensitivity of the target analyte could be increased, but also the quantitation accuracy over
a relatively wide concentration range could be improved.

KEY WORDS: Miniature Mass Spectrometer, Grid-SWIFT waveform, Pseudo MRM mode, Target
Analyte quantitation
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A New Faraday Tray Charge Detector for Ion Trap Mass
Spectrometer

Yang Tang'$, Qian Xu'$, Wei Xu'"*
1. Department of Biomedical Engineering, Beijing Institute of Technology, Beijing 100081, China

ABSTRACT: An ion trap mass spectrometer is conventionally featured with electron multiplier as
its detector. However, the electron multiplier can only work in pressures below 1072 torr with a high
voltage supply!, which is hard to use and cost high compared to faraday device. Charge detectors
were used to detect large biomolecular ions, whose electronic noise level equivalent to ~100
electrons with a cooling on the detector electronics® 3. But the circuit limit the bandwidth of ~100
Hz, which is narrow for high speed small ions. In this work, we provide a new design faraday tray
charge detector with a gain of 10'° and bandwidth of 4.6kHz, whose noise level is ~100 electrons.
And also, we measure MRFA, PEG and Cytochrome C ions using the detector, which is 50 times
less sensitive than that of electron multipliers, under the same circumstance.

KEY WORDS: electron multiplier, faraday tray charge detector, gain, bandwidth, noise level.
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PR B PO TIRE TEmE R Bt

BAER, BRI, 2EY, TN, BT
(FACAZFE AR T, 6% 710024)

IR HL TS (TIMS, Thermal ionization Mass Spectrometry) [KlH: B A5 547 il &
RS P FORS 25 FE T ) V2 M T AZ R U 22 S50k 2 A R A 2 LU il = 04 &7
A7 8 A AR T H B S A ) DR B 2 —, AR AR & IR X AR I B 1 I 2 4
KeV FRAERPFREENT B . KON #FR I B i v IR B 4% i i 1) AR 82 23 100%, P bA
B AR B AR AR m R B YT T AR IR R U S D), [ T 3 AR A
BERE T IRMREE A B B AR AH 2 18] 2 A7, DRIt it 2 52 21 B8 1 R A 2R SR AR T i Ak 1)
REKRA, JREIS B BRI 70 P F2 5 RS S AR AR -

TR THI H B O B (B IR T 2 B L XU B A IR A5 A o RUHT B8 IR B TR EE L
B A = B R e (R T H B P AERGR I R 7 5 8 A S A A S U
BT E AT, AR — RIS, AR N TG 1B AR NS B A A T A
AT R A =5 R, ASCEEN XU B FIRGE M AT T B TS S %t

ETHEOL A SIMIONS. 75, Wit eEes EE b k. REH
W i ARG . Bt SRR, X T9% 0.2 mm BIUEREE, %5 LA S R LA
SEILZ) TA% B AR, (RN I PR SR I B 1 O S (R LU A e, HoKSP B BEAE 1
DL

REEH: PRI BTSN, BT EmMER, SRR

Email: lizhiming@nint.ac.cn

SR

1. M. Touboul, R. J. Walker. International Journal of Mass Spectrometry. 2012, 309, 109-117.

2. Yoko Saito-Kokubu, D. Suzuki, Chi-Gyu Lee, et al. International Journal of Mass Spectrometry.
2012, 310, 52-56.

3. M. Paul, L. Bridgestock, et al. Analytica Chimica Acta, 2015, 863, 59-69.

4. K.R. Bermingham, R.J. Walker, E.A. Worsham. International Journal of Mass Spectrometry.
2016, 403, 15-26.

5. A. Basak, R. K. Bhatia, V. K. Yadav, et al. International Journal of Mass Spectrometry. 2017,
423, 33-38.

107


mailto:lizhiming@nint.ac.cn

2009 % ANARAEERAES RAARBIARKBEEL K9 (2019/9/20-9/22)

PRED Bk R ETE R 5 S B ot FR BOUIR AT I [ B T [ 4
R BT

B, BUR, AR, b
(ETTRZACZE R, 22 T SR B R SR S, MR, JEI, 361005)

WA S T AEHL BT . v FL Ty FAEE. AR IR R AN AR Tk A5 U E A L =
HOAT, BT B o ] A s 0 B 23 A9 2 B P AR AN AR L ik . L BT iR
TEZETL. MR, A GINTG Y. ME KB Pkl B S EOR RO B e, 2
HI AT 88 AT 00, BA O R AT AL EE . AR EFER /N T IR . AEFIH]
JRVE R AT i LTI, HEE ORI S WO F IR A B S MR n] S A
Pt KL S 0 M ARG R 0 i, B0 LB IRR] IR i AR X 2 BT AN =4 ldR 0 Hr
TP AW TEOTE] T — S AP IG5 A B IO i B OO AT IR ) o
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KZ, U TSGR B A RE e bR € &0t o K ] Stk
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T T RO B S B E AU )
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1. BRI RO S KA EE AT, T M 510632
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BARIR 5T X (Single Particle Mass Spectrometry, SPMS){E A ¥ i SR 75 2R A6 T E.
o, A ERIBE R AE R EACRER S B BT B . SPMS A& BN ORI J2 1
BEATRIAR IR 234, DAL SPMIS 5 SR FHBOGAR BT FRLBS VR, (ERUR 25 55 1 Lol [A], ik
MO AS I e B R IO RURLHEAT AR AT PR S o R T RS S R FE IO AR D B
TIEREIWIGE A, B 58, WO EETE AN GTE . BT ERE RS RO, 38 AL i)
PEEBS I, BRI AR BOBOR, BRI G o Th i LEE IR, 2E T S8 7S RO 2 B
fi&[1-2].

A KO T BRI IR BT A (SPAMS) IR SR, A T iE—28Eam
AN Ty PR oS < SN T VA S e I W S R 5 e 5 G ot A R VA 8L ) VA v O i P S i
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e R 2350 % ) R SURE S IR T R G (Il 1D« 2B RARREBY KA It FE R AR,
FERRE S AR A AR, SEHL T 150nm-5400nm [ I OB AR, HIE AR
IR IRIRE (PM2.5 W JE>0.1pg/m3) FAEET BRI AIAS U 73 B o A A UL DAL AT A N Tk 22
IR AT RS 500 AN/, i IR AT B e K TS F 200 1 /s, 75205 Sk 90%, a1E 2 s,
AL, ISR A TROGE, RERSA RUCAENT LSt 266nm  [E] 14506 &5 ME AR T (1) S5 L R0k
INEAEN . TEERENSE), Wit — B R A R VS AE 53 70 A 77 T R . H

BT T RO SRS A . (D AR s (2) MESHE S

(3 ik nHigE (4) Gl i S i 2 H S A, R TR T (an Tk T2 A=
AR AZ DA RS AR I T3 A B oy SR B H A= L.
R SRR T RO BRAcE: s
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S CER
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24931.

109


mailto:lileishdx@163.com

2009 FANAREEAESRALRBEABLIFTLEL K (2019/9/20-9/22)

Effect of dodecapole electric field on the performance of linear ion
trap mass analyzer

Fuxing Xu, Liang Wang, Mingfei Zhou, Chuan-Fan Ding
Institute of Mass Spectrometry, Ningbo University, 315211, Zhejiang, China

Abstract: The performance of semi-circular rod electrode linear ion traps with different dodecapole
electric field components were investigated by both theoretical simulations and experiments.
Different amplitude dodecapole field (A6) components were added to the quadrupole field (A2) by
changing the ratio between the circular electrode radii and the electric field radii. The mass
resolution gradually improved to a maximum of 1029 (full-width at half-maximum = 0.17) at m/z =
175 Da as A6 decreased from A6/A2 = 1.91% to 0.03%, but when A6/A2 was negative, the mass
resolution was seriously degraded. The experimental results coincide with those of the theoretical
calculation. The collision-induced dissociation (CID) efficiency was also affected by the amount of
A6, with A6/A2 = 0.03% giving the highest CID efficiency.

Keywords Linear ion trap, dodecapole electric field, mass resolution, collision induced dissociation,
higher-order field
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Foundation of China (21803013, 21773035) and China Postdoctoral Science Foundation
(2018M632002).
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BAER, IR TIRBOIRES T REF RO HR AR T8y TaME R, PR
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T-HglI-T K TdT 5 B08 Bl RR B Ao A 0337 7 vk

fRRsE, Eiban, R4
A REEBOREGE, N T R s s, BRI R, T

TGl P Tl R T (AL P) 2 Tl B il 2 1 e R L 0 — MoK el , LR o, AR A At
NG R B BRI Sk A KA . [RIINE,  FEIR IR R I ALP 21k 7 5 VF 22 500 I R A FUKR
JEA . R, BRI ALP 38 F 1 7256 T M S50 O JE REATF 78 DL R e R AG 365 45 2
BE . EA5 NI, CAZFTERT ALP SRR, AIETO0E. Mk, t
k. REh SEO . BB RO . Rl Sz HRERE (TdT) 27
ZA R T AR T AR, HLAITEHIAR H 75 :UAE ssDNA ¥ 3-OH A i il LA i it S0k b
A =BR (ANTP) o 7EIXITAEH, AT ALP, TdT Al fRms e -Hg" - Hil s e
(T-H@?*-T) 25 BRI, Wit T —Fh2 e, O, Jobric, &R 8 I 58 e 3 s il
J7i%, HT ALP [F3EPERCI . 75 ALP /275 T, ssDNA-p [ 3-Bi It 3 R i /K A2 2L, 28
JEESA TdT A dTTPs KR SR I 3R w2k EINA poly-T . 28, HA poly-T
¥ DNA 7] DL Ho?* A BAE FHTE ifa e 1 T-Ho? -T /3148 DNA XUFEfR, X 3658 T
SG MR fE . fEmtERM T, ZRGH T EE W ALP iEME, ZZJEHA 0-
2500mUmL™, S2BrA IR K2 0.025mUmLL. I H A ML KE 5 A1 MCF-7 2 i 22 @4 h
ALP JEVERIINE R I R A0 B ERE, R HAE AR AR R IZ b B E R . (7]
i, ZARGA AT AR T TdT A1 Ho? kil

REEH: BVERERRNE, AM AL IR TSNS, T-Hg?" -T 454, Tt
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P& BT EL S A i 0 S B DY AR AT 0 26 B O A1)

BURHE 1 BEAR 2, B A T
L PO)IERZ A dn B2 5B,  610064;
2. VUKL TREABE, 610064;
3. POIRZEN U TRE#FE, 610064;

B3 100 26 B 2 A FH A2 Rt LB T e BRI AL B PR A T A A RS R
HRGT M, T #H B X (Proton transfer reaction mass spectrometry, PTR-MS) &
AL ENIREE K EAEIAAAEY (VOCs) FIMXERR, BT AR AR 77 B2,
WEANZ R R AT S M AR B USSR aE s, ARk, 32N
T BA KRB IR S, BT HOE s b & P AR B8, H AiA ibAE PTR-
MS HH R R AN E WBT A AR SR F A 0 AN S 6 A 45 A 1R 77 000 S A DY A AT 1) A%
AT 2SR . WA SIMION 8.1 B 1A (5 0% 2% B M Is A7 R AT 4
B, ZJEEEATHENN & EXT S E M TAERM, =k AR i e i (A 217 it .
SEREM, O AN R AR — 8, REAREN TEETE, £ 0.2~0.3 Pa i}
BAE, RN 3~4 MHz, HIEIEE (Vp-p) N 500V A0, ZEEX AN, B REER
fif LE VOCs (<100 m/z) [ARSRCRBGE 76%, HE TR EA£<0.7 mm.
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